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Microencapsulation of L. acidophilus NRRL B-4495
Protein-Pullulan Microparticles: Influence of

Concentration and Outlet Temperature

Burcu Cabuk™ and Sebnem Tellioglu Harsa’

Department of Food Engineering, I1zmir Institute of Technology,Gulbah¢ce Campus, Urla-1zmir, Turkey

Abstract: Spray drying technique is one of the oldest methods adapted to many industrial areas to protect bioactive
components. In this study, pH and heat tolerance of encapsulated probiotic Lactobacillus acidophilus NRRL B-4495 cells
were investigated. Additionally, influence of process conditions including outlet temperature and pullulan concentration
on spray drying process was observed. Scanning electron microscopy images showed that incorporation of pullulan
higher than 2.0 % in wall matrix created huge amount of fibrous particles. Spherical microcapsules having smooth
surface were formed with 2.0 % pullulan (WPI-pullulan, s.;) formulation leading to an improvement of barrier properties of
microcapsules. Moreover, incorporation of pullulan improved the survival rate to 94.21 % after spray drying. Results
suggested that decreasing outlet temperature exhibited much higher cell survivals up to 92.68 %. However, between
outlet temperatures, significant differences (p<0.05) in moisture content and recovery of final product indicated that more
effective encapsulation of L. acidophilus NRRL B-4495 cells was achieved at 50 °C. During spray drying, due to
dehydration and high heat, cytoplasmic membrane of bacterial cells undergo damage and therefore, microencapsulation
in WPI-pullulan blend by spray drying provided the highest survival against heat stress at 45 °C. Moreover results

in whey
Pullulan

showed that encapsulated cells survived at minimum desired level (7 log CFU/g) at pH 2.0 in contrast to free cells.
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INTRODUCTION

Due to long storage periods or difficulties in
handling in large volumes, bioactive compounds
including probiotics are generally preferred to be used
in dehydrated forms [1-3]. Spray drying is one of the
oldest methods adapted to many industrial areas to
make powders and capturing bioactive components.
However, viability losses of probiotic bacteria after
spray drying have extensively been stated in literature
and these studies indicated that functionality of
encapsulated bioactive materials are mainly based on
outlet temperatures, noozle dispersion size, viscosity,
solid concentration of stock polymer-bioactive solution.
Moreover, recent studies have shown that inclusion of
carbohydrates improves the survival of spray dried
probiotics [4-6]. But increase in survival rate depended
on the type of the carbohydrate used in the formulation
[6, 7]. Therefore the present study aimed to investigate
the influence of production variables including pullulan
concentration and outlet temperature on survival of
encapsulated cells in simulated gastic conditions
including gastric juce, intestinas juice and. Moreover,
effects on physicochemical properties of spray dried L.
acidophilus NRRL B-4495 cells were studies as well.
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MATERIALS AND METHODS
Preparation of Microcapsules

WPI-pullulan  polymer blend containing L.
acidophilus NRRL B-4495 with the initial cell load of 9.7
log CFU/g to be microencapsulated by spray drying
was carried out using laboratory spray dryer (BUCHI
Mini Spray dryer B-290, BUCHI Labortechnik AG, UK).
In this study, all conditions were fixed (aspiration rate of
70%, flow rate of the peristaltic pump 15 ml/min) and
the outlet air temperatures were 35, 45, 50 and 55 °C
and. The powders were collected in a single-cyclone
separator. The microencapsulation of bacteria under
different conditions of encapsulation was performed in
triplicate. The resultant spray-dried bacteria were
stored separately in 5 g quantities in sealed sterile
glass bottles at 4 °C.

Bacterial Enumeration

10 g of spray dried microcapsules were diluted with
peptone water. This peptone water containing
microcapsules was stirred at 890 rpm for 5 min for
complete dissolution. Samples of 1 ml of the peptone
water were diluted to an appropriate dilution and plated
by the pour plate technique using MRS agar. Colonies
were counted after 72 h of incubation at 37 °C.

Tolerance to Simulated Gastrointestinal Conditions

Tolerance to Simulated Gastric Juice

1.0 ml of free or 0.1 g of microencapsulated bacteria
were transferred into 9.0 g of simulated gastric juice
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and incubated at 37 °C under orbital shaking at 160
rom for 3 h. After the incubation, samples were
removed and viable bacteria were enumerated.

Tolerance to Bile Salt Solution

MRS media was supplemented with 0.6% ox-bile,
1.0 ml of free or 0.1 g of microencapsulated L.
acidophilus NRRL-B 4495 were inoculated into 9.0 g of
prepared MRS medium and incubated at 37°C under
orbital shaking at 160 rpm for 24 h. After the
incubation, samples were removed and viable bacteria
were enumerated.

