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ABSTRACT
The goal of the study was to determine the influence of encapsulation, immobilization
conditions and packaging on microorganisms survival. The results of the study demonstrated that L.
gasseri, L. plantarum, and L. rhamnosus as probiotics could be added to food products as lyophilized
cells if the end product was stored at 25 °C for no longer than 3 months. It was shown that
L. plantarum and L. rhamnosus as food additives could be stored 6 months in room temperature, only
if the cells were encapsulated or if the end product was packed in MAP. It was proved that the number
of probiotics immobilized in the chamber was higher than the number of bacteria immobilized at
aerobic conditions with higher relative humidity. Cocoa butter, presented in this study could be used
as an immobilization carrier due to its hydrophobicity.
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1. INTRODUCTION
Food products containing probiotic bacteria confer a clear health benefit on humans
(Doherty et. al. 2010, 2011, 2012; Sohail et. al. 2011; Dimitrellou et. al. 2016; Broeckx et. al.
2016; Tripathi 2014). The composition of food, ingredients, type of packaging material and
storage environment have a significant influence on the survival of probiotics (Tripathi 2014;
Huang et. al. 2016; Sohail et. al. 2012; Nag et. al. 2011; Weinbreck et. al. 2010). Additives
can also drastically affect the growth and viability of probiotic bacteria used for fermented
and non-fermented products. Higher levels of particular ingredients can inhibit the growth of
bacterial cells during storage (Tripathi 2014; Weinbreck et. al. 2010; Mitropolou et. al. 2013).
Different growth promoters such as glucose, vitamins, minerals, casein, whey protein
hydrolysates, yeast extract, and antioxidants are introduced into food products to increase the
growth rate of probiotic species, as these species have been reported to grow poorly in milk
(Korbekandi et. al. 2011). The aforementioned supplements also have significant, positive
effects on the survival of probiotic microorganisms during storage (Tripathi 2014;
Korbekandi et. al. 2011; Burgain et. al. 2011; Mohhamadi et. al. 2011a, 2011b). Oxygen
content and redox potential are among a number of important factors affecting the viability of
probiotics, especially during the storage period (Lee et. al. 1995; Mortazavian et. al. 2011).
Molecular oxygen is harmful to probiotic survival and growth, due to the strictly anaerobic
nature of most of the species (Tripathi et. al. 2014).
Oxygen affects probiotics in three ways i.e. (i) it is directly toxic to some cells, (ii)
certain cultures produce toxic peroxides in the presence of oxygen, and (iii) free radicals
produced from the oxidation of components are toxic to probiotic cells (Tripathi et. al. 2014;
Korbekandi et.al. 2011). The level of oxygen within the package during the storage of
probiotic products should be minimal, in order to avoid the toxicity and death of the
microorganism and the consequent loss of food product functionality. The viability of
probiotic bacteria during storage is inversely related to storage temperature (Tripathi et. al.
2014; Weinbreck et. al. 2010). Probiotic food products should preferably be stored at
a temperature of 4-5 °C (Tripathi et. al. 2014; Weinbreck et. al. 2010; Mortazavian et. al.
2007). A storage temperature of 20 °C was found to result in significant reductions in viable
counts of this species in dried products (Avila-Reysa et. al. 2014; Ranadheera et. al. 2011;
Perdana et. al. 2014; Alves et. al. 2016).
The survival of probiotics during storage is affected by pH and the acidity of the
products to a considerable degree. The optimal pH for Lactobacilli and Bifidobacteria is in
the range of 5.5–6.0 and 6.0–7.0, respectively. Lactobacilli are capable of growing and
surviving in fermented products with pH values between 3.7 and 4.3 (5, Tripathi et. al. 2014;
Weinbreck et. al. 2010; Mitropoulou 2013). Bifidobacteria species are reported to be less acid
tolerant, and a pH level below 4.6 is detrimental to their survival (Tripathi et. al. 2014;
Weinbreck et. al. 2010). Different aspects of packaging, such as type and thickness of
packaging materials, gases (O2, CO2 and water vapour), light permeability through the
material and packaging technique (vacuum, modified, active/intelligent packaging systems)
can all have an influence on the survival of probiotics (Tripathi et. al. 2014; Weinbreck et. al.
2010; Mitropoulou 2013).
The temperature and relative humidity of the atmosphere may affect the gas
permeability of the packaging material, and thereby affect viability. Most dairy probiotics and
other products are stored and sold on the market in plastic packaging with high oxygen
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permeability, this poses a serious problem to the growth and survival of the probiotic. The use
of plastic films with high oxygen barrier properties and active packages with oxygen
absorbers or glass containers can be a solution. The authors (Tripathi et. al. 2014; Weinbreck
et. al. 2010) introduced Lactobacillus cells into yogurts and packed them into glass and highdensity polyethylene (HDPE) containers. They compared the viability of bacteria in these
packages after storage, and it was proved that the level of dissolved oxygen increased
significantly in the HDPE packages, whereas the glass containers maintained the viability, as
the oxygen levels remained low within this packaging after 35 days of storage. The solution
for probiotic low viability after storage could be food product packaging in high barrier
polymer materials or the immobilization of bacterial cells at the moment the food containing
probiotics is packed in polymer packages with low barrier against water vapour and oxygen
(e.g. HDPE containers).
Microencapsulation has been reported as a technology that can provide protection for
sensitive cultures from high oxygen levels, manufacture, storage, freezing, and during transit
through the human gastrointestinal tract (Mitropoulou 2013; Chavarri et. al. 2010; Annan et.
al. 2008; Sua et. al. 2011; Brinques et. al. 2011; Jiménez-Pranteda et. al. 2012). The main goal
of encapsulation is to create a micro-environment in which the bacteria will survive during
processing and storage and will be released at appropriate sites (e.g. small intestine) in the
digestive tract. The benefits of encapsulation to protect probiotics against temperature, oxygen
and low pH have been shown in numerous reports and similarly for liquid based products
such as dairy products. While it is known that proteins and fats/waxes are good oxygen and
moisture barriers, respectively (Weinbreck et. al. 2010; Mitropoulou 2013; Chavarri et. al.
2010; Annan et. al. 2008; Sua et. al. 2011; Brinques et. al. 2011; Jiménez-Pranteda et. al.
2012).
The purpose of the study was to compare the viability of probiotics after their storage in
conditions of 25 ºC. The goal was also to determine the influence of encapsulation and
packaging of bacterial cells in the MAP system on microorganisms survival after 12 months
storage. The goal was also to determine the influence of anaerobic encapsulation conditions
with 10-12% humidity to air immobilization conditions using cocoa butter carrier on bacteria
survival after 6 months storage.

