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The optimal composition of ferrous sulphate, L-ascorbic acid, Lactobacillus acidophilus
and sodium alginate for encapsulation was studied. The Central Composite Rotatable
Design- Response Surface Methodology (CCRD-RSM) was used to determine the
optimum proportion of the matrices for higher yield of encapsulation (%) and strength of
beads (g). Results showed that the entrapped viable cells and strength of the beads,
increased by optimizing ingredients. The significant effect on encapsulation yield when
increasing sodium alginate and L. acidophilus, while L-ascorbic acid has negative effect
on the bead strength. It observed that 15 mg ferrous sulphate, 80 mg L-ascorbic acid and
3% L. acidophilus combined with 4% sodium alginate was optimal formulation for
encapsulation techniques. The predicted response in terms of encapsulation yield and
beads strength were 22.61and 1040.24, respectively. The desirability of the optimum

condition was 0.838.

Introduction

The use of probiotic bacteria for improving
human health is vastly increased in last two
decade. Probiotic are defined as live microbial
feed supplement that gives beneficial effects
on the host through improving its intestinal
microbial balance (FAO, 2009). These types
of bacteria show positive health benefits and
they exert their site of action alive and
establish themselves in certain number. There
are various health benefits such as stabilised
the intestinal microbiota, lowered serum
cholesterol, reduced risk of colon cancer, etc.
The recommendation of probiotic food
products for the consumption is usually
between 10%-10° cfu/ml. Microencapsulation
is a packaging technology in which core

material retained by an encapsulating matrix
or membrane that can release their substances
at controlled rates. Since the therapeutic role
of probiotics depends on the count of viable
cells, International Dairy Federation (1991).

The gelled biopolymer of calcium-alginate
matrix is ordinarily used in encapsulation
process because of its low cost, simplicity,
biocompatibility and nontoxicity
(Krasaekoopt et al., 2003). Therefore, the gel
is liable to breakdown in the presence of
excess monovalent, ion Ca?* chelating agents
and harsh chemical environments
(Krasaekoopt et al., 2004). Iron, especially
non-heme is absorbed by the intestinal
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mucosa through food product and vitamin-C
is a powerful enhancer of non-heme iron
absorption (Lynch and Cook, 1980). Its
influence may be extended the availability of
iron in meals. Vitamin-C helps in iron
absorption by forming a chelate with ferric
iron at acidic pH that remains soluble and
absorbed at the alkaline pH of the duodenum.
In mammals the duodenum may be the
principal site for iron absorption (Latunde-
Dada et al., 2002). However, the addition of
vitamin-C gives positive impact on the quality
of yogurt due to its high acid. Therefore, iron
and vitamin-C need microencapsulation.

The objective of the present study was to
optimize the level of ferrous sulphate (FE), L-
ascorbic acid (AA), L. acidophilus (LA) and
sodium alginate (SA) by Response Surface
Methodology using Central Composite
Rotatable Design (Myers, 1971) to study the
encapsulation yield of probiotic bacteria and
beads strength.

Materials and Methods
Preparation of probiotic bacteria

The culture of L. acidophilus NCDC 195
(National Dairy Research Institute, Karnal,
Haryana, India) were inoculated into 10 mL
MRS broth (HiMedia Laboratories Pvt. Ltd.
Mumbai, India) and incubated at 37°C for 24
hour under aerobic conditions to obtain a cell
density of about 10" colony forming units per
mL (cfu/mL). Further, the culture was
transferred into 95 mL of MRS broth and
incubated under the same conditions. Cells
were harvested by centrifugation at 8000 rpm
(3578 x g) for 10 min and after that the
supernatant was discarded of spent culture,
furthermore, cell pellet was re-suspended in
peptone saline (1 g/L peptone, 8.5 g/L NaCl)
and centrifuged again under the same
conditions. Then washed cells were re-
suspended in a total of 10 mL peptone saline

and stored at 4°C until usage. Fresh cells
suspension was prepared for encapsulation.

Encapsulation procedure

Encapsulation of FE, AA and LA was done
using emulsion method. Ferrous sulphate
(7.5-37.5 mg) (Loba Chemie Pvt. Ltd.
Mumbai, India), L-ascorbic acid (60-140 mg)
(Loba Chemie Pvt. Ltd. Mumbai, India),
washed cell suspension (0-4%), sodium
alginate (1-5%) (Loba Chemie Pvt. Ltd.
Mumbai, India) was added with 50 ml of
deionized water.

