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INTRODUCTION
“Probiotics are live microorganisms (bacteria or yeasts), which when ingested or locally applied in sufficient
numbers confer one or more specified demonstrated health benefits for the host” (1). Most of the probiotic strains
belong to the Lactobacillus and Bifidobacterium genera, which are health-promoting bacteria forming part of the
balanced intestinal microbiota (2). The health promoting effects of lactobacilli have been widely explored and
include stabilisation of the indigenous microbial population, protection against intestinal infection, alleviation of
lactose intolerance, increased nutritional value of foods, reduction of serum cholesterol levels and non-specific
enhancement of the immune systems (3-6). Other health benefits of probiotic organism include antimicrobial
activity, antimutagenic properties, anticarcinogenic properties, anti diarrhoeal properties, and improvement in
inflammatory bowel disease. Antimicrobial activity of Lactobacillus strains against Gram-positive and Gram-
negative organisms, which are major food spoilage organisms and gastrointestinal pathogens has also been reported
earlier (7-9). Probiotic L. rhamnosus 231 cells has ability to bind, biotransform and detoxify different mutagens like
acridine orange (AO), N-methyl-N’-nitro-N-nitrosoguanidine (MNNG), 2-amino-3, 8-dimethylimidazo-[4,5-f]-
quinoxaline (MelQx) (10).
It is suggested that probiotics should be formulated in products with a minimum count of 1057 CFU/g or ml of viable
probiotic bacteria (1). Lactobacillus spp. lack the ability to survive harsh acidity and bile concentration commonly
encountered in the gastrointestinal tract (GIT) and also the high temperature of dairy processing (11-16). Various
techniques have been utilized to improve viability and stability of probiotics and efficient delivery of the cells to
their active sites (17). However, the stabilization of probiotics using a carrier may improve survival of these
microbes in products, both during processing and GIT transition (18). In this regard, encapsulation of probiotics in a
variety of polymers is the most frequently applied method that is cited in numerous studies (19).
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Probiotics are less stable in non-dairy than in dairy products. Various solutions to this problem, such as durable
strain selection in adverse environments (20) and addition of prebiotics (21), have been evaluated. Prebiotics are
non-digestible food ingredients that beneficially affect the host by selectively stimulating the growth and/or activity
of one or a limited number of bacteria in the colon (22, 23). A novel approach combines probiotics and prebiotics in
an association defined as synbiotic (24, 25) in an attempt to obtain synergistic effects of the two by an improving the
probiotic colonisation or metabolic effect. The most frequently studied examples are inulin-type fructans and
fructooligosaccharides (26). Inulin and its partially hydrolyzed derivative oligofructose are made up of linear -
(2—1) glycosidic bonds of D-fructose, often with a terminal glucose moiety that is linked by an a-(1—2) glycosidic
bond, as in sucrose (27). Psyllium, the common name used for several members of the plant genus Plantago, is gel-
forming mucilage composed of a highly branched arabinoxylan. The backbone consists of xylose units, while
arabinose and xylose form the side chains (28, 29). Psyllium as a soluble fiber has a potential to stimulate bacterial
growth in digestive system and has also been used as prebiotic (30-33).

Encapsulation has been investigated for protecting probiotics in food products and the GIT (34); advantages include
prevention of interfacial inactivation, stimulation of production and excretion of secondary metabolites, and
continuous utilization. Alginate, a polymer extracted from seaweed, is a favoured encapsulation agent because it is
non-toxic, biocompatible, and inexpensive. The ease of solubilizing alginate gel (by Ca++ sequestration) and its
release of entrapped cells within the human intestine are additional benefits. Researchers have investigated the use
of encapsulated lactic acid bacteria (LAB) in dairy products (35, 36); Preparation of alginate bead, with well
retained bacteria in the matrix, can be easily achieved by simple techniques like extrusion or emulsion methods.
Incorporating both prebiotics and calcium alginate in coating materials may better protect probiotics in food systems
and the GIT due to synbiosis (37, 38).

