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a  b  s  t  r  a  c  t

The  aim  of  this  research  was  to  enhance  the survivability  of Lactobacillus  rhamnosus  NRRL  442  against
heat  exposure  via  a combination  of immobilization  and microencapsulation  processes  using sugarcane
bagasse  (SB)  and  sodium  alginate  (NaA),  respectively.  The  microcapsules  were  synthesized  using  different
alginate  concentration  of 1, 2 and 3% and  NaA:SB  ratio  of  1:0,  1:1 and 1:1.5.  This  beneficial  step  of  probiotic
immobilization  before  microencapsulation  significantly  enhanced  microencapsulation  efficiency  and  cell
survivability  after  heat  exposure  of 90 ◦C for 30 s.  Interestingly,  the microcapsule  of SB-immobilized
eywords:
ncapsulation
mmobilization
lginate
agasse
actobacillus

probiotic could  obtain  protection  from  heat  using  microencapsulation  of  NaA  concentration  as  low  as 1%.
SEM images  illustrated  the incorporation  of immobilized  L. rhamnosus  within  alginate  matrices  and  its
changes  after  heat  exposure.  FTIR  spectra  confirmed  the  change  in  functional  bonding  in the  presence  of
sugarcane  bagasse,  probiotic  and alginate.  The  results  demonstrated  a  great  potential  in the  synthesis  of
heat resistant  microcapsules  for probiotic.

© 2014  Elsevier  Ltd. All  rights  reserved.

eat

. Introduction

According to Food and Agriculture Organization (FAO) of the
nited Nations and the World Health Organization (WHO), pro-
iotic means live microorganisms which provide health benefits
o hosts when administrated in sufficient amounts (FAO/WHO,
002). Health and growth benefits offered by probiotic make them

 highly potential additive in the animal feed industry. Moreover,
he prospect of probiotic as an alternative to antibiotics has been
onsidered (Kosin & Rakshit, 2010). Lactic acid bacteria are one of
he largest groups of probiotic and most of Lactobacillus sp. was
egarded as animal probiotic. In this study, Lactobacillus rhamno-
us was used as probiotic model due to its beneficial effects on
uminant animal.
Probiotics have been included in various products such as
ood (Anal & Singh, 2007) and feed (Gaggìa, Mattarelli, & Biavati,
010). The main concern of this supplement is low viability of free

∗ Corresponding author at: Department of Bioprocess Engineering, Faculty of
hemical Engineering, Universiti Teknologi Malaysia, 81310 UTM Skudai, Johor
ahru, Johor, Malaysia. Tel.: +60 7 5535577.

E-mail addresses: sshahrulzaman@gmail.com (S. Shaharuddin),
dayu@cheme.utm.my (I.I. Muhamad).

ttp://dx.doi.org/10.1016/j.carbpol.2014.11.045
144-8617/© 2014 Elsevier Ltd. All rights reserved.
probiotic in end products that could no longer provide the health
benefits (Burgain, Gaiani, Linder, & Scher, 2011; De Vos, Faas,
Spasojevic, Sikkema, 2010). In practice, probiotic animal feed
involve with high thermal treatment during pelleting process.
However, this has resulted in low viability of the final product due to
heat-sensitive characteristic of probiotic that explained the impor-
tance of viability maintenance to deliver its benefit to host health
or growth (Seo et al., 2010). This challenge created an opportunity
for the development of thermal protection technique which may
reduce the exposure effect of lethal temperature.

Cell immobilization on solid carrier can be defined as local-
ization of intact cell via physical adsorption between the carrier
and cell membrane (Kourkoutas, Bekatorou, Banat, Marchant,
& Koutinas, 2004). This technique has been widely used in
enhancing and maintaining viability of probiotic during product
processing and storage. Many studies of probiotic immobilization
on solid carriers have been performed previously using apple pieces
(Corbo, Bevilacqua, Gallo, Speranza, & Sinigaglia, 2013), quince
(Kourkoutas, Xolias, Kallis, Bezirtzoglou, & Kanellaki, 2005), wheat
(Bosnea et al., 2009), cereal (Michida et al., 2006), bacterial cellulose

(Jagannath, Raju, & Bawa, 2010), watermelon rind (Reddy, Reddy,
Reddy, & Reddy, 2008) and pear (Kourkoutas, Bosnea, et al., 2006).

Microencapsulation technique promotes the concept of a physi-
cal barrier that offers better protection of probiotic and safe delivery

dx.doi.org/10.1016/j.carbpol.2014.11.045
http://www.sciencedirect.com/science/journal/01448617
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o target (Burgain et al., 2011). Characteristics of microcapsules
nclude variation in size from a few microns to 1 mm,  shape, thick-
ess and strength of wall (Anal & Singh, 2007). Generally, the main
bjective in microencapsulation of probiotic is to enhance their sur-
ivability and maintain viability to the maximum log CFU, at least
p to minimum concentration in delivering their beneficial effect
o host (Anal & Singh, 2007; Rokka & Rantamaki, 2010). Probiotic
an resist adverse and stress conditions such as acidity, oxygen and
astric environment using encapsulatant wall (Borgogna, Bellich,
orzin, Lapasin, & Cesaro, 2010; Burgain et al., 2011; Rokka &
antamaki, 2010).

