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Abstract: Lactobacillus plantarum RSLP003 was isolated from Fruit juice wastes and identified by phenotypic
studies as well as biochemical characterization. A cost effective growth medium for Lactobacillus plantarum
RSLPO03 was optimized. In the present study, Modified MRS (MMRS) medium was formulated by using
Cabbage juice medium (CJM) and half strength MRS medium, which showed highest yield in broth
(5.2X10%ml)and cell pellet (4.5X10"/g).Co-Microencapsulation was done employing Calcium alginate,
Pregelatinized starch, Chitosan, Flax seed oil and Inulin. Inulin was used as a Prebiotic. Survivability of co-
microencapsulated cells were checked in low pH condition (pH 1.5), different bile concentrations (1%,
1.5%&2%) and different temperatures (70°C, 80°C, 90°C) i.e. simulated gastric environment. In all the
parameters co-microencapsulated cells showed good survivability when compared to the free cells. These
results establish Lactobacillus plantarum RSLP003 as a potential human and animal gut probiotic.

Keywords: Cabbage juice medium (CJM), Co-Microencapsulation, Lactobacillus plantarum, Prebiotic,
Simulated gastric environment.
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I.  Introduction

In recent days, usage of Antibiotics is revisited, due to misusage and increasing antibiotic resistance of
disease causative microorganisms and further side effects on host. Therefore, to replace the Antibiotics an
alternative, safe and long term solution for treating the diseases is required. Probiotics have been proved to be
safe, natural and eco — friendly alternative.

Probiotics are living microbes when administered in required amounts, show beneficial effects on host
[1]. Among the probiotics, Bifidobacteria and Lactic acid bacteria (LAB) are the most common microbial
groups [2]. In Lactic Acid Bacteria, species of Lactobacillus, Enterococcus, Pediococcus and Bifidobacterium
are most prevalent [3]. Lactobacillus genus includes various species that shows high degree of diversity. Among
all the species, Lactobacillus plantarum is flexible and versatile species which can be found in various
environmental niches. L.plantarum is usually found as a natural habitat in human gastro intestinal tract [4].

Lactobacillus plantarum is a Gram positive, non-spore forming and homofermentative, rod shaped
bacterium [5]. Lactobacillus plantarum differs from other species by showing unique features like large genome
which shows the ability to adapt at various conditions and fermentation of different carbohydrates [4].
L.plantarum requires high Manganese and it can build up large quantities of intracellular manganese
[6].Manganese protects the microbe against the toxicity of oxygen by reducing them to Hydrogen peroxide and
oxygen radicals[7].By Manganese co-factor Pseudocatalase, Hydrogen peroxide is converted to oxygen and
water [8].

In order to show useful effects of probiotics, it must survive in severe acidic conditions of
gastrointestinal tract and high load of microbes should reach the large intestine which helps them to colonize
and proliferate. Literature shows recommendation of ingestion of probiotic at a range of Colony Forming Units
is 107-10° per day per adult. This is the optimum microbial load, so after reaching the colon at least 10°-10’
Colony Forming Units must be colonized to show commensalism and colonization. Most of the probiotic
species cannot withstand low pH in gastric tract and also exposure of oxygen may limit their effectiveness [1].

To protect the microbial cells from harsh conditions, Microencapsulation and Immobilization are
mostly used [9]. In Microencapsulation process microbial cells are encapsulated by a matrix of compounds like
Alginate, Soluble Starch etc. Microencapsulation protects the probiotic microbes form harsh conditions in
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gastrointestinal tract like low pH, bile salts, oxygen exposure. In the case of ruminants, such microencapsulation
will facilitate by-passing the rumen and to reach the lower Gl tract. It also helps in slow release of microbes at a
constant rate when favorable conditions are attained [1].

For Microencapsulation of probiotics, Polysaccharides like Carrageenan, Alginate, Chitosan and Starch
are widely used for encapsulation of cells. Recent advances to increase the survivability chances of probiotics in
upper gastrointestinal tract, some Oligosaccharide compounds are used as Prebiotics. Ingestion of probiotics
with prebiotics increases the survivability chances of probiotic microbes as they utilize the prebiotics as instant
carbohydrate source [10]. There are several prebiotic oligosaccharides used which include Fructo
oligosaccharides (FOS), Inulin and Galacto oligosaccharides etc.[11].

