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A completely randomized design experiment was applied
in triplicates to evaluate the survival of four probiotic strains
in liquid media. The growth and survival rate of these probiotic
strains (Lactobacillus acidophilus, Lactobacillus casei,
Bifidobacterium lactis and Bifidobacterium longum) in varying
amount of sucrose (10, 15, 20 and 25 %), oxygen scavengering
components (0.05 % L-cysteine and 0.05 % L-ascorbate) and
temperatures (4 and -20 °C) during different periods of time
(1, 2 and 3 months) were evaluated in MRS-broth medium.
Optical density at 580 nm wavelength was used to measure
growth. Lactobacilli strains proved to be highly resistant in
comparison with Biffidobacteria strains. Growth and survival
rate of Lactobacillus casei showed to be the highest.
Spectrophotometricaly measurement of optical density at 580
nm was showed to be the simple, rapid and inexpensive
method for evaluation of probiotic growth.

Key Words: Probiotic, Lactobacillus, Bifidobacterium,
Growth, Spectrophotometry.

INTRODUCTION

Lactobacillus and Bifidobacterium are the most common species of
bacteria used as probiotics for the production of fermented dairy products1.
Several studies have shown that the therapeutic value of live probiotic bacteria
is more than unviable cells2. Although the researches about therapeutic
value of dead probiotic cells and their metabolites are not sufficient, most
researchers believe that the survival of probiotic bacteria is very important
related to their therapeutic values1. Some studies have been done to evaluate
the tolerance of probiotics against low pH and high bile such as gastro-
intestinal tract conditions. More investigations are required to study the
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survival of probiotics during processing and storage of the relating prod-
ucts. The conditions of dairy foods such as type, presence of air and low
temperature can affect the viability of probiotics. Factors affect probiotic
survival have been studied in yoghurt, but for other dairy products such as
ice cream more studies are required. International Dairy Federation (IDF)
suggests that a minimum of 107 probiotic bacteria cells should be alive at
the time of consumption per gram of product2. In order for these bacteria
to exert positive health effects, they have to reach their site of action alive
and establish themselves in certain numbers3. However, studies indicate
that probiotics may not survive in high required numbers when incorpo-
rated into dairy products4. Many studies have also focused on the survival
of these bacteria in dairy products under different production and storage
conditions5.

The method of increasing probiotic survival depends to the type of
food products6. Selection of resistant probiotic strains to tolerate produc-
tion, storage and gastrointestinal tract conditions, is one of the important
methods. Another way is to adjust the conditions of production and storage
for more survival rates. The physical protection of probiotics by microen-
capsulation is a new method to increasing the survival of probiotics7. The
addition of growth promoting factors or prebiotics, such as starch and
oligosaccharides8, buffering of yoghurt mixes with whey proteins9 and
modulating packaging conditions have improved the survival of bacteria10.
In this study, the growth and survival rate of Lactobacillus acidophilus,
Lactobacillus casei, Bifidobacterium lactis and Bifidobacterium longum
as probiotics in ice cream was investigated.

EXPERIMENTAL

Pure cultures of four probiotic strains were obtained from CHR-Hansen
(Denmark) and were activated by inoculating in the MRS-broth (de Man-
Rogasa-Sharpe) at 37 °C for 24 h. For simulating the ice cream conditions,
the MRS-broth medium (Merck) was used. The initial pH of MRS-broth
medium was 5.72 units.

Effect of sucrose on growth rate:  The primary amount of probiotic
bacteria in culturing medium were 2 (g/L). After 24 h incubation at 37 °C
a small droplet of inoculated medium was added to MRS-broth that had
been supplied with 10, 15, 20 and 25 % sucrose in 10 mL test tubes by
using sterile insulin syringe. The samples were shaked by tube-shaker and
then incubated in 37 °C for 24 h. After 24 h optical density of all samples
were determined by spectrophotometer (Novaspec® II, Pharmacia Biotech)
at λmax = 580 nm.

Vol. 20, No. 3 (2008) Evaluation of Probiotic Growth  2415



Effect of oxygen scavenger on growth rate:  The probiotic bacteria
were added to MRS-broth which had been supplied with 0.05 % L-cysteine
and L-ascorbate in 10 mL test tubes. Samples were prepared in two series.
The first groups were deaerated by boiling water before inoculation, while
the second groups of samples were inoculated with a small droplet of
inoculated medium and incubated in 37 °C for 24 h. The next day optical
density of all samples was determined by spectrophotometer at λmax = 580
nm.

Effect of low temperature on survival rate:  The probiotic bacteria
were added to MRS-broth in 40 mL vials. The vials were incubated in 37 °C
for 24 h. Samples were taken after 24 h and placed at 4 °C and -20 °C for
3 months. After 1, 2 and 3 months 1 mL of each vial were added to 10 mL
MRS-broth under the sterile conditions and shaked using tube-shaker. The
tubes were incubated at 37 °C for 24 h. The next day optical density of
samples were determined by spectrophotometer at λmax = 580 nm.

Statistical analysis:  Factorial experiment based on completely ran-
domized design (CRD) was used for data analysis. The mean values and
the standard deviation were calculated from the data obtained with tripli-
cate trials. These data were then compared by the Duncan's multiple range
method11.