Release into Simulated Intestinal Juice

0.1 g of microencapsulated bacteria were
transferred into the 9.0 g of simulated intestinal juice
and incubated at 37°C under orbital shaking at 160 rpm
for 24h. After the incubation, samples were taken from
supernatant and viable bacteria released in SIJ were
enumerated

Physicochemical Characterization

Water activity of the microcapsules was determined
using a Hygrolab C1 water activity meter (Hygrolab C1,
Rotronic , Bassersdorf, Switzerland) [8]. The moisture
content of the microcapsules was determined
gravimetrically by oven-drying at 105 °C for 24 h to
reach weight equilibrium [9]. The mean MC was
estimated by the following equation:

MC (%)= [(Wwet ~Wary)/W e *100

where, W, is the weight of the wet microcapsules and
Way is the weight of fully dry microcapsules.

Konica Minolta colorimeter (Model CR 410, Tokyo,
Japan) was used for color measurements. The
dissolution time of microencapsulated bacteria were
characterized by suspending 5 g of spray dried
microcapsules in 50 ml of denionized water/simulated
gastric juice/simulated intestinal juice and followed by
stirring at 880 rpm. The time as seconds required for
spray dried microcapsules was given in terms of
dissolution time.

RESULTS AND DISCUSSION

Influence of Pullulan Concentration

WPI-pullulan  polymer blend with selected
concentrations of pullulan (Table 1) mostly created
huge content of fibers and proper microcapsule

formation was not achieved except WPI-pullulan,s.
formulation (Figure 1). Moreover, these fibers showed
very high resistance against dissolution in simulated
intestinal juice. Thus WPI-pullulan,s.; formulation was
used for next experiments. Formation of fibers has also
been reported by Ko¢ [10] while studying on
microencapsulation of whole egg by spray drying.
Moreover, increasing pullulan content decreased the
recovery of final product due to high adhesion of
powder on the walls of drying cyclone unit. This can be
explained by the high hydrophilic nature of pullulan as
increasing pullulan content caused higher moisture
level in the final spray dried microcapsules. As shown
in Table 2, comparisons were made between non
pullulan containing control and WPI-pullulan,s; and
presence of pullulan provided enhanced survival of
probiotic bacteria during spray drying. Survival rate
of probiotic bacteria increased approximately 8% by
encapsulation in WPI-pullulan polymer blend by spray
drying technique. In addition, pullulan incorporation
represented survival rates over 80% in simulated
gastric juice and bile salt solution.

Table 1: Pullulan Concentrations Used in Spray Drying

Studies
Pullulan concentration (%) WPI-pullulany
0 (Control) WPI-pullulany.o
2.0 WPl'pUIIUIan4_5;1
45 WPI-pullulan,.;
9.0 WPI-pullulany.;
18 WPI-pullulan;.,

Influence of Outlet Temperature

Increase in the air outlet temperature was linked to
an enhancement in recovery of spray dried
microcapsules and linked to a decrease in survival rate
during storage (Table 3). All samples represented
decreased viable cell counts to 9.07, 8.82, 8.71 and
7.58 log CFU/g from an initial cell load of 9.86 log
CFU/g. At temperatures below 50°C, since the
evaporation rate was slower, spray dried
microcapsules with higher moisture content were
obtained causing high stickiness of the spray dried
powders on the walls of drying chamber and reducing
the recovery of the final product. However, high
recovery values were obtained at/above 50°C. It seems
that at an outlet temperature of 50°C L. acidophilus
NRRL B-4495 cells were encapsulated satisfactorily to
produce spray dried microcapsules. Decreasing
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Figure 1: Scanning electron microscopic images of spray dried microcapsules A) WPI-pullulani.; B) WPI-pullulani.; C) WPI-
pullulanz.; D) WPI-pullulang s:1.

Table 2: Gastrointestinal Survival of Spray Dried WPI-Pullulan Microcapsules Loaded with L. acidophilus NRRL B-4495

_ _ Microcapsule formulation
Microcapsule properties
WPI-pullulani.o WPI-pullulang s

Survival rate (%) 86.43" 94.21°
Microbial load (Log CFU) 7.99* 8.72°
Simulated gastric juice survival (%) 71.11% 81.03°
Bile survival (%) 81.36" 86.54°
Simulated intestinal release (%) 100* 107.5°

*BMeans + standard deviation with different superscript letters in the same row indicate significant differences (P < 0.05) among the studied samples.

Table 3: Effect of Outlet Temperature on Physicochemical Properties and Gastrointestinal Survival of Spray Dried
WPI-Pullulan Microcapsules Loaded with L. acidophilus NRRL B-4495

Outlet Temperature (°C)
Physicochemical Characteristics

Initial 35 45 50 55
Survival (%) - 95.43? 90.99" 87.03" 75.84°

Recovery (%) - 60° 69" 84° 86°
Microbial load (CFU/g) 9,862472 9,14% 8,82 8,70 7,59°
Moisture Content (%) - 13 9.80" 4.09° 3.12°
Aw 0.68 053" 0.43° 0.34°

Diameter (um) - 71.4° 66.8" 46.9° 31.8°

*\Means * standard deviation with different superscript letters in the same row indicate significant differences (P < 0.05) among the studied samples.
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survival rate by increasing outlet temperature has been
stated by various researchers [7, 11].
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