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Abstract: Bifidobacterium bifidum BB01 was microencapsulated by extrusion method with sodium alginate. 

This paper aimed to study the survival rate of microencapsulating Bifidobacterium bifidum BB01 in simulated 

gastrointestinal conditions, resistance to artificial bile salt and stability during storage. Results showed 

non-microencapsulated Bifidobacterium bifidum BB01 were more susceptible than microencapsulated under 

simulated gastrointestinal conditions, and microencapsulated Bifidobacterium bifidum BB01 exhibited a lower 

population reduction than free cells during exposure to simulated gastrointestinal, The enteric test showed that 

the microorganism cells were released from the monolayer microcapsules, double microcapsules and trilayer 

completely in 40min. The viable counts of monolayer microcapsules, double layer microcapsules and triple layer 

microcapsules decreased by nine magnitudes, four magnitude and one magnitude after 2h, respectively. 

Moreover, in fruit orange, pure milk and nutrition Express, the optimum storage times of free 

Bifidobacterium bifidum BB01, monolayer microcapsules, double layer microcapsules and triple layer 

microcapsules were 21 days, 21 days, 28 days and more than 35 days at 4℃, but at room temperature the 

optimum storage time were 7 days, 14 days, 21 days and more than 28 days, and the viable counts were 

maintained at 1×106 CFU g-1 or more. 
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INTRODUCTION 

 

Probiotics are a group of live microorganisms 

which can stabilize the bowel microflora and 

promote the health of the host (Goldin et al., 

1998). Lactobacillus and Bifidobacteria have 

been shown to play a beneficial role in 

immune regulation and reduction and 

prevention of various intestinal diseases (Shah 

et al. 2007). However, Bifidobacteria are 

sensitive to heat, moisture, oxygen and acid 

condition, it will exhibit some challenge to 

apply in the dairy industry. Probiotics must be 

living in the process of their reach host and 

play a beneficial role in the host (Ying et al., 

2016). The study showed that the minimal 

activity of maintaining the probiotic function 

of bacteria concentration should be higher than 

107CFU mL-1 (Homayouni et al., 2008). 

Probiotics have to resist bad environment to 

play its beneficial role in the gastrointestinal 

tract (Doleyres et al., 2004). So, it need a 

method to decrease injure for Bifidobacteria in 

the gastrointestinal tract. The resistence of 

bifidobacteria in the gastric juice is generally 

low (Collado and Sanz et al. 2006). Moreover, 

the count of viable bacteria in the process of 

food processing and storage is also important 

(Anal and Singh, 2007). The benefits of 

probiotics have been extensively studied in a 
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variety of foods (Kailasapathy et al., 2008; 

Souza and Saad et al. 2009).  

Microencapsulate probiotics can provide a 

physical barrier to against harsh environmental 

conditions consist of pH, hydrogen peroxide, 

and oxygen (Park et al., 2016). There are a lot 

of materials used for microencapsulation, such 

as alginate, gum arabic, gelatine, maltodextrin, 

pectin, skim milk, starch, and chitosan (Li et 

al., 2011). Microencapsulation by spray drying 

has been successfully used in the food industry 

for several decades (Gouin, 2004). Compared 

with spray drying, freeze drying and fluidized 

bed drying, a major highlight of 

microencapsulation with hydrocolloids is that 

cells are entrapped within the matrix during the 

formation of the spheres (Krasaekoopt et al., 

2003). Doleyres et al. (2005) demonstrated to 

protect probiotics by microencapsulation in 

hydrocolloid capsules prepared by extrusion or 

emulsion. Nevertheless, the survival of 

probiotics exposure to acid environment was 

less satisfactory, Albertini et al. (2010) 

reported the survival of the cells dramatically 

decreased within a few weeks of storage in 

gastric juice. 

In our previous works, the significant factors 

and process for microencapsulation of B. 

bifidum BB01 were studied by Box-Behnken 

design (Chen, et al, 2014; Chen, et al, 2016). 

