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ABSTRACT: In order to improve the gut microbiome of calves, probiotic bacteria can be fed as active living-
cells (fermented milk), or as live but inactive (freeze-dried) cultures. Ten bifidobacterial strains with suitable 
probiotic properties (as determined in our previous study) were tested for survival during the freeze-drying 
process, and screened for their ability to ferment cow’s milk. The viability of both freeze-dried and live-cell 
cultures during storage was also tested. All of the strains tested were able to ferment cow’s milk, with average 
counts of 8.26 ± 0.62 log CFU/ml. Eight out of the ten strains were able to survive in milk for 2 months in 
counts higher than 106 CFU/ml. Bifidobacteria showed high viability following the freeze-drying process, with 
average numbers of 9.03 ± 0.22 log CFU/vial and did not decrease after 12 months of storage. The mixture of 
rifampicin-resistant variants of bifidobacteria (RRBs) was fed to 2-day-old dairy Charolais calves in the form 
of living-cells, or as freeze-dried bacteria. The control group was given no probiotics. Survival of the RRBs 
administered and the numbers of other bacterial groups in faecal samples was monitored by culturing. Bifi-
dobacteria that were administered passed successfully through the upper parts of the gastrointestinal tract, 
and were found in numbers higher than 109 CFU/g for two weeks. RRBs colonized the intestines of calves for 
at least 63 days in both treatment groups. Significantly higher total counts of bifidobacteria were found in the 
treated groups, compared to the control group. Reduction in Escherichia coli and total coliforms numbers, and 
an increase in lactobacilli counts were observed in both experimental groups following the application of the 
probiotic mixtures. Our results show that both forms of administering probiotic bifidobacteria to calves are 
effective, but that the freeze-dried form is more suitable from a practical viewpoint.
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INTRODUCTION

Antibiotics have been used to prevent and control 
intestinal infections in young ruminants for many 
years. However, the widespread usage of antibiotics 
in livestock has led to antibiotic residues found 
in animal products, and increased the emergence 
of drug-resistant bacteria in human beings (Abu-
Tarboush et al. 1996). In addition to the need to 
reduce infectious disease in cattle, other important 
aspects are considered, including animal welfare, 

quality control of animal products, public health 
issues, and odours from animal farms, which are 
related to the gastrointestinal microbiota, and 
need to be addressed (Awati 2014). Therefore, 
there is a need to replace antibiotics in animal 
feeds with other additives that would positively 
influence the composition of intestinal microbiota 
and improve livestock health. Many additives have 
been proposed for these purposes (Roodposhti and 
Dabiri 2012; Del Razo-Rodriguez et al. 2013; Hu et 
al. 2014). One strategy becoming more common 
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with cattle is the administration of probiotics. 
Probiotics are defined as “live microorganisms 
which, when administered in adequate amounts, 
confer a health benefit on the host” (FAO/WHO 
2002). Many studies have focused on the effect of 
probiotic applications on growth performance and 
animal health (Timmerman et al. 2005; Frizzo et 
al. 2010). A meta-analysis conducted by Frizzo et 
al. (2011) showed that probiotics increase body 
weight gain and improve feed efficiency. Recent 
research has demonstrated that the effects of 
probiotic bacteria can reach far beyond the gas-
trointestinal tract. Documented benefits include 
decreased mortality, improved immune function, 
and increased milk production (Maamouri et al. 
2014). Although the positive impact of probiotic 
preparations has been clearly demonstrated, stud-
ies focused specifically on the ability of applied 
probiotic bacteria to colonize the intestinal tract 
are limited.