Immobilization and microencapsulation provide better protec-
ion of probiotic towards thermal exposure. Some delivery paths

ay  necessitate passing through thermal exposure before reach-
ng the targeted place. Various studies on thermal resistance
sing different types of immobilization medium were performed
ia technique of immobilization attachment (Kannoujia, Ali, &
ahar, 2009; Kourkoutas et al., 2005; Nagar, Mittal, Kumar, Kumar,

 Gupta, 2012; Quan, Liu, Branford-White, Nie, & Zhu, 2014)
nd microencapsulation (Chen, Chen, & Kuo, 2007; Chitprasert,
udsai, & Rodklongtan, 2012; Ding & Shah, 2009; Karakuş &
ekyardımcı, 2009; Mandal, Puniya, & Singh, 2006; Noriega,
elliou, Van Derlinden, Mertens, & Van Impe, 2013; Sabikhi, Babu,
hompkinson, & Kapila, 2010). Promising potential of thermotol-
rance via both techniques were demonstrated and its application
ould be used in other sectors such as animal feed processing.

The objective of this study was to increase the survivability
f model probiotic, L. rhamnosus NRRL 442 against heat exposure
ia heat barrier microcapsule. Sugarcane bagasse (SB) was  incor-
orated into the microcapsule as a filler. Sodium alginate (NaA)
as used as encapsulant and calcium chloride as crosslinker. The

ncorporation may  affect the physicochemical properties due to
olecular interactions of encapsulant agent and filler. Alginate

s a simple, non-toxic, biocompatible and low cost biomaterial
Krasaekoopt, Bhandari, & Deeth, 2003) while SB is cheap, renew-
ble and an abundantly available worldwide biopolymer (Karnitz,
urgel, & Gil, 2010; Mandal & Chakrabarty, 2011; Vercelheze
t al., 2012). It consists of 2.7–2.8%, 9.8–10% and 0.3–0.5% of pro-
ein, crude fibre and fat, respectively (Shaharuddin, Muhamad,
eng, Zahan, & Khairuddin, 2014). L. rhamnosus is one of the
ell-documented probiotic that may  provide health benefit to

he ruminant animal (Gaggìa et al., 2010). Extrusion method was
sed for the production of novel cell-loaded alginate-SB composite
icrocapsule. The characteristics of microcapsules were analyzed

or the encapsulation efficiency, particle size, morphology and FTIR
pectra. The maximum microencapsulation condition was deter-
ined after the microcapsules were treated with heat and the cell

iability and morphology were analyzed. All data were statistically
nalyzed using one-way ANOVA and Duncan’s multiple range test
DMRT).

. Materials and methods

.1. Materials

Sodium alginate (Q-ReC), calcium chloride (Q-ReC), peptone
ater (Sigma–Aldrich), sodium citrate (Q-ReC), MRS  broth (Merck),
RS  agar (Merck) and potassium bromide (Merck) were of analyt-

cal grade. All chemicals were used without further purification. L.
hamnosus NRRL 442 used as probiotic model was  received from
gricultural Research Service (ARS, USA). Fresh SB was collected
rom local supplier in Johor Bahru, Johor, Malaysia. Three replica-
ions were done for each sample. Fresh SB was ground and sieved
sing 75 �m mesh. Then SB was dried using hot air oven at 40 ◦C
or 48 h and kept in freezer (−20 ◦C).
rate Polymers 119 (2015) 173–181

2.2. Microencapsulation of immobilized L. rhamnosus

The microencapsulation of L. rhamnosus NRRL 442 began with
the immobilization of the probiotic on SB followed by mixing with
alginate. Then the Lr–SB–NaA solution was extruded and ended
with droplet gelation via ionic crosslinking. Microencapsulation
was performed by slight modification of the procedure described
by Chen et al. (2007). The immobilized probiotic was prepared
with stock culture of L. rhamnosus NRRL 442 inoculated into ster-
ile culture medium, agitated in orbital shaker at 200 rpm with
incubator at 37 ◦C for 16–18 h. A probiotic cell suspension was
prepared by centrifuging the culture medium at 10,000 rpm for
3 min  (Seng, Muhamad, Tin, Razali, Pae, & Shaharudin, 2012). The
cells were washed and resuspended in 0.1% peptone solution. The
probiotic was microencapsulated via extrusion technique. Coating
material were prepared using 1, 2 or 3% (w/v) of sodium alginate
and autoclaved (121 ◦C, 15 min). The coating material was  mixed
with immobilized probiotic-SB at different dry weight ratio of 1:0,
1:1 and 1:1.5 (w/w). The homogenized mixture of immobilized
probiotic-SB and coating solution was  extruded through modified
syringe into sterile 0.1 M CaCl2. The formed microcapsules were
allowed to stand for 1 h for solidification, then rinsed and subse-
quently kept in sterile 0.1% peptone solution at 4 ◦C for further
analysis.

