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Probiotics are feed and food supplements that beneficially affect the host’s
health. Strain identity is important in order to link a strain to a specific health
effect and to enable accurate surveillance and epidemiological studies. Oil
emulsion used for microencapsulation of L.plantarum, L.helviticus with
sodium alginate, starch and gelatin with different percentage (w/w)
combination. The most common methods of microencapsulation applied to
probiotic bacteria are entrapping into a gel matrix by extrusion or emulsion
techniques (using ionotropic gel forming mechanism), spray drying, spray
chilling or coating and freeze-drying. The most commonly reported
microencapsulation procedure is based on the calcium alginate gel capsule
formation. The slurry will be subjected to drying that result dried powder of
microcapsules. Sodium alginate with gelatin (3%:3%) showing 94%
probiotic survivability at 4°C.

Introduction

The present study was conducted to evaluate
the technological characteristics of lactic
acid bacteria used as lactic acid starter in the
manufacturing of fermented products and which are
suitable to local conditions. There is growing
scientific evidence supported by mechanistic and
clinical studies that probiotic can provide health
benefits. Encapsulation defined as a technology of
packaging solids, liquids, or gaseous materials in
small capsules that release their contents at controlled
rates over prolonged periods and under specific
conditions.

Material method

Sorghum, Pearl, Finger millet the entire
sample were collected are local variety from local
market R.S.Puram, Coimbatore. Analytical grade
chemicals and reagents used(Sodium alginate,
Gelatin, Polysorbitol (tween 80), Xanthan gum,
Starch, calcium chloride, MRS agar). The best result
for the porridge powder on nutrition basis is
sorghum: pearl millet: finger millet in 2:3:2, which
was the best against all the other composition.

Chemical analysis

1)pH

The pH of the samples was determined
according to the method of Pineiro,et al.,(1971), by
dipping the electrode of the pH meter in the mixture
of homogenated fermented slurries after the end of
each fermentation period.

2) Moisture content
A flour sample is determined by drying at
130°C for 2 hr in an oven to constant mass

(Association of Official Analytical Chemists
1984).by using,
Moist (0/)—(W2_W3)x100
olsture (70) = (WZ —Wl)

Where, W,_ Weight of petri dish, W,- Weight of petri
dish with sample before dying,
W3 Weight of sample with petri dish after drying

3) Ash content

The inorganic material, which does not
volatilize at that temperature is ash, determined
gravimetrically (Association of Official Analytical
Chemists 1984). Protein estimation done by
Microkjeldahl method (Leroyet.al., 2004).
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4) Fat content

Oil extracted from a sample with a Soxhlet
apparatus using hexane and separated by evaporation
of the hexane for its estimation (Official and
Tentative Methods of the American Oil Chemists'
Society 1981).

0il % in the sample = ((A — B))/C x 100

Where, A-weight of flask with sample, B-weight of
flask, C- weight of sample taken

5) Energy value
Food energy value of the sample was
determined according to the method described by
Osborn (1972) and O.Chukwu,(2011).
Energy value (kcal/100g) = (4 x
protein) + (9 x fat) + (4 x carbohydrate).

6) Calcium Content
Determination of calcium content by Hart

and  Fisher,  (1971) method using the
followingformulae.
% Calcium content

M

7) Estimation of crude fiber
Crude fiber determine by using following
formulae,
loss in wt. on ignition (W1 — W2)

Crudefiber = wt.ofsample
x 100
Where, W1- weight of petridish with sample before
ignition,

W2-weight of petri dish with sample after
ignition

8) Fermentation process

The flour of Sorghum, pearl millet and
finger millet with water was kept in plastic containers
at a concentration of 1:3 dilutions (w/v). The slurry
was allowed to ferment naturally by natural borne
micro organisms in seeds (endogenous microflora on
the seeds) at room temperature (20-23°C) for 0, 12,
24, 36 and 48 hrs, in steel pots and then total colony
count is done by using formulae (Geetha et al.,
2007).

Number of colony count

fu/ml =
cfu/m Dilution factorx sample

9)Isolation and Identification of Lactic Acid
Bacteria Isolated from Porridge

The purification of isolates done by
transferring Gram +ve rods and cocci shaped bacteria
to the plates of selective media MRS agar and sub
cultured until pure isolates obtained, in order to
protect the typical organoleptic characteristics of
traditional porridge preparation.

10) Cultivation of probiotic biomass

Lactobacillus plantarumand Lactobacillus
helveticuswas grown in MRS medium (Ziarnoet al.
2007). A pure 1ml culture of Lactobacillus
plantarum was suspended with 9 ml sterile peptone
water 1% (w/v) and incubated at 37°C for 24 hr. 8 ml
MRS broth medium was added, and incubated at
37°C for 24 hr to make the mother solution. It was
then centrifuged at 2000 rpm for 5 minutes. The
supernatant was centrifuged at 4500 rpm for 30 min
and bacterial pellet was collected. It was washed by
10 ml sterile saline water, and centrifuged again at
4500 rpm for 30 min. The pellet obtained after the
third centrifugation was suspended in 10 ml sterile
saline water and used as the core material for
microencapsulation.

