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Fermented milk products find favour with public. 
Yoghurt production is the result of an arranged 
development of Streptococcus thermophilus and 
Lactobacillus delbrueckii subsp. bulgaricus, mi-
croorganisms that remain vital throughout the 
maintenance period (TORRIANI et al. 1997). Lactic 
acid production by the two genera combined is 
clearly superior to that by a single component. The 
growth of Streptococcus thermophilus is, in fact, 
stimulated by amino acids and peptides produced 
by Lactobacillus bulgaricus from milk proteins 
(TORRIANI et al. 1997). On the other hand, the 
growth of Lactobacillus bulgaricus is stimulated 
by the compounds produced by Streptococcus 

thermophilus, such as carbon dioxide and formic 
acid (ROSADO et al. 1992).

Fermented milk products represent a rich source 
of nutrients and may improve lactose digestion 
through splitting lactose into glucose and galac-
tose by bacterial enzymes (KOLARS et al. 1984). 
The transformation of lactose into lactic acid is 
the most significant phenomenon taking place 
during the fermentative process and is respon-
sible for almost all of the fermentation products 
(MARSHALL & TAMIME 1997). 

Fermented milk products also help enhance the 
immune system via modulation of the cellular im-
mune response through bioactive peptides whose 
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 TROJANOVÁ I.,  RADA V. (2005): Enzymatic activity in fermented milk products containing bifidobac-
teria. Czech J. Food Sci., 23: 224–229.

Streptococcus thermophilus, Lactobacillus delbrueckii subsp. bulgaricus and Bifidobacterium animalis strains 
were tested for α-galactosidase, β-galactosidase and α-glucosidase activities. Commercially available yoghurts 
with bifidobacteria were also tested. While bifidobacteria produced all the enzymes mentioned above, lactobacilli 
and streptococci exhibited only β-galactosidase activity. In yoghurts, only β-galactosidase was detected, while 
practically no α-galactosidase, and in one product only little α-glucosidase activities were exhibited. It could be 
concluded that the consumption of bifidobacteria via yoghurt has probably no substantial effect on the digestion 
of saccharides in the gut.
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activity may extend beyond the immune functions 
by some mechanisms still unclear. Proof now ex-
ists that fermentation products (MOLIN 2001), 
fermented milks (HELLER 2002), and probiotics 
used for fermentative purposes (CROSS et al. 
2001; HELLER 2001) may all contribute to health 
benefits, but clear study designs are needed to 
clarify the roles and specific domains for these 
activities. 

Lately, probiotics are added into yoghurts. A 
“probiotic”, by the generally accepted definition, 
is a “live microbial food and feed supplement 
which beneficially affects the host animal by im-
proving its intestinal microbial balance” (FULLER 
1997). “Pro-biotic” means “for life”, which already 
indicates the most essential property of probiotic 
cultures. This term was first used in the 1970s 
to describe naturally occurring microorganisms 
that could be beneficial to health when regularly 
consumed. Most probiotics are either lactobacilli 
or bifidobacteria.

Bifidobacteria are Gram-positive, non-spore-
forming, non-motile, anaerobic, irregular rods. 
The typical habitat of bifidobacteria is human, 
warm-blooded animals and honeybee intestinal 
tracts (SCARDOVI 1986). The genus Bifidobacterium 
constitutes a significant proportion of the probiotic 
cultures used in the food industry (SAAVEDRA et 
al. 1998; LANGHENDRIES et al. 1995). The employ-
ment of strains belonging to B. animalis, B. longum, 
B. bifidum and B. infantis as probiotic starter 
cultures is due to their important role played in 
the gut (MODLER et al. 1990; GIBSON & ROBER-
FROID 1995). They suppress harmful bacteria by 
controlling pH of the large intestine through the 
production of lactic and acetic acids (GIBSON et 
al. 1997). Bifidobacteria have antitumoral activity 
(REDDY & RIVENSON 1993; RASTALL & GIBSON 
2002) as well as anticholesterolemic (PEREIRA & 
GIBSON 2002) and immune system activation ef-
fects (MITSUOKA 1992). Other effects that have 
been ascribed to this genus are the alleviation 
of lactose intolerance, and vitamin production 
(HUGHES & HOOVER 1995; FOOKS et al. 1999).

In the fermentation process, lactose is trans-
ported via permease into the cell, where β-galac-
tosidase hydrolyses the disaccharide into glucose 
and galactose. Galactose is not fermented and is 
discharged out of the cell. Glucose, on the other 
hand, is rapidly phosphorylated and, by interven-
tion of aldolase, is converted to pyruvic acid in 
accordance with the glycolytic pathway. Pyruvic 

acid is then converted to lactic acid by lactate 
dehydrogenase (MARSHALL & COLE 1983).