2.3. Microencapsulation efficiency

In order to determine the microencapsulation efficiency of L.
rhamnosus, 1 g of microcapsules was  dissolved by placing them in
50 mL  sodium citrate solution (10 g/L) until disintegration using
stirrer. The cell viability was determined by colony forming units
(CFU/g) counting via a pour-plate method using MRS  agar and then
incubating at 37 ◦C for 48 h. Microencapsulation efficiency (ME)
was calculated using Eq. (1):

ME  (%) = N

N0
× 100 (1)

where N is the number of microencapsulated cells released from
the microcapsules (log CFU/g microcapsule) and N0 is the number
of free cells added to the polymer mixture during the production
of the microcapsules (log CFU/g).

2.4. Microcapsule size

Diameter of ten wet  beads was evaluated using calliper
(Mitutoyo, Japan) and the average diameter were measured and
recorded. The measurement was replicated three times.

2.5. Morphology analysis via SEM

The morphological study was  observed by Scanning Electron
Microscope (SEM, Phenom G2 Pro). The sample was dried and fixed
to double sided conductive tape on top of SEM stub. SEM was  oper-
ated at 15 kV with 1000× magnification.

2.6. Fourier transform-infrared spectroscopy (FT-IR)

The sample was  characterized using FTIR spectroscopy to study
the chemical composition and bonding present. Samples were
mixed and pulverized with a mortar and pestle with potassium bro-

mide (1:100) and compressed into tablets. The FT-IR analysis was
carried out using a FT-IR Spectrometer (Spectrum 2000 Explorer,
Perkin-Elmer, Waltham, MA), with a resolution of 4 cm−1 in the
range of 4000–400 cm−1.
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Table  1
Microencapsulation efficiency and yield of microcapsules synthesized under differ-
ent condition.

NaA concentration (%) NaA:SB ratio Micoencapsulation efficiency (%)

1
1:0 86.70 ± 1.70ab

1:1.0 87.10 ± 0.85abc

1:1.5 89.30 ± 1.00c

2
1:0 87.10 ± 0.85abc

1:1.0 89.35 ± 0.49c

1:1.5 89.35 ± 0.21c

3
1:0 85.25 ± 0.92a

1:1.0 87.60 ± 1.13abc

1:1.5 88.35 ± 0.92bc
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Table 2
Sizes of microcapsule.

NaA concentration (%) NaA:SB ratio Microcapsule diameter (�m)

1
1:0 292.80 ± 37.30a

1:1.0 373.20 ± 74.09b

1:1.5 486.20 ± 68.67cd

2
1:0 340.70 ± 26.88ab

1:1.0 457.60 ± 77.20c

1:1.5 505.30 ± 70.56cde

3
1:0 390.90 ± 52.43b

1:1.0 516.70 ± 45.78de

1:1.5 557.20 ± 55.01e
eans with different superscripts (a–c) within a column were significantly different
P  < 0.05, n = 3].

.7. Heat exposure

Heat resistance test was performed by exposure of 1 g of free
ell and immobilized/microencapsulated cell at 90 ◦C for 40 s and
nstant immersion in chilled water at room temperature within

 min. The cell viability evaluation was performed as described
reviously in Section 2.3. The cell survivability was  calculated
ccording to Eq. (2):

ell survival (%) = Nh

Ni
× 100 (2)

here Ni is the initial number of viable immobilized or/and
icroencapsulated cells before heat exposure (log CFU/g micro-

apsule); and Nh is the number of cells released from the
B/microcapsules after the heat exposure (log CFU/g microcapsule).

.8. Statistical analysis

Nine combinations from full factorial design of two  factors
t three levels were derived and used for the experiment. All
xperiments were replicated three times. Statistical analysis was
ndertaken using one-way ANOVA. The data were presented as
ean values ± standard deviation (SD). The statistical significance

f the results was evaluated using Duncan’s multiple range test
DMRT) at a significance level of R = 0.05.

. Results and discussion

The resultant microcapsules in the form of microgels consist of
mmobilized L. rhamnosus NRRL 442 within SB matrices. The micro-
apsules were characterized to determine the optimum conditions
f developed method and the performance of double protection
owards probiotic after heat treatment process.

