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ABSTRACT

Protection of probiotics by substances considered as prebiotics can be an alternative to increase their
viability in the large intestine. The objective of this study was to use two wall materials (native rice starch
and inulin) without bonding agent to protect Lactobacillus rhamnosus during spray-drying and determine
the viability of the microorganism under two storage conditions. For spray-drying conditions tested in
this work the product yield with native rice starch (NRS) ranged between 65% and 74% whereas for inulin
(IN) it ranged between 43% and 54%. In general, IN solutions exhibited higher outlet temperature than
NRS dispersions. Capsules of IN had smaller particle size than those of NRS. Due to the higher hydrophilic
nature of IN capsules as compared to NRS, IN capsules exhibited higher water activity than NRS capsules.
Confocal microscopy showed marked differences between both wall materials, which could in turn cause
differences in the release profile of encapsulated microorganisms. Agglomerates of NRS provided better
protection to the microorganisms as evidenced by the lower reduction in viability when compared to
IN, and this effect was corroborated by the stability study. It is possible to protect probiotics using both
colloids, but differences in the viability and stability during storage were determined. The use of IN could
prove beneficial in the encapsulation of probiotic strains since this carbohydrate is not hydrolyzed by
human digestive enzymes and may act as prebiotic.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Microencapsulation (ME) is a process used to protect active
ingredients against adverse environmental factors and to improve
the delivery of bioactive molecules and living cells into foods
(Nedovica, Kalusevic, Manojlovic, Levic, & Bugarski, 2011) by
enclosing the active ingredients within a carrier material. The
production of functional foods containing encapsulated probio-
tic bacteria provides health benefits to the consumers, is an area
currently under extensive research. In particular, the range of
dairy products incorporating probiotics has experienced a tremen-
dous growth. A major challenge faced by the product developer
is to ensure that probiotic microorganisms withstand the harsh
environments and stresses encountered during processing, stor-
age and transit through the gastrointestinal tract, so that they are
delivered in sufficient numbers for conferring the health bene-
fits expected from them (Burgain, Gaiani, Linder, & Scher, 2011).
Spray-drying of bacterial dispersions in protective colloid solu-
tions is a convenient means for manufacturing powders harboring
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high numbers of viable microorganisms that could facilitate the
handling and storage of probiotic cultures and their subsequent
application in functional foods (Rodriguez-Huezo et al., 2007).
However, to ensure the economic feasibility of the spray-drying
process, the initial dispersions should have a relative high con-
centration (~25-40wt%) and possess a relatively low viscosity.
These restrictions imposed by the process limit the choice of pro-
tective colloids available in the market that comply with one or
both of the aforementioned requirements. Among available colloids
the use of gum Arabic (Desmond, Ross, O’Callaghan, Fitzgerald, &
Stanton, 2002), starch or modified starches (Goderska & Czarnecki,
2008; O'Riordan, Andrews, Buckle, & Conway, 2001); whey protein
(Picot & Lacroix, 2004), maltodextrins (Boza, Barbin, & Scamparini,
2004), cellulose (Favaro-Trindade & Grosso, 2002) or combina-
tions of some these hydrocolloids or others (Chavez & Ledeboer,
2007; Rodriguez-Huezo et al., 2007) have been investigated as
wall materials during spray-drying process. The main disadvan-
tage of spray-drying technique is the high temperature used in
the process causes simultaneous dehydration and thermal inacti-
vation of probiotic cells during the drying process (Anal & Singh,
2007; Ivanovska et al., 2012). Proper adjustment and control of
processing conditions such as inlet and outlet air temperatures
are very important for achieving viable encapsulated cultures of
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desired particle size distribution (Kailasapathy, 2002). Likewise,
spray-drying restricts the selection of probiotics to those strains
that can better adapt to the stresses induced during processing,
which in turn increases the probability of surviving under harsh
conditions during storage or digestion of the foods to which they
are added (Nazzaro, Orlando, Fratianni, & Coppola, 2012).