Different microorganisms are used as probiot-
ics in ruminants. More than 60 bacterial, fungal, 
and yeast species are available for commercial 
use. Frequently used probiotic microorganisms 
include strains of lactic acid bacteria, Propioni-
bacterium spp., E. coli, Saccharomyces yeast, and 
undefined mixed culture (Simon et al. 2001). Se-
lection of suitable probiotic species is dependent 
on the age of the host. The rumen of dairy calves 
is not developed yet; therefore, probiotics are 
selected to target the intestines. Bifidobacteria 
and lactobacilli are suitable probiotic bacteria 
for calves, as these genera are an important part 
of their intestinal microbiota (Uyeno et al. 2010). 
Thus, it is an appropriate strategy to attempt to 
increase the counts of these potentially benefi-
cial bacteria of young ruminants. Some strains 
of bifidobacteria are host-specific (Bunesova et 
al. 2014). Therefore, it is important for the donor 
and recipient animals to be of the same species. 
Probiotic strains can be administered as active 
living-cells or in an inactive form, including spray-
dried, frozen, or freeze-dried microorganisms. 
All listed variants have been verified as suitable 
for preservation and distribution of probiotics 
(Carvalho et al. 2004). 

In a previous study from our group, in vitro tests 
were used to identify specific strains of bifido-
bacteria originating in calves as having suitable 
functional properties to act as probiotics. These 
strains temporarily colonized the gastrointesti-

nal tract of calves after their administration in 
fermented milk (Vlkova et al. 2010). However, 
for the large-scale application of bifidobacteria 
to calves, a freeze-dried variant of the bacteria 
is preferred. The question is whether the form, 
in which the probiotics are administered, would 
affect their ability to colonize the digestive tract 
of calves. Therefore, the aim of this study was to 
compare the survival ability of bifidobacteria in 
the gastrointestinal tract, applied to 2-day-old 
dairy calves in the form of live-cells or as freeze-
dried bacteria.

Material and Methods

Bifidobacterial strains used and determina-
tion of stability in fermented milk or during 
storage as freeze-dried cultures. Bifidobacte-
rial strains administered to calves in this study 
were collected in a previous experiment (Vlkova 
et al. 2010). Briefly, bifidobacteria were isolated 
from faecal samples of calves during the milk-
feeding period and characterized by in vitro tests. 
Ten strains with suitable physiological properties 
were identified by sequencing the 16S rRNA gene. 
Six strains were identified as B. animalis subsp. 
animalis (strains code: 023 II, 805 P4, 012 II1, 
017 III, 805 III, 813 P2), two as B. thermophilum 
(strains code: 017 III2, 025 II), one strain was 
identified as B. longum subsp. suis (strain code: 022 
II), and one as B. choerinum (strain code: 023 I2). 
We then generated rifampicin-resistant mutants 
(RRBs) from these strains, using a gradient plate 
technique. No differences in physiological and 
biochemical characteristics were found between 
RRBs and the original strains (Vlkova et al. 2010). 
Rifampicin resistance is rare among bifidobacteria 
and enabled us to differentiate microorganisms 
administered for the study from the endogenous 
wild-type strains (Rada et al. 1995).

Bifidobacterial strains were screened for their 
ability to ferment cow’s milk and survive under 
these culture conditions. Milk was prepared from 
low-fat dried milk (10 g/100 ml of distilled water), 
10 ml aliquots were distributed into tubes, boiled 
for 30 min, hermetically closed, and cooled to 
37°C. Overnight growth cultures were inoculated 
at about 1 × 107 CFU to the milk, the milk was 
anaerobically fermented for 24 h at 37°C, and bifi-
dobacterial counts were determined by anaerobic 
cultivation on modified Wilkins-Chalgren agar 
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(Oxoid, Basingstroke, UK) supplemented with 
soya peptone (5 g/l; Oxoid). Fermented milk was 
stored at 4°C and survival of bifidobacteria was 
determined at approximately one-week intervals 
for 6 months by cultivation as described above.

The ability of bifidobacteria to survive the 
freeze-drying process was tested as follows. Ten 
ml of overnight cultures at density of 108 CFU/ml 
were collected by centrifugation and resuspended 
in 10 ml of 10% skim-milk, which served as a 
lyoprotectant. Glass vials with 10 ml of bacterial 
suspensions were frozen to –75°C for 30 min, 
freeze-dried (HetoPowerDry LL3000, Thermo 
Fisher Scientific, Waltham, USA) under vacuum for 
24 h, and hermetically closed with rubber stoppers 
before opening the drying chamber. Freeze-dried 
bifidobacteria were kept at room temperature, and 
their survival during storage was monitored in 
three-month intervals for 12 months by cultiva-
tion on modified Wilkins-Chalgren agar (Oxoid) 
supplemented with soya peptone (5 g/l; Oxoid). 
For each analysis, a new vial with freeze-dried 
bacteria was used. 

