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1. Introduction 

Probiotics are defined by WHO as live microorganisms which, when administrated in adequate numbers, 

confer a health benefit on the host by improving its microbial balance. There are several potential health 

benefits attributed to probiotics but only a few of them are already proved. The health benefits that 

probiotics may provide are strain-specific and there are several guidelines described by FAO/WHO that 

should be followed in the use of probiotics. The two health benefits provided by probiotics that are already 

proved are the alleviation of lactose intolerance and the reduction and prevention of symptoms of rotavirus 

and antibiotic associated diarrhea. The most used probiotic strains are Bifidobacterium and Lactobacillus 

genera. Both of these bacteria are gram-positive bacteria and non-pathogenic. Bifidobacterium is strictly 

anaerobic and growth at pH values in the range of 4.5 to 8.5 and at temperatures between 37°C and 

41°C. Lactobacillus bacteria have a fermentative metabolism and are facultative anaerobes. They growth 

at pH between 5.5 and 6.2 and optimal growth occurs between 30°C and 40°C. Probiotic cells can be 

used as food additives in products like yogurt, cheese, frozen desserts and also used as supplements. 

However to be recognized as effective, probiotics should be delivered in 10
6
 to 10

7
 CFU g

-1
 of product at 

the time they reach the intestines, with a regular consumption of 100g/day. However, due to the harsh 

environment of the gastrointestinal tract, these recommended values are not achieved very often. Also, in 

Abstract: The goal of this project was the optimization of the encapsulation method of Lactobacillus 

casei LAFTI L26 described by Thomas Heidebach by means of rennet-gelation of milk proteins. This 

method uses the gelation properties of milk proteins and water in oil emulsion to form 

microcapsules. Several experiments were performed with different emulsifier conditions (no 

emulsifier, 4% w/w of lecithin, 0.5% w/w of lecithin and 0.5% w/w of emulgator D) and different 

agitation speeds (500 rpm and 1000 rpm) to evaluate their influence in capsules volume based 

median diameter. After these experiments, it was possible to conclude that the best condition to 

produce capsules, with less than 100 µm of diameter, was 0.5% w/w of lecithin, they had around 52 

µm of volume based median diameter and spherical shape. In the next step, the capsules stability 

was studied in simulated conditions of the gastrointestinal tract and stored in different dairy 

products. In simulated conditions of the gastrointestinal tract, the initial viable cell numbers were 

between 8 and 9 log CFU mL
-1

 for capsules with 0.5% w/w of lecithin, 0.5% w/w of emulgator D and 

free cells. After 6 hours in these conditions, the final viable cell numbers were around 5 log CFU mL
-

1
 for both capsules and around 0 log CFU mL

-1
 for free cells. At the same time, capsules were 

stored for 4 to 6 weeks in milk, yogurt and cheese and during this period both capsules and free 

cells were stable, proving that capsules do not play an important protection role in these dairy 

products. 

Key-words: Lactobacillus casei LAFTI L26; emulsion encapsulation; gastrointestinal simulated 

conditions; capsules stability, dairy products. 



2 
 

the storage of probiotics in food, the number of viable cells can be reduced due to product acidity, oxygen 

level, package permeability, amongst other factors. For these reasons the encapsulation of probiotic cells 

is a possible strategy to overcome this loss of viability by giving protection to the cells. The encapsulation 

of microbial cells is a physiochemical or mechanical process to encapsulate a substance in other material 

to produce particles with diameter between 1 to 1000 µm. The encapsulation will protect the entrapped 

cells from unfavorable environmental conditions and also allow a controlled release of the cells.  

The goal of this project was to optimize the encapsulation method developed by the Thomas Heidebach 

and co-workers, in order to produce capsules with less than 100 µm of volume based median diameter. 

After the process optimization, capsules stability was studied in gastrointestinal tract (GIT) conditions and 

stored for several weeks in different dairy products such as milk, yogurt and cheese. 

In the encapsulation method developed by Heidebach the encapsulation is performed by means of rennet-

gelation of milk proteins. The L. casei cells are inoculated in a reconstituted skim milk solution, where 

rennet and CaCl2 are added to induce the gelification. The rennet is a proteolytic complex, composed 

mainly by chymosin which will cleave the ƙ-casein present in the surface of the casein micelles of milk. 