2. MATERIALS AND METHODS
2. 1. Materials
Freeze dried strains that were used in this study were obtained from IBSS BIOMED S.A
collection. There were: Lactobacillus rhamnosus, L. fermentum, L. plantarum, and L. gasseri.
The viability of these strains is very high when they are stored at 4 ºC and decreases after
their storage in conditions of 25 ºC.
The Peptone K, sodium acetate trihydrate, yeast extract, potassium dihydrogen
phosphate, sodium citrate dihydrate, VI magnesium sulphate heptahydrate, iron II sulphate
heptahydrate, glucose, 40% sodium hydroxide, 20% hydrochloric acid, manganese chloride
tetrahydrate were all supplied from Chempur. Thiamine hydrochloride was purchased from
Sigma Aldrich. Tween 80 was received from Merck. Enzymatic casein hydrolyzate was
purchased from Biomed. Meat extract was received from Becton Dickinson. All these
chemicals were used to prepare a growth medium. The cocoa butter and zein were supplied
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from Chempur. They were used to immobilize and to coat the bacterial cells. Genbox
generators (Genbag, Genbox) were used to create anaerobic conditions. PET12/Al8/PE80
films (with high barrier against water vapour and gases) were taken from Pharmaceutical
IBSS Biomed S.A.
2. 2. Methods
The acetate broth and acetate agar were prepared according to IBSS Biomed S.A.
protocol. These growth mediums were used to cultivate Lactobacillus rhamnosus and
L. plantarum strains. The composition of these growth mediums have been patented by the
compagny. The pH of the growth medium was 6.76.
The modified acetate broth and acetate agar (for L. gasseri cultivation) were prepared
according to IBSS Biomed S.A. protocol as well. The pH of this growth medium was 6.98.
The contact of oxygen and water vapour with microorganisms can decrease their
viability, so encapsulation of microorganisms can protect bacterial cells and increase their
viability after storage in 25 ºC conditions. A special chamber was designed to protect the
probiotics during immobilization (Fig. 1). The experiments were carried out in this chamber,
in anaerobic conditions with a relative humidity of 10-12%.