Animals, bacteria administration, and sam-
pling. Bifidobacteria were administered to 2-day-
old Charolais calves from a local farm (“Chov 
Charolais”, Slabce, Czech Republic). There were 
two experimental groups. In the first group (fer-
mented milk; FM), eight animals were fed from 
bottle with a single dose of a mixture of ten 10% 
skim-milk cultures (10 ml) fermented by the 10 dif-
ferent RRBs strains listed above. The total amount 
of fermented milk fed was 100 ml, and contained 
approximately 1010 bifidobacterial cells. The sec-
ond experimental group (lyophilized bacteria; 
LB) also comprised eight animals, and they were 
fed from bottle with a single dose of the mixture 
of freeze-dried bacteria, resuspended in 100 ml 
of 10% skim-milk immediately before feeding. 
Identically to the FM group, 109 of each of the 
10 strains of RRBs were administered, for a total 
dose of 1010 cells. Eight calves from the same farm 
with no probiotic treatment were used as a control 
(C). All groups were housed separately, and none 
of the animals (both calves and their dams) in this 
study was treated with antibiotics, coccidiostats or 
other inhibitory substances. Calves were housed 
with their dams, and suckled with no additional 
feed. Water was available ad libitum.  

Survival of administered RRBs and other bacte-
rial groups was monitored in faeces of all calves 

included in experiment by cultivation. Faecal sam-
ples were collected from the rectum using sterile 
gloves, transferred to a tube with Wilkins-Chalgren 
broth (Oxoid), and transported within 2 h to the 
laboratory. Samples were collected from 2-day-old 
calves and animals were re-sampled at 5, 10, 14, 
21, 35, 49, and 63 days of age. 

Microbiological assays. Samples were serially 
diluted in the Wilkins-Chalgren broth (Oxoid) 
under anaerobic conditions. RRBs were enumer-
ated using Wilkins-Chalgren agar (Oxoid) supple-
mented with soya peptone (5 g/l; Oxoid), l-cystein 
(0.5 g/l; Sigma-Aldrich, St. Louis, USA), Tween 
80 (1 ml/l; Sigma), mupirocin (100 mg/l; Merck, 
Kenilworth, USA), rifampicin (80 mg/l; Sigma), 
and glacial acetic acid (1 ml/l). Total bifidobacte-
rial counts were determined by the same medium 
without rifampicin (Rada and Petr 2000), and total 
anaerobes were cultivated on Wilkins-Chalgren 
(Oxoid). Anaerobic bacteria were incubated in 
anaerobic jar (Anaerobic Plus System, Oxoid) at 
37°C for 72 h. To enumerate lactobacilli, cells were 
cultured on Rogosa agar (Oxoid) adjusted to pH 
5.4 ± 0.2 with acetic acid, and plates were incu-
bated under micro-aerophilic conditions at 37°C 
for 72 h. To create micro-aerophilic conditions, the 
first agar layer was covered with a second layer of 
Rogosa agar, before incubation. For enumeration 
of E. coli and total coliforms, 0.1 ml of a diluted 
sample was inoculated to Petri dishes with TBX 
agar (Oxoid), and spread using sterile glass rods. 
Plates were incubated aerobically at 37°C for 24 h.

Statistical analyses. Bacterial counts were 
expressed as the mean with standard deviation. 
Analysis of variance (one way ANOVA) was applied 
to determine the statistical significance between 
tested groups of calves with a 95% confidence in-
terval. Scheffe’s method (post-hoc test) was used 
to determine differences between tested groups. 
The Shapiro-Wilk test was used to test normality 
of the population. The results were processed us-
ing STATISTICA  software (Version 12.0, 2013).

