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Abstract
The aim of this study was to evaluate the effects of the administration of a species-specific probiotic 
(Lactobacillus animalis SB310, Lactobacillus paracasei subsp. paracasei SB137 and Bacillus coagu-
lans SB117 in a 30:35:35 ratio, respectively; 1.8 × 1010 CFU/g of powder) on gut microbial balance, 
immune response and growth performance of Holstein female calves during the first month of life. 
Twenty-two calves were divided into two experimental groups from 2 to 28 days of life: control 
(C), fed with milk replacer and concentrate as a basal diet, and treatment (T), fed C diet plus  
1 g/calf/day of probiotic powder for the first month of age. Faecal and blood samples were individ-
ually collected and analysed weekly. Individual faecal score was recorded daily and general health 
score was calculated at the end of the trial. Cell-mediated immune response was evaluated by skin 
test at 7 and 28 days of life. Milk replacer and concentrate intake were recorded daily, while body 
weight and biometrical parameters were recorded at 2, 8, 14, 21 and 28 days of life, thus average 
daily gain and feed conversion rate were calculated. During the first week of treatment, lower 
blood eosinophil percentage (0.05% vs. 0.22%; P≤0.01) was found in T group, while basophils 
were higher in T than C group at the end of the trial (0.21% vs. 0.16%; P≤0.05). Higher faecal 
lactic acid bacteria (LAB)/E. coli ratio on day 28 of life (3.73 log CFU/g vs. 2.02 log CFU/g; P≤0.05) 
and lower incidence of diarrhoea were found in the treated group (63.30% vs. 70.71%; P=0.05). 
Body weight (48.92 kg vs. 46.92 kg; P≤0.05), total concentrate intake (14.77 kg vs. 12.56 kg on dry 
matter basis; P≤0.05), and heart girth (81.16 cm vs. 78.49 cm; P≤0.05) were significantly higher in  
T group. The administration of the probiotic during the first month of life improved gut micro-
biota and increased the growth performance and some biometric parameters of calves.

Key words: calf, health status, growth performance, intestinal microbial balance, species-specific 
probiotic

*The present trial was funded through the Plan for Research and Development of the Lombardy 
Region (2007–2009), DG Agriculture, d.g.r. 8/3620, Italy (Project No. 1340 “Study and evaluation of  
a species-specific probiotic for veal calves” (BIOVAPRO)).
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Calf health is a critical factor linked to the economics of intensive breeding: 
health in the first weeks of life is strictly linked not only to the mortality rate, but also 
to the impact on morbidity with increased antibiotic and feed costs (Chaucheyras- 
-Durand and Durand, 2010; Gaggìa et al., 2010). 

In the first month of life, calves possess an extremely unstable intestinal microbiota 
(Lucàs et al., 2007) and are easily susceptible to the proliferation of pathogenic mi-
croorganisms that frequently lead to gastrointestinal diseases, particularly diarrhoea, 
with low digestion rates and reduced absorption of nutrients as a result (Signorini et 
al., 2012). Calf diarrhoea and intestinal diseases are often treated by antibiotics or 
other antimicrobial agents, but this could lead to serious and alarming consequences 
such as the development of antimicrobial resistance among the microbial population. 
In recent years, it was stated that the improvement of immune status and health of 
livestock by different dietary additives or compounds could be effective to prevent 
mass antibiotic treatments (Gaggìa et al., 2010; Savoini et al., 2010; Sun et al., 2010; 
Sun et al., 2011). It is well known that feeding calves with probiotics, especially lac-
tic acid bacteria (LAB) (Corcionivoschi et al., 2010; Morrison et al., 2010; Riddel et 
al., 2010), improves gut health with a subsequent increase in digestion efficiency and 
thus better growth performance (Frizzo et al., 2010; Kawakami et al., 2010; Frizzo et 
al., 2011 a). In addition, the synergism in multispecies-multistrain probiotics seems 
to be more effective than monostrain products (Timmerman et al., 2005, 2004). In a 
previous work, we focused on the activity of isolated-lactic acid bacteria from veal 
calf faeces; thus it was possible to design a species-specific multistrain probiotic 
composed of Lactobacillus animalis SB310, Lactobacillus paracasei subsp. paraca-
sei SB137 and Bacillus coagulans SB117 at an inclusion rate respectively of 30%, 
35%, and 35% of the probiotic formulation that was successfully tested for in vitro 
antimicrobial activity towards different potentially pathogenic bacteria and multire-
sistant Escherichia coli (Ripamonti et al., 2009, 2011, 2013). This probiotic was then 
administered to calves from 15 days of life until 6 months of life with positive results 
on health status and growth, but no information on the effectiveness of the experi-
mental compound has been collected during the early stages of life, when most of the 
gut-related diseases can occur (Frizzo et al., 2011 b). Providing better health status 
in the very first weeks of life could lead to subsequent increased growth perform-
ance in both male and female calves. Thus, the aim of this study was to evaluate the 
effects of the administration of the same probiotic, in 2-day-old calves until the first 
month of life, with particular interest on gut microbial balance, immune response and 
growth performance.