One of the main challenges in the ME of probiotics is to
find effective encapsulating materials that preserve the viabil-
ity of the culture; in this regard, there is increasing interest
in the use of probiotic/prebiotic combination (named “synbi-
otic”) due to that when probiotics reach to colon, they could
use the prebiotics for survival and implantation that beneficially
affect the host (Figueroa-Gonzalez, Quijano, Ramirez, & Cruz-
Guerrero, 2011; Nazzaro et al., 2012; Rokka & Rantamadki, 2010).
Different types of starch, including modified starches, from diverse
botanical sources have been used to protect probiotics (Crittenden
et al., 2001). Native starches with small granule size, e.g. native
rice starch, contain high levels of slowly digestible starch (SDS)
and resistant starch (RS) (Zhang, Xie, Shi, & Xue, 2006); RS is con-
sidered as prebiotic (Fuentes-Zaragoza et al., 2011). Hydrothermal
treatments with different moisture content of native rice starch
increased the RS content (Da Rosa Zavareze et al., 2012), starch-
chain associations contributed to this change (Puncha-Arnon &
Uttapap, 2013). Upon spray-drying small granule native starches
form spherical aggregates where probiotics are entrapped (Zhao &
Whistler, 1994). Since digestive enzymes do not hydrolyze RS, the
microencapsulated probiotics reach the large intestine where the
microbiota hydrolyze the starch granules and release the probiotics
in the gut, thus increasing or restoring the microbiota. Additionally,
short-chain fatty acids (SCFA), which also contribute to restoring
or increasing the microbiota, are produced during fermentation of
the prebiotics. Inulin is a blend of fructose polymers and is clas-
sified as storage carbohydrate present in crops such as onions,
garlic, Jerusalem artichoke, chicory and agave tequilana (Figueroa-
Gonzalez et al., 2011; Kalyani Nair, Kharb, & Thompkinson, 2010).
Inulin is not hydrolyzed by digestive enzymes and it is fermented in
the colon by the microbiota, for this reason is considered as prebi-
otic and has been added along with probiotics in the manufacture of
nutritive bars (Nazzaro et al., 2012). The aim of this study was to use
native rice starch and inulin to encapsulate Lactobacillus rhamno-
sus by spray-drying and evaluate the viability of the microorganism
during storage.

2. Materials and methods
2.1. Materials

Native rice starch (NRS) was isolated as previously reported
(Palma-Rodriguez et al., 2012), whereas chicory inulin (Cichorium
intybusL.) (IN) (Beneo™ ST, Orafti) was a gift from Megafarma Feed.
Ascorbic acid was purchased from Fermont (Monterrey, Mexico).

Table 1
Experimental design for encapsulation of L. rhamnosus by spray drying.

The probiotic bacteria L. rhamnosus B442 was obtained from
the collection of Food Microbiology Laboratory of the University
of the Americas Puebla, México, and was produced by fermenta-
tion using MRS agar (Man-Rogosa-Sharpe), kept at refrigeration
temperature, which was reactivated by placing in liquid MRS broth
(B.D. Difco™, México), and it is re-growing every 2 months to keep
the viability.

2.2. Preparation of microencapsulated L. rhamnosus B442
powders

The formulations used for the production of L. rhamnosus B442
spray-dried microcapsule powders are shown in Table 1. Both wall
materials (NRS or IN) were dispersed in sterile water at room tem-
perature at concentration showed in Table 1 to obtain 400g. The
mixtures were maintained under constant agitation for 30 min at
25°C.

2.3. Density

The density of the various mixtures was determinate by the
AOAC 962.37 method (AOAC, 1995). A glass pycnometer (pre-
viously equilibrated to constant weight at 25°C) was used. The
density was calculated using the following equation:

s = (m3 —my)
(mz —mq) x pH0

where ps is the density of solution (g/cm3), m; is the mass of empty
pycnometer (g), m, is the mass of pycnometer with water (g), ms is
the mass of pycnometer with dispersion (g), and py, o is the density
of water.

