
FOODBALT 2011 

143 

 

THE STUDY OF CARBOHYDRATES FERMENTATION  
ABILITY OF B.LACTIS IN MILK 

 

Ilze Beitane*, Inga Ciprovica 
 

Latvia University of Agriculture, Faculty of Food Technology, Jelgava, LV-3007, Latvia 
Tel. +37163005647, Fax +37163022829, *e-mail: Ilze.Beitane@llu.lv 

 
Abstract 
The ability of Bifidobacterium lactis (Bb-12) to hydrolyse lactose, lactulose and inulin was studied during milk 
fermentation. For this purpose, the content of lactose, lactulose and inulin was determined before and after 
fermentation of milk samples. Pasteurized milk, freeze-dried culture Bb-12 (Chr. Hansen, Denmark), inulin - 
RAFTILINE®HP (ORAFI, Belgium) with polymerization degree ≥5 and degree of purity 99.5%, syrup of 
lactulose (Duphalac®, the Netherlands) were used for experiments. The different concentrations (1; 2; 3; 4 and 
5%) of lactulose and inulin were used for studying of B.lactis ability to assimilate of milk sugar and prebiotics 
during fermentation. The fermentation process of milk samples enriched with lactulose or inulin was produced at 
37 oC for 16 hours. The content of lactose and lactulose was determined by IDF standard 147B:1998 procedure, 
the content of inulin by AOAC Official Method 999.03 and by AACC Official Method 32.32. 
Results showed that bifidobacteria poorly assimilate lactose at the presence of prebiotics in milk. The lactose 
assimilation decreases together with increase of added prebiotics concentration in milk. However bifidobacteria 
are able to hydrolyse up to 50% of lactulose in the product, except sample with 5% of lactulose. There was a 
decrease of lactulose by 2/3. The changes of lactulose content are significant (p<0.05). Consequently B.lactis 
possesses ability to assimilate lactulose. Inulin assimilation degree in fermented milk samples was low  
(10–20%), because it depends on the inulin polymerization degree and the degree of purity. The inulin 
assimilation decreases together with the increase of inulin polymerization degree and the degree of purity. The 
obtained results confirm that most suitable substrate for growing of bifidobacteria in milk is lactulose at any 
analyzed concentration. 
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Introduction 
Bifidobacteria are the most popular probiotics, they have been associated with health 
promoting effects. Many studies suggest that prebiotics such fructo-oligosaccharide, inulin, 
galacto-oligosaccharide, lactulose, isomalto-oligosaccharide are able to stimulate the  
growth of probiotic bacteria as well bifidobacteria (Özer et al., 2005; Martinez-Villaluenga  
et al., 2006) but not all prebiotics are suitable substrate for growing of bifidobacteria in milk. 
Bifidobacteria ferment various types of carboxydrates, the fermentation ability depends on  
the species. One of most popular species of Bifidobacterium spp., which is used for 
production of dairy products, is B.lactis. B.lactis is isolated from animal faeces and adapted in 
milk (Klein et al., 1998). It possesses a relative oxygen and acid tolerance which is not 
observed in some Bifidobacterium species. Therefore, B.lactis is able to grow in milk. Many 
studies indicate different results about the ability of bifidobacteria to hydrolyze prebiotics. 
Semjonovs et al. (2004) observed that B.lactis is not capable of utilizing inulin, whereas levan 
can be metabolized in relatively small amounts. Kontula et al. (1999) reported that 
bifidobacteria are able to utilize lactulose and lactitol, Reyed (2007) indicated that 
bifidobacteria can ferment lactose and lactulose, too. Therefore, the objective of this study 
was to investigate the ability of Bifidobacterium lactis to hydrolyse lactose, lactulose and 
inulin. 
 
Materials and Methods 
The research was performed at the microbiological laboratory of the Department of Food 
Technology of Latvia University of Agriculture and at the laboratory of the Department of 
Microbiology and Biotechnology of the Faculty of Biology of the University of Latvia. 
Pasteurized milk with fat content 2.5% and the strain of Bifidobacterium lactis (Bb-12, 
Chr.Hansen, Denmark) was used for experiments. During the experiments, the culture was 
maintained at -18 oC. As prebiotics were used inulin RAFTILINE®HP (ORAFI, Belgium) 



 

with polymerization degree ≥5 and degree of purity 99.5% and syrup of lactulo
the Netherlands) with following composition (%): lactulose 
than 6, galactose – less than 10. 
Different lactulose and inulin concentrations (1; 2; 3; 4 and 5%) were added individually 
to 100 g of milk. Bifidobacterium lactis
(106 cfu ml-1) and cultured at 37 
the prebiotics for comparing with the obtained results.
The content of lactose and lactulose was determ
the content of inulin by AOAC Official Method 999.03 and by AACC Official Method 32.32.
 