In present study Inulin was used as a prebiotic which is a Fructan extracted from the roots of
Cichorium intybus. Inulin has several health benefits on host, and yields short chain organic acids which causes
the reduction of lipids and cholesterol in the host[12]. Inulin also improves the immune system and digestive
health by enhancing the absorption of lactate in the colon and in the absorption of ions like Fe,Mg,Zn and
Ca[13].

Mostly Alginate is used in microencapsulation technique which is a Natural polysaccharide containing
D- Mannuronic acid and L- Guluronic acid residues joined by (1-4) linkages [14].Alginate is non toxic, cost
effective, biocompatible and has Inotropic gelation property. But it has low physical stability in the presence of
monovalent ions/chelating agents. Microencapsulation can be improved by co — encapsulation with different
compounds/ polymer/ modification of alginate structure by different additives [15]. Stability of Microparticles
can be increased by coating with Chitosan which is polycationic polysaccharide derived from chitin. Chitosan
forms polyelectrolyte complexes with alginate. When Cationic Chitosan is added, it forms chitosan — alginate
microparticles which stabilize the alginate gel [16].

Lactobacillus spp are nutritionally fastidious and culturing these microbes will be difficult as they
require rich nutrient sources like carbohydrates, amino acids, peptides etc., and have limited biosynthetic
capabilities. De Man, Rogosa and Sharpe (MRS) broth is used mostly for culturing of Lactic acid bacteria. MRS
media is complicated and very expensive for growing Lactic acid bacteria in industrial scale. So, a cost effective
medium is required for culturing Lactobacillus spp. in large scale [17].

To decrease the cost of MRS medium Cabbage juice extract is used as substitute. Cabbage (Brassica
oleracea linne) is herbaceous, biennial, dicotyledonous flowering, green leafy vegetable plant and which
belongs to the family Brassica or Cruciferae [18].Cabbage juice was extracted from the leaves and is used for
growing probiotic Lactic Acid Bacteria[19].

1.1Nutrient profile of Raw Cabbage

Nutrients Composition per 100 g.
Carbohydrates 5.84
Sugars 3.146 g
Dietary fiber 247¢g
Protein 1.28g
Vitamin C 0.037%
Zinc 0.22 mg
Potassium 170 mg
Phosphorous 26 mg
Magnesium 12 mg
Calcium 40 mg
Vitamin B6 0.124 mg
Vitamine A 98 IU
Folate (Vitamin B5) 43 g
Choline 10.67 mg
Betaine 0.45 mg
Phytosterols 11 mg
Energy 25 Kcal

In current study, Lactobacillus plantarum was isolated from the Fruit juice wastes and cost effective
media was used for large scale production. Co-Microencapsulation was done as described below for
Lactobacillus plantarum and its survivability was assessed in simulated gastric environment.

Il. Materials and methods
2.1. Sample collection and isolation
20 samples of Fruit juice wastes were collected from the local fruit juice shops and were labeled.
Samples collected were brought to laboratory in y-irradiated sample containers and decimal dilutions were
prepared and plated on De Man, Rogosa and Sharpe medium (Himedia GM 369) for all samples. After
incubation at 37°C for 48 Hrs, 6 isolates were chosen based on the colonial morphology.
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2.2. Phenotypic studies and Biochemical characterization

All the 6 isolated strains were subjected to Phenotypic identification like Gram staining,
Homofermentation, Catalase test and qualitative estimation of Lactic acid secretion by using standard protocol
[20] & [21].
2.2.1. Catalase test

Few drops of 3% Hydrogen Peroxide was added on to the bacterial colonies and observed for gas
bubble formation.
2.2.2. Homo fermentation test

Sterilized Durham tubes were kept in inverted position in test tubes containing 5 ml of sterilized
glucose broth and incubated at 30°C for 48 Hrs. The tubes were observed for gas production.
2.2.3. Qualitative estimation of Acid production:

100 pL of 48 Hrs old broth was inoculated on MRS agar plates containing 0.004% of Bromocresol
Purple Indicator and 1% Calcium carbonate. The plates were incubated at 30°C for 48 Hrs.

Biochemical tests were conducted for all the bacterial strains isolated and comparison was done by
taking Lactobacillus plantarum MTCC 2941 as Reference strain.

2.3. Optimization of Cost effective media for mass production of Lactobacillus plantarum
RSLPO003
2.3.1. Preparation of Modified MRS medium

Cabbage juice medium (CIM) preparation was modified by taking procedure [19] as reference. 200 g.
of Cabbage outer leaves were collected from vegetable market waste were washed, chopped and mixed in 1 L.
of distilled water. Chopped Cabbage bits were boiled for 30 min. and cooled to room temperature. Cabbage
juice was filtered by using Muslin cloth and the extract was stored in Refrigerator.