When a sufficient amount of ƙ-casein is cleaved, the other forms of casein inside the micelle will be 

released. With the addition of CaCl2 the different forms of casein that are sensitive to this compound will 

start to form a gel. However, since the renneting process is performed at low temperature, the ƙ-casein is 

cleaved but the other forms of casein will not coagulate until the temperature is raised above 18°C, where 

the gel is formed instantly. This method besides using milk proteins as gelification agents also uses water 

in oil emulsion where the capsules are formed by temperature increase. 

2. Materials and Methods 

 

2.1 Materials 

The commercial strain of probitic bacteria used in this project was Lactobacillus casei LAFTI L26 from 

CHR Hansen, they were cultivated in MRS Broth to be encapsulated as fresh culture. The skim milk 

powder was bought in a local supermarket and was produced by PML Protein Mléko Laktóza, a.s.. The 

rennet was from Naturen® Premium 145 (CHR Hansen) with minimum activity of 145 IMCU/mL. A stock 

solution of rennet was prepared for several experiments with a dilution factor of 1:5. The canola oil was 

bought in a local store. The solution to simulate the GIT conditions was prepared with pepsin from hog 

stomach with declared activity of 1436 U/mg from Sigma-Aldrich, pancreatin obtained from hog pancreas 

with 165 U/mg of amylase activity from Sigma-Aldrich and the ox biles used were tauroglycocholic acid 

sodium salt (bile salt content >65%), produced by Merck.  

2.2 Preparation of the reconstituted skim milk solution 

The reconstituted skim milk solution (30 g) was prepared with sterile distilled water and skim-milk powder 

35% (w/w), in a sterile vessel. The solution stayed at least 2 hours in the fridge at 5°C with magnetic 

stirring. After, 2 g of fresh culture of L.casei was dispersed in the reconstituted skim milk solution. 

2.3 Cell culture and encapsulation method 

 

To obtain fresh culture of L. casei for the production of capsules, lyophilised culture stored in the freezer 

was cultured in MRS broth 2% v/v of inoculum, with pH 5.6 and during the night at 37ºC and 5% of CO2. 

After adding fresh culture to the reconstituted skim milk solution, 400 µl of rennet (1:5) were added and 

the solution was incubated for 60 minutes at 5°C with magnetic agitation. After incubation, 180 µL of 

10% (w/v) CaCl2 were added to the reconstituted skim milk solution. Immediately, 15 g of the milk 
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solution were added to 150 mL of oil at 5°C and stirred for 5 minutes to emulsify the mixture into the oil. 

Then, the mixture was magnetic stirred and heated until 40°C and maintained at this temperature for 

more 15 minutes. After the encapsulation process it was necessary to separate the capsules from the oil 

by gentle centrifugation (500 g, 2 minutes), the supernatant was removed and distilled sterile water was 

added to wash  the sample and shaken a few times. This experiment was performed with no emulsifier, 

with lecithin (4% w/w and 0.5% w/w) and emulgator D (0.5% w/w) and different agitation speeds (500 

rpm and 1000 rpm) to study their influence in capsules size and shape. 

 

2.4 Capsule size determination 

To determine the volume based median diameter of capsules the final sample was measured by 

Mastersizer. This device uses the technique of laser diffraction to estimate the particle size distribution. 

Besides that, capsules were also observed by optical microscopy and the diameter of few capsules 

measured to confirm Mastersizer results and assure if capsules had spherical shape. For microscope 

preparations, capsules were stained with methylene blue but they were also observed in the native form 

and with sudan staining.  

2.5 Free and encapsulated probiotic bacteria counting 

To estimate the number of free probiotic cells, a sample of 1g (solid sample) or 1 mL (liquid sample) was 

collected and diluted in 9 mL of physiological solution, then a serial of dilutions were prepared depending 

on the expected colony-forming unit (CFU) in the initial sample. After, two dilutions were chosen to be 

cultivated in MRS agar for 48 hours at 37°C. For encapsulated cells the method was the same except for 

the first dilution. To release the cells from the capsules, the first dilution was performed with citrate buffer 

instead of physiological solution. The tube with the first dilution was vortexed for 5 minutes and rest for 

another 5, during 20 minutes. After, the procedure was performed as described for free cells. 