.1. Microencapsulation efficiency

The microcapsules were analyzed via cell viability after the
icroencapsulation process and calculated as microencapsulation

fficiency. It is crucial to obtain high efficiency of immobilization
nd encapsulation in order to maintain high viability as the resul-
ant microcapsules will be subjected to heat treatment. Generally,
here was high retainability or small loss of cell viability as recorded
n Table 1. Microencapsulation process using NaA:SB ratio of
1:1.5) and (1:1) attained the highest efficiency of 89.35 ± 0.49 and
9.35 ± 0.21, respectively. No significant differences were observed

n most conditions of preparing the microcapsules. This finding

mphasized the benefit and importance of immobilization stage
efore microencapsulation. However, this is contradict to previous
tudy that reported the incorporation of rice bran in microencapsu-
ation of Lactobacillus reuteri KUB-AC5 provided less encapsulation
Means with different superscripts (a–e) within a column were significantly different
[P  < 0.05, n = 3].

efficiency compared to non-incorporation of the fibre (Chitprasert
et al., 2012).

Interestingly, results showed incorporation of SB enhanced the
retainability of probiotic after microencapsulation process in com-
parison to that without fibre incorporated. This indicated that
immobilization of L. rhamnosus on SB before the microencapsula-
tion stage had assisted in retention of cell viability hence further
increased the efficiency. Incorporation of SB provides larger surface
area for the attachment of probiotic before the microencapsula-
tion. Moreover, dense structure of NaA–SB inside the microcapsule
enables the immobilized probiotics to remain entrapped and
encapsulant matrices only diffuse out water molecule. Eventhough
inclusion of filler in microcapsule reduces the encapsulation effi-
ciency, the strong adhesion of probiotic during immobilization
alleviated this negative effect. The loss of cell viability was slightly
affected by the extrusion during the microencapsulation process.
In addition, the high efficiency was also due to non-toxicity of NaA
as encapsulant agent.

3.2. Particle size

The size of microcapsule affects the homogeneity and dosage of
additive in the pellet feed (Chitprasert et al., 2012). Smaller addi-
tive size may  provide better distribution subsequently improving
the homogeneity and dosage of the additive. In pelleting process,
the adequate and recommended size range of feed additive is
50–500 �m (Chitprasert et al., 2012). Table 2 showed the micro-
capsule size synthesized from the nine different combinations
of microencapsulation performed in this study. The microcap-
sules ranged in size from 292.80 to 557.20 �m. The microcapsule
diameter increased when the concentration of NaA and ratio of
NaA:SB increased. The average sizes of microcapsules with pre-
immobilized probiotic were significantly increased in comparison
to that without immobilization process. This was observed in each
concentration of NaA used and was  due to the presence of SB com-
ponent in the formation of microcapsule. However, the increase in
microcapsule diameter was not significant when the NaA:SB ratio
was increased from 1:1 to 1:1.5. This could be attributed to the
fast flowing of mixing solution during extrusion which limited the
space of immobilized probiotic on SB during encapsulation. In addi-
tion, acceptable microcapsule diameter was also archived due to
the size reduction of SB after autoclave process (Chitprasert et al.,
2012).

3.3. Surface morphology
The experimental effects of alginate concentration, inclusion of
SB ratio and heat on the microcapsules were illustrated in Fig. 1.
Evaluation involved eight different conditions of microencapsula-
tion; i.e. microcapsules prepared from NaA:SB (1:0), NaA:SB (1:1.5),
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Fig. 1. SEM of NaA and NaA–SB microcapsule areas. Outer surface of NaA:SB (1:0) and NaA:SB (1:1.5) microcapsules (a and b, respectively). Inner surface of NaA:SB (1:0)
and  NaA:SB (1:1.5) microcapsules (c and d, respectively). Outer surface of NaA:SB (2:1.5) and NaA:SB (3:1.5) microcapsules (e and f, respectively). Inner surface of NaA:SB
(2:1.5) and NaA:SB (3:1.5) microcapsules (g and h, respectively). Outer surface of NaA–SB (1:0) and NaA:SB (1:1.5) microcapsules loaded with L. rhamnosus NRRL 442 (i and
j,  respectively). Inner surface of NaA–SB (1:0) and NaA:SB (1:1.5) microcapsules loaded with L. rhamnosus NRRL 442 (k and l, respectively). Outer surface of heated NaA–SB
(  n, res
l

N
n
h
f
w
o

1:0)  and NaA:SB (1:1.5) microcapsules loaded with L. rhamnosus NRRL 442 (m and
oaded with L. rhamnosus NRRL 442 (o and p, respectively).

aA:SB (2:1.5), NaA:SB (3:1.5), microcapsules loaded with L. rham-
osus NRRL 442 prepared from NaA:SB (1:0) and NaA:SB (1:1.5),

eated microcapsules loaded with L. rhamnosus NRRL 442, prepared

rom NaA:SB (1:0) and NaA:SB (1:1.5). The alginate microcapsules
ithout inclusion [NaA:SB (1:0)] of SB has approximately smooth

uter surface with many porous regions (Fig. 1a). The smooth
pectively). Inner surface of heated NaA–SB (1:0) and NaA:SB (1:1.5) microcapsules

surface of alginate became crumpled, rugged and denser with
the incorporation of SB [NaA:SB (1:1.5)] into the microcapsules