For the preparation of Modified MRS medium (MMRS), half strength of MRS composition was
dissolved in 1 L. of CJM and pH was adjusted to 6.8. Calcium carbonate (2g/L) was added to the MMRS in
order to maintain proper buffering system. MMRS medium was autoclaved at 121°C for 20 min. Similarly,1L.
of De Man, Rogosa and Sharpe (MRS) medium was prepared and autoclaved.

Both MRS medium and MMRS medium were inoculated with 5%, 24 Hrs OIld seed culture
(2.0X10%ml) of Lactobacillus plantarum RSLP003and incubated at 37°C for 48 hrs under static condition. Total
viable cell count was checked after 48 Hrs, centrifuged, Cell pellet was collected and preserved in Refrigerator
(4°C). Broth and cell pellet were analyzed for total viable cell count using standard plate count protocol and the
results were compared [17].

2.4. Microencapsulation of L. plantarum RSLP003

2 g. of Pregelatinized starch was dissolved in 100 ml of distilled water and boiled till it completely
solubilized. 4 g. of Sodium alginate and 1% of Inulin were added to the above Pregelatinized Maize starch
solution and mixed till they are dissolved and then autoclaved. To the above sterile Sodium alginate -
gelatinized starch solution 1g. Lactobacillus plantarum cell pellet (4.5X10"CFU/g.) was added and kept on
shaker for 30 min. The above mixture was dissolved in 500 ml of autoclaved Vegetable oil (Flax seed oil)
containing 0.2% Tween 80 and kept on shaker for 20 min. 200 ml of 0.1 M CacCl, solution was prepared and
autoclaved. Sodium alginate - Pregelatinized starch mixture with Vegetable oil emulsion was aseptically added
in drop by drop manner by using 250 ml burette into the sterile 0.1 M Calcium chloride solution. The mixture
was kept undisturbed for 30 min so that the sodium alginate beads will settle at the bottom. Beads were
collected by centrifugation and coated with Chitosan [14].

0.4 g. of Low molecular weight Chitosan was mixed in 90 ml of Distilled water which was acidified by
using 0.4 ml Glacial acetic acid so that the final concentration would be 0.4% (w/v). pH of above solution was
adjusted by using 1 M NaOH in the range of 5.6 — 6.0. Mixture was filtered by using Whatmann No.1 filter
paper and autoclaved. Microencapsulated beads were added to 100 ml of Chitosan solution and kept on shaker
for 40 min. Chitosan coated beads were harvested, washed and dried in Desiccator [22].

2.4. Survivability of Co-Microencapsulated Lactobacillus plantarum RSLP0O03 at low pH level

Survivability of co-microencapsulated Lactobacillus plantarum RSLP003 at pH 1.5 was checked as
follow.

By adding 20 ml of 0.08 M HCI containing 0.2% (w/v) of NaCl pH was adjusted to 1.5. After pre
incubating the aliquot for 10 min at 37°C, 1g. beads were transferred to each flask. Flasks were incubated at
37°C for 2 Hrs and beads were harvested, washed and immediately used for enumeration after Depolymerization
[23].
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Depolymerization of co-microencapsulated beads was done by using 10 ml of filter sterilized 0.1 M
Phosphate buffer with pH 7.1. Similarly, free cell suspension was subjected to pH 1.5, and enumerated after 2
Hrs of incubation. Survivability of free cells and co-microencapsulated cells were compared [24].

2.5. Survivability of Co-Microencapsulated Lactobacillus plantarum RSLPO03 at different Bile
concentrations

Survivability of Lactobacillus plantarum RSLP003 was checked by exposing free cells and the co-
microencapsulated beads to different Bile concentrations i.e. 1.0%, 1.5% and 2.0%. Different concentrations of
bile acids were taken and autoclaved. 1 g. of beads were transferred to the sterile bile solutions (1.0%, 1.5% and
2.0%) and incubated at 37°C for 3 Hrs. Assay was carried out as per the similar procedure used in 2.4. Free cells
were also subjected to different bile salts concentrations and enumerated [25].