Material and methods

Design of the experiment
A total number of 22 Holstein female calves were randomly divided into 2 homo-

geneous groups on the basis of body weight from the second day of life until 28 days 
of age: control group (C), fed with a standard milk replacer/concentrate diet, and 
treated group (T), fed with the same diet supplemented with 1 g/calf/day of probiotic 
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powder added to the morning milk feeding bucket (L. animalis – L. paracasei –  
B. coagulans, with final concentration of 1.8 × 1010 CFU/g in the powder). Each calf 
was placed in individual outdoor boxes (2.00 × 1.25 m), with free access to water. 
Calves were fed individually twice a day (7.00 am – 17.00 pm), with non-medicated 
milk replacer (22.5% crude protein, 18% fat, 9.0% ashes, 1.75% lysine, 0.55% me-
thionine and 0.50% cysteine on dry matter basis). The milk powder (130 g/l) was 
reconstituted in hot water (65°C) and fed at a temperature of 39°C in the bucket. 
Initial amount of milk replacer was 4 l/calf/day, reaching 5 l/calf/day at the end of 
the trial; refusals were determined for each feeding. Starting from the second day 
of life a commercial pelleted concentrate composed of wheat bran, soybean meal, 
and flaked corn (20.28% crude protein, 4.38% crude fat, 30.01% NDF on dry mat-
ter basis) was offered ad libitum from a bucket. On days 2, 8, 14, 21 and 28 of life 
individual samples of blood and faeces were collected, while on day 8 and 28 skin 
test was performed on each calf. Individual faecal score (FS), incidence of diarrhoea 
and antibiotic treatments were recorded daily and general health score (GHS) was 
subsequently calculated. Moreover, on days 2, 8, 14, 21 and 28 of life body weight 
(BW) and biometric parameters were determined, and average daily gain (ADG) 
calculated. Individual daily milk replacer and concentrate intake was recorded and 
feed conversion rate (FCR) calculated on a weekly basis.

Haematological parameters
Blood samples from jugular vein were individually collected into 10 ml lithium 

heparin vacuum tubes (Terumo Venosafe 10 ml VF-109SHL, Terumo Europe L.V., 
Leuven, Belgium) at 2, 8, 14, 21, and 28 days of life. White blood cell count (WBC) 
and the content of basophils, neutrophils and eosinophils were assessed by a Hemat 8 
device (SEAC, Calenzano, Florence, Italy). Haematocrit, red blood cell count, mean 
cell volume, haemoglobin, mean cell haemoglobin, mean cell haemoglobin concen-
tration, platelets, platelet distribution width, mean platelet volume, percentage of 
large platelets, plateletcrit, neutrophils, red cell distribution width, blood lymphocyte 
and monocyte count were determined by an automated veterinary haematology ana-
lyser (Nihon Kohden, Cell Tac a, MEK 6108, Tokyo, Japan). 

Faecal and general health scores
Individual faecal score was measured daily on a scale of 1 to 5 (1 = watery,  

2 = thin, custard like; 3 = ideal condition, 4 = stiff, 5 = constipated, horse like; Zaaijer 
and Noordhuizen, 2003). General health score (GHS) was calculated using the for-
mula suggested by Timmerman et al. (2005) and modified as follows: 28 – (1 × total 
number of diarrhoeic days) – (2 × number of individual therapeutic treatments for 
digestive diseases) – (3 × number of individual therapeutic treatments for respiratory 
diseases) – (2 × number of individual therapeutic treatments for infections other than 
digestive or respiratory) – (2 × number of antibiotic treatments on a herd basis). 