Results and Discussion 
Martinez-Villaluenga et al. (2006) have indicated that 
pronounced ability to ferment lactulose in concentrations from 0.5% to 2%, Özer et al. 
(2005), in turn, have stressed that 
acidophilus LA-5 more effectively
consideration these authors’ conclusions and many contradictory data in literature, the content 
of lactose, lactulose and inulin in milk was determined before and after fermentation. The 
content of lactose in milk before and

Figure 1. The content of lactose in milk before* and after fermentation
depending on the

*The increasing of the content of lactose in milk samples before fermentation is connected with the 
lactose in lactulose syrup. 

The obtained results confirm the conclusions mentioned in literature that bifidobacteria 
poorly assimilate lactose (Modler, 1994). As it is seen in Figure 1,
bifidobacteria have been able to utilize 0.42 g
samples with lactulose, in turn, the changes of lactose content depend on th
concentration. It is reported in literature that lactose assimilation depends on the added 
bifidobacteria species, and with the higher assimilation ability are 
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prebiotics. In order to evaluate the effect of lactulose concentration on lactose assimilation in 
the samples, a dispersion analysis was applied. The obtained results show that different 
lactulose concentrations do not have the sig

0

2

4

6
4.75

4.33

g 
10

0g
-1

Before fermentation

FOODBALT 2011 

144 

≥5 and degree of purity 99.5% and syrup of lactulo
) with following composition (%): lactulose – no less than 67, lactose 

Different lactulose and inulin concentrations (1; 2; 3; 4 and 5%) were added individually 
obacterium lactis was inoculated with 2 ml of milk suspension 

) and cultured at 37 °C for 16 hours. The control sample was prepared without 
the prebiotics for comparing with the obtained results. 
The content of lactose and lactulose was determined by IDF standard 147B:1998
the content of inulin by AOAC Official Method 999.03 and by AACC Official Method 32.32.

Villaluenga et al. (2006) have indicated that B.lactis is characterized by a 
pronounced ability to ferment lactulose in concentrations from 0.5% to 2%, Özer et al. 
(2005), in turn, have stressed that Bifidobacterium bifidum BB-02 and 

5 more effectively assimilated lactulose, if compared with inulin. Taking into 
consideration these authors’ conclusions and many contradictory data in literature, the content 
of lactose, lactulose and inulin in milk was determined before and after fermentation. The 
content of lactose in milk before and after fermentation is shown in Figures 1 and 2.

Figure 1. The content of lactose in milk before* and after fermentation
depending on the concentration of lactulose 

*The increasing of the content of lactose in milk samples before fermentation is connected with the 

The obtained results confirm the conclusions mentioned in literature that bifidobacteria 
Modler, 1994). As it is seen in Figure 1, during the fermentation 

bifidobacteria have been able to utilize 0.42 g 100 g-1 of lactose in control sample. In the milk 
samples with lactulose, in turn, the changes of lactose content depend on the added 

. It is reported in literature that lactose assimilation depends on the added 
bifidobacteria species, and with the higher assimilation ability are B.bifidum

(Lamoureux et al., 2002). It is possible to facilitate the process by adding 
prebiotics. In order to evaluate the effect of lactulose concentration on lactose assimilation in 
the samples, a dispersion analysis was applied. The obtained results show that different 
lactulose concentrations do not have the significant effect on the ability of bifidobacteria to 

4.76 4.82 4.88 4.94 5.00

4.33
4.00

3.31 3.50
3.73 3.93

Concentration

Before fermentation After fermentation

5 and degree of purity 99.5% and syrup of lactulose (Duphalac®, 
no less than 67, lactose – less 

Different lactulose and inulin concentrations (1; 2; 3; 4 and 5%) were added individually  
was inoculated with 2 ml of milk suspension 
hours. The control sample was prepared without 

ined by IDF standard 147B:1998 procedure, 
the content of inulin by AOAC Official Method 999.03 and by AACC Official Method 32.32. 

is characterized by a 
pronounced ability to ferment lactulose in concentrations from 0.5% to 2%, Özer et al. 