Results

Bifidobacteria survival in fermented milk or 
when stored as freeze-dried cultures. The tested 
bifidobacteria showed good ability of growth in 
cow’s milk and after 24 h of cultivation in milk they 
were present in counts ranging from 7.02 to 9.41 log 
CFU/ml, with an average of 8.26 ± 0.62 log CFU/ml.  
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Eight out of 10 strains survived in fermented 
milk for 2 months with counts > 106 CFU/ml;  
one strain (025 II) attained this level for only 12 days, 
and one (strain 805 P4) survived for 26 days with 
counts >106 CFU/ml. Viability higher than 106 CFU/
ml for 4 months was observed for five of the strains.

Resistance to the freeze-drying process and the 
stability of lyophilized cultures during storage was 
similarly assayed. Immediately following freeze-
drying (approximately 109 CFU of each strain was 
freeze-dried), bacterial numbers varied between 
8.84 and 9.35 log CFU/vial, with an average of 
9.03 ± 0.22 log CFU/vial. Bacterial viability dur-
ing storage at room temperature was stable for 
the duration of the study. The means of bacterial 
counts were 8.80 ± 0.13, 8.78 ± 0.38, 8.80 ± 0.47, 

and 8.93 ± 0.50 log CFU/vial, after 3, 6, 9, and 
12 months, respectively.

Enumeration of faecal bacteria from calves and 
detection of administered bifidobacteria. The 
counts of RRBs and additional groups of bacteria 
determined from faecal samples collected from all 
experimental calves are shown in Table 1. Approxi-
mately 107 CFU/g of bifidobacteria were detected in 
the faeces of 2-day-old calves in both experimental 
groups, which was significantly (P < 0.05) lower 
than numbers of bifidobacteria detected in control 
calves. Three days following administration of the 
probiotic mixtures, the numbers of bifidobacteria 
increased to 9.95 log CFU/g, as detected in the 
FM group, and to 9.55 log CFU/g in the LB group 
(Table 1). These counts were significantly (P < 0.05) 

Table 1. Bacterial counts (log CFU/g ± SEM, n = 8) in faeces of calves fed a mixture of lyophilized bacteria (LB) or 
fermented milk (FM), and of calves in the untreated control (C) group at various times of experiment

Age (days) Group Total anaerobes Bifidobacteria RRBs Lactobacilli E. coli Coliforms

