
INTRODUCTION

Bifidobacteria are one of the most important probiotics in
dairy products (Parvez et al., 2006; Russell et al., 2011).
Probiotics are live microorganisms which when adminis-
tered in adequate amounts confer a health benefit on the
host (Oliveira et al., 2011). Bifidobacteria have positive ef-
fects on human health: (1) synthesis of vitamins (Crittenden
et al., 2003; Beitane and Ciprovica, 2011); (2) immuno-
stimulation (Dong et al., 2010); (3) cholesterol reduction
(Ziarno et al., 2007; Beitane, 2008); (4) lactose hydrolysis
(He et al., 2007); and (5) prevention of infectious diarrhoea
(Qiao et al., 2002). Nutritional benefits of bifidobacteria are
genetically determined. Bifidobacteria are saccharolytic and
produce organic acids (Russell et al., 2011). They release
various enzymes, such as leucine, valine and cystine amino-
peptidases, �-, �-galactosidases, �, �-glucosidases,
N-acetyl-�-glucosaminidase, esterases during multiplication
(Martinez-Villaluenga and Gomez, 2007), which improve
nutritional value of the end product: higher content of
amino acids, and lower content of cholesterol and lactose in
fermented dairy products. Thereby milk products are ac-
ceptable for patients with hypercholesterolemia and lactose

intolerance. The growth of bifidobacteria can be promoted
with addition of prebiotics (Rastall and Maitin, 2002).

Prebiotics are non-digestible food ingredients that benefi-
cially effect the host by selective stimulating the growth
and/or activity of one or a limited number of bacteria in the
colon (De Vrese and Schrezenmeir, 2001). Lactulose and
inulin are one of the widely used prebiotics for promotion
of bifidobacteria growth in milk and the gastrointestinal
tract (Szilagyi et al., 2001; Palframan et al., 2002;
Holzapfel and Schillinger, 2002; Aider and de Halleux,
2007; Bouhnik et al., 2007). Lactulose is mostly used in Eu-
rope, Japan and the United States (Tuohy et al., 2005). It is
a synthetic disaccharide created by the isomerisation of lac-
tose (Aider and de Halleux, 2007). Fructo-oligosaccharides
are widely used as commercial prebiotics, which contain a
varying number of fructose monomers connected by
�-2-1-glycosidic bonds (Russell et al., 2011). Evaluation of
the suitability of prebiotics for promotion the growth of
bifidobacteria in milk showed that the appropriate concen-
tration were 2% lactulose and 4% inulin (Beitane and
Ciprovica, 2008). The aim of the present study was to ex-
amine the specific properties of Bifidobacterium lactis in
dairy products.
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Bifidobacteria are one of the most important probiotics in dairy products. They have positive ef-
fects on human health. Nutritional benefits of bifidobacteria are genetically determined and can
be promoted with addition of prebiotics. The aim of the present study was to examine the proper-
ties of Bifidobacterium lactis in dairy products. Pasteurised milk, freeze-dried starter culture Bb-12
(Bifidobacterium lactis, Chr. Hansen, Denmark), syrup of lactulose (Duphalac®, the Netherlands),
and inulin (“Raftiline®HP”, ORAFI, Belgium) were used in the experiments. The optimal concen-
trations of lactulose (2%) and inulin (4%) were established in preliminary studies, based on quality
indices and nutritional value of fermented dairy products (Beitane, 2008). Amino acids, carbohy-
drates, such as lactose, lactulose and inulin, as well as cholesterol were determined during the
study using appropriate analytical procedures. The enzymatic activity of bifidobacteria determines
nutritional value of the fermented dairy products. Addition of 2% lactulose resulted in significant
increase of some amino acid concentrations, such as leucine, phenylalanine, lysine and arginine
concentrations (P < 0.05), compared with those in other treatments. The presence of prebiotics
caused a decrease of cholesterol level by 35% and lactose content by 31% in fermented milk
samples. The enzymatic activity of bifidobacteria should be promoted with addition of lactulose
and inulin to increase nutritional value of functional dairy products.
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MATERIALS AND METHODS

Pasteurised milk with fat content 2.5% and freeze-dried
Bifidobacterium lactis culture (Bb-12, Chr. Hansen, Den-
mark) were used for the experiments. During the experi-
ments, the culture was maintained at –18 oC. As additions,
the following prebiotics were used: inulin “Raftiline®HP”
(ORAFI, Belgium) with polymerization degree �5 and de-
gree of purity 99.5% and syrup of lactulose (Duphalac®, the
Netherlands) with the following composition (%): lactulose
— no less than 67, lactose – less than 6, galactose – less
than 10.