2.6. Survivability of Co-Microencapsulated Lactobacillus plantarum RSLP003 at different
temperature ranges

Free cells and Co-microencapsulated Lactobacillus plantarum RSLP003 were exposed to different
temperature i.e. 70°C, 80°C and 90°C for 20 min. 1 g. of Co-microencapsulated beads were taken in sterile
distilled water and exposed to different temperature ranges for 20 min. Free cells were also subjected to
different temperatures and enumerated. Enumeration of viable cells was carried out as per the procedure used in
2.4[24].

I11. Results and discussion
Among 20 samples of Fruit juice wastes collected, 6 strains were isolated based on the colony morphology
and labeled as RSLP001 to RSLP006. Phenotypic studies and Biochemical tests were done and the results were
compared with reference strain i.e. Lactobacillus plantarum MTCC 2941.Table 1.

Table 1: Phenotypic studies and Biochemical tests

Biochemical tests RSLP001 | RSLP002 | RSLP003 | RSLP004 | RSLP005 | RSLP006 | Ref.strain
Starch hydrolysis + - - + - + -
Arginine hydrolysis - + - - -
Cellobiose + + + + + + +
Arabinose + + + +
Mannitol + + + +
Sorbitol + + - + +
Maltose + + + - + + +
Ribose + + + + - +
Sucrose + + + + + + +
Xylose + - + - +
Phenotypic studies
Gram staining + + + + + + +
Cell shape Spherical Rod Rod Rod Rod Rod Rod
Catalase - - - - +
Homofermentation - + + + + + +
Lactic acid - - + - - - +
production

‘+’ Positive reaction, ‘-’ Negative reaction, Ref. strain — Lactobacillus plantarum MTCC 2941

Among all the bacterial strains isolated, RSLP003 showed 100% similarity in all the biochemical tests
and phenotypic studies when compared to the reference strain Lactobacillus plantarum MTCC 2941. Further
studies were carried out by using Lactobacillus plantarum RSLP003.

Mostly for cultivation of Lactic Acid Bacteria, MRS broth is commonly used and is economically not
suitable for industrial scale production [18]. In order to develop a cost effective medium for growing probiotic
Lactobacillus plantarum RSLP003 a modified MRS medium was designed. In the present study, Cabbage juice
extract was used as Natural nutritional source and was added to half strength of MRS medium composition. The
nutrient materials in the MRS medium enhance the Muco-adhesive properties of probiotic Lactobacillus spp. in
the intestine. Cabbage juice extract contains extremely high quantities of Reducing sugars, Proteins, Vitamins,
Minerals, Choline and Betaine which favor the growth of probiotic intestinal microbiota. As per the reference
[19] Cabbage juice medium was used for growing Probiotic Yeast cultures which has been yielded high cell
density of biomass. Similarly, in current study Cabbage juice medium with half strength MRS medium showed
high yields when compared to the MRS medium (Table 2).

CFU/mI counts of 48 H. old broth showed almost 7 folds increase in MMRS (5.2X10%ml) when
compared to MRS (8X10%/ml) Fig 1(a). After centrifugation Cell pellets were collected and cell pellet from
MMRS showed 27% increase in the yield when compared to MRS. 1 g. of Cell pellet was taken and enumerated
for viable cell count. Table 2 &Fig. 1(b).
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Table 2: Optimization of cost effective medium for growing Lactobacillus plantarum RSLP003

Medium Broth (Total Viable Cell pellet weight per 100 Cell pellet (Total viable
CFU/ml) ml(in grams) CFU/g.)
MRS 8.0X10° 0.98 1.1X10"
MMRS 5.2X10° 1.25 45X10™
Broth (TVC/ml) Cell pellet (TVC/g.)
6.00E+09 SOUEF09 SE+11 45E+H
5.00E+09 JE+11
4.00E+09
3E+11
3 .00E+09
2E+11
2 00E+09
§.00E+08 L1E+11
1.00E+09 1E+11 :-
0.00E+00 - 0 | . .
MRS MMRS MRS MMRS
Figure 1(a) Figure 1 (b)
Cell pellet weight per 100 ml (in Grams)
14 1.25
1.2
1 -
0.8 -
0.6 -
0.4 -
0.2 A
0
MRS MMRS

Figure 1(c)

Fig 1(a): TVC counts of 48 H broth, 1(b): TVC counts of cell pellet, 1(c): Comparison of cell pellet weight

Lactobacillus plantarum RSLP003 cells were Microencapsulated by Calcium alginate - Pregelatinized
starch, Flax seed oil and using Inulin as prebiotic for the probiotic bacteria and beads were coated with
Chitosan. In the present study, survivability of Co-microencapsulated and free cells were compared in simulated

gastric environment.