The objective of this study was to evaluate the 

survival rate and stability of Ca-alginate 

microencapsulated Bifidobacterium bifidum 

BB01 (B. bifidum BB01) expose to simulated 

gastrointestinal conditions and in different 

food matrices. 

 

 

MATERIALS AND METHODS 

 

Microorganism: The strains of B. bifidum 

BB01, obtained from School of Food and 

Biological Engineering, Shaanxi University 

of Science & Technology, were cultured for 

24 h in the MRS-broth at 37 °C, the cell 

suspension was harvested by centrifugation 

at 4000rpm for 10 min at 4 °C, and washed 

twice with physiological saline. The viable 

count was adjusted to 1.0×1011 CFU mL-1 

finally. 

 

Microencapsulation: B. bifidum BB01 was 

encapsulated in 2% sodium alginate 

solutions that sterilized by autoclaving for 15 

min at 121°C and cooled to 38–40°C. The 

mixture including 5 mL 2% sodium alginate 

solutions and 1 mL of free cell suspension 

(FS) were transferred into a centrifuge tube 

and the content was vortexed to 

homogeneity, and oil-water-oil ratios 6:1, 

0.8% Tween 80 and the alginate–cell 

mixture were added into a beaker while 

stirring magnetically. After 15 min, a 

uniformly emulsion was obtained where 2% 

calcium chloride with a syringe quickly to 

harden microcapsules. The capsules were 

harvested by centrifuging at 4000 rpm for 10 

min. The 1% chitosan solution was added 

and mixed with above mentioned 

monlayer microcapsules for 30 min, and 

then the chitosan coated sodium alginate 

double layer microcapsuled (DM) were 

formed and washed with sterile saline 

solution for three times. The palm oil was 

added and mixed with above mentioned 

double layer microcapsules for 30 min. 

Finally, the palm oil coated sodium 

alginate-chitosan beads were formed and 

washed with sterile saline solution for 

three times. Thus, the free B. bifidum 

BB01, alginate sodium encapsulated B. 

bifidum BB01 cells (MM), 

alginate-chitosan encapsulate B. bifidum 

BB01 (DM), and alginate-chitosan-palm 

oil encapsulate B. bifidum BB01 (TM) 

were obtained for further evaluation of 

survival and storage stability. 

 

Viable count: B. bifidum BB01 was 

measured by pour plate technique on MRS 

agar. The samples (1g) to be tested were 

dissolved in sterile saline solution, and then 

it was diluted at 10 times, 1mL bacterial 

suspension of the dilution degree of 10-7 or 

10-8 was inoculated on MRS agar in 

triplicate. After incubation at 37 ℃ for 48 

h, the total viable count was performed and it 

is expressed by colony-forming unit per mL 
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or g. The viable counts of microcapsules 

were determined according to Eq. (1): 

VC=N×T×10 ... (1) 

where VC is viable counts of B. bifidum 

BB01 suspension on per a milliliter. N is the 

average viable count in triplicate. T is 

dilution degree. 

Survival of B. bifidum BB01 under simulated 

gastrointestinal conditions 

 

Gastric juice tolerance test: The solution to 

simulate gastric juice conditions was HP 

(0.16% hydrogen chloride, 0.1% pepsin). 

Microcapsules of B. bifidum BB01 were 

washed in saline solution, and the viable 

cells of microcapsules were released in the 

solution containing 3% trisodium citric acid. 

1 mL bacterial suspension from free cells 

and the microencapsulated cells were added 

into tubes including 9 mL of HP adjusted to 

pH 1.2, The anaerobic tubes were cultured at 

37℃for 0 h, 1 h and 2 h, the survival rate of 

the free and the encapsulated B. bifidum 

BB01 was measured by pour plating 

technique on MRS agar.  