Tablel. Composition of probiotic encapsulating material for Microencapsulation with the sodium alginate
with starch and gelatin with different combination

Composition of microcapsules | A B C D E F G
Starch (g) 0 1 2 3 0 0 0
Gelatin 0 0 0 0 1 2 3
Sodium alginate(g) 3 3 3 3 3 3 3
Probiatic cell pellet(g) 1 1 1 1 1 1 1
CaCl, 0.01M (ml) 200 | 200 | 2000 | 200 | 200 | 200 | 200
Vegetable oil (ml) 200 | 200 | 200 | 200 | 200 | 200 | 200
Tween 80 % 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02
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11)Emulsion method

Complete procedure for preparation of microcapsule through emulsion shows in flow chart.

3% sodium alginate (w/w)
+ HRMS

i

Heating the mixture at 70°C for 30 minutes
on magnetic stirrer at 250 rom

Three-time saline sol®
washed probiotic

v

Autoclave the prepared mixture at the 121°C for
15 min. & all allow cooling at room temperature

v

b

Add 1gof pelletin
9 ml of dist. water

Add presterilized
200ml 0.01M

CaCls sol® to the O/W emulsion

Add autoclave prepared mixture in 200 ml Veg. oil
{containing 0.02% Tween 80) and allow stirrer on
magnetic stirrer until it becomes creamy in color &

v

Allow to vertex at
high speed

side of beaker in

oil emulsion

=———p| 0f Calcium alginate around prebiotic and

Cross linking between CaCly & sodium
¢ alginate occur which forms coating layer

Separate microcapsules by 2000 rpm for 5 min.
in the form of shury with the removal of supernatant

Fig. 1 Flow chart showing steps of oil emulsion microencapsulation for L. plantarumand L. helveticus (Sultana K, et al., 2000).

Analysis of microcapsules
1) Evaluation of stability of microcapsules in
different media

Dried microcapsules of known weight (10 g)
in a glass vial containing 100 ml of solution and
incubate at 37°C with 110 rpm of shaking for 4hour.
The beads were periodically removed, weighed
percentage of swelling of the beads calculated from
the formula(Xiao et al., 2009).

Wt —-Wo
Sw(%) = T x 100
Where, Wo - initial weight of the beads and
Wt- weight of the swollen beads at
equilibrium swelling in the media

2) Viability assay of cells in granules and Sodium
alginate beads

Granules of sodium alginate beads in dry
and wet form was dissolved in phosphate buffer
saline (PBS, pH 7.4). A serial dilution of this

suspension made until a suitable cell density
obtained.
Survival (%)

cfu of the dried granuals
= X 100

cfu of the wet granual

3) Microcapsule characteristic (morphology, size)
Morphology, size and surface microstructure

of microcapsules were studied by the use of scanning

electron microscopic (SEM) (Chéavarri, 2010)

4)Bulk density

Two grams of powder loosely weighed into 10 ml
graduated cylinder. Then the cylinder was tap on a
flat surface for a constant volume. The final volume
of the powder gives the bulk density as
follows(Yahya et al., 2012).
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Weight of the powder
Volume of thesample

Bulk density (g/cm *) =

5) Solubility

Solubility of the powder was determined as
described by Bhandariet al., (2003) (i.e.,) 2g of
powder in 20 ml of water at room temperature (28 +
2°C). The mixture was centrifuged at 15000 rpm for
90 sec. The presence of sediment is the indicative
factor for the solubility test and the powder was
added gradually till the formation of sediment
(Sultana et al., 2000).

Weight of powder
Weight of water

Solubility = x100

Result and Discussion

1)Soaking effect on sorghum, pearl millet and
finger millet.

The table shows the nutritional values of
sorghum, pearl and finger millet, after the overnight
soaking with water.

Table 2.Soaking effect on sorghum, pearl millet
and finger millet.

Table 2.Soaking effect on sorghum, pearl millet
and finger millet.

The yeast and mould counts were relatively
constant during the fermentation with a rapid
decline of 5-log cycles towards the end of the
fermentation (42nd hour). This was up to about a
value of <1 logl0 cfu/ml. There was a steady
increase in total viable counts, LAB, and lactococci
within the first 24 hours by a value of 1log cycle
(shown in graph 1) and the pH was linear with
increase in lactic acid percentage of the product. pH
deceases from 6.2 to 2.8 indicates lactic acid
bacterial growth in low pH

Fig. 2 Growth of microorganism during fermentation.