Fig. 1. The chamber dedicated to work at anaerobic conditions with
a low humidity of 10-12%
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2. 2. 1. Immobilization of lyophylized probiotics using method A
The cocoa butter as a hydrophobic carrier was chosen to protect the probiotics against
water vapour, while the zein was chosen as a coating to protect the microorganims against
oxygen. The melting temperature of cocoa butter is 37 ºC, and the mixing of this 37 ºC butter
with lyophylized lactobacilli was able to activate the probiotics and decrease their viability
after storage. This was the reasoning for the choice of cold cocoa butter as a hydrophobic
immobilization carrier. The L. rhamnosus, L. gasseri and L. plantarum were encapsulated
separately and silicone molds were used to encapsulate the probiotics. The molds were put
into the fridge for 12 hours, then chilled at -18 ºC. Next, the 40 ºC cocoa butter was
introduced into the mold holes. The holes were drilled in butter. The molds containing the
butter were placed into the fridge for 3 hours. It was then chilled to 4 ºC. Further, 0.033 g of
lyophylized probiotics was introduced into each 0.5g butter capsule as the next step, it was
important that butter was cold enough to prevent the activation of the bacterial cells. The
edges of the butter capsules were melted. Two molds containing butter and lyophylized
bacteria were put together and put into the fridge (4 ºC) for 3 hours. The weight of each
capsule was 1.066 g, with one capsule containing 0.066 g of lyophylized bacterial cells.
Additionally, capsules containing lyophylized probiotics and rapeseed oil were also prepared
(according to the method described above, the oil content was 20%). The capsules (actually
only half of the capsules) were coated in zein (Fig. 2a, 2b).
The capsules and non-encapsulated lyophylized probiotics were then introduced into
PET12/Al8/PE80 bags and sealed in air or MAP conditions by the use of a Tepro/Witt device.
The gas content in MAP was: a) 100% of N2 (devoid of CO2) and b) 90% of N2 and 10% of
CO2. The bags were stored 12 months in 25ºC conditions. The viability of microorganisms
was estimated after 1, 3, 6 and 12 months of storage.

Fig. 2a. Preparation of cocoa-butter capsules
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Fig. 2b. The hydrophobic capsules containing probiotics

2. 2. 2. Immobilization of lyophylized probiotics using method B
The L. fermentum, L. gasseri and L. plantarum were immobilized as a mixture using a
modified method which makes it possible to obtain a dry product through a hydrophobic
carrier. The temperature of 40 ºC was chosen as the immobilization temperature to obtain a
liqiud cocoa butter. The aseptic butter was introduced into an incubator at 40 ºC for 12 hours.
After incubation, the butter was mixed with lyophylized lactobacilli (10 minutes) using a
magnetic stirrer (Ika) with 750 rpm. The stirring time kept as low as possible to reduce the
microorganism heating time. After stirring the mixture of butter containing 20% of
lyophilized probiotics was divided into 2 parts and kept at 4 ºC for 12 hours. The two solid
cubes of cocoa butter containing the bacteria were then prepared. The first butter solid
containing bacteria was prepared in normal air conditions. The second solid was prepared in
the chamber (Fig. 1). The solidified butter solids with bacteria were grated (Fig. 3 a). The first
was grated in air conditions, the second grated in the chamber.
The immobilized dry probiotics were mixed with dry powder (a filler) received from
IBSS Biomed S.A. Next, the immobilized probiotics with a fillers were encapsulated using
cellulose capsules (Capsunorm, Tecny Farma, Spain). A single capsule contained 150 mg of
immobilized probiotics (120 mg of butter + 30 mg of lyophilizate of bacteria) and 150 mg of
filler (Fig. 3 b).
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Fig. 3a. The immobilized probiotics