2.4. Viscosity

The viscosity of the mixtures was determined using a Cannon-
Fenske viscometer (Mod. 350-152-1, Cannon Instrument Company,
PA, USA) (Geankoplis, 1998).

2.5. Growth curve of L. rhamnosus

The growth curve of L. rhamnosus was performed to corroborate
its growing stage and determine the time when the microorgan-
ism should be mixed with the wall material. The microorganism
was cultured initially on solid medium (MRS agar), and a loop
was taken from this medium (approximately 1 x 103 CFUmL"1)
(CFU = colony-forming unit) and placed in 100 mL of liquid medium
(MRS broth) subsequently incubated at 35 °C for 48 h. The microbial
concentration was determined over 48 h, at times 0, 4, 8, 12, 16, 24,
28, 36, 40 and 48 h. The quantification of microorganism was per-
formed by surface plating on MRS agar in a Petri dish, using a Spiral
Biotech Autoplate® 4000 in the dilution mode (Norwood, MA).

Experiment Wall material Inlet temperature (°C) Solids (%) Key of the treatment
1 135 10 RS-135-10
2 20 RS-135-20
3 NRS 145 15 RS-145-15
4 155 10 RS-155-10
5 20 RS-155-20
6 10 IN-135-10
7 135 20 IN-135-20
8 IN 145 15 IN-145-15
9 10 IN-155-10
10 155 20 IN-155-20

NRS = native rice starch; IN =inulin.
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2.6. Spray drying process

The blends of wall material and L. rhamnosus were spray dried in
a laboratory scale dryer (Mod. B-290, Biichi, Switzerland). The air-
flow used was equivalent to 450-565 L/h. The blends were fed into
the drier at a rate of 14 g/min and inlet temperatures of 135, 145 or
155°C. Prior to feeding the blends into the dryer, a conditioning step
with sterile distilled water was performed to maintain stability in
the input and output temperatures. Dried powders were collected
and immediately placed in sterile containers with saturated MgCl,
salt solution at 4 °C (Rodriguez-Huezo et al., 2007).

2.7. Bulk density

Bulk density takes into account all the pores in and out of the
individual particles and can be calculated by placing a mass of
particles within a container of known volume. Bulk density was
calculated by filling a 10 mL test tube with the powder, and weigh-
ing the tube before and after adding the powder. The equation used
is as follows (Marousis & Saravacos, 1998):

_m
Po=7;

where py, is the bulk density (g/mL), m is the mass of the powder
(g), and Vis the volume occupied in the cylinder (mL).

2.8. Particle size

The size of encapsulates was determined by laser diffrac-
tion analysis using a Mastersize 2000 (Malvern Instruments Ltd.,
Malvern, Worcestershire, UK). Samples were analyzed using the
Hydro 2000s module. Powders were diluted in water to get a final
concentration of 0.001% (to achieve 14-15% saturation). Particle
size is expressed as the mean diameter (D[v, 0.5]) and volume dis-
tribution.

2.9. Determination of moisture content and water activity

The moisture content of the samples was measured by hot air
oven at 130°C for 1h, method 44-16 (AACC, 2001). The water
activity of the samples was measured using an AqualLab Mod. 3TE
(Pullman, WA) water activity meter.

2.10. Confocal laser scanning microscopy

The study was conducted using a confocal laser scanning micro-
scope (Carl Zeiss, model FluoView™ FV1000, OLYMPUS PME,
Miami, FL). The powder was placed on a glass slide, covered with a
few drops of solution of rhodamine (chromophore) at a concentra-
tion of 0.005% to cause the microorganisms to fluoresce, and placed
in darkness for 25 min. After, a coverslip was placed and fixed. Both
wall materials were also observed, but no rhodamine was added to
discard a possible autofluorescence of the polysaccharides.