In the present work, the probiotic Lactobacillus paracasei HML1 was microencapsulated within an alginate-inulin
and alginate-psyllium matrix and evaluated for (i) encapsulation efficiency, (ii) viability of encapsulated and free
cells during Simulated Gastrointestinal Transit, (iii) release in simulated colonic pH solution during 4 weeks of
storage at 4°C, and (iv) survival of free and encapsulated cells during heat treatment.

Materials and Methods:

Bacterial inoculum

The probiotic Lactobacillus paracasei HML1 was isolated from curd using De Man Rogosa and Sharpe (MRS,
Himedia, Mumbai, India) agar medium and preserved in 10% skim milk at 4°C. The GenBank accession number for
Lactobacillus paracasei HML1 is KC884268. L. paracasei HML1 was sub-cultured twice in MRS broth at 37°C for
24 h. The cell density of culture was adjusted to an ODgy of 1.0 (108 cfu/ml) and inoculated in 10 ml of MRS broth
and incubated at 37°C. 18 h cells were harvested by centrifugation (5000 rpm, 10 min, 4°C), washed twice with
sterile phosphate buffer saline (PBS, pH 7, 0.1 M, 0.85% NaCl) and resuspended in 1 ml Tris-HCI buffer.

Chemicals

Inulin, calcium chloride, sodium alginate, pancreatin, pepsin, MRS broth and sodium hydroxide were purchased
from Himedia, Mumbai, India. Lactulose was purchased from Sigma-Aldrich (UK); Tris chloride was purchased
from Merck (Germany). Psyllium seed husk was supplied by Unjha Laxmi brand Sat-Isabgol (India).

Preparation of Prebiotic solutions

0.2% psyllium husk was partially hydrolyzed in 1 M HCI at 80°C with continuous stirring at 50 rpm for 1 h. The
homogenous solution was neutralized to pH 7.0 by 5 M NaOH and sterilized at 121°C for 15 min. Aqueous inulin
solution (0.2% wi/v) was filter sterilized using 0.22 p filter.

Microencapsulation

The alginate (ALG), alginate-psyllium (ALG-PSY) and alginate-inulin (ALG-INU) beads were prepared by
extrusion technique as described by Krasaekoopt et al. (39) with minor modifications. Sodium alginate (3%) was
sterilized at 121°C for 15 min. Cooled ALG, ALG-PSY or ALG-INU solutions (25 ml) were mixed with 1 ml
bacterial suspension (108 cfu/ml) and gently stirred for 30 min to obtain a homogeneous suspension and extruded
drop-wise through a 10 ml syringe into sterilized hardening solution (4% CacCl,). The beads were shaken gently for
30 min, isolated by aseptic filtration (Whattman No. 1), washed twice with sterile water, and kept in Tris-HCI (5
mM) at 4°C. Free cells (ODgy, 0f 1.0) were also stored in the same solution at 4°C.
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Size of Beads
The particle size of beads was assessed using optical microscopy (Zeiss Stemi DV4). Data were collected from 50
beads, and mean particle size was reported.

Encapsualtion efficiency

The colony forming units (CFU)/ml of free and encapsulated cells were determined by aerobic culturing on MRS
agar plates (37°C, 48 h). Encapsulation efficiency (EE) (1) was determined by disintegrating encapsulated cells in
phosphate buffer (pH 6.8) and comparing the number of released cells with the number of cells pre-encapsulation
and calculated as

EE = (LogioN/LogioNg) x 100, where, N is the number of viable entrapped cells released from the beads and Ny is
the number of free cells added to the biopolymer mixture immediately before the production procedure.