Fig. 3b. The capsules containing the immobilized probiotics

The capsules were introduced into PET12/Al8/PE80 bags and closed at normal air or
MAP conditions using a Tepro/Witt device. The content of MAP gases was 90% of N2 and
10% of CO2. The bags (in 3 identical versions) were stored for 6 months at 25 ºC conditions.
The viability of microorganisms was estimated after 1,3 and 6 months of storage.
The viability of bacterial cells (encapsulated and lyophilized) was estimated according
to IBSS Biomed S.A. protocol. The one capsule or 0.066 g of lyophilized microorganisms
was introduced into a 250-300 mL flask containing 100 mL of 37 ºC acetate broth (The
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L. rhamnosus and L. plantarum) or modified acetate broth (L. gasseri) for 15 minutes. Next,
the mixture was mixed for 3 min using a vortex (Ika). After stirring 1 mL of the mixture was
put into 9 mL of aseptic peptone buffer with pH-7.0, decimal dilutions of the mixture were
made too. The number of viable surviving bacteria (as log CFU per g of liophylizate) was
determined by plate counting after 48h anaerobic incubation at 37 °C for each time tested.
Replicate plates were counted at each time interval during the survival study, and then
repeated in duplicate.
The statistical analysis of obtained results was performed according to Mann-Whitney
test using Statistica V10.0. The comparison of the number of viable cells was performed afer
1, 3, 6, and 12 months storage (for each time interval).

3. RESULTS AND DISCUSSION
The results of the study demonstrated that the number of immobilized (using method A)
and packed L. gasseri cells decreased after one month of storage at 25 °C. In comparison to
these samples, lyophilized bacteria were stable. The immobilization process could have an
influence on the viability of microorganisms. The positive impact of encapsulation and
packaging on the survival of L. gasseri was noted after 3 months of storage. It was shown that
the number of encapsulated bacterial cells packed in MAP conditions was higher than the
lyophilized probiotics. After this period the modified atmosphere had the most positive
influence on the survival of L. gasseri. The oil as an additive and zein coating did not increase
the viability of bacteria either. A decrease in the number of viable lyophilized bacterial cells
stored at 25 °C was higher than the encapsulated and packed microorganisms after 6 months
of storage. A negative influence of the oil on bacterial cells was also observed. As emphasized
below (Table 1, Fig. 4) the growth of encapsulated L. gasseri with oil was not observed. It is
tempting to suggest that, as a probiotic, L. gasseri could be added to food products as
lyophilized cells if the end product is stored at 25 °C for no longer than 3 months. The results
of the tests demonstrated that the number of encapsulated probiotics stored at room
temperature conditions was very low after 12 months of storage. The capsules or the coated
capsules contained 105 or 106 live microorganisms per g of lyopphilizate at the time of
package opening. This would not have a protective effect. The probiotics should show their
viability of 106 or higher at the time of consumption (Doherty et. al. 2010, 2011, 2012; Sohail
et. al. 2011). It may be concluded that the L. gasseri as food additive should not be stored for
l2 months at 25 °C.
Table 1. The viability of L. gasseri after storage in 25 °C conditions

N

1

The avarage value of
number of bacterial
cells per 1 g of
lyophilisate
Time [month]

CFU/g
0

1

3

6

12

L

3,43E+10 1,08E+10 2,67E+09 1,00E+08 2,50E+07

SD*

4,51E+09 1,04E+09 1,15E+08 8,66E+07 6,00E+06
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2
3
4
5
6
7
8
9
10
11
12