(Fig. 1b). However, less porous regions were shown as the incor-
porated SB covered some regions of the microcapsule. Meanwhile,
the inner surface of NaA:SB (1:0) and NaA:SB (1:1.5) microcapsules
were similar to outer surfaces as their porous matrices were all over
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Fig. 2. Schematic diagram: (a) immobilized L. rhamnosus NRRL

he surface (Fig. 1c and d). Less and smaller pores were observed at
aA:SB (1:1.5) microcapsules compared to NaA:SB (1:0) microcap-

ules. The surface of NaA:SB (1:1.5) was more compact to NaA:SB
1:0) and clearly showed the presence of congregated SB.

The outer surface morphology of increased concentration of
aA microcapsules from 2% to 3% were illustrated in Fig. 1e
nd f [ratio of NaA:SB (2:1.5) and NaA:SB (3:1.5)], respectively.
imilar morphologies were obtained with crumpled and rugged
urface between outer surfaces of both microcapsules. However,
he surface became compact due to increasing of NaA amount in
ormulation. Less SB were observed on the surface of Fig. 1f as
he NaA has covered most areas of the microcapsule. Fig. 1g and h
howed the comparison of cross section of microcapsules prepared
rom NaA:SB (2:1.5) and NaA:SB (3:1.5), respectively. The inner
urface of NaA:SB (3:1.5) has more layers of alginate and incor-
orated SB than NaA:SB (2:1.5) microcapsule. Compact structure of
hose layers was formed by increased NaA concentration. Similarly,
mages of both microcapsule surfaces showed more SB fractions in
aA:SB (2:1.5) microcapsule compared to NaA:SB (3:1.5) microcap-

ule. Again, the compactness places the incorporated SB in between
ach layer.

The presence of bulging probiotic L. rhamnosus can be observed
n all samples after the inclusion (Fig. 1i–l). The probiotic was
hort, rod shaped and randomly distributed in all areas of surface.
ncapsulated probiotic changed the surface of NaA–SB (1:0) micro-
apsule (Fig. 1i) into crumple and become uneven compared to its
riginal structure (Fig. 1a). Similarly in NaA:SB (1:1.5) microcap-
ule, the short rod-shaped probiotic could be seen in almost all
egion of surface. This phenomenon relates to the immobilization
rocess that contributed to high attachment of probiotic and sub-
equently corresponded to high encapsulation efficiency. However,
o change in NaA:SB (1:1.5) microcapsule structure was observed.
he schematic diagram of Alginate-SB microcapsule structures
oaded with probiotic L. rhamnosus is demonstrated in Fig. 2. The
nner surfaces of NaA:SB (1:0) and NaA:SB (1:1.5) microcapsules
Fig. 1k and l, respectively) were similar in structure with their
xterior surfaces. The probiotic was clearly observed in both micro-
apsules. Despite the favourable adhesion of L. rhamnosus on SB
urface, small populations of the probiotic was seen unattached to
B and remained on the surface of alginate (Fig. 1l).

After the heat exposure was performed, the microcapsules were
ound to shrunk and creased in shape. Furthermore, this change
as more evident on the structure of microcapsule without incor-
oration of SB. Both microcapsules from NaA:SB (1:0) and NaA:SB
1:1.5) loaded with probiotic (Fig. 1m and n, respectively) showed
his heat effect. This is due to high dense and less porous structure
f NaA:SB (1:1.5) microcapsule that reduced the penetration of

eat into its structure hence L. rhamnosus could still be seen on the
urface of the microcapsule. In contrast, the probiotic was hardly
een on the surface of NaA:SB (1:0) perhaps due to its shrunken
eated structure. In addition, the porous regions of NaA:SB (1:0)
n SB, (b) microcapsule of immobilized L. rhamnosus NRRL 442.

surface were clearly seen after heat exposure. Meanwhile, the
NaA:SB (1:1.5) microcapsule surface did not change much as it
still maintained the original contour and structure. The inner
surface of both microcapsules (Fig. 1o and p) obviously illustrated
different observation of probiotic survavility. Fig. 1o showed
very small populations of L. rhamnosus that can be monitored.
Interestingly, the dense population of the probiotic was clearly
demonstrated in Fig. 1p which reflected the heat barrier provided
by the matrix of its microcapsule. Indeed, compact structure
of encapsulant matrices is one of the major factors in prevent-
ing the heat penetration and its effect on the cells (Chitprasert
et al., 2012). For quantitative evaluation, value of viable cell
after the heat exposure was enumerated and examined in later
section.