 

Bile salt tolerance test: free cell suspension 

and microencapsulated cells were added to 9 

mL of artificial simulated bile salt solution 

containing 1% bile salts, respectively. The 

samples were treated at 37 ℃for 0 h, 1 h 

and 2 h (Truelstrup Hansen et al., 2002; 

Chandramouli et al., 2004) and viable counts 

of the free and microencapsulated were 

measured by agar MRS. 

Enteric experiments in simulated intestinal 

tract: To evaluate the release time of 

microencapsulating cells under simulated 

intestinal fluid, microcapsules (1g) are added 

test tubes including 9 mL prewarmed 

(37℃ )simulated intestinal fluid (1.38% 

potassium dihydrogen phosphate, 0.4% 

sodium hydroxide, and 1% pancreatic 

enzymes), and the viable counts are 

measured by pour plating in tubes after 

incubation at 37℃for 0 h, 1 h and 2 h.  

 

The stability test microcapsules of B. 

bifidum BB01 in food: Taking 1g of 

microcapsules of B. bifidum BB01 into the 9 

mL of fruit orange, nutrition Express and 

pure milk, respectively, and then the number 

of viable cells, pH, and acidity will be 

measured every 7 days at 4℃ and room 

temperature, respectively. Meanwhile, the 

control group experiments will be performed 

by adding B. bifidum BB01 suspension into 

fruit orange, nutrition Express and pure milk. 

 

Determination of pH: During the period of 

fruit orange, nutrition Express and pure milk 

storage, acidity meter (PHs-3c) will be directly 

used to determine the pH at room temperature 

and 4℃ (Hu et al. 2010). 

 

Determination of acidity: The acidity (°T) was 

determined by titration (Denkova et al., 2013). 

 

 

RESULTS AND DISCUSSIONS 

 

Survival of B. bifidum BB01 in simulated 

gastrointestinal conditions 

 

Acid tolerance test: As Table 1 shows, the 

number of viable bacteria of B. bifidum BB01 

under acid conditions for 

non-microen-capsulated and 

microencapsulated had been reduced as the 

extension of treatment time. However, 

compared with double layer micro capsules 

and triple layer micro capsules, there was a 

notable decline in the number of living bacteria 

of free B. bifidum BB01 under simulated acid 

conditions, and the experimental results of acid 

resistance in 2 h showed that the viable counts 

of free B. bifidum BB01 soon decreased to 0. 

The viable counts of monolayer microcapsules, 

double layer microcapsules and triple layer 

microcapsules decreased by nine magnitudes, 

four magnitudes and one magnitude, 

respectively. Because there is no protection or 

weak protection for free B. bifidum BB01 and 

monolayer microcapsules so that cannot resist 

the acid environment, but for double layer 

microcapsules and triple layer microcapsules, 

because of the protection of microcapsules, B. 

bifidum BB01 acid resistance were enhanced. 

These results were similar to those obtained by 
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Lian, Hsiao and Chou et al (2004), and Annan, 

Borza and Truelstrup et al (2008), which 
illustrated double layer and three layers 

Bifidobacterium microcapsules have a better 

stability and a stronger resistance to acid. 

 

Table 1. Resistance to acid of 

microencapsulated B. bifidum BB01 

Sample 0 1h 2h 

FS 3.41×109 1.09×103 0 

MM 2.67×109 6.23×104 0 

DM 2.16×109 2.12×106 4.99×105 

TM 2.16×109 0.92×109 3.56×108 
FS: free suspension, MM: monolayer 
microcapsules, DM: double layer microencapsules, 
TM: triple layer microcapsules 

 

On the other hand, Yang et al., (2012) adopted 

the methods of air suspension 

microencapsulation to produce 

microencapsulation of immune colostrum and 

Bifidobacterium, which didn’t disintegrate in 

simulated gastric juice for 2 h, and the survival 

rate of viable cell count was 67.7% in 

simulated gastric juice treated with 2 h. 