L-MAP1

3,43E+10 8,07E+09 4,40E+09 2,27E+09 4,67E+07

SD

4,51E+09 3,43E+09 6,56E+08 4,16E+08 1,70E+07

L-MAP2

3,43E+10 9,00E+09 2,00E+09 1,06E+09 4,80E+07

SD

4,51E+09 1,31E+09 3,46E+08 7,94E+07 7,00E+06

C

3,13E+09 5,33E+08 3,87E+08 5,13E+07 6,07E+05

SD

5,03E+08 1,45E+08 1,51E+08 9,87E+06 9,45E+04

C-MAP1

3,13E+09 7,20E+08 7,60E+08 1,07E+08 1,41E+06

SD

5,03E+08 1,78E+08 4,00E+07 1,15E+06 2,20E+05

C-MAP2

3,13E+09 6,13E+08 4,80E+08 9,60E+07 2,06E+06

SD

5,03E+08 1,10E+08 2,31E+08 1,74E+07 2,42E+05

C-oil

3,52E+09 6,66E+07 3,53E+08 0,00E+00 0,00E+00

SD

2,14E+08 8,26E+06 1,47E+08 0,00E+00 0,00E+00

C-oil-MAP1

3,52E+09 9,05E+08 3,67E+08 9,57E+07 2,62E+06

SD

2,14E+08 1,81E+08 1,33E+08 1,40E+06 9,49E+05

C-oil-MAP2

3,52E+09 7,43E+08 1,07E+08 6,76E+07 3,48E+06

SD

2,14E+08 1,40E+07 8,33E+07 1,11E+07 1,00E+06

C-cot

3,73E+09 5,47E+08 5,47E+08 4,07E+07 5,40E+05

SD

9,02E+08 8,08E+07 4,62E+07 6,11E+06 1,25E+05

C-cot-MAP1

3,73E+09 4,20E+08 5,73E+08 9,33E+07 1,47E+06

SD

9,02E+08 9,17E+07 6,43E+07 1,50E+07 2,91E+05

C-cot-MAP2

3,73E+09 2,87E+08 5,80E+08 6,33E+07 8,20E+05

SD

9,02E+08 1,10E+08 3,46E+07 1,63E+07 3,27E+05

* – standard deviation
1 – lyophilisate packed in air condition
2 – lyophilisate packed in MAP condition devoid of CO2
3 – lyophilisate packed in MAP condition with 10% of CO2
4 – capsules containing 10% of lyophilisate, packed in air condition
5 – capsules containing 10% of lyophilisate, packed in MAP condition devoid of CO 2
6 – capsules containing 10% of lyophilisate, packed in MAP condition with 10% of CO2
7 – capsules containing 10% of lyophilisate and oil, packed in air condition
8 – capsules containing 10% of lyophilisate and oil, packed in MAP condition devoid of CO 2
9 – capsules containing 10% of lyophilisate and oil, packed in MAP condition with 10% of CO2
10 – capsules containing 10% of lyophilisate, zein coated, packed in air condition
11– capsules containing 10% of lyophilisate, zein coated, packed in MAP condition devoid of CO 2
12 – capsules containing 10% of lyophilisate, zein coated, packed in MAP condition with 10% of CO2.
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Fig. 4. The decrease of the viability of L. gasseri after 3,6 and 12 month storage
in 25 ºC conditions.

The results of the study showed that lyophylized or immobilized and packed
L. plantarum cells were stable after 1 and after 3 months of storage at 25 °C. The positive
impact of encapsulation and packaging on the survival of L. plantarum was observed after 6
months of storage. It was shown that the liophylized bacteria did not grow after 6 months
storage, in contrast to bacterial cells which were packed in MAP, encapsulated or
encapsulated and packed. As illustrated by Table 2 and Fig. 5, the modified atmosphere was
better than encapsulation.
The oil and zein also had an influence on the increase in the viability of bacteria. It
would appear that L. plantarum, as a probiotic, can be added to food products stored for 6
months, only if the cells are encapsulated or if the end product containing L. plantarum is
packed in MAP conditions.
The results of the experiments demonstrated that the number of probiotics encapsulated
and packed decreased after 12 months of storage at room temperature conditions, but the
number of probiotics was still high enough to be protective. In contrast to L. gaserri, L.
plantarum can be stored up to 12 months when the cells are immobilized and packed in MAP.
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Table 2. The viability of L. plantarum after storage in 25 ºC conditions.

N

The avarage value of
number of bacterial cells
per 1 g of lyophilisate
Time [month]