2.11. Stability of microencapsulated probiotic at different storage
temperatures

The powders were stored in glass bottles at two different tem-
peratures: room temperature (25°C) and refrigeration (4 °C). For
evaluation of the survival of the microorganisms during storage, 1 g
of microencapsulated powder was dissolved in 99 mL of peptone,
and this blend was spread plated in MRS agar, using a Spiral Biotech
Autoplate® 4000 (Norwood, MA). The number of viable bacteria
was expressed in CFU/g of microcapsules. The logarithmic value
of residual L. rhamnosus B442 counts after a storage period, N

(log10CFU/g), was evaluated every 8 days in the powders at dif-
ferent storage conditions and viability was calculated from the
microbial reduction using the following equation:

Microbial reduction = Log Ng — Log N

where Ny is the microbial population after drying and N is the
microbial population at different days of storage.

2.12. Morphology

Scanning electron microscopy (SEM) was used to determine
the morphology of the encapsulates. Microencapsulated powders
were sprinkled on a conductive strip of copper and carbon double
adhesion, which was previously set in an aluminum bracket JEOL
electron microscope (model JSEM 35CX, Japan Electronic Optical
Limited, Tachikawa, Tokio, Japan), then covered with a gold film
using an ionizer (DMS-5 Cold Sputterin Module), once covered the
samples were placed in a tray and observed.

3. Results and discussion
3.1. Physicochemical characteristics of slurry

Dispersions of native rice starch (NRS) and inulin (IN) at differ-
ent concentrations were used as wall materials, and density and
viscosity were evaluated (Table 2). Both materials showed simi-
lar density values at the different concentrations, ranging between
1.03 and 1.08 g/cm3. A slight increase in density value was observed
with increasing concentration of wall material. The density value
for both materials is close to that of pure water and therefore this
parameter has little influence when the dispersion of the wall mate-
rial is fed into the spray dryer. The viscosity values were markedly
different for both wall materials, showing higher viscosity value
for NRS slurries (between 13.2 and 13.6 cP) than for IN solutions
(between 2.2 and 2.5 cP). This effect is due to the fact that IN is
water soluble while NRS is insoluble in cold water and slurries
with higher viscosity values are formed. The solubilization of both
wall materials is related with the lower molar mass of IN as com-
pared to NRS. Previous reports indicate that the use of Capsul®
(modified starch) at 20% to encapsulate Beijerinckia sp. had a vis-
cosity value of 13.6 cP, whereas maltodextrin solution and glucose
syrup had viscosity values of 4.0 and 2.5 cP, respectively, showing
an influence in the viscosity due to the molar mass of these carbo-
hydrates (Hernandez-Carranza & Jiménez-Munguia, 2010). Density
and viscosity are important parameters to determine the flow rate
of the feed into the spray dryer, and consequently for the physi-
cochemical and functional characteristics of the encapsulates. The
viscosity of the solution or slurry of the material affects the viability
of the encapsulated microorganism; at low viscosity the flow rate
of the feed increases, the drop volume decreases and the contact
surface between droplets and hot air in the spray dryer increases,
allowing for a rapid drying and reduced thermal treatment on the

Table 2
Physicochemical properties of dispersions of the wall materials.

Wall material Solids (%) Density (g/cm3) Viscosity (cP)
10 1.03 + 0.002f 13.2 £ 0.02¢

NRS 15 1.05 + 0.0024 13.3 + 0.06°
20 1.07 + 0.001° 13.6 £ 0.14?2
10 1.04 + 0.001¢ 2.2 + 0.04f

IN 15 1.06 £+ 0.001°¢ 244+ 0.13¢
20 1.08 + 0.0012 2.5 + 0.084

" Values are mean+ SEM, n=3; different letters in the same column indicates
significant difference (p <0.05). NRS = native rice starch; IN=inulin; 10, 15, 20=%
solids (w/w).
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Fig. 1. Growth kinetics of L. rhamnosus. CFU = colony-forming unit.

microorganism, thus maintaining their viability (Hernandez-
Carranza & Jiménez-Munguia, 2010).

