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Abstract
Lisová I., Horáčková Š., Kováčová R., Rada V., Plocková M. (2013): Emulsion encapsulation of Bifidobacterium animalis subsp. lactis Bb12 with the addition of lecithin. Czech J. Food Sci., 31: 270–274.
The commercial probiotic strain Bifidobacterium animalis subsp. lactis Bb12 was encapsulated using emulsion encapsulation into milk protein matrix without and with the addition of 0.5% w/w lecithin into the oil. Different agitation
speeds were used during the encapsulation process. The examination of microcapsules was carried out by optical
microscope and fluorescence in situ hybridisation. The particle size distribution as volume based median d 0.5 was
evaluated by the laser diffraction method. In the case of no lecithin addition, the agitation speed did not influence
significantly the size of the microcapsules. The addition of 0.5% (w/w) of lecithin into the oil caused a decrease of d 0.5
value from 196 ± 37 µm to 79 ± 3 µm at an agitation speed of 500 rpm, and from 193 ± 24 µm to 39 ± 3 µm at 1200 rpm.
It can improve the sensory properties of the products with the added microcapsules.
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The research on probiotic microorganisms and
their application to different types of products
have become one of the trends of recent years.
Previously, probiotic microorganisms were only
included in dairy products and food supplements.
The possibilities of probiotics application in a
larger number of products such as fruit juices,
cereals and non-food products for preventive and
also therapeutic purposes are now fully developed
(Heller 2001; Crittenden 2009). The application
of probiotics in sufficient quantities is important
for positive probiotic effects in the gastrointestinal
tract of humans. Products containing probiotic
microorganisms should include 106 probiotic viable

cells per 1 g at the time of expiration in fermented
dairy products (Picot & Lacroix 2004). The viability of probiotic cells is reduced by a number
of factors during the production and storage of
the products, and also in the gastrointestinal tract
of the consumer. These factors include low pH,
high temperature, aerobic environment, concentrated bile salts, digestive enzymes, and others.
The encapsulation of probiotic microorganisms is
one way to protect the cells from these stress factors (Adhikari et al. 2000; Gbassi et al. 2009).
Nevertheless, some authors did not find any protective effect of encapsulation against gastric juice
for encapsulated cells (Brinques & Ayub 2011).
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The encapsulation was developed from the immobilisation technology of cell cultures used by the
biotechnology industry (Heidebach et al. 2009).
The process of encapsulation is a physico-chemical
or mechanical process that leads to the production
of particles ranging in size from several nanometres
to several millimetres (Burgain et al. 2011). Materials such as alginate, κ-carrageenan, chitosan,
starch, gelatine, or milk proteins are primarily used
to encapsulate probiotic cells (Picot & Lacroix
2004). Calcium alginate is most often used for
the encapsulation of probiotics as it is nontoxic,
biocompatible, and inexpensive (Burgain et al.
2011). However, its disadvantage is its low resistance to acidic pH and high porosity which can be
compensated by combining with other polymers
such as starch (Hansen et al. 2002; Vidhyalakshmi
et al. 2009). Natural κ-carrageenan is another
commonly used polymer in the food industry. The
main disadvantage of carrageenan microcapsules
is their fragility (Burgain et al. 2011). Resistant
starch, which is not split by pancreatic enzymes in
the small intestine and which allows the release of
probiotic cells in the large intestine, is also used
for encapsulation (Charalampopoulos et al.
2002). Milk proteins possess good structural and
physico-chemical properties (low viscosity, nondescript flavour, ability to form gels) which promote
them as ideal encapsulation matrices (Doherty et
al. 2011). Emulsion, extrusion, and spray drying
are the most commonly used techniques for the
microencapsulation of probiotics (Heidebach et
al. 2009; Burgain et al. 2011).
Emulsion encapsulation of probiotic cells into a
milk protein matrix was successfully carried out in
the past by Heidebach et al. (2009). It is based on
the principle of cold renneting of milk containing the
probiotic cells, followed by emulsification with oil.
The method was later modified by replacing rennet
with transglutaminase which allows cross-linking
between milk proteins (Heidebach et al. 2010).
The aim of this study was to modify the above
mentioned method by the addition of lecithin and
to evaluate the effect of the lecithin added as well
rennet
35% (w/w) skim-milk
skim-milk suspension
5°C/60 min, 500 rpm