2% lactulose and 4% inulin were added individually to 100
g of milk. The concentrations of prebiotics were chosen ac-
cording to previous study, in which the optimal bifidogenic
effect of lactulose and inulin was established (Beitane and
Ciprovica, 2008). Bifidobacterium lactis was inoculated
with 2 ml of milk suspension (106 cfu ml-1) and cultured at
37 oC for 16 hours. The control sample was prepared with-
out prebiotics for comparison.

The content of amino acids was determined with an auto-
matic amino acids analyser AAA 339 (Microtechna Praha,
Czech Republic), according to requirements of „Amino acid
standard solution for protein hydrolysates — 0.5 �moles per
ml”.

The level of cholesterol was determined according to
AOAC Official Method 976.26A.

The concentrations of lactose and lactulose were determined
by IDF standard 147B:1998 procedure, the content of inulin
by AOAC Official Method 999.03 and by AACC Official
Method 32.32.

Significant differences were determined by analysis of vari-
ance (ANOVA) and t-tests at P value 0.05.

RESULTS

The concentrations of amino acids in milk, control and fer-
mented milk samples with 2% of lactulose and 4% of inulin
are shown in Table 1.

The obtained results showed that the addition of lactulose
increased amino acid concentration in fermented product
more than with inulin; the highest total amino acids after
fermentation in fermented dairy product was 2.829 g
100g-1.

ANOVA indicated significant increase of isoleucine,
leucine and lysine concentrations (P < 0.05) in fermented
milk with 2% of lactulose, compared with other treatments.
A significant decrease of leucine, phenylalanine, lysine and
arginine concentrations (P < 0.05) were observed in fer-
mented milk with 4% inulin, indicating promotion of
glycolysis and suppression of proteolysis in fermented milk
with B. lactis. Lactulose facilitated the proteolytic proper-
ties of bifidobacteria.

The ability of B. lactis to assimilate cholesterol during milk
fermentation in the presence of prebiotics was studied. The
levels of cholesterol in milk, control and in fermented milk
samples with 2% of lactulose and 4% of inulin are pre-
sented in Figure 1.

The results showed that fermentation of milk with B. lactis

decreased cholesterol concentrationt by 25% in samples, in-
dicating promotion of this activity by prebiotics. Both
prebiotics showed similar results. Significant differences
were observed between milk and fermented milk samples
with and without prebiotics (P < 0.05). Differences between
control and fermented milk samples with prebiotics were in-
significant (P > 0.05).

The lactose concentrations in samples with and without
prebiotics before and after fermentation are presented in
Figure 2. Decrease of lactose concentration during fermen-
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T a b l e 1

CONCENTRATIONS OF AMINO ACIDS IN FERMENTED MILK
SAMPLES WITH LACTULOSE AND INULIN, g 100 g-1

Amino acids Milk Control Fermented
milk with 2%
of lactulose

Fermented
milk with 4%

of inulin

Threonine 0.107 0.095 0.112 0.094

Valine 0.130 0.115 0.123 0.101

Methionine 0.061 0.064 0.075 0.052

Isoleucine 0.095 0.087 0.108 0.078

Leucine 0.254 0.232 0.271 0.207

Phenylalanine 0.115 0.114 0.093 0.095

Tyrosine 0.131 0.123 0.121 0.094

Lysine 0.197 0.181 0.208 0.151

Aspartic acid 0.233 0.212 0.223 0.201

Serine 0.133 0.115 0.154 0.109

Glutamic acid 0.620 0.569 0.711 0.366

Proline 0.248 0.221 0.277 0.178

Glycine 0.051 0.039 0.052 0.044

Alanine 0.086 0.069 0.094 0.073

Histidine 0.100 0.108 0.108 0.108

Arginine 0.089 0.092 0.099 0.087

Total 2.650 2.436 2.829 2.038

Fig. 1. Level of cholesterol in milk, control and in fermented milk samples
with 2% lactulose and 4% inulin.



tation occurred in all samples. The highest reduction of lac-
tose content was observed in samples with 2% lactulose, i.e.
1.51 g 100 g-1. However, no significant decrease of lactose
were established (P > 0.05) between fermented milk sample
with 2% lactulose and other fermented milk samples with
prebiotics. Changes of lactose content during fermentation
in samples with and without prebiotics were significant (P <
0.05).