3.4. FTIR characterization

In Fig. 3, FTIR spectra referred to SB, L. rhamnosus NRRL 442 and
immobilization of L. rhamnosus on SB (Immo SB + Lr). The spectra
of SB and L. rhamnosus were analyzed first as those materials are
the main components in immobilization process. SB is a lignocel-
lulosic fibre whose major components are cellulose, hemicellulose
and lignin. SB spectrum demonstrated a broad band at 3420 cm−1

which can be attributed to O H stretching vibrations. The peaks
appearing at 2923 and 2853 cm−1 belonged to the axial defor-
mation of symmetric and asymmetric of C H group. The peak at
1716 cm−1 represented the carbonyl bond (C O) of the hemicel-
luloses. At 1646 cm−1, the appeared absorption is related to the
conjugated carbonyl bond of lignin. Symmetric deformation of CH2
group of cellulose was indicated by bands at 1456 cm−1. The band
in the region of 1247 cm−1 was attributed to C O C stretching
vibrations in cellulose chain. Peaks at 1106 and 1052 cm−1 were
representative of primary and secondary hydroxide groups (C O C
and C O stretch).

FTIR spectra of L. rhamnosus showed peaks in certain areas.
O H stretching was  seen at 3416 cm−1. The typical functional
group of fatty acids as cell membrane components was rep-
resented by asymmetric stretching vibrations of CH3 and CH2
which at 2923 and 2853 cm−1, respectively. The broad peak at
1640 cm−1 and very weak peaks at 1544, 1452 and 1409 cm−1

were characteristic of protein content from the probiotic. The
observed absorption bands at 1239 and 1061 cm−1 were rep-
resentative of phosphodiester backbone of nucleic acid (P O
group) and components of cell wall (C O C group), respec-
tively.

During the immobilization process, the interaction of SB and L.
rhamnosus was  observed as the shifting of several peaks and change

of peak intensity occurred. The O-H band was  shifted by −19 cm−1.
Peaks at 2923, 2853 and 1456 cm−1 exist and remained. The peak
of carbonyl bond (C O) was denoted at 1738 cm−1 with shifting
of +22 cm−1. The protein content from the probiotic was clearly



178 S. Shaharuddin, I.I. Muhamad / Carbohydrate Polymers 119 (2015) 173–181

4000.0 360 0 320 0 280 0 240 0 200 0 180 0 160 0 140 0 120 0 100 0 80 0 60 0 370 .0
cm-1

%T 

SB

Lr

Imm o SB +Lr

2853.22

1640.3 8

2923.6 7

1544.6 1
1452.7 514 09.7 6 1239.72

1061.87

3416.8 2

3420.7 4

2923.67

2853.22

1716.60

1646.24

1523.1 11456.66 1247.54

1106.82

1052.09

3401.1 7

2923.6 7
2853.22 1738.1 0

1640.3 8
1456.6 6

1378.4 8 1249.4 9
1118.5 4

1052.09

sus an

d
t
o
d
w
v
b
a
o
i
r

(
n
a
r
1
m
a
(

r
m
e
b
T

Fig. 3. FTIR spectra of SB, L. rhamno

emonstrated at 1640 cm−1 with higher intensity. It showed that
he probiotic was covering the lignin region which has the peak
f 1456 cm−1 of SB. Presence of C O group from the L. rhamnosus
ense population has covered most regions of SB’s surface. Mean-
hile, the probiotic presence also affected the C O C stretching

ibrations which shifted by +9 cm−1 to 1252 cm−1 which com-
ined with the C O C group of SB. Most of the bands in the SB
nd L. rhamnosus spectra were still present which showed no obvi-
us change in the functional groups of both components after the
mmobilization process. Peak of C O stretching at 1052 cm−1 was
emained.

Meanwhile, Fig. 4 showed the FTIR spectra of calcium alginate
CaA), NaA:SB (1:0) and NaA:SB (1:1.5). CaA was the main compo-
ent in microencapsulation process and performed as encapsulant
gent. In CaA spectra, the observed large absorption at 3432 cm−1

epresented the deformation of O H group. The appeared band at
634 cm−1 referred to asymmetric COO− group, while those of sym-
etric COO− group was denoted at 1431 cm−1. At 1081 cm−1, the

ppeared absorption is related to the asymmetric of carbonyl bond
C O).