freeze-dried culture

CaCl2

as the influence of the speed of agitation during the
procedure on the capsule size and size distribution.
MATERIAL AND METHODS
Microorganisms. Freeze-dried commercial
probiotic strain Bifidobacterium animalis subsp.
lactis Bb12 from Christian Hansen (Hoersholm,
Denmark) was used in this study.
Encapsulation procedure. The strain was encapsulated using the method of Heidebach et al.
(2009) with some modification. Briefly, 30 g of 35%
(w/w) reconstituted skimmed milk (skimmed-milk
powder Laktino (PROMIL, Nový Bydžov, Czech
Republic) was mixed with 1 g of lyophilised probiotic culture. After 15 min of agitation, 400 μl of
rennet NaturenTM PREMIM 145 (Christian Hansen,
Nienburg, Germany), diluted with distilled water
in ratio 1:4 (w/w), was added. The mixture was
stirred at a speed of 500 rpm at 5°C for 1 h and
subsequently 180 μl of 10% (w/w) CaCl2 was added.
Then, the whole mixture was transferred to 150 ml
of sunflower oil (Vegetol; Setuza, Ústí nad Labem,
Czech Republic) at 5°C without the addition of
soya lecithin or with the addition of 0.5, 1.0, 5.0%
(w/w) of soya lecithin SOLEC F-10 (Solae, Le
Grand-Saconnex, Switzerland) into the resulting
mixture while the agitation speed was adjusted to
500 rpm or 1200 rpm. After 5 min agitation, the
mixture was heated to 40°C and the aggregation
and formation of a gel matrix were observed. The
encapsulated cells were separated from the oil by
gentle centrifugation (500 g, 2 min, 4°C), washed
by distilled water, and stored in refrigerator at 4°C
for further analysis. A scheme of the encapsulation
procedure is shown in Figure 1.
Optical examination. Both native and fixed
preparations were used to check the encapsulated
cells by optical microscope (Leica MD LF; Leica
Camera AG, Solms, Germany). Furthermore, the
fluorescence hybridisation in situ was used to visualise the encapsulated cells by an epifluorescence
microscope Nikon E800 (Nikon, Tokyo, Japan)

separation of oil

oil + 0.5% (w/w) lecithin
5°C/5 min → heating to 40°C, 1200 rpm

microcapsules

Figure 1. Scheme of emulsion
encapsulation of probiotic
microorganism with the addition of lecithin
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with the filter 495/520 nm excitation/emission.
To bind the fluorescent probe, FISH-kit TM for
Bifidobacterium spp. stained with FITC (RiboTechnologies, Groningen, Netherlands) was used.
Particle size determination. Laser diffraction,
based on the optical properties of dispersions, was
used to determine the size of the microcapsules.
The capsules were re-suspended in demineralised water with the refractive index 1.33 and the
mean size distribution was measured using Mastersizer 2000 with the dispersion unit Hydro G
(both Malvern, Worcestershire, UK). A refractive
index of 1.45 and absorption coefficient of 0.001
were selected for a sample of microcapsules. The
measurement was performed at 25°C. The results
are the means from two independent encapsulation procedures, both parallel encapsulated cell
samples were analysed three times. The mean of
volume based median (d 0.5) (i.e. 50% of total volume is composed of microcapsules with diameters
equal or lower than d 0.5), and 90% fractiles (d 0.9)
were calculated.
RESULTS AND DISCUSSION
First, the capsules with B. animalis subsp. lactis Bb12 cells were prepared without the lecithin addition and at a constant agitation speed of
500 rpm. An optical microscope and fluorescence
hybridisation in situ (FISH) were used for the visual
characterisation of the capsules (Figure 2). It was
concluded that the microcapsules were mostly of a
globular shape of different sizes and were not fully
covered by a compact film of oil on their surface
(A)
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Table 1. Volume based fractiles (d0.5; d0.9) of microcapsules
prepared at different agitation speed and with or without
the addition of lecithin
Encapsulation process
Agitation speed lecithin addition*
(rpm)
% (w/w)

d0.5

d0.9
(µm)