 

  

Figure 1 - Microencapsulation process developed by Thomas Heidebach and co-workers by means of rennet-
induced gelation (Burgain, et al., 2011). 
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2.6 GIT Simulated Conditions 

For the study of capsules stability in simulated GIT conditions, free cells, capsules with 0.5% w/w of 

lecithin and capsules with 0.5% w/w of emulgator D were tested. Each sample was incubated in the 

gastrointestinal solution for 6 hours, at 37°C, and 1 mL was collected every 2 hours for bacteria counting. 

The first two hours of this experiment represents stomach conditions and after two hours, the pH was 

adjusted from 2 to 7 and ox bile salts added to simulate small-intestine conditions. 

2.7 Storage Experiment 

The capsules were stored in milk, yogurt and cheese to study the stability. In this experiment, free cells 

and capsules produced with 0.5% w/w of lecithin were stored in each different type of food. For milk and 

yogurt the samples were stored for 6 weeks at 4°C, once a week 1 g/mL was collected for bacteria 

counting and the pH was measured. The starter culture used to produce yogurt was YC-381 from CHR 

Hansen (Denmark), with 2% of inoculum and fermented for 4 hours at 40°C. The milk for storage in milk 

and yogurt samples was prepared with 10 g of reconstituted skim milk with 1.5 % fat content and 90 ml of 

water, the milk was sterilized at 100° C for 20 min. The cheese was produced with 3 L of pasteurized milk 

at 72°C for 20 s, with 3.5% of fat content and 3.1% of protein content. To produce the cheese, 4% of 

starter culture was used from Milcom a.s., Laktoflora®, containing the microorganisms L..Lactis subsp. 

Lactis, L.Lactis subsp. cremoris and L.Lactis subsp. diacetilactis. For renneting 15 mL (1:9) were added at 

33°C and after being made, the cheeses were kept in a brine solution 16% for 45 minutes and stored in it 

for the rest of the experiment. Samples were collected regularly (once a week or once every 2 weeks) to 

measure viable cells, pH, dry-matter content and water activity. For milk and yogurt the samples had 5 g 

of capsules and for cheese around 25 g of capsules were added. To estimate the free cell concentration it 

was expected that in rich media as MRS, lactobacilli could grow up to 10
10

 - 10
11

 CFU/mL and by knowing 

the volume of media it was possible to calculate the appropriate dilutions to have the cell concentration of 

10
8
 CFU/mL or g, in the beginning of the experiment The free cells and capsules were added in pellet and 

dissolved in milk solution or in yogurt. 

2.8 Metabolic Activity 

The lactic acid concentration is a measurement of the metabolic activity of Lactic acid bacteria. This 

parameter was measure to assess if the encapsulation process has any influence on the metabolic 

activity of L. casei. Free and encapsulated cells of L. casei were incubated in MRS broth at 37°C for 48 

hours and samples collected for bacteria counting, pH and lactic acid concentration measured at 0, 24 

and 48 hours. 

3. Results and Discussion 

 

3.1 Capsules Production 

For encapsulation at 500 rpm, it is possible to notice (see Figure 2a) that the biggest volume based 

median diameter was obtained for capsules produced with no emulsifier, as it would be expected. For all 

the other conditions, the volume based median diameter was less than 100 µm as it is recommended for 

microcapsules in food.  For capsules produced with 4% w/w of lecithin and 0.5% w/w of emulgator D, the 

volume based median diameter was not very different so we can conclude that emulgator D was a more 

effective emulsifier. The capsules with 4% w/w of lecithin were the smallest ones but with such high 

concentration, capsules were brown and that is a negative effect if we want to apply them in dairy 

products because it will change the product sensory properties. 
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Capsules with emulgator D were also very small but they tend to form aggregates. Although capsules with 

0.5% w/w of lecithin were bigger than 4% w/w of lecithin and 0.5% w/w of emulgator D, this condition was 

the best result because they had a volume based median diameter under 100 µm and they were white. 

For encapsulation at 1000 rpm, it is possible to see in Figure 2b that the most significant result obtained 

was for capsules without emulsifier. For this condition, at 1000 rpm, the volume based median diameter 

was smaller than 100 µm. For all the other conditions there were no significant changes, so it is possible 

to conclude that, in the presence of an emulsifier agent, the agitation speed is not relevant to capsules 

size. 

