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Abstract
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strains,  BB-12 and  LA-5 had higher acid and bile 
resistance characteristics than the ATCC strains.  B. lactis

B. lactis BB-12 viable cells in pH 2 medium 

B. lactis

after 24 hours of incubation. The acid and bile resistance of probiotic bacteria remarkably
the type of prebiotics. Acid and bile resistance properties of  LA-5 and  

properties of 
bile resistance of B. lactis
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Introduction

are of great interest to both consumers and food manufac-

-
FULLER -

uted to probiotic bacteria can be summarized as nutritional 
-

thesis of vitamins, increase in natural resistance to infec-
tious diseases of the intestinal tract, prevention of diarrhea, 
reduction of serum cholesterol and lactose intolerance, en-
hancement of immune system, pre-digestion of proteins, 

maintenance of mucosal integrity (  and -
 [2];  and  [3];  and 

 [4]). The most commonly used probiot-
ics in many functional foods and nutritional supplements 
are  and Lactobacillus, the members of the 

, B. 
, B. breve, B. infantis, , 

, L. helveticus, L. rhamnosus, L. reuteri and 
L. casei

-
 and  [5];  [6]; 

 & al [7]; SHAH [8];  and 
 [4]).

Prebiotics, such as fructo-oligosac-
charides, gluco-oligosaccharides galacto-oligosaccharides, 
xylo-oligosaccharides, isomalto-oligosaccharides, gentio-
oligosaccharides, lactulose, lactitol, lactosucrose, polydex-

-

-
biotic bacteria (  and  [5]; -

 [6];  and  [3];  & al [9]; 
 and  [14;  & al 

[10];  & al [11]). Prebiotics are short-
-

out being digested in the stomach and small intestine. They 

as Lactobacillus spp. and  spp. in the large 
intestine. The synergic combinations of probiotics and 
prebiotics in nutritional supplements and foods are called 
synbiotics. 

The human gastrointestinal tract is a kinetic micro-
ecosystem that enables normal physiological functions of 
host organism unless harmful and potentially pathogenic 

-
-

the microbiota in the gut (  and  
[5]; and  [3];   and 

 [4];  & al [10]). Prebiotic com-
pounds are consumed by probiotics as a carbon or energy 

-
-

6 – 109 
viable probiotic cells per day (LEE and  
[12]). Therefore, the concentration of probiotic bacteria 
in a functional food product is suggested to be 108 cfu 

-

foods must contain a minimum viable microorganism 

the processing, transportation, storage, and marketing 

crucial role, probiotics must survive in the acidic condi-
tions of the stomach and be delivered to the intestines in 
high numbers. After stomach passage, the probiotic bac-

also reduce their survival. For this reason, it is extremely 
important to select the appropriate carrier foods and pre-

-
nal tract. 

in our previous study (MUMCU and  [14]). The 
results of our previous study indicated that an appropriate 
prebiotic substance should be selected for each probiotic 

-

of the probiotic strains increases. 

resistance of probiotics to the gastrointestinal conditions, the 

prebiotics on the resistance and viability of probiotic bacte-
ria in vitro acid and bile environment (as simulated gastroin-
testinal conditions). 
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Materials and methods

Probiotic cultures
 ATCC 4356,  

LA-5 (Chr. Hansen, Denmark),  
ATCC 15969 and B. animalis subsp. lactis BB-12 (B. lactis 
BB-12; Chr. Hansen, Denmark), purchased in lyophilized 

 

Sharpe, Merck) at 37 °C for 24 hours. spp. 
-

ial Medium, Fluka) under anaerobic incubation conditions 

37 °C for 24 hours.

Prebiotics
As prebiotics, commercial preparations of fructooligo-

-

-

results of our previous study (MUMCU and  [14]), 
 ATCC 4356 

and 
B. lactis BB-12 

Basic growth media

 LA-5 and 
B. lactis BB-12, respectively.

juice)

oC for 15 min.
Bile solution (similar to intestine)

oC for 
15 min.

E ects of prebiotics to acid tolerance (  
assay)

For acid tolerance assay, the sterilized saline solutions 

-

-

and incubated at 37 °C for 24 h. After the incubation, bacte-

-

directly to 0.5% NaCl solution (pH 5.35) for control. These 

-

viable cell number levels.

E ects of prebiotics  
to bile tolerance (  assay) 

For bile tolerance assay, the sterilized bile solution con-

-

-

and incubated at 37 °C for 24 h. After the incubation, the 
-

suspensions to 25 ml of sterile bile solution. Same amount 

-

evaluated based on the changes in viable cell number levels 
in bile-containing media.