3.2. Growth kinetics of L. rhamnosus

Growth kinetics of L. rhamnosus was used to determine the time
where the maximum number of microorganisms was obtained.
Fig. 1 shows the growth curve for L. rhamnosus. Under these condi-
tions the maximum cell concentration was reached at 36 h with
9.8 x 109 CFU/g (CFU = colony-forming unit). The microorganism
was grown in several flasks and at 36 h, was collected and blended
with wall material dispersions to ensure a high number of microor-
ganisms available for encapsulation.

3.3. Encapsulation yield and outlet temperature in the spray
dryer

The yield of encapsulated powders ((g wet solids after drying/g
wet solids in the dispersion) x 100) after the drying process was
higher for NRS than IN, ranging between 65% and 74% for NRS, and
between 43% and 54% for IN. This patternis related with the amount
of water present in each wall material as well as the formation of
agglomerates in NRS as observed by microscopy. Internal proteins
act as bonding agents to produce spherical aggregates resem-
bling popcorn balls. These spherical aggregates are produced when
starch granules of small size are spray dried with low amounts of
bonding agents such as proteins (Zhao & Whistler, 1994). Water-
soluble polysaccharides, such as IN, can be used as wall materials,
but lower yield of powder after spray drying is obtained. The advan-
tage of using IN as wall material is that it is not hydrolyzed by
digestive enzymes and can serve as substrate to colonic microbiota,
thus both, prebiotic and probiotic effects may be attained with IN
capsules.

Outlet temperature is an important parameter in the spray
drying process, including the encapsulation of microorganisms
since the degree to which properties of encapsulated materials
are retained depend on the contact time and temperature gra-
dient between the drying air and the material to be dried. NRS
slurries and solutions of IN showed an increase in outlet tempera-
ture when the solid concentration and inlet temperature increased
(Table 3). In general, solutions of IN exhibited higher outlet tem-
perature than NRS slurries at equal solids concentration, except for
those blends dried at the highest inlet temperature. The survival
of encapsulated microorganism after spray drying is related to the
moisture content of the powders, with lower outlet temperature
resulting in higher moisture content and increase in the viability

Table 3
Dryer outlet temperatures of the different treatments.”

Treatments Outlet temperature (°C)
NRS-10-135 58 +0.78
NRS-20-135 61 + 1.8f
NRS-15-145 65 + 1.0
NRS-10-155 70 + 1.45
NRS-20-155 76 +1.62
IN-10-135 60 + 0.9¢
IN-20-135 63 + 1.2¢
IN-15-145 68 + 0.9¢
IN-10-155 71 + 0.5°
IN-20-155 77 £ 1.4

" Values are mean=+SEM, n=3; different letters in the same column indicates
significant difference (p <0.05).
™ For identification of the treatment see Table 2.

of the microorganisms (Gardiner et al., 2000). However, the mois-
ture content of a powder is an important parameter that influences
stability during storage, and operating parameters during drying
(inlet temperature and solid concentration) should be optimized to
obtain a powder with specific moisture content and consequently
an extended shelf life.

3.4. Physicochemical characterization of the encapsulated

The particle size of probiotic powders encapsulated with NRS
was similar for all tested conditions, between 5.6 and 5.9 pm
(Fig. 2a); solids concentration and inlet temperature did not influ-
ence this parameter. The formation of agglomerates of rice starch
during spray drying was not affected by operating conditions tested
in this work. However, it has been reported that when a bonding

a)
Volumen %
12
10
8
6
4
2
0
1 10 100 Size (p)
b)
Volumen %
12
10
8
0.1 1 10 100 Size (p)

Fig. 2. Particle size distribution of microcapsules: (a) native rice starch and (b)
inulin.
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Table 4
Physicochemical properties of encapsulated L. rhamnosus.’