The aims of this work were to assess the counts of 
bacteria in fermented milk products (total bacteria 
counts, bifidobacteria, streptococci and lacto-
bacilli) and to observe the enzymic activities, 
especially those of glycosidases (α-galactosidase, 
α-glucosidase, and β-galactosidase).

MATERIAL AND METHODS

Six commercial fermented milk products with 
probiotic cultures – Bi-Fi, Activia, Kefir ABT, 
Revital Active, Cultured milk, and Yogurt were 
tested. 

Enzymatic activity of pure cultures and fermented 
milk products was determined using API ZYM 
kit (BioMérieux, France). Yoghurt samples (3 ml) 
were suspended in the suspension medium (5 ml). 
After 24 h cultivation, 10 ml of pure bifidobacterial 
cultures were centrifuged for 10 min at 6000 rpm 
and the sediment was dissolved in 2 ml of the 
suspension medium. The solution was inocu-
lated (90 µl to each cup) onto an API ZYM strip. 
The inoculated strips were incubated 2 h at 37°C. 
The metabolic end products produced during 
the incubation period were detected by means of 
coloured reactions effectuated by the addition of 
reagents. The reactions were read according to 
the Reading Table.

Total counts of bacteria were determined using 
Wilkins-Chalgren agar (Oxoid, England), bifidobac-
teria counts using Tripticase-phytone-yeast extract 
(Sharlau, Spain) with the addition of mupirocin 
(100 mg/l) according to RADA and KOC (2000), 
streptococci counts using M17 agar (Oxoid, Eng-
land), and lactobacilli counts using Rogosa agar 
(Oxoid, England). The colonies of streptococci 
were counted and isolated after 24 h of cultivation 
at 37°C, and those of bifidobacteria, lactobacilli, 
and total bacteria after 48 h of cultivation. 

Pure cultures of Streptococcus thermophilus 
CCDM 55 and Lactobacillus delbrueckii ssp. bul-
garicus CCDM 40 were obtained from the Culture 
collection of dairy microorganisms (MILCOM, 
a. s., Prague). Bifidobacterium animalis was iso-
lated from yoghurt (Activia). The method of the 
F6PPK detection described by SCARDOVI (1986) 
and modified by ORBAN and PATTERSON (2000) 
was used for the identification of bifidobacterial 
isolate at the genus level. The isolate was cultivated 
anaerobically in an anaerobic chamber in 10 ml TPY 
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broth at 37°C for 24 h. The cells were harvested 
by centrifugation at 6000 rpm for 10 min. The 
pellet was washed twice with a phosphate buffer 
solution 1 (0.05M phosphate buffer, pH 6.5, plus 
cysteine 500 mg/l) and the cells were suspended 
in 1 ml of buffer. The cell membranes were dis-
rupted using the pretreatment with 0.4 ml CTAB 
detergent in the solution containing 0.45 mg CTAB 
in 1 ml of distilled water. After the pretreatment, 
0.25 ml of aqueous solutions containing sodium 
fluoride (NaF, 3 mg/ml) and potassium or sodium 
iodoacetate (5 mg/ml) were added. To that, 0.25 ml 
sodium fructose-6-phosphate (80 mg/ml in H2O) 
was added, the solution was vortexed and incu-
bated at 37°C for 30 min. Following the incubation, 
1.5 ml of hydroxylamine HCl (13 mg/100 ml) was 

added, the mixture was vortexed and allowed to 
incubate at room temperature for 10 min. One ml 
of TCA (15% w/v), 1.0 ml of 4N HCl and 1.0 ml 
of ferric chloride (FeCl × 6H2O, 5% w/v in 0.1N 
HCl) were added, and the mixture was vortexed. 
The development of a reddish-violet colour im-
mediately after shaking the tube indicated the 
presence of fructoso-6-phosphate phosphoketo-
lase (VLKOVÁ et al. 2002). Finally, the strain was 
identified at the species level using API 50 CHL 
and rapid ID 32 A tests (BioMérieux, France) fol-
lowed by computer analysis (http://kounou.lille.
inra.fr/bifidAppl.html). PCR by 16S rRNA gene 
sequence species-specific primers was used to 
confirm these results. The genomic DNA of the 
strain was extracted by heating at 100°C for 10 min 