Viability of free and encapsulated cells during Simulated Gastrointestinal Transit

Viability of free and encapsulated cells (ALG, ALG-PSY and ALG-INU) of L. paracasei HML1 was determined
during Simulated Gastric Fluid (SGF, NaCl 125 mM, KCI 7 mM, NaHCO3; 45 mM, pepsin 3 g/L, pH 2.5 adjusted
with 1 M HCI) and Simulated Intestinal Fluid (SIF, pancreatin 0.1% w/v, bovine bile salts 0.15% w/v, pH 8.0
adjusted with 1 M NaOH) transit as described by Zarate et al. (40) initially at 24 h intervals (0, 24, 48 and 72 h), and
later at weekly interval for 4 weeks ( 1-4 week). 100 mg stored beads with entrapped bacteria were mixed with 1 ml
of SGF and incubated for 2 h at 37°C with continuous agitation at 200 rpm, washed with distilled water, removed,
and incubated in 1 ml of SIF for 3 h at 37°C with continuous agitation at 200 rpm. The SGF and SGF-SIF treated
beads were harvested, disintegrated in phosphate buffer (pH 6.8), serially diluted, and plated on MRS agar for the
determination of cell viability. The control constituted of beads treated with Tris-HCI buffer instead of SGF and SIF.
The percentage of bacterial survival was calculated as follows: CFUsqy / CFUcontror X 100, (41)

where CFU,g,, represents CFU/ml after 3 h exposure to SGF or SIF and CFU gy the CFU/mI after incubation in
Tris-HCI buffer as a control.

Release of encapsulated cells in simulated colonic pH solution

In vitro release of encapsulated cells (ALG, ALG-PSY and ALG-INU) of L. paracasei HML1 at simulated colonic
pH solution was examined as described by Mandal et al. (42). The beads were mixed with 1 ml of simulated colonic
pH solution (0.1 M KH,PO,, pH 7.4 £ 0.2), mixed gently and incubated for 3 h at 37°C with continuous agitation at
50 rpm. Samples were taken at different time intervals, and CFU was assayed using pour plate method.

Survival of free and encapsulated cells during heat treatment

Effect of heat treatment was determined by using 1 g of encapsulated cells or 1 ml of the free cell suspension (10°
cells/ml) of L. paracasei HML1. Encapsulated and free cells were transferred in 10 ml of distilled water and heat
treated at 55, 60 or 65°C for 20 min, cooled to room temperature and enumeration of viable cells was carried out
(42).

Statistical Analysis:

All the experiments were performed in triplicate and repeated at least once. Appropriate controls were also
conducted. The data collected were statistically analyzed using a completely randomized design. The means were
compared using a least significant difference test. The correlation coefficients between a pair of trait were
determined and the significance of the correlation determined using ANOVA. All the statistical tests were
performed at p < 0.05, using the software INSTAT.

Results:

Size of Beads

The mean diameters of beads containing Psyllium were higher (570.96 mm) than beads containing inulin (537.83
mm) and beads having only alginate (553.12 mm) (Table 1) because of the viscosity of the resultant gel.

Encapsualtion efficiency (EE)

The initial cell count of L. paracasei HML1 before alginate (ALG), alginate-psyllium (ALG-PSY) and alginate-
inulin (ALG-INU) bead preparation was 8.32 + 0.37, 7.56 + 0.44 and 8.10 = 0.37 log CFU/ml, number of cells
entrapped in the resultant bead was 7.63 + 0.32, 7.08 £ 0.90 and 6.46 + 0.24, and EE was 88, 84 and 74%
respectively (Table 2). Results indicated very little loss of viability for all preparations.
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Viability of free and encapsulated cells during Simulated Gastrointestinal Transit