02 and Lactobacillus 
mpared with inulin. Taking into 

consideration these authors’ conclusions and many contradictory data in literature, the content 
of lactose, lactulose and inulin in milk was determined before and after fermentation. The 

after fermentation is shown in Figures 1 and 2. 

 

Figure 1. The content of lactose in milk before* and after fermentation 

*The increasing of the content of lactose in milk samples before fermentation is connected with the presence of 

The obtained results confirm the conclusions mentioned in literature that bifidobacteria 
during the fermentation 

of lactose in control sample. In the milk 
e added lactulose 

. It is reported in literature that lactose assimilation depends on the added 
B.bifidum, B.breve and 

te the process by adding 
prebiotics. In order to evaluate the effect of lactulose concentration on lactose assimilation in 
the samples, a dispersion analysis was applied. The obtained results show that different 

nificant effect on the ability of bifidobacteria to 



 

assimilate lactose (p>0.05) during fermentation. Evaluating the decrease of lactose content in 
the analyzed control and samples, and comparing 
should be considered as significant (p<0.05). That could be explained by 
B.lactis is adapted in milk (Klein et al., 1998), consequently 
and use lactose as a nutrient for the cell energy metabolism.
Similar tendencies are could observe to analyze the data in 

Figure 2. The content of lactose in milk before* and after fermentation
depending on the concentration of inulin

*The changes of the content of lactose in milk samples before fermentation are connected wi
of inulin. The content of glycose
method for determination of lactose
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(Figure 2) was established as significant (p<0.05). However, it should be remarked that 
lactose assimilation depends on the type and concentration of the added prebiotics. 
In literature can find indications about the ability of bifidobacteria to assi
(Özer et al., 2005) and derivatives of raffinose (Martinez
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product, except milk sample with 5% of lactulose where there was a decrease of lactulose by 
2/3. When the lactulose concentration increases, the lactulose assimilation also increases in 
milk and resulting in the increase of 
The obtained results confirm conclusions mentioned in literature about the bifidogenic effect 
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assimilate lactose (p>0.05) during fermentation. Evaluating the decrease of lactose content in 
samples, and comparing with the initial lactose content in milk, it 

ered as significant (p<0.05). That could be explained by 
is adapted in milk (Klein et al., 1998), consequently B.lactis is able to grow in milk 

and use lactose as a nutrient for the cell energy metabolism. 
re could observe to analyze the data in Figure 2. 

The content of lactose in milk before* and after fermentation
depending on the concentration of inulin 

*The changes of the content of lactose in milk samples before fermentation are connected wi
The content of glycose in inulin is calculated into the total content of lactose according to the standard 

determination of lactose. 

In the sample with 5% of inulin, lactose assimilation increases, however, there are not 
established significant differences between the fermented milk samples with 2%, 3% and 4% 
of inulin and with control samples (p>0.05).  
The lactose content in milk samples with inulin and control before and after fermenta
(Figure 2) was established as significant (p<0.05). However, it should be remarked that 
lactose assimilation depends on the type and concentration of the added prebiotics. 
In literature can find indications about the ability of bifidobacteria to assi

et al., 2005) and derivatives of raffinose (Martinez-Villaluenga et al., 2006). When 
evaluating results, it should be taken into consideration that B.lactis is adapted in milk and 
consequently the speed of multiplication in milk is higher than the ot

does explain the decrease of lactose content in fermented milk samples.
content is analysed in the research before and after milk fermentation 

in order to be able to find out regularities among lactose, lactulose or inulin assimilation in 
milk under the influence of B.lactis. The content of lactulose in milk before and after 
fermentation is reflected in Figure 3. 
The obtained results show that bifidobacteria are able to ferment up to 5
product, except milk sample with 5% of lactulose where there was a decrease of lactulose by 
2/3. When the lactulose concentration increases, the lactulose assimilation also increases in 
milk and resulting in the increase of B.lactis in samples that indicates to a mutual interaction. 
The obtained results confirm conclusions mentioned in literature about the bifidogenic effect 
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In literature can find indications about the ability of bifidobacteria to assimilate lactulose 