Castro-Cislaghi et al (2012) concluded that 

reason for the decrease in viable count of 

Bifidobacterium bb12 microencapsulated with 

whey was due to the different strains of 

microorganisms. what’s more; Sun et al. (2000) 

detected that number of viable cells of free 

Bifidobacterium infantis ATCC 15697 

decreased from 1.233×109 CFU mL-1 to an 

undetectable level in simulated gastric juices 

(pH 2.5) after 30 min; however, the viable 

counts microencapsulated with gellan–xanthan 

decreased by only 0.67 log cycle at the same 

time, which showed that the 

microencapsulation would protect 

Bifidobacterium infantis ATCC 15697 from the 

harsh acid environment in the stomach. Annan 
et al. (2008) detected the viable count 
microencapsulated with alginate gelatin 
were 7.6 log CFU mL-1 after incubation in 
simulated gastric (pH2.0, 2 h), resulting in 
significantly (P < 0.05) higher viable 
numbers than were obtained for free cells 
due to the buffering effect of intact 
microspheres. In addition, A decrease in 
free cells after 3h was more 2 log 
compared to microencapsulated 

Bifidobacterium BB-12 in vitro acid 
conditions (Fritzen-Freireet al. 2013).    

 

Bile salt tolerance test: Table 2 showed the 

survival rate of free and microencapsulated B. 

bifidum BB01 in bile salt solution for different 

treated times. A decrease was detected in the 

viability for free B. bifidum BB01, and 

monolayer microcapsules in comparison to 

double layer microcapsules and triple layer 

microcapsules. The experimental result of 

cholateproof showed that the viable counts of 

free B. bifidum BB01 and monolayer 

microcapsules soon decreased to 0 after 2 

hours, but the viable counts of double layer 

microcapsules and triple layer microcapsules 

were 6.89×105 CFU mL-1, 5.92×108 CFU mL-1, 

respectively.  

Table 2 shows the viable counts of monolayer 

microcapsules, double layer microcapsules and 

triple layer microcapsules decreased by nine 

magnitudes, four magnitudes and one 

magnitude after 2 h, respectively.  

 

Table 2. Bile tolerance of microencapsulated B. 

bifidum BB01 

Sample 0 1h 2h 

FS 3.41×109 0.91×104 0 

MM 2.67×109 2.01×105 0 

DM 2.16×109 1.92×107 5.99×105 

TM 2.16×109 0.98×109 4.31×108 

FS: free suspension, MM: monolayer 
microcapsules, DM: double layer 
microencapsules, TM: triple layer microcapsules 

 

Because there was no protection or weak 

protection for free B. bifidum BB01 and 

monolayer microcapsules so that cannot resist 

the acid environment, but for double layer 

microcapsules and triple layer microcapsules, 

because of the protection of microcapsules, B. 

bifidum BB01 acid resistance were enhanced. 

Similar findings were obtained by Li et al. 

(2011), which illustrated microencapsulation B. 

bifidum BB01 have a better stability and 

stronger resistance to acid.  

Yang et al., (2012) adopted the methods of air 

suspension microencapsulation to produce 

microencapsulation, after 3 hours of treatment 

in high salt solution the survival rate of viable 
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cell could still reach 67.7%. According to 

Carlise et al. (2012), the viable count of free 

and microencapsulated Bifidobacterium BB-12 

with reconstituted skim milk and inulin, and 

reconstituted skim milk and oligofructose- 

enriched inulin decreased 2.39 and 2.32 log 

CFU g-1 after 6 h of incubation respectively. 

Mandal et al. (2006) found that the survival 

rate of microencapsulated L. casei NCDC 298 

with alginate lied in the bile concentration and 

wall material was high, and the resulted 

encapsulated probiotics can be exploited in 

development of probiotic functional foods with 

better survival of sensitive probiotic organisms. 