10 |
8 i
my —_—
g 6 fﬁ-—-—.-‘::! —4#—Yeast
_a" 4 ——Fungus
2 Total LAB
0 Total Bacteria
0 20 40 60 80
Time in Hours
............ Fig.3 pH profile during fermentation.
8
6 A_H
! ———
2 . d +pH
0 Linear (pH)
0 10 20 30 40 50

Time (Hours)

Pearl Finger
o)
Content (%) Sorghum millet millet
Protein 12.015 + | 11.76 + 11143 +
0.28 0.07 0.07 Fig4 % Survival of free L. plantarum andL.
67.79 + | 61.30 £ | helviticus in simulating gastrointestinal condition at
Carbohydrate 6437167 | 435 094 different times
3.31 + 1095 +
Fat 2.64 +0.024 0081 007 Free cells
Enerav value 39246  +| 34801 < 299.49 + 3 " cpz 7187
gy 5.83 2.44 4.13 =32 4856 B 30 min.
0.95 + | 0.95 + = £30 1243 2641 )
Ash 12520028 | 5036 0.01 £t L_ﬂg_uss Tory zsl faroaaf] 175036 "™
‘: 0 [ ] min.
Crude fiber 614019 |51+0.10 8;2 * Sises  mizomin
Solution Type
MC (%) 6.17+0.28 3'}‘2 * 8'32 *
Initial microbial . . Fig.4 shows that the free cells were 71.67% are
Load (CFU/g) 133x10* 186x10* 167 x10* | survive in the SIJ+BS condition more than other
9 condition.

2) Changes in the microbial profile and pH during
fermentation of Porridge.
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Fig.5 Survival of free L. plantarum in simulating
gastrointestinal condition after encapsulating with
Sodium Alginate (3%o) at different times

Table.3 Bulk density and efficiency of entrapment
of Microcapsules

sod. alginate encapsulated

100 8781 g3

#

i} W 30 min.
£ W60 mi
- min
£

£ = 90 min.
=

@

W 120 min.
BsS SFl 5l Sl +BS
solution type

Fig.6% Survival of encapsulated with Starch and sod.
Alginate 3:3) L. plantarum  andL. helviticus in
simulating gastrointestinal condition at different times

starchencapsulated
8534 90.51

# 100

£

E B30 min.
g W60 min
= ]

w 90 min.

BSS SFI 51 SU+BS
m 120 min.
Solution Type

Combination | Ration | % of | Bulk
of media of efficiency of | density
media | entrapment

Sodium 3%: 26.36 + 0.05 049 £
alginate .01

3%: 29.03+£230 |049 +
Sodium 1% 0.02
alginate 1| 3%: 29.72+0.04 | 051 +
Starch 2% 0.02

3%: 3420+043 | 054

3% 0.03

3%: 28.62+0.39 |048
Sodium 1% 0.01
alginate: 3%: 3355+254 | 052 =
Gelatin 2% 0.02

3%: 38.72+131 | 056 =

3% 0.02

Fig, 7 Survival of free L. plantarum in simulating
gastrointestinal condition after Encapsulating with Sodium
Alginate (3%) and Gelatin (3%) at different time

Gelatin encapsulated

98.41 2411
76 15

B1.45

100 78.23

6487 51.24 6148
B 30 min.
50
W60 min

=90 min.

Sury ival rate %o

BSS SF) sH Sl +8BS

W 120min.

solution type

Partical size and morphology of capsule
Partical size of microcapsules are observe by SEM

\
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A)Sodium alginate Gelatin  (3%:3%), B)Sodium
alginate : Starch (3%:3%), C)Sodium alginate(SA).

Table.4. Reduction of total microbial count during storage stability.

Combination Ration of | Day 1* Day2" | Day4™ | Day Day Day10™cf
of media microcapsule cfulg cfulg cfulg 6"cfu/lg | 8"cfulg | ulg
Sodium alginate 3% 57x10° 43x10° | 31x10° | 18x10° | 11x10° | 6x10°
3%:1% 89x10° 68x10° | 43x10° | 27x10° | 16x10° | 8x10°
Sodium alginate +
starch g 3%:2% 103x10° 091x10° | 73x10° | 52x10° | 21x10° | 7x10°
3 %:3% 93x10° 71x10° | 59x10° | 33x10° | 17x10° | 8x10°
3%:1% 84x10° 81x10° | 64x10° | 41x10° | 23x10° | 9x10°
Sodium alginate +
Colatin g 3%:2% 97x10° | 78x10° | 58x10° | 43x10° | 27x10° | 8x10°
3%:3% 112x10° 85x10° | 61x10° | 51x10° | 29x10° | 11x10°
At room temperature microbial count, , School of Biosciences and technology, VIT

reduce wildly from 3day itself. However, in case of
4°C and-30°C is start from 4™ day following for the
microencapsulated  bacteria  the  refrigeration
temperature is suitable to store up to 8" day.
Conclusion

Overall, the current research introduces a promising
technology for microencapsulating not only probiotic
bacteria but also other bioactive materials such as,
minerals, vitamins, oxidation sensitive lipids etc.
Survivability (%) and mortality rate of probiotic
composition (sodium alginate, gelatin) containing 3%
gelatin contain in microcapsule showed 94%
probiotic viability. It proved that more efficient when
compared with other combination of sodium alginate
and starch.The health benefits of probiotic rich foods
are well accepted and clinically proven. The
identified isolates used to establish the production of
nutritive compounds and to assess their potential as
starter cultures for their commercial uses.
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