The FTIR result demonstrated the interaction between the L.
hamnosus, immobilized L. rhamnosus on SB and CaA during the for-

ation of cell-loaded microcapsule. First, this was evidenced in the

ncapsulated microcapsule loaded with L. rhamnosus (ME  CaA + Lr)
y shifting of O H stretching by +16 with higher intensity band.
his was due to the presence of CaA during the microencapsulation
d immobilized L. rhamnosus on SB.

process with the occurrence of more intermolecular hydrogen
bonding occurred. The asymmetric stretching vibrations of CH3
and CH2 of L. rhamnosus located at 2923 and 2853 cm−1 were
still present. Again, the presence of CaA as encapsulant agent had
covered the surface area of microcapsule and contributed to the
appearance of new peaks at 1634 and 1431 cm−1 which were
attributed to asymmetric and symmetric of COO− group of CaA,
respectively. This situation confirmed the formation of CaA matri-
ces as encapsulant agent. Meanwhile, the protein represented by
peaks of L. rhamnosus at 1640, 1544, 1452 and 1409 cm−1 disap-
peared. Similar situation was  seen at the peak of P O group as the
CaA was the dominant component on the microcapsule surface.
The peak at 1061 cm−1 which was  denoted to the cell wall of L.
rhamnosus still existed.

In the case of microcapsule loaded with immobilized L. rham-
nosus on SB (ME  CaA immo  SB + Lr, the FTIR spectra demonstrated
similar bands which were present in the spectrum of the encapsu-
lated microcapsule loaded with L. rhamnosus (ME  CaA + Lr). The ME
CaA + Lr microcapsule spectrum was referred as control in this com-
parison. The broad band was observed at 1640 cm−1 with increased
intensity which can be attributed to the increase number of L.
rhamnosus presence on surface. This was  corroborated with the

observation of clear rod-shaped probiotic on the surface of the
microcapsule of immobilized L. rhamnosus NRRL 442. The increased
intensity of the band was  believed to be closely related with high
microencapsulation efficiency.
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Fig. 4. FTIR spectra of CaA, microcapsule without L

.5. Survivability of immobilized L. rhamnosus NRRL 442 and
icroencapsulated L. rhamnosus NRRL 442 after heat exposure

The heat condition of 90 ◦C for 30 s simulates the real situation of
eat exposure and its effect (Amerah et al., 2013). Cell survivability
ercentage of immobilized L. rhamnosus NRRL 442 was  analyzed
nd demonstrated in Table 3. The free cell was used as control.
mmobilization of L. rhamnosus on SB improves the cell survivabil-
ty after heat exposure compare to control. Significant values of
urvivability were obtained between the immobilized L. rhamno-
us (55–56%) compared to free cell (32%). Heat exposure reduced
he cell viability of immobilized L. rhamnosus and free cell up to
.9 and 6.1 folds of log CFU/g, respectively. Better protection was
ue to varied heat intensity transferred to immobilized L. rham-
osus compared to free cell. Heat was disseminated to all area of
B and reduced the heat transfer to the immobilized probiotic. Flat
urface was observed in the SEM image of SB in previous study
Shaharuddin et al., 2014) which enhances the heat transfer on the
urface and reduced the heat intensity exposed to the probiotics. In
ther words, less direct heat of 90 ◦C was suffered by the probiotics.
revious study stated that immobilization of Kluyveromyces marx-

anus IMB3 on apple piece was suitable for high temperature-wine
ermentation (Kourkoutas, Kanellaki, & Koutinas, 2006).
The cell survivability after heat exposure was investigated in
rder to determine the potential of encapsulant agent to pro-
ect the probiotic (microencapsulated cell). The free cell was the
on-microencapsulated probiotic and referred as control. Heat
nosus and microcapsule loaded with L. rhamnosus.

protection provided by the encapsulant agent was  proved by the
significant difference in cell survivability between the microen-
capsulated and free cell (Table 4). Free cell of L. rhamnosus NRRL
442 was  a heat sensitive probiotic as its viability reduced tremen-
dously from 8.62 ± 0.30 log to 3.00 ± 0.19 log. Statistical analysis
demonstrated the microencapsulated cell achieved higher signif-
icance results of cell survivability after heat exposure compared to
free cell. The probiotic could survive up to ∼4.5 log CFU/g which
resulted in 81.30 ± 0.30% of cell survivability via microcapsule syn-
thesized using 3% of NaA concentration onto the NaA:SB (1:1.5).
The level of cell survivability was  free cell < microencapsulated cell
with non-inclusion of SB < microencapsulated cell with inclusion of
SB.

Using ratio of NaA:SB (1:0), survivability of microencapsulated
probiotic with 3% NaA (77.67 ± 0.54) was significantly higher com-
pare to 1% and 2% (42.39 ± 1.54 and 61.57 ± 4.01, respectively).
Higher concentration of NaA formed complex encapsulant matrices
and minimized the free volume in the microcapsule, subsequently
reducing the permeability of heat. Mandal et al. (2006) stated that
slow diffusion of hot water led to higher survival of probiotic after
heat exposure. In addition, heat transfer was reduced during heat
exposure via complex layer of alginate. The reduction occurred dur-
ing each transfer from layer to layer. Microcapsules synthesized

using 3% of NaA produced larger diameter size compared to 1% and
2%. Fast radial mass transfer was  facilitated with small size of micro-
capsule and it relates well the cell survival of these three different
concentrations of NaA.
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Table  3
Survival of Lactobacillus rhamnosus NRRL 442 after immobilization and heat exposure at 90 ◦C and 30 s.