The protective effects of different coats of ALG, PSY-ALG, and INU-ALG after 2 h exposure to acid condition (pH
2.5) and after a consecutive 3 h of exposure to bile juice (pH 8) were compared to free cells; results were expressed
as viability (log CFU/mI) of cells in Figure 1. The viability of free cells of L. paracasei HML1 after 2 h incubation
in SGF reduced from 6.4 CFU/ml to 5.7 CFU/ml and after 10 days reduced to 4.88 CFU/ml. Viability of 3, 17 and
31 days old L. paracasei HML1 free cells upon SGF-SIF transit reduced to 5.29, 4.59 and 3.24 CFU/mlI
respectively. The viability of 3, 17 and 31 days old ALG encapsulated cells was similar to free cells after SGF
treatment but that of SGF-SIF treated cells reduced to 4.90, 4.0 and 3.15 CFU/ml respectively. Viability of PSY-
ALG and INU-ALG reduced marginally when incubated with SGF for 31 and 24 days respectively. When treated
with SGF-SIF, cells entrapped with psyllium reduced to 4.5 CFU/mI and remained stable till 31 days while cells
entrapped with inulin remained stable till 24 days and then reduced to 4.15 CFU/ml. It is clear that the survival of
bacterial cells after SGF and SGF-SIF exposure, in all prepared beads was significantly (P < 0.05) higher than that
of the free cells. The ALG microencapsulated cells showed less reduction in viability as compared to free cells.
Coating of L. paracasei HML1 cells with PSY-ALG and INU-ALG showed negligible reduction in viability in
comparison to ALG beads and free cells.

Release of encapsulated cells in simulated colonic pH solution

Count of the released bacterial cells after 30 min was 4.03, 4.50 and 4.20 log CFU/ml (53, 70 and 59%) for ALG,
INU-ALG and PSY-ALG respectively (Figure 2). As incubation time increased, the release of cells increased to
6.34, 6.30 and 6.42 log CFU/ml (83, 98 and 91%) for ALG, INU-ALG and PSY-ALG respectively. In all
preparations, the count of released cells reached maximum in one hour, and thereafter remained constant. Data were
significant for one hour (P < 0.05) but beyond 60 minutes there was no significant change (P > 0.05).

Survival of free and encapsulated cells during heat treatment

Viable count upon heat treatments at 55, 60 and 65°C, (7.65 log CFU/mI) of free cells was 3.92, 3.59 and 2.43 log
CFU/ml, and the ALG encapsulated cells was 4.18, 3.96 and 3.60 log CFU/ml respectively. Beads containing
prebiotic (PSY or INU) showed higher survival than the others. Beads with inulin showed highest survival (>4.78
log CFU/ml) while beads containing psyllium showed >4.00 log CFU/ml. Reduction in viability with increased
temperature was negligible in the case of prebiotic-containing beads, but it was higher in free cells and alginate
beads not containing prebiotics.

Table 1: Dimensions of the beads prepared by extrusion method

Area Perimeter Radius Diameter
Parameter of beads (mm) (mm) (mm) (mm)
Alginate (ALG) 240614.8 1737.68 276.56 553.12
Psyllium-Alginate (PSY-ALG) 256197.5 1793.71 285.48 570.96
Inulin-Alginate (INU-ALG) 228073.6 1689.64 268.92 537.83

The mean diameter of 40 beads in each sample is reported; The mean diameter of PSY-ALG beads were
significantly higher than the others (P < 0.05)

Table 2: Encapsulation of probiotic Lactobacillus paracasei HML1 with Alginate (ALG), Psyllium-Alginate
(PSY-ALG) and Inulin-Alginate (INU-ALG)

Formulation Free Encapsulated Encapsulation
L. paracasei HML1 L. paracasei HML1 efficiency (%)
log CFU/mI log CFU/mI
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ALG bead 8.32 £ 0.37 7.63+0.32 88
PSY-ALG bead 7.56 £ 0.44 7.08 £0.90 84
INU-ALG bead 8.10 £ 0.37 6.46 £0.24 74