In addition, Sohail et al. (2011) noted the 

viable count of probiotics is highly relate to the 

being microencapsulated species in alginate 

gel microbeads using a novel impinging 

aerosols method. Fabiane Picinin De 

Castro-Cislaghi et al. (2012) noted 

microencapsulation with whey cannot protect 

probiotic, but for this present study with 

sodium alginate, chitosan and palm oil to 

protect probiotic cells, which results showed 

that the survival rate of the B. bifidum BB01 

microcapsules in bile was satisfactory. 

 

In vitro gastrointestinal enteric test: Three 

different microcapsules were esitimated by the 

time of releasing entrapped bacteria from 

microcapsules in simulated intestinal solution 

(Table 3). The viable cells released from 

monolayer microcapsules more than double 

layer microcapsules and triple layer 

microcapsules after 20 min, and the number of 

viable cells reached the maximum when the 

microcapsules were treated for 40min. More 

than 40 min, the number of living bacteria 

showed a downward trend after continuously 

being treated. The enteric test showed that the 

microorganism cells were released from the 

monolayer microcapsules, double 

microcapsules and trilayer completely in 

40min. these results were similar to those 

obtained by Yang et al., (2012). So, the method 

of using microcapsules to protect probiotics 

was effective.  Truelstrup Hansen, L., et al. 

(2002) noted the factors that determine enteric 

acid time of microcapsules was leaching of 

Ca2+ from the alginate gel that can obviously 

(P<0.05) decreased the released viable 

count.Matias et al. (2016) found that decreased 

4.2 log under simulated gastrointestinal 

conditions after 6 h by the PMA-qPCR method. 

Annan et al. (2007) evaluated the number of 

surviving cells coated alginate were 7.4 log 

CFU mL-1 in simulated intestinal juices (4 h). 

Moreover, Martoni et al. (2007) demonstrated 

the viable count of L. plantarum 80 BSH + 

was maintained above 1010 CFU mL-1 after 3 h, 

6 h, and 12 h residence times in bile 

concentrations up to 1.0%. What’s more, the 

decrease in the viable population by 3.45 log 

units for free Bifidobacteria lactis Bb-12 cells 

was similar to findings by Truelstrup Hansen 

et al. (2002) who observed reductions of about 

3 log CFU mL-1 for Bifidobacteria lactis Bb-12 

exposed to SGJ (pH 2.0) for 2 to 3 h.  

 

Table 3. The results from the enteric test of B. 

bifidum BB01 microcapsules  

Sample 20

（min） 

40

（min） 

60（min） 

MM 1.60×107 2.67×109 2.16×109 

DM 0.83×106 2.16×109 2.00×109 

TM 1.62×106 2.16×109 2.01×109 

MM: monolayer microcapsules, DM: double layer 
microencapsules, TM: triple layer microcapsules 

 

Zhang, F., et al (2011) used alginate as wall 

materials to encapsulated Bifidobacterium 

bifidum, and the embedding rate reached 

72.32%. Theses microcapsules were 

disaggregation subtotal after 15 min in 

simulated intestinal juices, and the release rate 

was 96%. Due to the special nature of 

Bifidobacteria bifidum, single wall material of 

micro encapsulation was typically less than 

ideal protection. Mi et al (2013) combined 

carboxymethyl chitosan with alginate, two 

kinds of wall materials, to encapsulate 

Bifidobacterium longum BIOMA 5920; 

encapsulation yield and enteric solubility were 

superior to that microcapsules encapsulated by 

single wall material. Our present study used 

microencapsulation to protect probiotics resist 

adverse environment, and experiments also 

demonstrated the microorganism cells were 

released from the monolayer microcapsules, 

double microcapsules and trilayer completely 

in 40min, so the method was effective. 
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The stability test for the microcapsules of B. 

bifidum BB01 in food: Mixing monolayer 

microcapsules, double layer layers 

microcapsules and triple layer microcapsules 

with fruit orange, nutrition Express and pure 

milk by 1/9 (m/v) and the free B. bifidum 

BB01 suspension were used as the control 

groups. After storing for a period of time at 

4℃ and room temperature, the number of live 

bacteria, acidity and pH were measured at 

intervals 7 days, respectively. Experimental 

results were shown in Figures 1 to 6. All 

figures in below FS、MM、DM and TM were 

the free B. bifidum BB01 suspension, 

monolayer microcapsules, double layer 

microcapsules and triple layer microcapsules, 

respectively. 