 

 

 

 

 

 

 

 

3.2 Simulation of gastrointestinal conditions 

The initial cell concentration in the beginning of the experiment was 8.5 log cfu mL
-1

 for free cells, 9.0 log 

cfu mL
-1

  for capsules with 0.5% w/w of lecithin and 8.0 log cfu mL
-1

 for capsules with 0.5% w/w of 

emulgator D. This experiment was repeated three times for free cells and capsules with lecithin, and twice 

for capsules with emulgator D. The duplications were made with different capsules productions and the 

mean was calculated and represented in Figure 4Erro! A origem da referência não foi encontrada.. 

The results were similar for capsules with lecithin and emulgator D since final cell concentration was 4.6 

133,9 

16,4 

52,1 

24,1 

0

50

100

150

A
ve

ra
ge

 D
ia

m
e

te
r 

(µ
m

) 

No Emulgator 4% Lecithin

0.5% Lecithin 0.5% Emulgator D

87,6 

18,4 

52,8 

23,6 

0

50

100

150

A
ve

ra
ge

 D
ia

m
e

te
r 

(µ
m

) 

No Emulgator 4% Lecithin

0.5% Lecithin 0.5% Emulgator D

B 

Figure 2- Volume based median diameter of capsules without emulsifier (red), 4% w/w of lecithin (green), 0.5% w/w of lecithin 
(purple) and 0.5% w/w of emulgator D (blue), the encapsulation was made at 500 rpm (A) and at 1000 rpm (B). The measurements 
for capsules without emulsifier and lecithin were performed by Mastersizer and each bar was calculated with 2 independent 
productions and 7 measurements for each. For emulgator D about 20 capsules were measured from 2 different productions with 
optical microscope and the mean was calculated. The error bars represent the standard deviation. 

Figure 3- Capsules produced with 0.5% w/w of lecithin at 500 rpm and microscope preparations obtained by different methods. 
Pictures were obtained when capsules were stained with methylene blue (1600x magnification) (a) and in native form (640x 
magnification) (b). The scale bar in both pictures indicates 20 µm. 

A 
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log cfu mL
-1 

(-50.8% of initial concentration) and 4.9 log cfu mL
-1

 (-61.3% of initial concentration), 

respectively. After 2 hours incubation, the decline in cell concentration for free cells was significantly 

higher (-60%) than for encapsulated cells (-0.6% for lecithin and -2.5% for emulgator D) and after 4 hours 

the free cells concentration was 0.6 log cfu mL
-1

 (6.7% of initial concentration). By this means it is possible 

to conclude that both capsules with lecithin and emulgator D have a protective effect in L. casei cells. 

Since capsules with emulgator D tend to form aggregates it was difficult to dissolve them in the simulated 

solution and homogenize it and this can cause some variations in the results. However, considering the 

standard deviation, the result more accurate was obtained for emulgator D since the other formulations 

showed a higher standard deviation for the last 2 data points. Madureira, A.R. et al (2010) studied the 

protective effect of whey cheese matrix (WCM) in Lactobacillus casei LAFTI L26, Lactobacillus 

acidophilus LAFTI L10 and Bifidobacterium animalis Bo and uses MRS media as control. For L. casei in 

MRS system, the initial cell concentration was approximately 9 log cfu mL
-1

 and after 92 minutes (end of 

stomach conditions) in simulated conditions, the cell concentration was practically 0 log cfu mL
-1

. For L. 

casei in WCM system, the initial cell concentration was approximately 9.5 log cfu mL
-1

, after 92 minutes 

the cell concentration decreased to 7 log cfu mL
-1 

and in the end of the simulation, 192 minutes, the final 

concentration achieved was around 7.3 log cfu mL
-1

. 

 

Figure 4 - Simulation of GIT conditions and changes in viable cells count for free cells (blue), capsules with 0.5% w/w of 
lecithin (red) and 0.5% w/w of emulgator D (green) during simulated conditions of GIT. The samples were collected at time 
0, 2, 4 and 6 hours and inoculated in MRS agar for 48 hours at 37°C. The first 2 hours simulate stomach conditions with pH 
2 and pepsin. At 2 hours the pH is increased to 7, bile salts and pancreatin were added to simulate intestinal conditions. 
The error bars represent the standard deviation. 