Sample Cell viability after immobilization [log CFU/g] Cell viability after heat exposure [log CFU/g] Cell survival (%)

SB 8.86 ± 0.04 4.95 ± 0.05 55.86 ± 0.56b

C – 2.87 ± 0.03 32.03 ± 0.37a

Means with different superscripts (a and b) within a column were significantly different [P < 0.05, n = 3].

Table 4
Cell survival of free and microencapsulated L. rhamnosus NRRL 442 under different condition of synthesis after heat exposure at 90◦ for 30 s.

NaA concentration (%) NaA:SB ratio Initial cells (log CFU/g microcapsule) Final cells (log CFU/g microcapsule) Cell survivability (%)

Free cells – 8.62 ± 0.30 3.00 ± 0.19 34.51 ± 2.15a

Microencapsulated cells

1
1:0 7.90 ± 0.16 3.34 ± 0.12 42.39 ± 1.54b

1:1.1 7.93 ± 0.07 5.68 ± 0.11 71.67 ± 1.44d

1:1.5 8.13 ± 0.09 6.50 ± 0.17 80.02 ± 2.13fg

2
1:0 7.93 ± 0.07 4.88 ± 0.32 61.57 ± 4.01c

1:1.1 8.13 ± 0.04 7.21 ± 0.14 76.33 ± 1.73e

1:1.5 8.13 ± 0.03 6.25 ± 0.06 76.87 ± 0.75ef

1:0 7.75 ± 0.08 5.94 ± 0.04 77.67 ± 0.54ef

de
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3 1:1.1 7.98 ± 0.10
1:1.5 8.04 ± 0.08 

eans with different superscripts (a–g) within a column were significantly differen

Results revealed in Table 4 stated that higher inclusion of SB
atio in microencapsulation process obtained significantly higher
ell survivability compared to free cell and microencapsulated cell
ith non-inclusion of SB. Interestingly, protection against the heat

an be provided using as low as 1% of NaA and inclusion of SB.
fter the heat exposure, SEM images of Fig. 1m and o have clearly
hown the porous regions and high loss of cell viability in microcap-
ules without incorporated SB, respectively. It was confirmed that
etter protection against heat as denser structure was  observed

n SEM image of the microcapsules incorporated with SB (Fig. 1p).
he highest cell survivability was observed in the ones synthesized
sing 3% of NaA and NaA:SB ratio of 1:1.5 (81.30 ± 0.30%). However,
he values of cell survivability for the increasing of NaA percentage
1, 2 and 3%) with 1:1.5 of NaA:SB ratio showed no significant differ-
nce (80.02 ± 2.13%, 76.87 ± 0.75% and 81.30 ± 0.30%, respectively).
he effect of fast radial mass of small microcapsule was lightened
ith the presence of SB. For future upscaling purpose, lower usage

f concentration of NaA is favourable as it will reduce the cost of
ncapsulant material and total production.

The inclusion of SB created higher density structure and longer
iffusion path of heat penetration and distribution. This led to
igher survivability of microencapsulated cell during heat expo-
ure and this was confirmed by retained cell viability. However,
ffect of direct heat on the surface of microcapsules influenced
oss of viable cell. Previously, there were two ways of increasing
he characteristic of thermotolerance of microencapsulated cell;
ncrease the concentration of encapsulant agent or incorporation
f biomaterials with encapsulant agent. Mandal et al. (2006) and
ing and Shah (2007) reported the increasing of cell survivability
fter heat treatment was due to increasing of alginate concentra-
ion. Other researchers opted to use biomaterials such as gellan
um (Chen et al., 2007), corn starch (Sabikhi et al., 2010) or rice
ran (Chitprasert et al., 2012). Chen et al., 2007 obtained opti-
um encapsulant combination using 2% of sodium alginate and 1%

f gellan gum in encapsulation of Bifidobacterium bifidum. Mean-
hile, corn starch was used as filler in calcium-alginate beads for

ncapsulation of Lactobacillus acidophilus LA1 and the cell viability

eported reduced from 7.44 log to 3.40 log after heating at 90 ◦C for
0 s. Chitprasert et al. (2012) agreed that the inclusion of rice bran

n L. reuteri KUB-AC5 entrapment increased the cell survivability
fter heat exposure of 85 ◦C for 25 s.
5.96 ± 0.11 74.78 ± 1.40
7.49 ± 0.06 81.30 ± 0.30g

0.05, n = 3].

4. Conclusions

Overall, increasing the ratio of NaA:SB would significantly
increase the cell survivability after microencapsulation and heat
exposure. This beneficial step contributes in achieving high effi-
ciency even with the usage as low as 1% NaA concentration. This
study could be useful in the production of pelleted feed or other
products that necessitate heat treatment.
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