Figures 1 and 2 show the stability of free B. 

bifidum BB01, monolayer microcapsules, 

double layer microcapsules and triple layer 

microcapsules in fruit orange and nutrition 

Express. It can be seen from the figures that 

the rate of decrease of viable counts of free B. 

bifidum BB01, monolayer microcapsules, 

double layer microcapsules and triple layer 

microcapsules decreased in sequence under 

4℃ and room temperature. The optimum 

storage time of free B. bifidum BB01, 

monolayer microcapsules, double layer 

microcapsules and triple layer microcapsules 

was 21 days, 21 days, 28 days and more than 

35 days at 4℃, and the optimum storage 

time was 7 days, 14 days, 21 days and 28 

days at room temperature, respectively. The 

main reason for the decrease in the number 

of viable bacteria was that the environment 

in fruit orange and nutrition Express was 

acidic, which could inhibit or even kill some 

of the bacteria. The viable counts were 

maintained at 1×106 CFU g-1 or more. 

Figure 3 showed the viable counts of free 

Bifidobacterium BB01, monolayer 

microcapsules, double layer microcapsules 

and triple layer microcapsules all remained 

unchanged nearly in pure milk at 4℃, the 

reason for this phenomenon were that the 

temperature inhibited the growth and 

reproduction of the bacteria, what’s more, 

the pH value of pure milk was close to 

neutral, which was suitable for the 

preservation of B. bifidum BB01. With the 

extension of storage time, the acidity 

increased and the corresponding pH value 

decreased in fruit orange, nutrition Express 

and pure milk, the decreased trend was very 

significant for acidity in pure milk, 

especially. The experimental results 

demonstrated that the application of B. 

bifidum BB01 was more suitable for pure 

milk, and the viable counts were maintained 

at 1×106 CFU g-1 or more in 35 days. 

Lactobacillus acidophilus LA5 and 

Bifidobacterium lactis Bb-12 in alginate solely 

and either combined with cashew flower or 

green tea extracts could improve the stability 

of the probiotic upon storage at 4℃for 30 days 

(Chaikham et al 2015). Akalin and Erisir (2008) 

detected an obvious decrease regarding to the 

viable count of Bifidobacterium Bb-12 

microencapsulated in low-fat ice creams 

including oligofructose or inulin, but Matias, 

Padilha., et al (2016) found the viable count of 

Bifidobacterium Bb-12 were slightly 

exceeding 6 log CFU g-1 in ice cream with 

oligofructose storaged for 90 days, meanwhile, 

it also showed that the viability of B.animalis 

Bb-12 in all synbiotic apple ice cream storaged 

for 84days was around 7.5 to 8.5 log CFU g-1, 

which results was satisfactory.  Tripathi et al., 

(2014) reported that the reason of the survival 

of probiotics faced with adverse factors in 

processing and preservation was strain 

dependent. What’s more, the stability of 

microencapsulation of Bifidobacterium in food 

also had a certain relation with the wall 

material, Chen, C., et al (2014) prepared using 

sodium alginate and chitosan both wall 

materials to produce Bifidobacterium BB01 

and BB28 microcapsules, and results indicated 

that these two kinds of polymers were used to 

prepare Bifidobacterium microcapsules had 

good acid resistance, enteric and storage 

stability. 