Treatment W, Moisture (%) Density (g/cm?3)
NRS-10-135 0.15 + 0.012¢ 2.7 £ 0.06% 0.43 + 0.00¢
NRS-20-135 0.13 + 0.01b¢ 2.2 4+ 0.20% 0.43 + 0.00¢
NRS-15-145 0.16 + 0.032b¢ 1.8 £ 0.05¢ 0.45 + 0.00b¢
NRS-10-155 0.22 + 0.03% 3.6 £ 0.072 0.44 + 0.00¢
NRS-20-155 0.12 + 0.02¢ 2.6 + 0.07<d 0.47 + 0.00°
IN-10-135 0.24 + 0.012 39+0.112 0.55 + 0.012
IN-20-135 0.22 + 0.002b¢ 3.9 +0.072 0.43 + 0.00%¢
IN-15-145 0.21 + 0.00%¢ 2.6 + 0.04< 0.44 + 0.00¢
IN-10-155 0.24 + 0.022 3.2+ 0.07° 0.46 + 0.01b¢
IN-20-155 0.20 + 0.022b¢ 2.8 + 0.04 0.47 + 0.01°

" Values are mean=+SEM, n=3; different letters in the same column indicates
significant difference (p <0.05).
™ For identification of the treatment see Table 2. W, = water activity.

agent is blended with rice starch the particle size of the encap-
sulate is affected; for example, a blend of rice starch/Arabic gum
produced particle size between 16 and 20 wm and a blend of rice
starch/gelatine had particle sizes between 2 and 60 pm (Santos,
Favaro-Trindade, & Grosso, 2005). Another work reported that par-
ticle size of encapsulates of rice starch/gelatine around 5 wm, and
noted that the concentration and type of bonding agent influenced
particle size of the encapsulates (Beirdo-da-Costa, Duarte, Moldao-
Martins, & Beirdo-da-Costa, 2011). Particle size is an important
factor during the reactivation of the encapsulated microorganisms
since the larger surface area associated with smaller particle sizes
allows for greater contact surface between the microorganism and
the nutrients essential for their growth (Doherty et al., 2011). The
particle size of probiotic powders encapsulated in IN was smaller
than NRS, but in the former the processing conditions used during
spray drying influenced this parameter (Fig. 2b).

The moisture content of encapsulates with NRS was lower than
those with IN (Table 4). This pattern can be due to that IN have
shorter chains than NRS, with greater number of OH groups which
are able to bind a larger number of water molecules that are
not removed during the drying process. A slight effect in mois-
ture content by the temperature in the spray dryer and the solids

concentration was observed for both wall materials. The low
moisture content of encapsulates suggest stability during storage.
Encapsulation of microorganism using spray drying and different
wall materials (low-fat milk, blends of milk with polydextrose or
IN) presented similar moisture content (Ananta, Volkert, & Knorr,
2004; Corcoran, Ross, Fitzgerald, & Stanton, 2004; Gardiner et al.,
2000). Similar pattern was observed for water activity values which
ranged between 0.12 and 0.16 for NRS, and between 0.20 and 0.24
for IN. The water activity values of encapsulates for both wall mate-
rials are low, corroborating stability during storage. It has been
suggested that encapsulates must show water activity between
0.15 and 0.3 and moisture content lower than 5.0% to be micro-
biologically stable (no growth of external microorganisms), and to
prevent caking or recrystallization processes (Corcoran etal.,2004).
Higher water activity values (between 0.23 and 0.43) than those
determined in our study were determined in encapsulates of Bei-
jerinckia sp. using maltodextrin, glucose syrup and resistant starch
as wall materials (Nazzaro et al., 2012). The hydrophilic character-
istics of the wall material influences the final moisture content and
water activity of encapsulates.

The bulk density of encapsulates is low (Table 4) and no effect
was observed by the temperature of the dryer, solids concentra-
tion and type of wall material. The low density values indicate high
porosity of the powders, a characteristic that is important during
the application and consumption of the probiotic due to that could
be easily solubilized. Additionally, the density of encapsulates is
related with the particle size, low-density value indicates small
particle size (Fuchs et al., 2006).