Figure 1: Viability (log CFU/mI) of Lactobacillus paracasei HMLL1 after 2 h of exposure to simulated gastric
fluid and after a consecutive 3 h of exposure to simulated intestinal fluid. (A) free cells, cells encapsulated in
(B) ALG (Alginate), (C) INU-ALG (Inulin-Alginate) and (D) PSY-ALG (Psyllium-Alginate). Error bars

indicate standard error of the mean (n = 3)
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Figure 2: Release of encapsulated Lactobacillus paracasei HML1 cells (log CFU/ml) after 0-3 h in simulated
colonic pH solution. Error bars indicate standard error of the mean (n = 3)

mALG Inulin OPSY
8 -
£ _
S5 6 - 1_ @l B
LL
)
()]
2 I
g4 §
£ I
c
T 2
0 .
0 0.5 1 2 3

Incubation Time (h)

Figure 3: Survival of free and encapsulated cells of Lactobacillus paracasei HML1 (log CFU/mI) after heat
treatment of 20 minutes: (A) 55°C (B) 60°C and (C) 65°C. Error bars indicate standard error of the mean (n
= 3)

(A) ®Initial =20 min (B) ®Initial =20 min

8 -
E =
= £
D 6 >
© - G
o (@]
= 4 1 M- = = o
j - N—
3 by
E o)
2 2 5
= [
(6] —_
© 5]

0 .

D € € &
& W N Y
< @ Q“o
Carbon source Carbon source

66



ISSN 2320-5407 International Journal of Advanced Research (2015), Volume 3, Issue 7, 61-71

(C) wminitial =20 min

cell number (log CFU/mI)

Carbon source

Discussion

There is considerable interest in the development of dietary supplements that benefit the composition and activity of
health-promoting gut microflora. The main fermentative substrates of dietary origin are non-digestible carbohydrates
(e.g. resistant starch, non-starch polysaccharides and fibers of plant origin and non-digestible oligosaccharides) and
protein which escape digestion in the small intestine. Carbohydrate fermentation is energetically more favorable,
leading to a gradient of substrate utilization spatially through the colon (43). Many non-digestible oligosaccharides,
such as inulin (INU) and fructooligosaccharide, in the gut act as prebiotics enhancing specifically the growth of
certain lactic acid bacteria (LAB) and other beneficial gut microbes (44, 45). Microencapsulation has many benefits
including enhancement of microbial survival and efficiency during fermentation (46), and overcome inactivation
during drying or exposure to artificial gastric conditions (47, 48). Microencapsulation of probiotics in hydrocolloid
beads has been tested for improving their viability in food products, and during gastrointestinal tract (GIT) transit
(49-51).

In this study, we first aimed to encapsulate Lactobacillus paracasei HMLL1 in alginate with inulin (INU) and
psyllium (PSY) using extrusion technique and characterized the beads in terms of size, encapsulation efficiency
(EE), viability in simulated gastric and intestinal fluids, release in simulated colon pH conditions and survival of
microencapsulated probiotic bacteria after heat treatment.

Beads, were prepared in 3% alginate (ALG) and 4% w/v CaCl,, as viscosity was insufficient at 1% (w/v) alginate
conc because of low ionic sites for cross-linkage (47). As compared to inulin, addition of PSY into ALG gel
increases the viscosity and adherence of resultant gel. Increased viscosity of the starter gel results into bigger beads
in the extrusion method. The ALG, ALG-PSY and ALG-INU beads showed >70% encapsulation efficiencies.
Farzaneh Lotfipur et al. (17) entrapped more than 98.9% cells with different formulations of alginate and psyllium.
The retention of viability of L. paracasei HML1 cells upon SGF-SIF transit was less compared to encapsulated cells
while in case of free cells, it was higher in INU-ALG and PSY-ALG than ALG encapsulated cells. ALG beads
containing prebiotics INU and PSY enhance the protection to SGF and SGF-SIF fluidity.