  



 
Acta Universitatis Cibiniensis Series E: FOOD TECHNOLOGY    
Vol. XXI (2017), no. 1                 29 

0

2

4

6

8

10
V

ia
bl

e 
ce

ll
 c

ou
nt

 (
lo

gC
F

U
/g

)

Time (d)

 FS
 MM
 DM
 TM

0 7 14 21 28 35

A

  

0

20

40

60

80

100

A
ci

di
ty

 (
°

T
)

Time (d)

 FS
 MM
 DM
 TM

0 7 14 21 28 35

B

 

 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

pH

 Time (d)

 FS
 MM
 DM
 TM

0 7 14 21 28 35

C

  

0

2

4

6

8

10

V
ia

bl
e 

ce
ll

 c
ou

nt
 (

lo
gC

F
U

/g
)

 Time (d)

 FS
 MM
 DM
 TM

0 7 14 21 28 35

D

 

 

0

20

40

60

80

100

A
ci

d
it

y
 (

°
T

)

 Time (d)

 FS
 MM
 DM
 TM

0 7 14 21 28 35

E

  

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

 Time(d)

 FS
 MM
 DM
 TM

0 7 14 21 28 35

p
H

F

 

Figure 1. The viable cell count, acidity and pH of B. bifidum BB01 in fruit orange at 4℃ and room 

temperature (4℃: A. B. C; room temperature: D. E. F; FS, free cell suspension; MM, monolayer 

microencapsule; DM, double layer microcapsules; TM, three layer microcapsules). 
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Figure 2. The viable cell count, acidity and pH of B. bifidum BB01 in nutrition Express at 4℃ and room 

temperature (4℃: A. B. C; room temperature:D. E. F, FS, free cell suspension; MM, monolayer 

microencapsule; DM, double layer microcapsules; TM, three layer microcapsules) 
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Figure 3. The viable cell count, acidity and pH of B. bifidum BB01 in pure milk at 4℃ and room 

temperature. (4℃: A. B. C; room temperature:D. E. F, FS, free cell suspension; MM, monolayer 

microencapsule; DM, double layer microcapsules; TM, three layer microcapsules) 

 

On the other hand, Sun, W., et al. (2000) found 

the survival of immobilized and free cells in 

yogurt no obvious losses Storaged for 4 weeks, 

and the viable counts were maintained at 1×106 

CFU g-1 or more, but a significant difference 

(P<0.05) was observed at 5 weeks, 6 weeks 

and 7 weeks for immobilized and free cells. 

Aragon-Alegro et al. (2007) demonstrated that 
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viable count of Lactobacillus paracasei subsp 

remained above 7 log CFU g-1 during storage 

for 28 days in probiotic chocolate mousse. 

However, Borges et al. (2004) noted a decrease 

by 3 log in the viable count of Lactobacillus 

paracasei subsp during storage 20 days in 

mousses added with free cells, and the viable 

count of probiotic microencapsulated with 

alginate decreased 2 log. 

 

 

CONCLUSIONS 

 

This study demonstrated that encapsulated B. 

bifidum BB01 were superior to 

non-encapsulated in the resistance to gastric 

acid, bile resistant and stability in the food. 

Experimental results in a simulated 

gastrointestinal showed that the viable 

counts of free B. bifidum BB01 decreased to 

0 after 2 h, and the viable counts of 

monolayer microcapsules, double layer 

microcapsules and triple layer microcapsules 

decreased by nine magnitudes, four 

magnitudes and one magnitude, respectively. 

The enteric test showed that the 

microorganism cells were released from the 

monolayer microcapsules, double 

microcapsules and trilayer completely in 

40min. which demonstrated the application 

of the microcapsules of B. bifidum BB01 in 

food. In addition, in fruit orange, pure milk 

and nutrition Express, the optimum storage 

time of free B. bifidum BB01, monolayer 

microcapsules, double layer microcapsules 

and triple layer microcapsules were 21 days, 

21 days, 28 days and more than 35 days at 

4℃, but the optimum storage time were 7 

days, 14 days, 21 days and more than 28 

days at room temperature, and the viable 

counts were maintained at 1×106 CFU g-1 or 

more. The experimental results showed that 

the double layer layer and the three layers of 

microcapsules of B. bifidum BB01 have 

great application potential in food.  
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