1
2

3
4
5
6
7
8
9
10
11
12

CFU/g
0

1

3

6

12

L

5,23E+11 5,20E+11 1,85E+11 0,00E+00 0,00E+00

SD*

4,16E+10 2,00E+10 2,40E+10 0,00E+00 0,00E+00

L-MAP1

5,23E+11 5,23E+11 1,63E+11 3,10E+11 9,67E+09

SD

4,16E+10 7,09E+10 6,12E+10 4,58E+10 4,81E+09

L-MAP2

5,23E+11 5,50E+11 1,00E+11 2,43E+11 1,11E+10

SD

4,16E+10 5,29E+10 5,24E+10 7,77E+10 3,93E+09

C

7,07E+10 6,93E+10 4,47E+10 5,80E+09 0,00E+00

SD

1,68E+10 1,75E+10 4,16E+09 5,29E+08 0,00E+00

C-MAP1

7,07E+10 7,33E+10 4,27E+10 2,81E+10 1,26E+09

SD

1,68E+10 8,33E+09 7,02E+09 8,08E+08 2,42E+08

C-MAP2

7,07E+10 7,20E+10 3,93E+10 4,02E+10 6,87E+08

SD

1,68E+10 3,46E+09 5,03E+09 2,65E+09 2,31E+07

C-oil

7,89E+10 4,05E+10 1,57E+10 1,62E+08 0,00E+00

SD

3,31E+09 3,62E+09 2,85E+09 9,12E+07 0,00E+00

C-oil-MAP1

7,89E+10 5,14E+10 3,23E+10 2,26E+10 1,11E+09

SD

3,31E+09 7,15E+09 1,62E+09 4,26E+09 1,00E+08

C-oil-MAP2

7,89E+10 6,19E+10 3,86E+10 1,92E+10 8,38E+08

SD

3,31E+09 1,30E+10 6,22E+09 4,37E+09 7,05E+07

C-cot

9,40E+10 7,40E+10 2,40E+10 1,27E+10 2,07E+07

SD

1,51E+10 8,72E+09 5,29E+09 2,50E+09 3,06E+06

C-cot-MAP1

9,40E+10 5,80E+10 4,33E+10 3,27E+10 2,09E+08

SD

1,51E+10 6,00E+09 5,77E+09 8,62E+09 2,89E+07

C-cot-MAP2

9,40E+10 8,87E+10 4,73E+10 2,27E+10 8,87E+07

SD

1,51E+10 1,51E+10 8,33E+09 6,54E+09 1,14E+07
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Fig. 5. The The decrease of the viability of L. plantarum after 3,6 and 12 month
storage in 25 ºC conditions.

The results of the study showed that lyophylized L. rhamnosus was stable after 3
months of storage at 25 °C. Unfortunately after 6 months of storage the number of viable cells
decreased. After 12 months of storage, the growth of L. rhamnosus was not observed. The
results of the study showed the positive impact of encapsulation and packaging on the
survival of L. rhamnosus after 6 and 12 months of storage at room temperature conditions.
Table 3 and Fig. 6 clearly show the number of microorganisms did not decrease when the
cells were packed in a modified atmosphere or when they were encapsulated and packed in
MAP.
The results of the experiments demonstrated that the zein did not have an influence on
the increase of the viability of bacteria. In the case of capsules containing oil, growth of
bacteria was not noted. It would appear that L. rhamnosus as a probiotic can be added to a
food product to be stored for 6 months, only if the cells are encapsulated or if the product
containing microorganisms is packed in MAP conditions.
The results of the tests showed that the number of probiotics encapsulated and packed
decreased after 12 months of storage at room temperature conditions. It seems tempting to
suggest that L. rhamnosus, as L. plantarum can be stored up to 12 months when the cells are
immobilized and packed in MAP. The statistical analysis did not show the statistical
differences between the numbers of bacterial cells of analysed samples.
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Table 3. The viability of L. rhamnosus after storage in 25 ºC conditions

N

The avarage value of
number of bacterial
cells per 1 g of
lyophilisate
Time [month]