3.3 Storage Experiment 

Capsules were stored in reconstituted skim milk at 4°C for 6 weeks. Every week the pH and cell 

concentration was measured and the results are in Table 1. Both free cells of L. casei and encapsulated 

cells concentration were very stable during the 6 weeks. The number of viable cells increased for both 

conditions which means that pH should decrease because cells produce lactic acid. However, it is 

possible to see in Table 1 that pH increases during the experiment for encapsulated cells. In a study about 

viability of Lactobacillus acidophilus LaA3  and Bifidobacterium bifidum BB1 in several  commercial 

fermented milks  (Gueimonde, et al., 2004), the milk was stored at 4°C for 30 days and cell concentration 

was always above 10
5
 cfu mL

-1
 for all of the 10 different products tested. The initial cell concentration of 

free L. casei was around 7 log cfu mL
-1

 for all samples and after 30 days the number of viable cells was 

around 6.5 log cfu mL
-1

 for the best result and 5.3 log cfu mL
-1

 for the worst result. Is important to add that 

0

1

2

3

4

5

6

7

8

9

10

0 2 4 6 8

Lo
g 1

0 
(C

FU
/m

L)
 

Time (hours) 

Free cells

Capsules
with 0.5%
Lecithin

Capsules
with 0.5%
Emulgator D



7 
 

this comparison is just an approximation since the product where cells were stored is not the same and for 

example, the pH should be lower in fermented milk than in reconstituted skim milk solution, affecting cells 

survival.  

Yogurt was also produced to test the stability of capsules during storage for 6 weeks at 4°C. During the 

experiment, once a week, the viable cell number was counted and the pH measured as it is possible to 

see in Table 2. The results presented in the table shows that, like in milk, both free cells and capsules are 

stable when stored in yogurt. The pH decreases during the 6 weeks as it would be expected because of 

post-acidification. Usually, the yogurt starter cultures are active even when refrigerated and produce small 

amounts of lactic acid by fermentation of lactose which results in decrease of pH. Kailasapathy (2006) 

studied the survival of free and encapsulated Lactobacillus acidophilus DD901 and Bifidobacterium lactis 

DD920 during 6 weeks and measured also pH. The initial pH was 4.52 for free cells and 4.48 for 

encapsulated cells and, after 6 weeks, the pH was 4.21 and 4.25 for free and encapsulated cells, 

respectively. Like the results in Table 2, the results from Kailasapathy are according with expectations of 

decreasing pH caused by post-acidification. For cell survival in yogurt, at the beginning of the experiment 

the viable number for free cells was around 7.5 log cfu mL
-1

 and 7.4 log cfu mL
-1

 for encapsulated cells, 

after 6 weeks the cell concentration was 3.3 log cfu mL
-1

 for free cells and 5.2 log cfu mL
-1

 for 

encapsulated L. acidophilus cells. In our case, the encapsulation does not affect the cells survival in a 

significant way because free cells are already very stable. Although, in the study made by Kailasapathy it 

was possible to conclude that capsules have a protective effect in probiotic cells. Another possible 

explanation for the better stability of L. casei than L. acidophilus is the use of casein in the encapsulation 

process and its presence in dairy products; also the capsules produced by Kailasapathy were 

encapsulated with calcium-induced alginate polymer containing starch which can also affect the stability of 

the probiotic strain since the structure is different. 

Cheese has a higher pH and solid content than yogurt which can offer better protection for probiotic cells, 

for this reason capsules were also tested in cheese. The cheese was stored at 10°C for 4 weeks and once 

a week the cell number was counted, pH and water activity measured. The results are presented in Table 

3 and for the 3
rd

 week the measurements were not made because free cells and capsules were stable. It 

is possible to conclude that the viable cell number was stable both in free cells and capsules since the 

initial and final numbers were similar. The final value for pH was almost the same as in the beginning of 

the experiment for free cells and for encapsulated cells, the final pH was higher than in the beginning. It 

would be expected that the pH value would be stable because the cell number decreased which should 

decrease the production of lactic acid.  Mirzaei, Pourjafar and Homayouni (2012) studied the survival of 

Lactobacillus acidophilus La5 in Iranian white brined cheese during 182 days. The initial cell number was 

10 log cfu mL
-1 

for free cells and 12.32 log cfu mL
-1 

for cells encapsulated with calcium alginate and 

resistant starch. After 28 days of storage, the cell concentration for free cells was 12.09 log cfu mL
-1 

and 

5.1 log cfu mL
-1 

after 182 days. For encapsulated cells the cell concentration was 12.59 log cfu mL
-1

 after 

28 days and 11 log cfu mL
-1

 after 182 days. According to the results obtained in Table 3, is possible to 

assume that capsules did not play a significant role in cell protection since free cells are already stable. It 

would be interesting to prolong the storage experiment for more weeks to verify if the cell number would 

evolve as in the study with Iranian white brined cheese. 