Microencapsulated Fe, AA and LA was
prepared by method of Azzam (2009). One
part mixture of FE, AA, LA and SA was
added drop by drop to 5 parts of sterilized
vegetable oil (sun flower) containing 0.2%
(v/v) Tween 80 (Loba Chemie Pvt. Ltd.
Mumbai, India) as an emulsifier and leave stir
at a constant speed at 500 rpm for 20 min
using Magnetic Stirrer (Tanco®, Lab. Eqpt.
India) for the mixture totally emulsified. Then
0.1 M (2.6% wi/v) sterilized calcium chloride
(S. D. Fine-chem Ltd. Mumbai, India)
solution was added drop wise into this
emulsified solution and stand until the water-
in-oil emulsion completely broken (taken
around 10 minute) and stand for 20 minute.
Formed capsules separated from the water
phase (calcium chloride solution) atbottom of
beaker. The oil layer was drained and beads
were collected by low speed centrifugation
(350 x g, 15 minute) and washed twice with
0.1% (w/v) sterile peptone solution followed
by one time sterile distilled water and
thereafter kept at 4°C for further analysis.

Analytical Technique
Encapsulation Yield (EY)

Encapsulation yield was determined by
release the entrapped LA. One gram of
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prepared beads were liquefied in 99 mL of
1% (w/v) sterile sodium citrate solution at pH
6.0 and has been shaken slightly for 10 min at
room temperature. LA was enumerated on
MRS agar (HiMedia Laboratories Pvt. Ltd.
Mumbai, India). The Petri dish was incubated
at 37°C for 72 h under aerobic conditions.
The encapsulated cells were enumerated as
logl0 cfu/mL. The encapsulation yield (EY)
is a combined measurement in which the
effectiveness of the survival of viable cells,
was calculated during the encapsulation
procedure (Khalilah et al., 2012) as follows

(Eq. 1)
EY (%) = (N/Ng) x 100 ................ Eq. (1)

Where,

N = number of viable cells released from the
beads,

No = number of free cells during the
encapsulation procedure.

For iron measurement, the dispersion fluid
was analysed for un-trapped iron during
microencapsulation. One millilitre of the
dispersion fluid was taken and diluted ten
times. Then, total iron content was measured
at 259.94 nm wave length by inductively
coupled plasma spectrometer (ICP). A sample
was run in triplicate.

L-ascorbic  acid was analysed by
spectrophotometer  using DNP  (2,4-
dinitrophenyl hydrazine) test (Korea Food
Code, 2002). Samples were prepared
immediately before analyses and protected
against daylight during analysis and kept cold.
Stock solution of AA was prepared by
dissolving 10 mg of AA in 100 mL of
deionized water (100 pg/mL). It was diluted
with deionized water to obtain the final
concentration of 10, 20, 30, 40 and 50pg/mL.
Total AA was determined using the
calibration graph based on concentration
(ng/mL) vs absorbance.

Beads strength (BS)

The strength of the beads was determining by
the using a texture analyser (TA-HDi, Stable
Micro Systems, UK) with a 50 kg load cell
equipped and a cylindrical aluminium probe
of 36 mm in diameter (Edward-Levy and
Levy, 1999). The probe was positioned to
touch the beads, recorded as the initial
position and then the probe flattened the
beads. The compression of the beads was
measured using following conditions: Test
mode: hardness (g), Pre-test speed: 1 mms-1,
Test speed: 2 mms-1, Target mode: strain,
Distance: 5 mm, Trigger force: 50 g, Time: 5
sec. The probe was removed when the beads
reduced to 50% of its original height. The
maximum force (g) at 50% displacement
represents the beads strength recorded and
analysed by Texture Exponent 32 software
program (version 3.0). Each sample measured
to triplicate.

Experimental design and statistical
analysis
Optimization using central rotatable

composite Design (CCRD)

Response surface methodology used for the
optimization of the response which includes
design of experiments, selection of levels of
variables in experimental runs, fitting
mathematical models and finally selecting
variable levels shown in Table 1 (Khuri and
Cornell, 1987). CCRD was used to design
experiments, model and optimize two
response variables namely encapsulation yield
of LA (%), beads strength (g). Each
independent variable was coded at three
levels between -1 and +1, where the variables
FE, AA, LA and SA were changed in the
ranges shown in Table 1. Twenty four
experiments were enlarged with  six
replications at the center points to evaluate the
pure error and to fit a quadratic model. The
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optimum point predicted by the quadratic
model was expressed as follow (Eqg. 2):

y=po + YA + Y BB + YC + Y BuD +
2B12AB + 3 B134C + 3 14AD + 3 B23BC +
S BauCD+ SBIIA2 + SB22B2 + YB33C2

Where,

y Response variable

Bo, P1, B2, Bs& P4 Regression coefficient
A, B, C & D Independent variables

The statistical software package Design-
Expert version 9, Stat-Ease Inc., Minneapolis,
USA was used for regression analysis of
experimental data and to plot response
surface.