Statistical analyses 

-

Results and Dicussions
Probiotic bacteria should survive during the passage 

through the stomach and the small intestine and reach 
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results of our previous study (MUMCU and  [14]) 
indicated that an appropriate prebiotic substance should be 

the probiotic strains also increases. -
lus ATCC 4356 and  LA-5 exhibited the best 

 ATCC 
B. lactis

 ATCC 4356 and 

B. lactis -

at maximum level in the trials of the present study. The sur-
vival capability of tested bacteria strains varied in terms of 

HERNANDEZ & 
al [15] reported that resistance to gastrointestinal conditions 
in Lactobacillus strains is dependent on the type of carbon 
source and strain. 

E ects of the prebiotics on acid resistance  
of the probiotic bacteria

 ATCC 4356 and 
evaluated according to the changes in the viable bacterial 
cell numbers during 3 hours of incubation at pH 1, pH 2 and 
pH 3 (Figure 1 and Figure 2). Both  strains 

-

property of both -
cording to the results obtained at pH 2 trials. As it can be 

of incubation at pH 2 medium. Both  strains 

both 
ml. The initial viable cell numbers of  ATCC 
4356 and  LA-5 decreased to 4 log and 4.9 log 

after 3 hours of incubation at pH 2. 

 
(MUMCU 

-
tance of both  strains ( ). According to 
the results of  and UNAL

-
ability of 
conditions. -

levels of 

 LA-5 
 ATCC 4356.

-
erty of 
acid resistance property of B. lactis

Figure 1. L. 

at pH 1, 2 and 3)

Figure 2. L. 

1, 2 and 3)
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according to the changes in the viable bacterial cell numbers 
during 3 h of incubation at pH 1, pH 2 and pH 3 (Figure 3 
and Figure 4). Both 
to be sensitive to pH 1 medium, as similarly -
lus
after 30 min of incubation.  ATCC 15696 strain 

B. lactis BB-12. 
No viable 

-
tion,  the viable cell count results of  ATCC 15696 

of 
-

of  ATCC 15696 strain ( ). The initial vi-
 

-
cubation at pH 3. The acid resistance property of  

-
 

highly sensitive to pH 1 and 2 and the test prebiotics could 

at those pH values.
Contrary to the results from  ATCC 15696 tri-

als, the viable cell count results of B. lactis BB-12 obtained 
-

of B. lactis

B. ani-
malis subsp. lactis BB-12 strain ( ). The initial viable 

-

and GLU, respectively after 3 hours of incubation at pH 2. 

both 
B. lactis 

BB-12 is more acid resistant strain than  ATCC 
15696.

E ects of the prebiotics on bile resistance  
of the probiotic bacteria

-
erty of  ATCC 4356 and  LA-5 

-
rial cell numbers during 24 hours of incubation at 0.5% bile 
solution (Figure 5 and Figure 6). The initial viable bacterial 
cell levels of both 

resistance property of both  strains can be eas-

incubation. The viable cell counts of  ATCC 
4356 and  LA-5 detected at the third hour 

hour of the incubation, the viable cell levels of -
lus
and at the end of the 24-hour incubation, the viable cells 

the viable cell levels of  LA-5 at the third and 

Figure 3.  

and 3)

Figure 4.
B.animalis subsp. lactis BB-12 (viable cell count as log 
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-

of  strains (
-

served in the transition from the sixth hour of incubation to 
the 24-hour incubation of both test strains. The viable cell 
level of 
of the 24-hour incubation period in the medium containing 

determined at the end of 24-hour incubation. According to 
these results, it is possible to say that bile resistance of L. 

 LA-5 is much more higher than  

properties of  both 

 LA-5 during the incubation period compared 
to  ATCC 4356.

-
tion of the bile resistance of -

B. lactis BB-12 (Figure 7 and Figure 8). 
 ATCC 15696 exhibited the highest bile resistance 

on the bile resistance ( ). 
found to be seriously sensitive to 0.5% bile culture medium. 

-

in the bile culture media. After three hours of the incubation, 
the viable cell counts of  ATCC 15696 decreased 

media, respectively. At the end of the 24 hour incubation, the 
presence of viable cells could not be detected in the control 
sample either. B. lactis -
tance to 0.5% bile culture medium. 

-
ing the incubation period. After 24 hours of incubation in bile 
solutions, viable bacterial cell levels of B. lactis

and GLU containing bile culture media, respectively. When 
the results obtained are evaluated comparatively, it is pos-
sible to say that the bile resistance of B. lactis BB-12 is much 
higher than that of  ATCC 15696. While the pre-

B. lactis BB-12 strain during the 24-hour incubation period, 
 

ATCC 15696 strain only to a certain level until the third hour 
of incubation (Figure 7 and Figure 8).

Figure 5. L. 

Figure 6. L. 

Figure 7.  