Faecal collection and enumeration of LAB and Escherichia coli
Individual faecal samples were collected on days 2, 8, 14, 21 and 28 of life by 

rectal stimulation, stored in vials (4°C) with transport medium (FaecalTM enteric Plus, 
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Oxoid, Basingstoke, UK), and analysed on the same day. Ten grams of each sam-
ple were diluted with 90 mL of Buffered Peptone Water (Oxoid, Basingstoke, UK) 
and homogenized in a Stomacher for 1 min (Seward Stomacher 400 blender Mixed 
Homogenizer, International PBI, Milano, Italy). Serial 10-fold dilutions were spread 
by sterile spatula onto MRS agar medium (Oxoid, Basingstoke, UK) as reported by 
Ripamonti et al. (2011) and TBX agar (ISO 16649-2) (Oxoid, Basingstoke, UK) for 
the enumeration of LAB and Escherichia coli, respectively. MRS agar plates were 
incubated in anaerobic jars (Anaerojar, Oxoid, Basingstoke, UK) with Anaerogen kit 
(Oxoid, Basingstoke, UK) at 37°C for 48 h, while TBX agar plates were incubated 
aerobically at 44°C for 24 h. After incubation, the agar plates were assessed for 
growth and typical colonies were counted. LAB/E. coli ratio was calculated as the 
log difference between LAB and E. coli (Abu Tarboush, 1996).

 
Skin test
Cell-mediated immune response was evaluated to determine double skin thick-

ness in response to phytohaemagglutinin injection (PHA, Sigma Chemicals, St. Lou-
is, MO, USA) using the test procedure described by Agazzi et al. (2007) at 8 and 28 
days after birth. Intradermal injection of 250 µg PHA diluted in 0.1 ml of sterile PBS 
(Sigma Chemicals, St. Louis, MO, USA) was performed on a top-part shaved area 
of right shoulder using an automatic syringe (Veterinaria Strumenti, Padova, PD, 
Italy). Sterile PBS (0.1 ml) was injected into the corresponding area of left shoulder 
in order to check any skin response to PBS alone. Double skin thickness to both 
areas was measured with a constant tension calliper (Mitutoyo Italiana, Lainate, MI, 
Italy) before (time 0) and 24 hours after PHA injection. Values obtained at 24 h were 
considered the maximum PHA response (Lacetera et al., 1999).

Growth performance
Individual BW was recorded at 2, 8, 14, 21 and 28 days of age, by an elec- 

tronic weighing system (model BF/E 1425E, Technosystem, Italy) and ADG calcu-
lated. 

On the same days as for BW, biometric parameters such as heart girth, body 
length, withers height and hip width, were measured by a calibrated meter according 
to Hoffman (1997).

Milk replacer and concentrate intake were daily recorded by the difference be-
tween offered amounts and total daily refusals on a dry matter basis. Subsequently 
FCR was calculated using the sum of both milk replacer and concentrate dry matter 
intake on a weekly basis. 

Statistical analysis
Haematological parameters, general health score, enumeration of LAB and  

E. coli, skin test and growth performance were analysed by a mixed procedure of 
SAS 9.2 (SAS INSTITUTE SAS Inc, NC, USA) for repeated measurements. The 
statistical model included the following main effects and interactions: treatment, day 
of treatment, and treatment by day of treatment. The animal was included in the 
model statement as the subject.
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Probability values P>0.05 were considered non-significant, whereas P-value be-
tween 0.05 and 0.10 was considered as a trend. All data in the tables are presented as 
least square means ± SEM: 

Yijk = µ + Ti + Dj + Ak(Ti) + (T × D)ij + eijk

where:
µ = general mean, 
Ti = effect of ith treatment (i=1, 2), 
Dj = effect of day of treatment (j=1, 27), 
Ak(Ti) = effect of the animal nested in their group (k=1, 22; i=1, 2), 
(T × D)ij = effect of the interaction between treatment and day of treatment, 
eijk = casual effect of each observation. 

General health score, skin test, total milk replacer and concentrate intake, and 
FCR, were analysed by a General Linear Model procedure of SAS 9.2 (SAS IN-
STITUTE SAS Inc, NC, USA). Faecal scores below 3 were considered diarrhoeic, 
thus the total calf days below or over 3 were calculated and counts were analysed by  
a PROC FREQ of SAS with a chi-square option in order to estimate the incidence of 
diarrhoea in the two experimental groups. 

Results

Haematological parameters
Blood count values were similar in the C and T for most of the parameters (Table 

1), except for higher haematocrit (P≤0.05) and blood haemoglobin (P≤0.05) content 
at 8 days of life in T group. White blood cell count was within the physiological rang-
es, and no differences were observed in the two groups, except for lower eosinophil 
percentage in the first week of the trial (P≤0.01), and higher basophil percentage on 
day 28 (P≤0.05) in T group. 