3.5. Morphological characteristics

The raw materials used showed different morphological charac-
teristics (Fig. 3a and b) that are important during the encapsulation
process. NRS showed the small granules (average 5 wm) and polyg-
onal shape, as reported for various rice cultivars (Wang, Xie, Shi &
Xue, 2010). During spray drying, native rice starch produced aggre-
gates, a characteristic noticed for small starch granules when spray

Fig. 3. Scanning electron micrograph of: (a) native rice starch, (b) inulin from chicory, (c) agglomerates formed microcapsules with native rice starch (20%, w/w) and the
dryer inlet temperature of 135 °C, and (d) microcapsules formed with chicory inulin to 20% (w/w) and the dryer inlet temperature of 155°C.
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Fig.4. Laser scanning confocal micrograph of: (a) L. rhamnosus in a cluster consisting
of native rice starch and (b) encapsulated inulin.

dried in the presence of bonding agents; however, some studies
have reported that the protein present in native starch granules
may promote the formation of aggregates (Beirdo-da-Costa et al.,
2011; Gonzalez-Soto, de la Vega, Garcia-Suarez, Agama-Acevedo,
& Bello-Pérez, 2011). These aggregates (Fig. 3¢) carry the microor-
ganisms that can in turn be released from the porous structure of
the starch granules. This was corroborated by staining the microor-
ganisms in the aggregates (Fig. 4a). Microorganisms were observed
within the interstitial spaces and at the periphery of the aggre-
gates. The morphology of the IN showed spherical shapes with
diverse sizes and irregular surface (Fig. 3b). The shape and size on
IN encapsulates did not change, but changes in the surface (smooth
surface), and the presence of hollow “eggshell”-like structures,

Table 5

were observed (Fig. 3d). Morphological characteristics similar
to those reported for encapsulates with different carbohydrates
such as fructans, glucose syrup and maltodextrins were obtained
(Hernandez-Carranza & Jiménez-Munguia, 2010; Rodriguez-Huezo
et al., 2007). Confocal microscopy images of IN encapsulates show
presence of the microorganisms within the interstitial spaces of the
inulin spheres (see arrow 1 in Fig. 4b) and at the periphery of those
spheres (see arrow 2 in Fig. 4b). The staining test corroborated that
IN encapsulated the microorganisms in a different manner than
NRS, which could in turn provide different release properties and
functionality between NRS and IN.

3.6. Viability of probiotic microorganisms in the encapsulates

Overall, the lowest reduction in viability of encapsulated
microorganisms was obtained with NRS (Table 5). The formation
of agglomerates with native rice starch, as was observed in the
microscopy study, better protected the microorganisms. The inlet
temperature of the spray dryer affected the viability with both wall
materials, with higher temperature causing greater reduction in
viability due to thermo-sensitivity of the microorganisms. The con-
centration of the slurry affected the viability due to that higher
concentration provoked a minor reduction in the viability. The
amount of solids in the slurry that is introduced in the spray dryer
limited the heat transfer and consequently increased the viability.
Encapsulation of microorganisms using maltodextrins with aninlet
temperature of 135°C produced logarithmic reduction of viable
microorganisms between 0.16 and 0.23 (Hernandez-Carranza &
Jiménez-Munguia, 2010), which was lower to those determined in
our study with NRS and IN. Reduction in the number of the microor-
ganisms lower than 2 logarithmic cycles for populations larger than

Viability of L. rhamnosus at the end of spray drying process using rice starch and inulin at different concentrations.’

Treatment No. of viable cells Log reduction
Initial population Ny Population after drying population (LogNo/N)
(CFU/g) (E+08) N (CFU/g) (E+08)
NRS-10-135 18.2 9.69 0.27 £ 0.07¢
NRS-20-135 235 9.04 0.42 + 0.05b
NRS-15-145 239 12.00 0.30 + 0.03¢
NRS-10-155 15.8 6.65 0.38 + 0.04b¢
NRS-20-155 16.2 8.06 0.31 + 0.06%
IN-10-135 15.0 4.56 0.52 + 0.04°
IN-20-135 17.2 8.26 0.32 + 0.03bc
IN-15-145 15.2 8.14 0.27 + 0.03¢
IN-10-155 244 4.64 0.72 £ 0.112
IN-20-155 221 8.54 0.41 + 0.05

" Values are mean + SEM, n=6; different letters in the same column indicates statistically significant difference (p <0.05).