Figure 8. B.animalis 
subsp. lactis
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The overall results of the present study indicated that 
commercial probiotic strains,  LA-5 and B. 
lactis BB-12 exhibited higher acid and bile resistance char-

-
sible to compare the acid and bile resistance property of the 
tested probiotic bacterial strains by looking at the viable cell 

B. lactis 
B. 

lactis
tested bacteria strains. While the viability of the other pro-
biotic strains in the acid medium decreased 4.5-7 log units, 
the viable bacterial cell level of B. lactis BB-12 decreased 
around 2.7 log unit only. After 24 hours of incubation, the 
viable cell level of B. lactis

-
able cells could not be determined in the other probiotic 
strains. Although B. lactis

-
crease in the viable cell level occurred.  and UNAL 

starch (Hi-maize) on viability of  La-5, B. ani-
malis subsp. lactis BB-12, and 
under simulated gastrointestinal conditions. They found that 
B. animalis subsp. lactis BB--12 presented higher survival 
rates under gastrointestinal stress than  La-5. 
The higher survivability of B. animalis subsp. lactis BB-12 
compared to that of  La-5 during in vitro simu-
lated gastrointestinal conditions has also been reported by 
some other researchers (  & al [17];  & al 
[18];  & al [19];   and PENNA 
[20]). & al [21] demonstrated that B. ani-
malis subsp. lactis -

AMBALAM 
& al [22], the high resistance property of B. animalis sub-
sp. lactis
VERNAZZA

-
ception of B. lactis

B. lac-
tis BB-12 and B. infantis
bile-containing medium as demonstrated by the high viable 
counts.   & al [24] pointed out that resistance 
property of a B. animalis strain to the simulated gastrointes-

those of L. casei and  strains.

and bile resistance properties of the tested probiotic bacte-
ria. enhanced 

the acid and bile resistance properties of the test probiotic 
strains. Acid and bile resistant characteristics of -
lus ATCC 4356 and 

bile resistance characteristics of  ATCC 15969 and 
B. lactis -

acid and bile resistance properties of LA-5 to a higher level 
lactis BB-

for increasing the acid and bile resistance of the probiotic 
strains. 

property of the probiotic strains in the simulated gastroin-
testinal conditions has been investigated by some research-
ers.  and UNAL
resistance property of 

resistant starch improved the acid and bile resistance prop-
erty of B. animalis BB-12. Nevertheless, there are also some 

-
fect on the survival of some commercial probiotics under 
gastrointestinal conditions. The study of  & al 

byproduct of the soymilk industry) into the fermented soy 
L. acido-

 La-5 and B. animalis BB-12 under in vitro simulated 
gastrointestinal conditions. VERNAZZA & al [23] found 

upon the type of matrix (  & al [19]). CASA-
 & al [19] used MRS, milk and milk supplemented 

protected the probiotic strains from the deleterious condi-
tions of the gastrointestinal conditions. These results suggest 
that it is critical to formulate the food matrix to be used as 

probiotic bacteria should be viable in the product upon con-
sumption (SHAH [8]). Like prebiotics, the components of 

stomach and bile environment.  WANG & al [25] demon-
strated that the delivery of L. casei Zhang through fermented 
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the pure culture suspended in sterile saline solution. For this 
reason, it can be said that the use of foods as a carrier in 

-

 
tolerance to the simulated gastrointestinal conditions, spe-

B. animalis subsp. lactis after 28 days 
of storage (  and PENNA [20]). The results of 
the present study indicate that the type of prebiotic exhibit a 

of probiotics under simulated gastrointestinal conditions.

Conclusions
-

ability and metabolic activity in the gastrointestinal envi-

-

and survival of probiotics in the gastrointestinal tract, thus 
the appropriate carrier foods and prebiotics should be se-

in vitro analysis used in this study provided information 
about the survival rate of probiotic bacteria under gastro-

-
proving the acid and bile resistance of the test probiotics. 

-
teristics of probiotics to gastrointestinal conditions. As a 
result of this study, it is possible to say that  
LA-5 and B. animalis subsp. lactis
resistant strains against acid and bile exposure than the 

increased chance of reaching to the large intestine in suf-

properties of probiotic organisms to gastrointestinal con-

acid and bile resistance properties of probiotics could vary 

The results of this study indicated that the selection of ap-
propriate probiotics and their appropriate prebiotics to be 
added to functional products is very important. The results 
suggest that it is critical to formulate the food matrix to be 
used as probiotic and prebiotic carrier. Therefore, choos-

prebiotics for the manufacture of functional products can 
contribute to maintain the viability of probiotic bacteria 

other hand, the in vivo
in the laboratory and the conditions of stomach and bile in 

the gastrointestinal system may vary by individual hosts. 
Thus, in vivo
in vitro studies. 
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