500

0.0

196 ± 37a 519 ± 85a

1200

0.0

193 ± 24a 450 ± 39b

500

0.5

79 ± 3b

245 ± 12c

1200

0.5

39 ± 3c

85 ± 6d

*lecithin addition into the oil; different letters in the same
column indicate statistically significant differences (P < 0.05)

(Figure 2A). FISH method confirmed the presence
of cells inside the microcapsules (Figure 2B).
In contrast to the result of Heidebach et al.
(2009) who found the volume based median diameter d 0.5 of only 68 ± 5 µm and d 0.9 below 93 µm,
the results of this study showed much higher values.
As shown in Table 1, d0.5 value for the microcapsules
of B. animalis subsp. lactis Bb12 was 196 µm. The
size of microcapsules is one of the most important
parameters for their further use in food because
it can significantly influence the sensory characteristics of the product. The emulsion technique
usually creates smaller beads (25 µm to 2 mm)
compared to the extrusion method (2–5 mm) as
reported by Burgain et al. (2011). The applications
of microcapsules prepared by different methods of
encapsulation in dairy products have been described
by many authors (Hansen et. al. 2002; Picot &
Lacroix 2002; Kosin & Rakshit 2006). The size
of microcapsules reported to have no potential
(B)

Figure 2. Optical visualisation of microcapsules with B. animalis subsp. lactis Bb12: (A) native preparation (80×);
(B) FISH method preparation (1000×)
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Figure 3. Particle size distribution
curves of microcapsules prepared
without (line a) and with (line b)
the addition of 0.5% (w/w) lecithin
into the oil at 1200 rpm agitation
speed
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sensory defect was approximately 250 µm (Heidebach et al. 2009). Therefore, in further experiments
the agitation speed was adjusted to 1200 rpm and
the particle size was measured again to check the
influence of this parameter on the particle size
distribution. As shown in Table 1, the increase of
the agitation speed did not significantly affect d 0.5
or d 0.9 values.
Hence the addition of 0.5, 1.0, and 5.0% (w/w) of
lecithin into the oil was applied in order to help the
preparation of an emulsion with smaller particles.
The addition of 1.0 and 5.0% (w/w) lecithin into
the oil caused a significant colour change of the
microcapsules. The microcapsules of light brown
colour were evaluated as undesirable for the application in dairy products and therefore only
0.5% (w/w) addition of lecithin into the oil was
chosen for further experiments. Lecithin addition
led to a decrease of d 0.5 value by a factor of 5 in
the case of 1200 rpm agitation. However, when
the agitation speed of 500 rpm was used, both
d 0.5 and d 0.9 values decreased by only a factor of 2
(Table. 1). Also the microcapsules’ surface was fully
covered by oil layer (picture not shown). Figure 3
shows an example of the particle size distribution
curves for the microcapsules of B. animalis subsp.
lactis Bb12 prepared without (line a) or with (line
b) lecithin at 1200 rpm. A number of other authors have observed a decrease in the bead size
when an emulsifier such as sodium lauryl sulphate
and Tween 80 was used during the emulsification process of calcium alginate beads (Rokka &
Rantamäki 2010). Above that, the application of
lecithin brings several other positive effects as it
is non-toxic, well tolerated by humans, and many
scientific studies have confirmed its contribution
to lowering the cholesterol level (Jimenez et al.
1990; Wilson et al. 1998).
To conclude, the lecithin application for the preparation of microcapsules with probiotics offers the

possibility to decrease the particle size and to
enrich food in which the microcapsules will be
used by a nutritionally important substance.
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