Results and Discussion

The FCCD-RSM experiments contained 30
trials including 24 experiments for axial
points and 6 experiments for the replication of
the central points. The results of the
encapsulation yield of LA and beads strength
are presented in Table 2. The independent
variable (factor; x) and dependent factor
(responses; y) were fitted to the second order
polynomial function and examined for the
goodness of fit.

Encapsulation Yield (EY) of LA

Results of EY % was recorded with the
ranged from 13.00 to 24.67 % (Table 2). A
model of equation was generated by using
quadratic model to predict the EY % as a
response to the independent parameter or
factors. A model of p-value below 0.05 was
regarded as significant and was selected in
forming the equation as shown below (Eq. 3).

EY = +18.36 +0.14*A +0.50*B +1.94*C
+3.19*D +0.21*AB  +0.21*AC -0.21*AD
+0.21*BC -0.21*BD -0.21*CD +0.12*A? -
0.081*B? -0.25*C? -0.049*D? ........coovvvenn.

(Eq. 3)

On the basis of the above equation, all factors
showed positive influence on the EY %
response. ANOVA and regression analysis
results as shown in Table 3 revealed that the
model and experimental results were in good
agreement with insignificant “Lack of Fit” as
the p value was more than 0.05 (p = 0.1207).
The “Lack of Fit” test demonstrates that if the
value between the experimental and
calculated values according to the equations
can be explained by the experimental error.
The model with no significant “Lack of Fit” is
appropriate for the description of the response
surface (Gao and Wen-Ying, 2007). The
goodness of fit model can be further verified
by referring to coefficient determination (R?).
Higher R? (more than 0.98) indicating that
high correlation between experimental and
predicted value (Xiong et al., 2004). In this
study, the value of R? for encapsulation yield
of LA was 0.9855. Additionally, high
adequate precision value of more than 4
suggested that the model was satisfied for
optimization process (Srivastava and Thakur,
2006).

Encapsulation yield of LA varied from 11.30
to 24.67%. The coefficient of estimation of
encapsulation yield showed that as the level
of FE, AA, LA and SA as well as
encapsulation yield of the beads was
increasing, whereas the level of FE and AA
was very less effective comparison to LA and
SA (Table 4). From Figure | (a, b), it can also
be observed that with the increase in the level
of LA and SA, the encapsulation yield of LA
of the beads was highly increasing. Khalilah,
et al., (2012) also reported that addition of
sodium alginate and fish gelatin increased the
encapsulation yield of beads and lowered its
springiness. LA and SA exhibited positive
response on EY%. The maximum EY %
predicted when both levels increased. Thus, in
the present study, FE, AA, LA and SA levels
influenced the beads strength as well as
encapsulation yield. The model showed that
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the most significant factor were AA, LA and
SA for both responses. However, FE has no
having any significant effect on the
encapsulation system. The presence of LA
and SA also important, where LA role
observed more significant than SA, Kong et
al., (2003) reported that the EY % of bacteria
depended on the viscosity of SA. The authors
also suggested that the SA viscosity were low,
the EY % of bacteria was high and this was
due to the low shear force required to mix
cells with these solutions. In this study, the
optimum concentration of LA 3% (v/v) and
SA in the range of 3 to 4% (w/v) might have
resulted in suitable levels more effectively for
encapsulation yield of LA.

Beads strength (BS)

The hardness of beads strength ranged from
298.58 to 1306.67 g (Table 2). Among the
tested models, a quadratic model was found to
be the best fit model for beads strength
response was highly significant (P<0.0001).
The strength beads can be predicted using a
quadratic model equation generated as
follows (Eq. 4)

BS = +799.50 +0.011*A -2.10*B +8.22*C
+248.42*D -10.91*AB +1.23*AC +2.80*AD
+4.97*BC -4.15*BD +2.87*CD -2.43*A2
+2.70*B2 -6.92*C2 +1.90*D2 ... .. (Eq. 4)