2
FM 10.01 ± 0.39A 7.03 ± 0,02A < 2.00 6.11 ± 1.84A 8.99 ± 0.10A 9.02 ± 0.14A

LB 9.49 ± 0.21A 7.03 ± 0.01A < 2.00 6.48 ±0.18A 8.58 ± 0.07AB  8.68 ± 0.11A

C 9.59 ± 0.01A 7.83 ± 0.31B < 2.00 7.41 ± 0.60A 8.05 ± 0.22B 8.52 ± 0.07A

5
FM 10.68 ± 0.21A 9.95 ± 0.03A 9.79 ± 0.32A 9.08 ± 0.23A 8.50 ± 0.34A 9.14 ± 0.07A

LB 10.10 ± 0.13AB 9.55 ± 0.46A 9.60 ± 0.35A 8.30 ± 0.47A 8.81 ± 0.10A 8.98 ± 0.01A

C 9.31 ± 0.36B 7.83 ± 0.36B < 2.00 7.95 ± 0.64A 8.58 ± 0.31A 8.92 ± 0.10A

10
FM 10.42 ± 0.15A 9.46 ± 0.40A 9.41 ± 0.14A 8.90 ± 0.31A 7.92 ± 0.45A 8.53 ± 0.33A

LB 10.10 ± 0.28A 9.36 ± 0.13A 9.29 ± 0.15A 9.09 ± 0.00A 8.03 ± 0.07A 8.91 ± 0.07A

C 10.03 ± 0.26A 9.12 ± 0.66A < 2.00 8.68 ± 0.31A 9.03 ± 0.26A 9.10 ± 0.18A

14
FM 10.34 ± 0.22A 9.40 ± 0.31A 9.15 ± 0.00A 8.83 ± 0.14A 8.08 ± 0.13A 8.31 ± 0.16A

LB 10.20 ± 0.07A 9.22 ± 0.01AB 9.15 ± 0.23A 9.12 ± 0.05A 8.05 ± 0.35A 8.69 ± 0.63A

C 10.10 ± 0.02A 8.51 ± 0.19B < 2.00 8.95 ± 0.20A 8.33 ± 0.11A 8.97 ± 0.08A

21
FM 10.41 ± 0.16A 9.16 ± 0.49A 8.86 ± 0.52A 8.14 ± 0.24A 8.31 ± 0.13A 8.41 ± 0.15AB

LB 10.25 ± 0.44A 9.20 ± 0.16A 9.13 ± 0.14A 8.75 ± 0.29A 7.41 ± 0.07B 7.49 ± 0.07B

C 10.13 ± 0.02A 8.53 ± 1.01A < 2.00 8.50 ± 0.51A 8.57 ± 0.05A 9.16 ± 0.41A

35
FM 9.95 ± 0.03A 7.60 ± 0.00A 7.33 ± 0.19A 8.13 ± 0.36A 8.21 ± 0.01A 8.23 ± 0.02A

LB 9.76 ± 0.04A 8.21 ± 0.13B 8.04 ± 0.16B 8.92 ± 0.16A 5.90 ± 0.01B 6.19 ± 0.18B

C 9.90 ± 0.02A 6.16 ± 0.03C < 2.00 8.11 ± 0.54A 8.60 ± 0.23A 8.62 ± 0.21A

49
FM 9.40 ± 0.09A 7.30 ± 0.30AB 5.78 ± 0.03A 8.44 ± 0.10A 7.39 ± 0.60A 7.66 ± 0.07A

LB 9.30 ± 0.11A 8.04 ± 0.46A 6.00 ± 0.12A 8.32 ± 0.06A 6.08 ± 0.21A 6.22 ± 0.12A

C 9.10 ± 0.26A 6.12 ± 0.14B < 2.00 7.73 ± 0.55A 7.61 ± 0.07A 7.67 ± 0.27A

63
FM 9.05 ± 0.04A 7.07 ± 0.12A 5.29 ± 0.58A 7.63 ± 0.09A 7.15 ± 0.05A 7.19 ± 0.05A

LB 9.11 ± 0.01A 7.56 ± 0.09A 5.55 ± 0.34A 7.96 ± 0.23A 6.19 ± 0.01A 6.42 ± 0.00A

C 9.21 ± 0.58A 5.58 ± 0.24B < 2.00 8.13 ± 0.13A 7.68 ± 0.30A 7.82 ± 0.31A

RRBs = rifampicin-resistant variants of bifidobacteria
A–Cvalues in columns at the same age with no common superscripts significantly differ (P < 0.05)
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higher compared to the control group (7.83 log 
CFU/g) (Table 1). Numbers of total bifidobacteria 
were higher in both experimental groups than in 
the control for the duration of the study; statisti-
cal significance for the differences was observed 
for days 5, 14, 35, 49, and 63. Non-significantly 
higher counts of bifidobacteria were seen in the 
FM group, in comparison with LB group, for the 
first 3 sampling dates after treatment. Thereafter, 
bifidobacteria were consistently more numerous in 
the LB group through to the end of the study, with 
a significant difference on day 35. No RRBs were 
detected in faecal samples from all calves before 
their administration, or in the control group for 
the duration of the study. The RRBs administered 
demonstrated robust survival in the gastrointestinal 
tracts of calves in both experimental groups; three 
days after application, RRBs reached counts of 
9.79 and 9.60 log CFU/g in the FM and LB groups, 
respectively (Table 1). Their levels gradually de-
creased as the trials continued, but 2 months fol-
lowing treatment, RRBs were still found in numbers 
higher than 105 CFU/g. RRBs were more numerous 
in the FM group on days 5 and 10; thereafter, the 
numbers were identical until day 21 of the experi-
ment, where RRBs showed higher number in LB 
group, and remained higher until the end of the 
study. The difference was significant only on day 35. 