Regarding the ability of B. lactis to hydrolyse with addition
of prebiotics, the results showed that bifidobacteria have the
ability to ferment up to 50% of added lactulose (from 1.34 g
100 g-1 to 0.66 g 100 g-1) during fermentation. However,
the decrease of inulin concentration was negligible (from
3.98 g 100 g-1 to 3.60 g 100 g-1) in fermented milk samples.
In the present study, inulin with a polymerisation degree �5
and degree of purity 99.5% was used, which could explain
the obtained results.

DISCUSSION

The growth of the starter bacteria in milk depends on their
proteolytic activity to hydrolyse casein (Thomas and Mills,
1981), where casein is the main source of amino acids in
milk (Walstra et al., 2006). It is known that proteolytic
properties of bifidobacteria are quite weak (Sgorbati et al.,
1995), however, they release aminopeptidases during multi-
plication (Martinez-Villaluenga and Gomez, 2007). They
are vital for metabolic pathway regulation, cell maturation
and protein turnover (Herrera-Camacho et al., 2007). Much
research indicates that bifidobacteria are able to synthesise a
considerable amount of amino acids (Matteuzi et al., 1978;
Ballongue, 2003), which is in contrast with the present re-
sults. Regarding concentrations of amino acids in milk and
control (Table 1), there was a decrease of amino acid con-
centrations, except histidine and arginine, in fermented milk
samples. However, B. lactis has the ability to synthesise a
remarkable amount of specific amino acids, such as
threonine, methionine, tyrosine, lysine and aspartic acid,
compared with lactic acid bacteria (Table 2). The differ-
ences of amino acids concentration in milk and fermented

milk can be explained by the need of amino acids for
bifidobacteria growth (Ballongue, 2003).

B. lactis can release high activity leucine and valine amino-
peptidases (Martinez-Villaluenga and Gomez, 2007). This
can be explained by the chemical composition of milk,
method of preparation and storage conditions of experimen-
tal samples. We observed an increase of aminopeptidase ac-
tivity by addition of 2% lactulose, which led to a significant
increase (P < 0.05) of isoleucine, leucine and lysine. Amino
acids released by bifidobacteria influenced the nutritional
value of fermented products.

Bifidobacteria can decrease the serum cholesterol in blood
(Xiao et al., 2003), which can be promoted by addition of
prebiotics (Pereira and Gibson, 2002). The cholesterol-low-
ering effect of probiotics can be explained by, for example,
enzymatic deconjugation of bile acids by bile salt hydrolase
of probiotics (Kumar et al., 2012). The decrease of choles-
terol concentration in fermented milk in the present study
can be explained by the activity of esterases, which was de-
termined as intermediate activity for B. lactis (Martinez-
Villaluenga and Gomez, 2007). Esterases have the capacity
for hydrolysis and synthesis of esters by esterification of
fatty acids and ethanol (Liu et al., 2004). Esterases from
lactic acid bacteria release preferentially short-chain fatty
acids, and furthermore, several strains possess more than
one esterase (Oliszewski et al., 2007). The decrease of cho-
lesterol level in milk depends mainly on the bacteria species
used for fermentation (Oberman and Libudzisz, 1998).
Lactobacillus acidophilus and Bifidobacterium spp. in fer-
mented milk are able to assimilate cholesterol from 18% to
38% in fermented milk (Ziarno et al., 2007). The results of
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T a b l e 2

CONCENTRATIONS OF AMINO ACIDS IN FERMENTED MILK
SAMPLES USING DIFFERENT STARTER CULTURES, g 100 g-1

Amino acids B. lactis L. lactis

C15
L. bulgaricus

HP1
L. helveticus

MP12

Threonine 0.095 0.005 0.035 0.011

Valine 0.115 0.096 0.138 0.092

Methionine 0.064 0.006 0.040 0.048

Isoleucine 0.087 0.003 0.254 0.144

Leucine 0.232 0.037 0.266 0.297

Phenylalanine 0.114 0.092 0.142 0.294

Tyrosine 0.123 0.022 0.022 0.020

Lysine 0.181 0.006 0.074 0.036

Aspartic acid 0.212 0.032 0.041 0.161

Serine 0.115 0.061 0.215 0.234

Glutamic acid 0.569 0.677 1.130 2.051

Proline 0.221 0.202 1.007 1.281

Glycine 0.039 0.032 0.057 0.158

Alanine 0.069 0.093 0.454 0.543

Histidine 0.108 0.050 0.174 0.232

Arginine 0.092 0.007 0.094 0.024

Total 2.436 1.421 4.143 5.465

After Simova et al., 2006

Fig. 2. Concentration of lactose in milk before and after fermentation with
and without prebiotics (increasing of lactose content in milk samples be-
fore fermentation is associated with the presence of lactose in lactulose
syrup).



the present study showed that B. lactis can assimilate cho-
lesterol by 25% in milk, whereas by 35% with addition of
the studied concentrations of lactulose and inulin. Thus, the
presence of prebiotics in milk promotes B. lactis esterase
activity.