™ For identification of the treatment see Table 2. CFU = colony-forming unit.

Table 6

Viability of encapsulated L. rhamnosus stored under refrigeration (4 °C) and room temperature (25 °C) for 32 days."

Treatment Microbial population after drying process Microbial population at day 32 Microbial reduction at day 32
Log No (CFU/g) Log N (CFU/g) (Log No — Log N)
4°C 25°C 4°C 25°C

NRS-10-135 8.99 8.58 8.36 0.40 + 0.094 0.62 + 0.09¢
NRS-20-135 8.96 8.77 8.79 0.19 + 0.06 0.17 + 0.06¢f
NRS-15-145 9.08 8.28 8.74 0.80 £ 0.07< 0.34 £ 0.119
NRS-10-155 8.82 8.50 8.29 0.33 + 0.13¢f 0.54 + 0.144
NRS-20-155 8.91 8.76 8.52 0.15 + 0.05% 0.38 + 0.094
IN-10-135 8.66 7.80 6.92 0.86 + 0.02¢ 1.74 + 0.05P
IN-20-135 8.92 8.29 6.69 0.63 + 0.15%e 2.23 +£0.122
IN-15-145 8.91 7.08 6.65 1.83 + 0.06% 2.26 +0.182
IN-10-155 8.67 7.84 6.78 0.83 £+ 0.03¢ 1.89 + 0.05P
IN-20-155 8.93 7.62 7.70 132 +0.13° 1.23 + 0.08¢

" Values are mean + SEM, n=6; different letters in the same column indicates statistically significant difference (p <0.05).

™ For identification of the treatment see Table 2. CFU = colony-forming unit.
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Fig. 5. Viability of L. rhamnosus encapsulated: (a) native rice starch (NRS-20-135)
and (b) inulin (IN-20-155), stability under storage conditions 4y 25 °C. CFU = colony-
forming unit.

1 x 107 CFU/g in the microcapsules is adequate for incorporation
into a food (De Vos, Faas, Spasojevic, & Sikkema, 2010; Rokka &
Rantamadki, 2010). NRS as wall material adequately protects the
microorganisms during spray drying process and results in micro-
capsules with high viability.

3.7. Stability of encapsulates during storage

The reduction in the number of microorganisms after 32 days
of storage at two different temperatures was higher for IN encap-
sulates than for NRS (Table 6). This observation suggests that the
formation of agglomerates with NRS provides better protection to
microorganisms, and possibly by the formation of a thin film of
amylose and some external long chains of amylopectin apart out
from starch granules during the spray drying. In general, higher
reduction was observed in powders of both colloids stored at 25°C
than 4°C due to the metabolic activity of the microorganism being
higher at 25°C, thus requiring substrates to maintain the viability
(Fig. 5). Powders of NRS at the same concentration but at different
drying temperature stored at both temperatures had similar reduc-
tion value in the number of microorganisms, and those dried at the
lowest temperature showed an effect by the concentration of the
colloids. Higher protection was observed at higher concentration
due to that the reduction in the number of microorganisms was
lower. At the highest drying temperature (155 °C) heat transfer is
not limited by solids concentration causing similar damage to the
microorganisms.

4. Conclusions

The use of both prebiotics colloids (NRS and IN) without bonding
agent is suitable for protecting L. rhamnosus during spray dry-
ing. The morphological and physicochemical properties conferred
by each colloid, along with the varying degree of protection pro-
vided by each colloid, suggests that the release of the encapsulated

microorganism in the gastrointestinal system or in the food matrix
could potentially differ depending on the wall material used in the
encapsulation process. The viability and stability results indicated
that both colloids successfully protected to L. rhamnosus during
spray-drying.
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