The probiotic bacteria should survive while passing through the gastrointestinal tract and after reaching
the colon at least 10° - 10 cells must be survived and colonized. Low pH of gastric juice shows negative impact
on the microbial cell viability [23]. In present study, Co-microencapsulated Lactobacillus plantarum RSLP003
was assessed at low pH condition (pH-1.5). Both the Co-microencapsulated cells and free cells were treated
with pH 1.5 solution and total viable cell count was checked after 120 min. Before checking the viable cell
count the beads were subjected to depolymerization by using 0.1 M Phosphate buffer [24].When compared to
free cells (6.1X10°/g.) the co-microencapsulated cells (3.0X107/g.) showed almost 2 logs high survivability and
found that the constituents which were used in microencapsulation viz. Calcium alginate, Gelatinized starch,

Inulin, Flax seed oil and Chitosan have protected the cells from the effect of low pH. Table 3& Fig.2.

Table 3: Survivability of L.plantarum RSLP003at Low pH level

Survivability at pH 1.5
(Values in CFU/g.)

Free cells

6.1X10°

Encapsulated cells

3.0X10’
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Survivability at pH 1.5
(Values in CFU/g.)

3.00E+07

2.50E+07
2.00E+07
1.50E+07
1.00E+07
5.00E+06
0.00E+00

Free cells
Encapsulated cells

Figure 2: Comparative study of free cells and microencapsulated cells at Low pH conditions

Survivability of probiotic Lactobacillus plantarum RSLP0O03 was checked with different
concentrations of Bile acids as it was proven to be showing antimicrobial activity by dissolving the bacterial cell
membranes [26]. S. Mandal et al., have studied the survivability of Microencapsulated Lactobacillus casei,
Lactobacillus acidophilus and Bifidobacterium bifidum in simulated bile concentrations and the results shown
are encouraging [24]. In present study, Co-microencapsulated Lactobacillus plantarum RSLP0O03 was assessed
with various Bile acid concentrations i.e., 1%, 1.5%&2%. When microencapsulated cells and free cells of
Lactobacillus plantarum RSLP003 were exposed to 1% and 1.5% of bile acid concentration, the entrapped cells
showed almost 2 logs increase in the survivability compared to free cells. When exposed to 2% of bile acid

concentration, microencapsulated cells showed 3 logs increase in survivability by comparing with free cells.
Table 4

Table 4: Survivability of Lactobacillus plantarum RSLP003 at different Bile concentrations

Bile concentration Free cells Encapsulated cells
(CFU/g) (CFU/g)
1% 6.5X10’ 7.5X10°
1.5% 1.5X10° 6.0X10°
2% 8.0X10* 4,0X107

As some probiotics will be incorporated in heat treated foods, the survivability of bacteria will reduce
due to high temperatures. So, survivability of probiotic bacteria can be increased by Microencapsulation [24]. In
present study, free cells and co-microencapsulated cells were exposed to 70°C, 80°C and 90°C for 20 min. As
per the observation the co-microencapsulated cells showed almost 5 logs more survivability compared to free
cells and at 80°C co-microencapsulated cells survived up to minimal probiotic dosage [1]. At 90°C no
survivability was observed in free cells whereas microencapsulated cells survived. Table 5

Table 5.Survivability of Lactobacillus plantarumRSLP0O3 at different temperature ranges
Temperature 70°C/20 80°C/ 20 min 90°C/
min 20 min
Free cells 3.4X10* 1.5X10? No viability
Encapsulated cells 3.0X10° 2.0X10" 1.6X10°*

IVV. Conclusion

In present study, optimization of cost effective medium for achieving high cell density and
microencapsulation of probiotic Lactobacillus plantarum RSLP0O03 was carried out to protect the probiotic
bacterial cells from different simulated harsh conditions. MMRS medium showed high cell density (5.2X10°%/ml)
of Lactobacillus plantarum RSLP003 when compared to expensive MRS medium (8.0X10%/ml) and MMRS can
be used for industrial production of L.plantarum. Microencapsulation studies of Lactobacillus plantarum
RSLPO0O03 at various simulated harsh conditions has been proven high survivability rates when compared to the
non encapsulated free cells. Survivability of microencapsulated cells is increased due to the microencapsulating
agents such Calcium alginate, Pregelatinized starch, Inulin, Flax seed oil & Chitosan which were used in the
process. This microencapsulation method is feasible for large scale production.
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