Two-thirds of the world’s adult population suffers from lac-
tose maldigestion (Vesa et al., 2000), which is caused by re-
duction of �-galactosidase activity in the small intestine af-
ter weaning (Russell et al., 2011). Jiang et al. (1996)
indicated that �-galactosidase improves lactose utilization
for lactose intolerant patients. Martinez-Villaluenga and
Gomez (2007) reported that �-galactosidase activity for
mostly bifidobacteria strains was high, but B. lactis had in-
termediate activity. �-galactosidase is widely employed for
reduction of lactose content in milk products (Rhimi et al.,
2010), thereby fermented milk products are acceptable for
patients with lactose intolerance. Lactose is split by
�-galactosidase into glucose and galactose (Kandler, 1983).
The activity of �-galactosidase released from B. lactis can
be described as intermediate (Martinez-Villaluenga and
Gomez, 2007), which explain the results of the present
study. Evaluating the ability of B. lactis to assimilate added
lactulose and inulin, it was obvious that lactulose was most
suitable substrate for growing of bifidobacteria in milk.

This confirmed the results mentioned in literature about the
bifidogenic effect of lactulose in certain concentrations
(Palframan et al., 2002; Bouhnik et al., 2004) and the abil-
ity of bifidobacteria to assimilate lactulose (Saarela et al.,
2003). Semjonovs et al. (2004) reported that B. lactis is not
able to assimilate inulin. Biedrzycka and Bielecka (2004)
indicated that inulin assimilation decreases the inulin poly-
merisation degree and the degree of purity.

In conclusion, the enzymatic activity of bifidobacteria de-
termines nutritional value of fermented dairy products. The
addition of 2% lactulose resulted in significant increase of
some amino acids, such as leucine, phenylalanine, lysine
and arginine (P < 0.05), compared with the other treatment.
The presence of prebiotics resulted in decrease of choles-
terol level by 35% and lactose content by 31% in fermented
milk samples. The enzymatic activity of bifidobacteria can
be promoted by addition of lactulose and inulin to increase
the nutritional value of functional dairy products.
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Bifidobacterium lactis RAUDZÇTU PIENA PRODUKTU UZTURVÇRTÎBAS PAAUGSTINÂÐANA

Bifidobaktçrijas ir vienas no nozîmîgâkajâm un plaðâk lietotajâm probiotikâm piena produktu raþoðanâ, pateicoties to daudzveidîgajai
labvçlîgajai ietekmei. Bifidobaktçrijâm vairojoties, substrâtâ tiek izdalîti ðâdi enzîmi: aminopeptidâzes, galaktozidâzes, esterâzes, kuru
darbîbas rezultâtâ iegûst raudzçtu piena produktu ar paaugstinâtu aminoskâbju, zemâku holesterîna un laktozes saturu. Bifidobaktçriju
enzimâtiskâ aktivitâte pienâ nosaka raudzçtâ produkta uzturvçrtîbu. Tâ kâ daþâdu enzîmu aktivitâte ir atðíirîga, tad, pievienojot prebiotikas,
ir iespçjams veicinât enzîmu darbîbu, tâdçjâdi palielinot vai samazinot atseviðíu uzturvielu saturu gatavajâ produktâ. Pievienojot pienam
2% laktulozes, tika panâkts bûtisks (P < 0.05) atseviðíu aminoskâbju (leicîna, fenilalanîna, lizîna un arginîna) satura pieaugums raudzçtajâ
produktâ. Prebiotiku klâtbûtne nodroðinâja holesterîna satura samazinâjumu par 35% un laktozes satura samazinâjumu par 31% piena
fermentçðanâ. Pçtîjuma rezultâti pierâdîja, ka bifidobaktçriju enzimâtisko aktivitâti ir iespçjams veicinât, pievienojot noteiktâs
koncentrâcijas laktulozi un inulînu, paaugstinot raudzçto piena produktu uzturvçrtîbu.
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