Villaluenga et al., 2006). When 
is adapted in milk and 

igher than the other bifidobacteria 
does explain the decrease of lactose content in fermented milk samples. 

before and after milk fermentation 
ties among lactose, lactulose or inulin assimilation in 

. The content of lactulose in milk before and after 

The obtained results show that bifidobacteria are able to ferment up to 50% of lactulose in the 
product, except milk sample with 5% of lactulose where there was a decrease of lactulose by 
2/3. When the lactulose concentration increases, the lactulose assimilation also increases in 

that indicates to a mutual interaction. 
The obtained results confirm conclusions mentioned in literature about the bifidogenic effect 

4.82

3.98

After fermentation



 

of lactulose (Palframan et al., 2002; Bouhnik et al., 2004) and bifidobacteria ability to 
assimilate lactulose (Saarela et al., 2003

Figure 3. The content of lactulose in milk before and after fermentation

The changes of lactulose content are significant (p<0.05). Consequently, a conclusion can be 
drawn that B.lactis possesses abili
literature that bifidobacteria better multiply in the presence of lactulose (Rycroft et al., 2001). 
Kontula et al. (1999), in turn, indicated that several microorganisms of the large intestine, 
including also bifidobacteria, are able to utilize lactulose and lactitol. 
When comparing the changes of lactose and lactulose content in the fermented milk samples, 
it is apparent that B.lactis is able better to assimilate lactulose (the content of assimilated 
lactulose increases from 47% to 66%) in comparison with lactose (the content of assimilated 
lactose is from 9% to 31%). Evaluating the obtained data, it could be concluded that 
in combination with lactulose is suitable for the development of a synbiotic dairy product
The content of inulin in milk before and after fermentation is given in Figure 4.
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of lactulose (Palframan et al., 2002; Bouhnik et al., 2004) and bifidobacteria ability to 
(Saarela et al., 2003). 

The content of lactulose in milk before and after fermentation

The changes of lactulose content are significant (p<0.05). Consequently, a conclusion can be 
possesses ability to assimilate lactulose. It relates to conclusions found in 

literature that bifidobacteria better multiply in the presence of lactulose (Rycroft et al., 2001). 
Kontula et al. (1999), in turn, indicated that several microorganisms of the large intestine, 

ia, are able to utilize lactulose and lactitol.  
When comparing the changes of lactose and lactulose content in the fermented milk samples, 

is able better to assimilate lactulose (the content of assimilated 
from 47% to 66%) in comparison with lactose (the content of assimilated 

lactose is from 9% to 31%). Evaluating the obtained data, it could be concluded that 
in combination with lactulose is suitable for the development of a synbiotic dairy product
The content of inulin in milk before and after fermentation is given in Figure 4.

Figure 4. The content of inulin in milk before and after fermentation
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The content of lactulose in milk before and after fermentation 
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Kontula et al. (1999), in turn, indicated that several microorganisms of the large intestine, 
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is able better to assimilate lactulose (the content of assimilated 

from 47% to 66%) in comparison with lactose (the content of assimilated 
lactose is from 9% to 31%). Evaluating the obtained data, it could be concluded that B.lactis 
in combination with lactulose is suitable for the development of a synbiotic dairy product. 
The content of inulin in milk before and after fermentation is given in Figure 4. 
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The obtained results confirm that bifidobacteria poorly assimilate inulin (10–20%). It is 
reported in literature that B.lactis cannot assimilate inulin (Semjonovs et al., 2004). 
Biedrzycka and Bielecka (2004) have indicated that the ability of bifidobacteria to assimilate 
inulin is depending on the polymerization degree and the degree of purity. The inulin 
assimilation decreases together with the increase of inulin polymerization degree and the 
degree of purity. That does explain the results of inulin assimilation degree in fermented milk 
samples. 

Conclusions 
1. The ability of B.lactis hydrolyse lactose depends on the type and concentration of added 

prebiotics. 
2. B.lactis is characterized as being able to assimilate lactulose to 66% in comparison with 

lower assimilation level of lactose (to 37%) and inulin (to 20%). 
3. Lactulose should be considered as the most suitable substrate for growing of B.lactis in 

milk. 
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