As we can observe in Table 3, the dry matter content has decreased during storage because cheeses 

were stored in brine solution. The absorption of this solution made the cheeses softer than in the 

beginning and alters the concentration values for L. casei cells calculated in Table 3. Therefore, the real 

concentration of L. casei cells were recalculated  considering the dry matter content, for free and 

encapsulated cells, and are presented in Table 3 in blue. The new concentration values are not very 

different for time 0 but significantly different for the last data point. However, the general results remain the 

same, both free and encapsulated cells are stable and their concentration slightly decreases during 
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storage. The aw values also decreased during storage due to the salt diffusion from the brine into the 

cheese. Also caused by salt diffusion, the aw is slightly lower inside the cheese than in the surface and the 

total aw remained slightly above the general lower limit for bacterial growth (aw=0.9). 

Table 1 - Survival of free cells and encapsulated cells with 0.5% of lecithin in reconstituted skim milk for 6 weeks at 4°C. 
The samples were collected once a week and inoculated in MRS agar for 48 hours at 37°C. The pH of each sample was 
measured during the 6 weeks for free cells and encapsulated cells. Two independent experiments were performed at the 
same time for each sample, same capsules production, and the mean were calculated. 

 
Table 2 - Survival of free cells and encapsulated cells with 0.5% of lecithin in yogurt for 6 weeks at 4°C. The samples were 
collected once a week and inoculated in MRS agar for 48 hours at 37°C. The pH of each sample was measured during the 6 
weeks for free cells and capsules. Two independent experiments were performed at the same time for each sample, same 
capsules production, and the mean were calculated. 

 

Table 3 - Survival of free cells and encapsulated cells with 0.5% w/w of lecithin in cheese for 4 weeks, at 10°C. The samples 
were collected once a week and inoculated in MRS agar for 48 hours at 37°C. For each sample the pH, viable cell number 
and water activity were measured for the 4 weeks. For the first and last sample the dry matter content was measured by 
two different methods and the mean was calculated. The numbers in blue represent the real cell concentration, considering 
the dry matter content. 

  

Time 
(weeks) 

Free cells Capsules with 0.5% w/w of Lecithin 

[L. casei] 
(log CFU mL

-1
) 

σ Milk pH σ 
[L. casei] 

(log CFU mL
-1

) 
σ Milk pH σ 

0 8.4 0.07 6.41 0.06 8.6 0.03 5.41 0.05 

1 8.4 0.04 6.41 0.06 8.8 0.03 5.41 0.05 

2 8.6 0.01 6.43 0.01 8.7 0.02 6.44 0.00 

3 8.6 0.00 6.35 0.01 8.7 0.01 6.36 0.02 

4 8.7 0.04 6.34 0.01 8.8 0.01 6.33 0.02 

5 8.6 0.06 6.35 0.07 8.3 0.82 6.31 0.01 

6 8.9 0.07 6.33 0.06 9.0 - 6.28 - 

Time 
(weeks) 

Free cells Capsules 

[L. casei] 
(log CFU g

-1
) 

σ Yogurt pH σ 
[L. casei] 

(log CFU g
-1

) 
σ Yogurt pH σ 

0 8.66 0.05 4.45 0.07 8.81 0.03 4.52 0.09 

1 8.65 0.05 4.45 0.07 8.65 0.09 4.52 0.09 

2 8.69 0.03 4.17 0.01 8.65 0.03 4.15 0.02 

3 8.65 0.06 4.09 0.01 8.65 0.02 4.08 0.04 

4 8.75 0.04 4.06 0.01 8.71 0.17 4.05 0.04 

5 8.50 0.02 4.13 0.04 8.60 - 4.09 - 

6 8.79 - 4.10 - 8.65 - 4.13 - 

Time 
(weeks) 

Free cells Capsules 

[L. 
casei] 
 (log 

CFU g
-1

) 

pH 

Water Activity 
Dry 

matter 
content 

(%) 