Faecal and health scores, enumeration of faecal LAB and E. coli 
Diarrhoea frequency was significantly reduced in T compared to C animals dur-

ing the trial (P = 0.05), while GHS was not influenced by the treatment (T = 19.54 
vs. C = 18.90; P>0.1). LAB counts obtained from faecal samples were stable for the 
whole trial and not significantly different in the two experimental groups, generally 
ranging between 7.5 and 8 log CFU/g. Decreasing E. coli faecal counts were found 
during the trial in T group while a slight increase in C group was observed starting 
from 14 days of experiment, but no significant differences were detected among the 
two experimental groups. LAB/E. coli ratio showed significantly higher values in  
T group on day 28 (P≤0.05) (Figure 1). 
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Table 1. Haematological parameters in control (C) and treated (T) groups (A, B – P<0.01;  
a, b – P<0.05)

Item Time
(Day)

Group P

C T SEM G T G*T

1 2 3 4 5 6 7 8
Hct (%) 2 23.79 27.08 1.46 <0.01 <0.01 0.97

8 22.17 b 26.68 a
14 22.04 24.61
21 20.46 23.52
28 28.32 21.69

Rbc (106/µl) 2 6.33 7.00 0.41 <0.01 <0.01 0.973
8 6.12 7.07

14 6.09 6.54
21 5.47 6.25
28 4.81 5.76

Mcv (fl) 2 37.67 38.78 0.59 0.05 0.07 0.36
8 36.23 37.84

14 36.34 37.61
21 37.62 37.89
28 38.50 37.97

Hbg (%) 2 8.80 9.93 4.65 <0.01 0.74 0.93
8 8.60b 10.04 a

14 8.67 9.54
21 8.59 9.27
28 8.44 9.29

Mch (%) 2 14.14 14.41 0.74 0.71 <0.01 0.73
8 14.10 14.49

14 14.27 14.80
21 16.04 15.38
28 18.06 16.84

Mchc (%) 2 37.49 37.24 1.58 0.25 <0.01 0.93
8 38.99 38.26

14 39.60 39.26
21 42.47 40.51
28 46.62 44.13

Plt (103/µl) 2 606.64 543.18 59.58 0.49 <0.01 0.80
8 758.33 823.45

14 702.09 743.70
21 647.18 677.20
28 519.73 576.50

Pdw (fl) 2 72.40 75.60 2.74 0.18 <0.01 0.94
8 69.85 74.36

14 66.82 67.12
21 65.90 67.55
28 66.00 67.83
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Table 1 – contd.
1 2 3 4 5 6 7 8

Mpv (fl) 2 64.50 64.90 1.13 0.61 <0.01 0.99
8 62.86 63.36

14 59.63 60.37
21 59.20 59.89
28 60.17 59.67

Plcr (fl) 2 43.80 49.70 4.92 0.28 <0.01 0.91
8 36.00 43.82

14 23.86 25.75
21 23.60 26.33
28 23.50 21.83

Pct (%) 2 39.10 35.50 4.63 0.56 <0.01 0.85
8 49.57 52.18

14 42.27 47.50
21 36.50 39.33
28 34.33 37.16

Rdw (fl) 2 274.64 271.45 6.50 0.92 0.08 0.81
8 284.11 285.55

14 294.00 284.90
21 285.64 290.20
28 277.27 281.60

Wbc (103/µl) 2 8.66 9.95 0.89 0.96 0.94 0.67
8 8.98 9.73

14 9.37 8.99
21 9.02 8.39
28 9.42 8.53

Monocytes (%) 2 12.14 10.61 1.55 0.59 <0.01 0.63
8 9.35 8.74

14 15.65 13.58
21 14.90 15.96
28 16.96 17.44

Lymphocytes (%) 2 19.01 22.45 4.12 0.15 <0.01 0.99
8 22.28 26.90

14 31.10 33.00
21 34.87 37.12
28 38.28 40.88

Basophils (%) 2 0.13 0.16 0.02 0.37 0.07 0.29
8 0.13 0.14

14 0.16 0.14
21 0.16 0.16
28 0.16b 0.21 a

Neutrophils (%) 2 66.64 62.94 4.14 0.28 <0.01 0.99
8 65.03 62.34

14 51.27 51.01
21 48.34 44.58
28 42.69 38.79
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Table 1 – contd.
1 2 3 4 5 6 7 8

Eosinophils (%) 2 0.10 0.13 0.03 0.70 0.76 0.02
8 0.22 A 0.05 B

14 0.04 0.10
21 0.03 0.07
28 0.06 0.07

Figure 1. LAB, E. coli and LAB/E. coli ratio in control (C) and treated (T) groups (*P≤ 0.05)

Skin test
Skin thickness in PBS injection sites was not statistically different at 24 h, thus 

no correction was performed on PHA-induced thickness. Both at 8 and at 28 days 
of life the skin thickness did not significantly increase with time up to 24 hours post 
PHA intradermal injection in T and C, and no differences were found between the 
experimental groups (Table 2). 