Total anaerobic bacteria were found in similar 
numbers in all calves, reaching a maximum on 
day 5 in the FM group, and on day 21 in the LB 
and control groups. The highest counts were 
found in calves fed fermented milk during the 
whole experiment, and the numbers were signifi-
cantly (P < 0.05) higher compared to the control 
group on day 5. Lactobacilli were present in the 
lowest numbers in 2-day-old calves, and their 
counts increased rapidly, particularly in both 
experimental groups 3 days following bifidobac-
teria application. Numbers were relatively stable 
during the whole experiment reaching counts 
between 7.63 and 9.12 log CFU/g (Table 1). The 
numbers of lactobacilli exceeded bifidobacteria 
in the control group on days 5 and 14, and in all 
groups from 35-day-old calves. Coliform bacteria, 
including E. coli, varied in counts between 108 
and 109 CFU/g in the first 2 weeks of the calves’ 
life. Decreasing numbers were measured, start-
ing from the 3rd week of life in calves treated 
with lyophilized bacteria (LB group); a similar 
reduction of coliforms was delayed in the FM 

and control groups on day 49. On days 21 and 
35, significantly (P < 0.05) lower counts of E. coli 
and total coliforms in the LB group compared to 
both the FM and control groups were detected.

DISCUSSION

Probiotic bacteria may be applied to a host as 
active living-cells, or as inactive, usually freeze-
dried, cells (Fasoli et al. 2003). Because milk is an 
appropriate nutritive source for microbial growth 
(Quigley et al. 2013), one way to administer probi-
otics to calves is by feeding them milk fermented 
by probiotic cultures. After the fermentation pro-
cess and during the storage period, the number of 
probiotic microorganisms in the product should 
remain at least at 106 CFU/ml to achieve the de-
sired functions in the gut (Vinderola et al. 2000). 
All bifidobacteria tested in this study were able 
to ferment cow’s milk, reaching counts higher 
than 107 CFU/ml, and most of the strains tested 
remained viable at the required levels for at least 
2 months. The advantage of using fermented over 
non-fermented (sweet) milk is that the milk is 
preserved for several weeks by bacterial acidi-
fication (Bayram et al. 2007). A disadvantage of 
feeding probiotics in the fermented milk form is 
the large volume required, compared to freeze-
dried probiotics. Expanding interest in the usage 
of probiotics as a regular contributor to livestock 
nutrition has placed greater emphasis on promoting 
high cell viability during storage, and maintaining 
this high activity at the site of action. A suitable 
approach for probiotics preservation is freeze-
drying (Carvalho et al. 2004), but this process 
sometimes causes the loss of bacterial viability 
due to ice crystal formation and rupture of cell 
membranes (Poddar et al. 2014). The viability of 
dried bacteria depends also on the method used 
for their rehydration (Champagne et al. 2010). Our 
results indicate that the bifidobacteria tested were 
resistant to the freeze-drying process, and their 
viability was stable for at least one year. Moreover, 
bacteria fed to calves passed the upper parts of the 
gastrointestinal tract successfully, and colonized 
the gut for more than 2 months.