Table 1. Enzymatic activity+ of fermented milk products and pure cultures

Fermented milk products Type of 
product

Days to 
expiration date α-galactosidase β-galactosidase α-glucosidase

Bi-Fi yoghurt
21 1 3 0
21 0 3 0
21 0 3 0

Activia yoghurt
19 1 3 1
19 0 3 1
16 0 1 1

Kefir ABT kefir milk
12 0 1 0
12 0 1 0

6 0 1 0

Revital Active yoghurt
14 0 2 0
18 0 3 0
18 0 4 0

Cultured milk cultured milk

6 1 1 0

6 0 1 0
10 0 1 0

Yogurt yoghurt
15 0 2 0
15 0 2 0
15 0 2 0

B. animalis* pure culture 5 4 5
Lactobacillus delbrueckii subsp. 
bulgaricus CCDM 40** pure culture 0 5 0

Streptococcus thermophillus 
CCDM 55** pure culture 0 4 0

*isolated from fermented milk products; **received from culture collection MILCOM, a. s.; +0 – negative reaction, 5 – ma-
ximum activity
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in 1% Triton X-100 (Sigma) (WANG et al. 1996). 
Amplifications were performed with a thermal 
cycler (Techne, Techgene, UK) as described by 
MATSUKI et al. (1999). PCR amplified products 
were analysed using 1% agarose gel electrophore-
sis at a constant voltage of 7 V/cm and visualised 
with ethidium bromide (0.5 µl) under UV light 
(wavelength 320 nm).

RESULTS AND DISCUSSION

The bifidobacterial isolate from Activia yoghurt 
was identified as Bifidobacterium animalis. The 
enzymatic activity of the fermented milk products 
and pure bacterial cultures are shown in Table 1. 
The API ZYM strip is composed of 20 cupules, spe-
cially designed for the study of enzymatic reactions. 
Three of them seem to be related to the presence 
of bifidobacteria: α-galactosidase, α-glucosidase, 
and β-galactosidase (CHEVALIER et al. 1990; RADA 
1997). Indeed, the pure culture of Bifidobacterium 
animalis had high activities of α-galactosidase, 
β-galactosidase, and α-glucosidase – enzymes 
characteristic for bifidobacteria. Lactobacillus 
delbrueckii subsp. bulgaricus and Streptococcus 
thermophilus had high β-galactosidase activities 
– characteristic enzyme for yoghurt culture.

Fermented milk products with probiotic cultures 
which had high β-galactosidase activities and low 
α-galactosidase activities were detected only in one 
case from three in Bi-Fi, Activia, Cultured milk. 
Only Activia yoghurt showed moderate α-glu- 
cosidase activity (Table 1). Low or no α-galac-
tosidase and α-glucosidase activities signify that 
bifidobacteria occurring in commercial products 

are not fully metabolically active and probably 
have no effects on lactose digestion in the gut. 
Probiotic fermented milk products tested in this 
study may improve lactose ingestion as the re-
sult of the presence of viable yoghurt bacteria 
(Streptococcus thermophilus, Lactobacillus del-
brueckii sp. bulgaricus). Medicoscientific criteria 
for probiotic bacteria include the resistance to 
gastric acid and bile, epithelial adhesion, growth 
and enzymatic activity in the gut, coaggregation 
ability, and antimicrobial activity (CHARTERIS 
et al. 1998; HASSAN & FRANK 2001). It seems 
that bifidobacterial strains currently used in milk 
industry have been selected rather according to 
the technological selection criteria which include 
rapid growth in inexpensive media, good survival 
during the product shelf life, and susceptibility 
to freezing or freeze drying with cryoprotection 
(MARSHALL & TAMINE 1997). The use of bifido-
bacteria in the form of lyophilised powder for the 
production of fermented milk product could be 
the reason for the low enzymatic activity of these 
bacteria in this environment. Even high bifidobac-
terial counts in yoghurt (Activia) did not result 
in α-galactosidase and α-glucosidase occurence 
in the product. It seems that bifidobacteria were 
viable but not metabolically active.

Bacterial counts determined in commercial fer-
mented milk products are shown in Table 2. Bifi-
dobacteria counts are between 5.15 and 8.62 log 
CFU/ml. Official announcement No. 77/2003 (Milk 
and dairy products) set bifidobacterial counts to 
106 CFU/ml in product. These values were observed 
only in Activia, cultured milk (in two cases from 
three) and Yogurt (in one case from three).

Table 2. Counts of streptococci, lactobacilli, bifidobacteria

Bacterial counts (log CFU/1 ml)

streptococci lactobacilli bifidobacteria

Bi-Fi  9.15 ± 0.27* 5.61 ± 0.66 5.81 ± 0.02

Activia 8.09 ± 0.18** 6.36 ± 0.32 8.50 ± 0.10*

Kefir ABT 7.20 ± 0.07*** 6.25 ± 0.06 5.43 ± 0.41

Revital Active  8.29 ± 0.06** 6.40 ± 0.15 5.41 ± 0.18

Cultured milk  7.16 ± 0.43*** 6.34 ± 0.30 6.03 ± 0.77

Yogurt 6.76 ± 0.14*** 6.54 ± 0.21 5.59 ± 0.68

*, **, ***values in columns with different asterisks significantly differ (P < 0.05); all values are means from triplicate deter-
mination ± S.D. of log CFU/ml
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