RESULTS AND DISCUSSION

Growth rate of probiotic bacteria in high sucrose concentration:
Because of sucrose importance at different concentrations in the formulation
of ice cream, the survival of probiotic strains used in this product may be
affected by osmotic pressure associated with sucrose12,13. Four strains used
in this study showed different responses in 10, 15, 20 and 25 % sucrose
concentrations, respectively. Lactobacillus casei (Lc01) showed the highest
growth rate in all sucrose concentrations (Table-1). The number of viable
Lactobacillus casei cells at maximum absorbance (1.800) was 1 × 1010

(CFU/mL).
In general, Lactobacillus genera grow better than Bifidobacteria in

different sucrose concentrations. It was demonstrated14 that reducing sugars
such as maltose can increase the growth rate of L. acidophilus, L. reuteri
(fermentum) and L. plantarum. Although sucrose is not a reducing sugar.
The present results showed that it can increase the growth rate of L. acido-
philus and L. casei. Resistance to osmotic pressure of sucrose is a strain
dependent factor. The number of viable Lactobacillus casei cells at maxi-
mum absorbance (1.800) was 1 × 1010 (CFU/mL). Lactobacillus genera
resist better than Biffidobacteria in different sucrose concentrations. The
latter was in contrast with results of Hekmat and McMahon15.
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Effect of oxygen scavengering components on the growth rate of
bacteria:  During freezing of ice cream mix, air is incorporated into final
product. Approximate overrun of ice cream is 100 %. It is clear that 21 %
(v/v) of air is oxygen. On the other hand, probiotic bacteria are micro-
aerophill to anaerobic bacteria and molecular oxygen has toxic effect on
these bacteria. Application of oxygen scavengering components such as
L-ascorbic acid and L-cysteine in dairy products and use of impermeable
packaging material against oxygen permeation can reduce the amount of
oxygen in dairy products10,16,17. L-Ascorbic acid has not considerable
effect on pH of dairy products, but it decreases the oxidation/reduction
potential of product and makes it suitable for probiotic survival16. Also
hydrogen peroxide produced with lactic acid bacteria can decrease the oxi-
dation/reduction potential of product by absorbing of molecular oxygen
and changing of hydrogen peroxide to water18. Moreover, L-cysteine can
be used by probiotic bacteria as an essential amino acid17,19. It is recom-
mended to use 50 mg/kg of L-cysteine in probiotic dairy products16,20. The
detrimental effect of oxygen on lactic acid bacteria may be indirect, as a
result of toxic level of hydrogen peroxide accumulation, which is produced
by some flavoprotein oxidases of lactic acid bacteria21. Effect of oxygen
scavengering components on the growth rate of probiotic bacteria is strain
dependant. Table-1 reports the results in terms of growth rate of four
probiotic bacteria after plating fresh cells with 0.05 % of L-cysteine and
L-ascorbic acid as oxygen scavengering components. A 0.05 % concentra-
tion of L-cysteine causes a significant (p < 0.05) increase in growth rate of
L. casei. The number of viable Lactobacillus casei cells at maximum
absorbance (1.600) was 2 × 108 (CFU/mL). The present results showed
that the addition of L-cysteine increases the biomass production of L. casei
better than L-ascorbic acid.

Survival rate of bacteria in low temperatures:  Probiotics as dairy
food additives must be able to survive at low storage temperatures of the
refrigeration and freezing. In order to screening of probiotic bacteria strains
for addition to long shelf life foods, we studied the effect of low tempera-
tures (4 and -20 °C) on the survival rate during three months in MRS-broth
medium. Table-1 represents the effect of low temperatures (4 and -20°C)
on the survival rate of four probiotic bacteria after 1, 2 and 3 months.
Results showed that low temperatures have significant (p < 0.05) effect on
survival rate of these bacteria. The present results showed that L. casei has
the highest survival rate at -20 °C after three months treatment. The number
of viable Lactobacillus casei cells at maximum absorbance (1.400) was 5
× 107 (CFU/mL). In general, Biffidobacteria displayed low resistance than
Lactobacillus genera at low temperatures as was seen by Gomes and
Malkata22.
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Conclusion

Spectrophotometricaly measurement of optical density at 580 nm was
showed to be the simple, rapid and inexpensive method for evaluation of
probiotic growth. All of the stress factors investigated such as sucrose con-
centrations, oxygen and low temperatures have been able to affect the growth
and survival of Lactobacillus acidophilus, Lactobacillus casei,
Bifidobacterium lactis and Bifidobacterium longum. This study has proved
that it is possible to select the appropriate probiotic strains for use in ice
cream with a simple, rapid and inexpensive method. In conclusion, a com-
parison with other probiotic strains (Table-2) revealed that Lactobacillus
casei (Lc01) and Bifidobacterium lactis (Bb12) had the highest resistance
to simulated ice cream conditions, making them suitable probiotic strains
for use in ice cream. In summary, Lactobacillus genera showed higher
growth and survival rate than Bifidobacteria in the presence of sucrose,
oxygen and low temperature treatments.

TABLE-2 
MICROBIAL RESPONSE FOR THE ENVIRONMENTAL  

CONDITIONS IN FOODS 

Microorganism 
Resistance 
to sucrose 

Resistance 
to oxygen 

Resistance 
to low 
temp. 

Ref. 

B. lactis (Bb12) a Resistant  Resistant  Resistant  PS 
B. infantis (1912) - - Resistant  3 
B. lactis (BLC-1)b - Resistant  Resistant  23 
B. lactis (DD920) - - Resistant  24 
B. longum (Bb46) a Sensitive  Sensitive  Sensitive  PS 
L. acidophilus (2401) - - Resistant  3 
L. acidophilus (DD910) - - Resistant  24 
L. acidophilus (La5) a Resistant  Resistant  Sensitive  PS 
L. acidophilus (Lafti L10) - - Resistant  23 
L. casei (Lc01) a Resistant  Resistant  Resistant  PS 
L. johnsonii (La1) Resistant  - Resistant  25 
L. paracasei subsp. Paracasei (LCS1) - - Resistant  23 

aResistance to oxygen was evaluated in simulated ice cream conditions. 
bResistance to oxygen was evaluated in low fat ice cream conditions. 
PS = Present study.  
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