Numerous studies have reported beneficial effects 
of probiotics on the health status and performance 
of calves (Mudgal and Baghel 2010; Bayatkouhsar 
et al. 2013; Qadis et al. 2014; Soto et al. 2014). 
Most of the experiments showed increased weight 
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gain and improved feed conversion ratios, but 
few studies also monitored a long-term survival 
of the probiotics administered. Moreover, a de-
tailed description of inoculum used in studies was 
often missing. Therefore, our study was focused 
on monitoring the persistence of bifidobacteria 
fed to calves in faecal samples. Bifidobacteria 
administered in both forms (as active live-cells 
in fermented milk or as freeze-dried inactivated 
cells) showed high survivability in the gastroin-
testinal tract, being found in faecal samples in 
numbers higher than 107 CFU/g five weeks after 
the treatment. It has been suggested that some 
components of milk, especially milk proteins, 
enhance the survival of bacterial strains under 
different conditions (Livney 2010; Saxelin et al. 
2010). Therefore, the administration of probiotics 
in milk, or as bacteria freeze-dried using milk as 
a cryoprotectant, may help improve their survival 
in the digestive tract. Rochet et al. (2008) assessed 
the survival of B. animalis in adults after ingestion 
in fermented milk or as a freeze-dried product. 
The gastrointestinal survival of the strain tested 
was equally good for both applications. Our results 
showed that there were significant differences in 
the survival of bacteria if administered live or 
freeze-dried. Bifidobacteria were found in faecal 
samples in higher counts after their application 
in fermented milk, 14 days after treatment. From 
day 21 there was a higher number of bifidobacteria 
in the freeze-dried group than in the fermented 
milk group. This difference was probably due to 
the form of administration, as freeze-dried bac-
teria need time for re-activation in the intestine. 
The osmotic conditions and pH of the intestine, 
and the availability of an appropriate nutritional 
energy source may affect the rate of recovery to 
a viable state (Costa et al. 2000).

The total numbers of bifidobacteria in the calf 
faeces samples rapidly increased after the admin-
istration of RRBs strains in both treatment groups. 
An increase was also measured in the control group, 
but at later times in the study. The counts of bifi-
dobacteria in both experimental groups were sig-
nificantly higher than counts in the control group 
during the whole study, except for day 2. We ad-
ditionally observed the effect of administration 
of bifidobacteria on other bacterial groups in the 
digestive tract of calves. One group of intestinal 
bacteria we examined were lactobacilli, as they are 
also probiotic bacteria, and a common constituent 

of the intestinal microbiota of calves (Maldonado et 
al. 2012). Three days after the application of probi-
otics, the number of lactobacilli was insignificantly 
higher in both experimental groups compared to 
the control, but the differences were not significant 
(Table 1). This finding is consistent with the results 
obtained by Vlkova et al. (2009), who observed a 
slight increase in lactobacilli numbers after feeding 
bifidobacteria to lambs.

Coliform bacteria, particularly E. coli, are caus-
al agents of diarrhoea in calves and it is there-
fore desirable to reduce their numbers (Moore 
2004). In this study, faecal samples from calves 
fed freeze-dried bifidobacteria had significantly 
lower numbers of coliform bacteria and E.coli 
on days 21 and 35, compared to untreated calves 
and calves treated with probiotic fermented milk 
(Table 1). The group receiving fermented milk 
also had non-significantly lower counts of E. coli 
and coliforms in their faecal samples, compared to 
the control group, after the 5th day of life. Rood-
poshti and Dabiri (2012) reported similar results 
after administration of a multi-strain probiotic 
mixture to calves, finding significantly reduced 
E. coli numbers in faeces compared with untreated 
controls. Two mechanisms by which probiotic mi-
croorganisms can reduce E.coli and other bacteria 
present in the environment have been proposed. 
One is the production of inhibitory substances 
by probiotic bacteria. Bifidobacteria are able to 
synthesize organic acids, and some strains also 
produce bacteriocins (Martinez et al. 2013). The 
second proposed mechanism of probiotic action 
against pathogenic or potentially pathogenic bac-
teria is competitive inhibition of adherence to the 
intestinal mucus and epithelial cells (Roodposhti 
and Dabiri 2012).

CONCLUSION

Experimental data from in vivo testing of bifido-
bacteria administration as a freeze-dried product 
or in fermented milk demonstrated that both forms 
of probiotics are suitable for feeding to calves. 
At least some strains from the bifidobacterial 
mixture applied in this study were stable during 
gastrointestinal passage, and were able to colonize 
the digestive tract of calves for at least 63 days. 
Nevertheless, due to a longer shelf life, and the 
possibility to feed probiotics in smaller volumes, 
the freeze-dried form of bacteria is preferable.
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