1
2
3
4
5
6
7
8
9
10
11
12

CFU/g

0

1

3

6

12

L

4,97E+11 2,80E+11 2,10E+11 3,23E+09 0,00E+00

SD*

5,13E+10 2,00E+10 0,00E+00 5,77E+07 0,00E+00

L-MAP1

4,97E+11 4,33E+11 5,07E+11 2,63E+11 8,10E+09

SD

5,13E+10 6,66E+10 7,77E+10 4,93E+10 9,44E+09

L-MAP2

4,97E+11 3,33E+11 4,93E+11 1,79E+11 1,37E+09

SD

5,13E+10 7,57E+10 1,70E+11 1,38E+10 2,89E+08

C

7,20E+10 5,80E+10 4,14E+10 2,07E+10 1,00E+07

SD

7,21E+09 1,00E+10 2,95E+09 7,57E+09 2,00E+06

C-MAP1

7,20E+10 5,87E+10 6,11E+10 4,47E+10 1,58E+09

SD

7,21E+09 1,67E+10 5,88E+09 8,08E+09 1,64E+08

C-MAP2

7,20E+10 7,33E+10 5,20E+10 2,27E+10 1,77E+09

SD

7,21E+09 1,70E+10 3,50E+09 3,06E+09 5,72E+08

C-oil

4,34E+10 2,14E+10 1,13E+10 1,74E+09 7,62E+06

SD

1,70E+10 2,85E+09 1,27E+09 2,14E+08 1,95E+06

C-oil-MAP1

4,34E+10 2,00E+10 2,62E+10 2,83E+07 1,66E+08

SD

1,70E+10 4,30E+09 1,67E+09 2,48E+07 3,29E+07

C-oil-MAP2

4,34E+10 3,00E+10 2,98E+10 1,72E+10 0,00E+00

SD

1,70E+10 4,97E+09 7,71E+09 1,46E+09 0,00E+00

C-cot

6,73E+10 4,87E+10 4,16E+10 2,33E+10 3,33E+06

SD

1,36E+10 1,03E+10 5,50E+09 1,30E+10 1,15E+06

C-cot-MAP1

6,73E+10 3,60E+10 5,14E+10 3,80E+10 1,74E+08

SD

1,36E+10 6,93E+09 2,60E+09 6,00E+09 4,08E+07

C-cot-MAP2

6,73E+10 5,60E+10 5,58E+10 2,67E+10 9,53E+07

SD

1,36E+10 1,22E+10 5,70E+09 3,06E+09 3,26E+07
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Fig. 6. The The decrease of the viability of L. rhamnosus after 3,6 and 12 month
storage in 25 ºC conditions.

The results of the study (method B) demonstrated that the number of bacterial cells
decreased after 1 month of storage at 25 °C. The number of probiotics immobilized in the
chamber was higher than the number of bacteria immobilized at aerobic conditions with
higher relative humidity. It was shown that the packaging of the microorganisms in MAP also
had a significant influence on the viability of the bacteria. As can be illustrated by Fig. 7, the
amount of viable cells was higher for microorganisms stored in MAP than for bacteria stored
in air conditions. After 1 and 3 months of storage the bags with probiotics immobilized in the
chamber contained more than 107 live microorganisms per g at the time of package opening.
After 6 months of storage the samples contained 106 live cells. The results proved that
a consortium of bacteria could be used as food additive if it was immobilized in anaerobic
conditions with low relative humidity.
The food could be stored even 6 months at room temperature conditions and it would
have still a protective effect. In the case of probiotics immobilized in the chamber, it is
important that the food as a final product could be packed in MAP (or not), as a significant
difference between the number of bacteria packed in MAP and in air conditions was not
observed. Unfortunately the viability of bacterial cells immobilized in aerobic conditions with
high relative humidity (room conditions) decreased significantly. As was emphasized below
(Fig. 7) the amount of bacteria packed in MAP was higher than the number of probiotics
packed in air conditions. The statistical analysis demonstrated no statistical differences
between the numbers of bacterial cells of analysed samples.
The probiotics should show their viability of 106 or higher at the time of consumption in
order to have a protective effect (Doherty et. al. 2010, 2011, 2012; Sohail et. al. 2011;
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Dimitrellou et. al. 2016; Broeckx et. al. 2016; Tripathi 2014). The samples (with bacterial
cells immobilized in aerobic conditions stored in MAP or in air conditions) contained less
than 105 of viable cells. It would appear that the probiotics immobilized in air conditions
should not be used as food additives.

The number of bacterial cells [log CFU/g]
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Fig. 7. The influence of immobilization conditions on the viability of probiotics after
6 months storage in 25 ºC conditions.