On the basis of the above equation, all three
factors showed positive influence except AA
on the EY % response. ANOVA and
regression analysis as shown in Table 3
indicated that the model statistically
insignificant due to the “Lack of Fit”
(p>0.05). Therefore, no lack of fit between
model equation and experimental results, the
coefficient of determination (R?) for the
relationship between effect of variables viz.
FE, AA, LA and SA on beads strength 0.99
and this indicates that the model equation has
good prediction capability. The coefficient of

estimation of beads strength showed positive
correlation between the level of sodium
alginate and ferrous sulphate, however, a
negative correlation was observed between
the level of LA and AA and bead strength
(Table 2). The relationship between the
factors and the response are shown in Figure
Il (a, b) that with the increase in the level of
SA, the beads strength increases, however all
three factors does not show any significant
effect on the beads strength. The responses
observed when LA increases up to 3 % (w/v)
as the SA was increased. However, the beads
strength slightly weakened if AA acid was
increasing on optimum point.

Optimization

The numerical optimization technique was
used for simultaneous optimization of the
multiple responses. The constraints have been
listed in Table 3. The desired goals for each
factor and response were selected. Responses
obtained after each trial were analysed to
visualize the interactive effect of various
parameters on microbial and textural
properties of beads. Optimized solutions
obtained from the Design Expert software for
the encapsulation yield of LA and beads
strength score is presented in Table 5. Figure |
and Il shows the response surface plot for the
desirability of the product according to the
optimized beads selected (Table 5). The
desirability of the beads higher until the level
of sodium alginate ranges from 3 to 4%.

The level of ferrous sulphate did not show
much significant effect on the desirability.
Out of 5 suggested formulations, the
formulation No. 1 had better encapsulation
yield of LA score of 22.60 and bead strength
score of 1040.24 than all other formulations.
It has also the desirability was 0.838, which
was the highest following all other
formulations (Table 5).
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Independent variables Code levels
-1 0 +1
Ferrous sulphate (mg w/v) 15 22.5 30
L-ascorbic acid (mg w/v) 80 100 120
L. acidophilus(% v/v) 1 2 3
Sodium alginate(% wi/v) 2 3 4

Table.2 Experimental design and results using CCRD

Ferrous L- L. acido- Sodium Responses”
Run sulphate  ascorbic philus  alginate 0
mawh)  acid %) d%why Y OTEACR) BS(©)
(mg wiv)
1 30.0 120 3 2 20.00 545.00
2 22.5 100 2 3 18.00 806.67
3 22.5 60 2 3 17.00 813.33
4 30.0 120 1 4 20.00 996.78
5 22.5 140 2 3 18.67 800.00
6 15.0 80 1 2 12.67 555.50
7 22.5 100 2 3 18.65 806.67
8 30.0 120 1 2 13.33 529.43
9 22.5 100 4 3 21.33 806.67
10 30.0 80 1 2 12.67 555.50
11 15.0 80 1 4 19.33 1021.9
12 15.0 120 3 2 16.67 576.00
13 30.0 80 3 2 16.00 539.90
14 22.5 100 2 1 11.30 298.58
15 22.5 100 2 3 18.65 806.67
16 15.0 120 3 4 23.30 1045.00
17 15.0 120 1 4 20.00 1061.67
18 22.5 100 2 3 18.64 806.67
19 30.0 80 1 4 19.33 1068.33
20 375 100 2 3 18.65 806.67
21 22.5 100 2 5 24.67 1306.67
22 15.0 120 1 2 13.33 561.67
23 15.0 80 3 4 22.67 1051.67
24 22.5 100 2 4 21.33 1056.67
25 30.0 120 3 4 23.33 1045.00
26 15.0 80 3 2 16.00 539.90
27 7.5 100 2 3 18.65 765.69
28 22.5 100 0 3 13.00 729.70
29 22.5 100 2 3 18.00 765.69
30 30.0 80 3 4 22.67 1051.67
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Table.3 ANOVA and regression analysis for the response of encapsulation yield of LA and beads strength