The probiotics should retain viability and activity during transit through host’s GIT, the natural barrier. Exposure to
gastric and intestinal fluids along the digestive tract is the main stress that could decrease the viability of ingested
probiotics. About 2.5 | of gastric juice of approximately pH 2 is secreted each day in the stomach (52), which causes
destruction of most microorganisms ingested. Bile juice produced in the intestine also decreases the survival rate of
microorganisms. In this sense, resistance to human gastric and intestinal transit is an important selection criterion for
probiotic microorganisms (53). The cells were encapsulated in ALG, INU-ALG and PSY-ALG gel to increase their
activity and stability of probiotic product. The viability of free SGF-SIF exposed L. paracasei HML1 cells stored for
3 d decreases little. The viability of cells decreases with increase in storage time. Viable count in beads with PSY
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and INU was essentially constant. As the storage time increases the viability of stored cells decreases in free cells,
followed by ALG bead and negligible reduction occurs in beads with Inulin and Psyllium. Beads containing inulin
showed better results as compared to others. Most preparations were resistant to SGF as compared to SGF-SIF due
to the rapid pH shift from acidic to basic conditions. Our results show that alginate protect LAB during Gl transit by
retarding permeation of acidic fluid into the beads.

There are contradicting reports on the viability of free and microencapsulated cells under stress conditions. Sohail et
al. (54) showed that encapsulation of probiotic bacteria in cross-linked alginate beads is of major interest for
improving the survival in harsh acid and bile environment. Chan and Zhang (55) used the prebiotics
fructooligosaccharide or isomaltooligosaccharide and sodium alginate to microencapsulate different probiotics and
achieved a remarkable increase in survival under acidic conditions relative to free cells. Goderska et al. (56) reported
that encapsulation of L. rhamnosus in alginate improved survival at pH 2.0 up to 48 h, while the free cells were
destroyed completely. Moreover, microencapsulation of bifidobacteria also exhibited a lower population reduction
during exposure to simulated gastric environment and bile solution (57). However, Sultana and coworkers (58)
reported that encapsulation of bacteria in alginate beads did not effectively protect the organisms from high acidity.

Encapsulated probiotic bacteria will be washed out from the body without exerting any beneficial effect to the host,
if they fail to release out from the beads in proper time (42). The release of probiotic bacteria from the beads, their
subsequent growth and colonization in colon is critical to derive the advantages of the beneficial cells. The release of
cells from the beads increases up to 1 h and remains constant thereafter. The results were same for ALG, PSY-ALG,
and INU-ALG beads. Mandal et al. (42) found that the count of L. casei in simulated colonic pH solution rose to its
highest point in 60 min and after that remained constant. Picot and Lacroix (57) also reported a progressive release
of viable cells from whey protein-based microcapsules in simulated intestinal conditions. Moreover, according to
Suita-Cruz & Goulet (59) an efficient release of viable and metabolically active cells in the intestine is one of the
aims of microencapsulation.

Last aim of our study was to evaluate influence of heat on free and encapsulated cells. Very little research has been
done for incorporation of probiotics into heat-treated foods due to destruction of live culture during heat treatment.
We found that as compared to encapsulated cells, viability of free cells drastically reduced on heat treatments.
Selmer-Olsen reported that encapsulation of lactobacilli in calcium-alginate beads improved their heat tolerance
(60). Lower diffusion of glucose and ethanol in concentrated alginate gels was attributed to decreased number and
length of pores rather than decrease in pore diameter (61). Mandal et al. (42) concluded that due to the slower
diffusion of water in 4% alginate matrix during heat treatment led to the higher survival of L. casei NCDC-298.

This study has identified some potential synbiotics, a combination of probiotic Lactobacillus paracasei HML1 and
prebiotic inulin or psyllium. Microencapsulation of L. paracasei HML1 along with prebiotic (psyllium and inulin)
enhanced cell viability in simulated harsh conditions of GIT, during storage and heat treatment as compared to beads
without prebiotics and free cells. The results indicated that addition of prebiotic in beads improved its delivery to the
active site as they maintained their release in simulated colonic pH solution. Inulin and psyllium, suitable polymer
candidates, can enhance probiotic bacterial viability, activity, stability and functional properties of food products.
These associations need to be further assayed in vitro and in vivo models to demonstrate their potential probiotic
properties and interaction with human cells.
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