The results of the study has also shown that the growth of L. gasseri was not observed
in all of the analysed samples, meaning that this train is to sensitive to be used as food
additive and stored at 25 °C, even if it is immobilized in chamber and packed in MAP
conditions.
The composition of the food, types of packaging material and storage environment, and
especially temperature, relative humidity and oxygen content have a significant influence on
the survival of probiotics (Tripathi et. al. 2014). The results of the study proved that L.
gasseri, L. plantarum, and L. rhamnosus as probiotics could be added to food products as
lyophilized cells if the end product was stored at 25 °C for no longer than 3 months. It would
appear that L. plantarum and L. rhamnosus strains as food additives could be stored 6 months
in room temperature, only if the cells were encapsulated or if the end product was packed in
MAP conditions. Unfortunately L. gasseri, as the most sensitive strain should not be stored
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for l2 months at 25 °C, even if the cells were encapsulated or packed. It would be preferable
to store probiotic food products at a temperature of 4-5 °C (Sohail et. al. 2012; Avila-Reyesa
et. al. 2014; Ranadheera et. al. 2011; Perdana et. al. 2014; Alves et. al. 2016) this is because
storage temperature of 20 °C or higher result in high reductions in viable cells (Weinbreck et.
al. 2010; Sohail et. al. 2012; Avila-Reyesa et. al. 2014; Ranadheera et. al. 2011; Perdana et. al.
2014; Alves et. al. 2016). The results obtained by the Simpson et. al. (Simpson et. al. 2005)
demonstrated that the amount of viable Bifidobacteria decreased after the storage of these
species at 15 and 25 °C. The author suggested that the reduction in viability of bacteria during
storage at high temperatures and/or relative humidity is related to their glass transition
temperature. The encapsulation of microorganisms in hydrophobic matrix e.g. cocoa butter
protects the cells against moisture during storage.
The oxygen content and redox potential are also very important factors affecting the
viability of probiotics. It was found that even though the dissolved oxygen of yogurt was seen
to rise steadily, the counts of Bifidobacteria remained above the recommended level of 106
CFU g−1 throughout the shelf life of the yogurt, while L. acidophilus counts were found to
decrease below 103 CFU g−1 by the third week of storage. The presence of both oxygen and
moisture from yogurt could be detrimental for bacterial survival (Tripathi et. al. 2014; Önneby
et. al. 2013). A solution could be the encapsulated and coated cells that were used in this
study, as the capsules would protect the probiotics against the oxygen and improve the
viability of bacteria. Antioxidant compounds were found as substances that could be used to
limit the negative effects of oxygen exposure on bacteria during their storage in food products
(Gaudreau et. al. 2013).
The authors estimated the effects of different concentrations of green tea extracts (GTE)
on the growth of probiotic strains with different oxygen sensitivities. Results that were
obtained proved that the growth of L. helveticus was greatly enhanced, under aerobic
conditions, by the supplementation of a growth medium with GTE. Similar results were
obtained by the fortification of vitamin-E in the stabilization matrix as an antioxidant that
improved the stability of L. casei CRL 431 during a 20 week storage period at 25°C (Nag et.
al. 2011). The results presented in this study showed that the addition of oil as protective
substance did not improve the viability of immobilized bacteria. Better results were obtained
from encapsulated microorganisms devoid of oil. Most food products containing probiotics
are stored and sold in the market in plastic packages with high oxygen permeability, this
poses a serious problem to the growth and survival of the sensitive bacterial cells. The use of
plastic films with high oxygen barrier could be a solution (Tripathi et. al. 2014; Mitropoulou
et. al. 2013).
In the case of this work it was demonstrated that in contrast to additives, the packaging
of probiotics in high barrier films had a significant influence on the survival of the bacteria.
The positive influence of high barrier materials on Lactobacilli survival was confirmed
(Tripathi et. al. 2014). The authors examined the viability of L. acidophilus in yogurts packed
in glass and high-density polyethylene (HDPE) containers. Their results showed the high
viability and low oxygen level during 35 days of storage in glass. The superiority of glass
bottles in maintaining viability of probiotics was also reported by Jayamanne et.al.
(Jayamanne et.al. 2004).
Increasing the relative humidity in the package or in food products in which probiotics
are stored cause an increase in water mobility and the rate of loss in viability (Tripathi et. al.
2014; Weinbreck et. al. 2010).
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This is why, not only the atmosphere in package can influence the viability of bacteria,
but also the immobilization conditions that should allow protection of microorganisms. The
encapsulation of bacterial cells could be a solution when the end products are packed in high
permeability polymeric materials, proved in this study. The purpose of encapsulation is to
create a micro-environment in which the bacteria will survive during processing and storage
(Weinbreck et. al. 2010).
Mitropolou et.al. (Mitropoulou et. al. 2013) showed many examples for the application
of probiotic cell immobilization in food production. The author demonstrated that many
species from Lactobacillus and Bifidobacterium are added as immobilized cells to
mayonnaise, fermented milk, biscuits, frozen cranberry juice, and vegetable juice, apple juice,
chocolate coated breakfast cereals, fermented milk, fermented sausage yogurt and cheese etc.
The main immobilization/encapsulation support for commercially used products is:
sodium alginate, apple pieces, quince pieces, chitosan coated alginate beads, durian rinds,
mangosteen, fruit and jackfruit, oat pieces and wheat grains. Cocoa butter, presented in this
study could be also used as an immobilization carrier due to its hydrophobicity.

4. CONCLUSION
The encpasulation, immobilization conditions and packaging of probiotics in MAP
system increased the viability of bacterial cells stored in 25 ºC. Cocoa butter due to its
hydrophobicity as well as high barrier package protected bacteria against oxygen and
moisture.
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