EY BS
Source
S?;ljgugfs DF S':;'S:?e FValue  p-value SS(;JlEr%fs DF! S'\élﬁgpe FValue p-value
Model 358.61 14 25.61 72.74 <0.0001* |1.550E+006 14 1.107E+005 263.28 < 0.0001%
A 0.47 1 0.47 1.34 0.2655 2.817E-003 1 2.817E-003 6.697E-006 0.9980
B 5.96 1 5.96 16.93 0.0009 106.18 1 106.18 0.25 0.6226
C 90.63 1 90.63 257.34 < 0.0001 1621.97 1 1621.97 3.86 0.0684
D 252.94 1 252.94 718.24 < 0.0001 1.535E+006 1 1.535E+006 3650.65 < 0.0001
AB 0.70 1 0.70 2.00 0.1777 1904.45 1 1904.45 4,53 0.0503
AC 0.71 1 0.71 2.01 0.1770 24.26 1 24.26 0.058 0.8135
AD 0.68 1 0.68 1.93 0.1851 125.33 1 125.33 0.30 0.5932
BC 0.68 1 0.68 1.94 0.1844 395.41 1 395.41 0.94 0.3476
BD 0.70 1 0.70 2.00 0.1777 275.73 1 275.73 0.66 0.4308
CD 0.71 1 0.71 2.01 0.1770 132.02 1 132.02 0.31 0.5836
A’ 0.40 1 0.40 1.15 0.3006 158.99 1 158.99 0.38 0.5479
B? 0.18 1 0.18 0.51 0.4869 196.46 1 196.46 0.47 0.5047
c? 1.67 1 1.67 4.75 0.0456 1295.87 1 1295.87 3.08 0.0996
D? 0.063 1 0.063 0.18 0.6782 93.93 1 93.93 0.22 0.6433
Residual 5.28 15 0.35 6308.48 15 420.57
Lack of Fit 4.78 11 0.43 3.46 0.1207 4964.99 11 451.36 1.34 0.4183
Pure Error 0.50 4 0.13 1343.49 4 335.87
R*=0.9855 R*=0.9959

Adequate Precision= 30.395

Adequate Precision= 68.525

'DF degree of freedom
%Significant at = 0.05

°F, Ferrous sulphate (mg): A, L-ascorbic acid (mg): L, L. acidophilus(% w/v):, Sodium alginate (% w/v)
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Table.4 Coefficient estimate for encapsulation yield of LA and beads strength of beads

Coefficient Estimate

Factors
EY BS
Intercept 18.36 799.50
A 0.14 0.011
B 0.50 -2.10
C 1.94 8.22
D 3.19 248.42
AB 0.21 -10.91
AC 0.21 1.23
AD -0.21 2.80
BC 0.21 4.97
BD -0.21 -4.15
CD -0.21 2.87
A? 0.12 -2.43
B* -0.081 2.70
C? -0.25 -6.92
D? -0.049 1.90

Table.5 Optimized solutions with predicted responses for beads using
Design Expert software 9

Ferrous L-ascorbic L. Sodium Encapsulation Beads

No. sulphate  acid  acidophilus alginate Yield of LA Strength Desirability
mg (w/v) mg (w/v)  %(w/v)  %(w/v)

1 15 80 3 4 22.61 1040.24 0.83866 Selected

2 15.00 80.02 2.99 3.99 22.58 1038.41 0.83836

3 15.08 80.00 2.99 3.99 22.60 1040.40 0.83811

4 15.00 80.15 2.99 3.99 22.61 1040.43 0.83803

5 15.08 80.00 2.99 3.99 22.58 1038.72 0.83788

Table.6 Constraints and criteria for optimization of beads

Constraints Goal Lower Limit Upper Limit
A:Fe is in range 15 30
B:AA minimize 80 120
C:L acidophilus maximize 1 3

D:S. alginate IS in range 2 4
Encapsulation Yield maximize 11.3 24.67
Beads Strength maximize 298.58 1306.67

Lower weight: 1, Upper weight: 1, Importance:
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Fig.1 Response surface plots showing the effect of FE, AA, LAand SA on the parameter of encapsulated yields of LA
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Microencapsulation Efficiency of Ferrous
sulphate and L-ascorbic acid

The encapsulation efficiency of FE and AA
acid of optimized beads were further studied.
It was observed that encapsulation yield of Fe
and AA at the level of FE (15 mg), AA (80
mg) and LA (3% v/v) and SA (4% v/v) was
71 % and 92 % respectively. The optimised
beads analysed in triplicate.

In conclusion, optimization of the levels of
ferrous sulphate, L-ascorbic acid, L.
acidophilus and sodium alginate for the best
delivery formulation of the beads is predicted
based on score of bacterial strength and
textural characteristics using RSM package.
The formulation with 15 mg ferrous sulphate,
80 mg L-ascorbic acid, 3% L. acidophilus
and 4% sodium alginate was considered to be
the most appropriate combination for the
microencapsulation process. It obtained the
optimum encapsulation yield of LA and
beads strength.
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