[L. 
casei] 
 (log 

CFU g
-

1
) 

pH 

Water Activity 
Dry 

matter 
content 

(%) 
Total Surface Inside Total Surface Inside 

0 9.1/9.4 5.16 0.96 0.96 0.98 44.39 9.0/9.3 5.04 0.97 0.96 0.99 44.39 

1 9.0 5.35 0.93 0.92 0.92 - 8.9 5.10 0.93 0.93 0.92 - 

2 8.9 5.31 0.93 0.93 0.92 - 8.8 5.21 0.93 0.93 0.93 - 

3 - - - - - - - - - - - - 

4 8.7/9.3 5.17 0.93 0.93 0.92 31.37 8.6/9.1 5.17 0.93 0.93 0.93 34.24 
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3.4 Metabolic Activity 

Since lactic acid bacteria are known as producers of lactic acid as a product of fermentative metabolism, 

lactic acid concentration and pH during incubation can be indicators of metabolic activity. The results from 

the metabolic activity experiment are presented in Table 4. After 24 hours of incubation, both free cells 

and encapsulated cells increased the media pH due to the increase of lactic acid concentration. At this 

point the values of pH and lactic acid are similar for both conditions even though they were higher for free 

cells at time 0 hours. After 48 hours, the cell concentration and pH decreased for free cells even though 

the lactic acid has increased. For encapsulated cells the cell concentration was stable like pH but lactic 

acid concentration also increased. In the end of this experiment, all the measured parameters have similar 

values for free cells and capsules which mean that the encapsulation process does not affect cell’s 

metabolism. 

Table 4 - Study of metabolic activity for free cells of L. casei and encapsulated with 0.5% w/w of lecithin. Cells were 
incubated for 48 hours at 37°C, samples were collected at 0, 24 and 48 hours to measure the number of viable cells, pH and 
lactic acid concentration. 

Time 
(hours) 

Free cells Capsules 

[L. casei] 
(log CFU mL

-1
) 

Medium 
pH 

[Lactic acid] 
(g/L) 

[L. casei] 
(log CFU mL

-1
) 

Medium 
pH 

[Lactic acid] 
(g/L) 

0 7.5 5.56 1.54 8.2 5.66 0.71 

24 9.4 3.85 14.5 9.7 3.63 17.3 

48 9.3 3.64 25.4 9.7 3.63 24.2 

4. Conclusion and future perspectives 

After the optimization of the encapsulation process it was possible to conclude that the agitation speed 

was not relevant to the size and shape of the capsules produced with emulsifier. For capsules without 

emulsifier the effect of the agitation speed was more significant for the volume based median diameter of  

capsules since for higher agitation speed the diameter was smaller (-34%). The best result achieved for 

volume based median diameter was around 52 µm for 0.5% w/w of lecithin and the capsules were 

spherical and white. For conditions with 4% w/w of lecithin and 0.5% w/w of emulgator D, the capsules 

were smaller however they were brown, in the first case, and form aggregates in the second making them 

inadequate to incorporate in dairy products.  

Due to the experiment to measure the metabolic activity, it was clear that the encapsulation process did 

not affect the metabolic activity of the L. casei since the results were similar for free cells and 

encapsulated cells. 

 In what concerns the protective effect of capsules, they were very important in GIT conditions. In this 

experiment there was a higher cell survival for encapsulated cells with 0.5% w/w of lecithin and 0.5% w/w 

of emulgator D, than for free cells. In storage experiment it was possible to conclude that capsules did not 

played an important role in protection. Both free cells and encapsulated cells were stable in milk, yogurt 

and cheese during the time the experiment was performed.  

For future studies there are a lot of issues that should be considered. In the first place it is necessary to 

optimize the encapsulation process in order to achieve higher survival rates in GIT conditions. The results 

obtained for L. casei encapsulated by means of rennet-gelation in GIT simulation conditions were good 

but did not achieve the values recommended by WHO since they should be at least 10
6 

 to 10
7
 CFU/g by 

the time the colon is reached and in this experiment the results were around 10
5
 CFU/g. In second place, 

it would be interesting to repeat these experiments with a different probiotic strain and the application of 

capsules with L. casei in non-dairy products. It would be interesting to find if the high survival rate 

obtained for L. casei in storage experiments was related with the use of dairy products, containing casein 
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and other milk products. These experiments will allow us to see how the L. casei survives in non-dairy 

products and how other probiotic strains behave in the same conditions used for L. casei. Also it is 

important to continue the studies of capsules stored in cheese for a bigger period of time to see if there is 

any change in capsules stability.  
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