Table 2. Skin test in control (C) and treated (T) groups at 24 h post PHA intradermal injection

Item Time
(Day)

Group P
C T SEM G T G*T

Skin thickness (mm) 7 0.40 0.65 0.13 0.89 0.12 0.11
28 0.48 0.19
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Growth performance
Initial body weight was not different in the two experimental groups (Table 3), 

while higher values were found in T than C at the end of the trial (P<0.05). Ave- 
rage daily gain, milk replacer intake and FCR were not influenced by the dietary 
treatment, while concentrate intake was significantly increased in T group (P<0.05). 
Biometrical parameters were similar in the two experimental groups during the 
trial, with the exception of increased mean heart girth in T compared to C group  
(81.16 cm vs. 78.49 cm; P<0.05).

Table 3. Growth performance in treated (T) and control (C) groups (a, b – P≤0.05)

Item Time
(Day)

Group P
C T SEM G T G*T

Growth performance:
body weight (kg) 2 39.40 39.92 0.56 0.12 <0.01 0.31

8 41.49 40.86
14 41.84 43.06
21 43.80 44.72
28 46.92 b 48.92 a

ADG (kg/calf/d) 2–28 0.29 0.37 0.06 0.54 ≤0.01 0.16
milk replacer (kg/DM/calf) 2–28 12.18 12.12 0.73 0.83
concentrate (kg/DM/calf) 2–28 12.56 a 14.77 b 0.68 0.03
FCR* 2–28 3.29 2.99 0.37 0.14

Diarrhoea frequency (%) 2–28 70.71 63.30 0.05
Biometrical parameters:

withers height (cm) 2 76.81 77.73 1.35 0.80 <0.01 0.98
8 78.27 78.82
14 79.91 79.64
21 81.18 80.73
28 82.09 82.36

heart girth (cm) 2 76.00 78.91 1.26 0.01 <0.01 0.99
8 77.18 79.91
14 78.18 80.73
21 79.09 82.36
28 82.00 83.91

hips width (cm) 2 20.91 22.00 0.58 0.05 <0.01 0.87
8 21.64 22.55
14 22.36 23.45
21 23.45 23.82
28 24.09 24.27

body length (cm) 2 60.00 61.27 1.51 0.78 <0.01 0.92
8 61.54 61.82
14 63.27 62.54
21 64.73 63.82
28 66.54 65.27

*FCR was calculated using the sum of both milk replacer and concentrate dry matter intake.
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Discussion 

The results of this study indicate that the administration of a species-specific 
probiotic to a calf in the first month of life can lead to improved microbiota balance 
in the gut and increased body weight.

A variety of different probiotics has been proposed to improve growth perform-
ance, and several studies showed that dietary supplementation of LAB is able to im-
prove growth performance in different animal species. The mechanism of action of 
probiotics is still debated, but generally, they are thought to function by maintaining 
the presence of beneficial microorganisms in the gut by the competitive exclusion 
of pathogenic bacteria adherence (Corcionivoschi et al., 2010; Morrison et al., 2010; 
Riddel et al., 2010). In this way probiotics can influence the intestinal microbiota as 
well as host health, also lowering the pH through acid fermentation, increasing nutri-
ent utilization, producing bacteriocins and stimulating the immune system (Salim 
et al., 2013). Better performance has been reported since the use of a mixture of 
microorganisms with different species rather than a single microbial species or strain 
(Mead and Impey, 1986; Stavric et al., 1991). This improved efficacy of multistrain 
probiotic seems to be related to the better capability of colonizing the gastrointes-
tinal tract than single-strain compounds, associated with a synergic activity due to 
the combination of different mechanisms of action, although many factors seem to 
influence the results obtained, such as the strain, the applied dosage, the duration of 
the treatment and the stage of rearing (Timmerman et al., 2004; Soto et al., 2010).

Lactobacillus, Bifidobacterium, Enterococcus and Saccharomyces are the most 
used probiotic genera in animals (Gaggìa et al., 2010). In addition, Bacillus spp., 
belonging to the spore-forming lactic acid bacteria (SFLAB) group, has been re-
cently considered for probiotic functions (Suzuki and Yamasato, 1994; Chaucheyras- 
-Durand and Durand, 2010). Lactobacillus spp. and Bifidobacterium spp. constitute 
a major component of the intestinal microflora of most animals (Endo et al., 2010) 
and are widely recognized for their beneficial effects, including maintaining the ap-
propriate balance of microbiota, counteracting pathogenic bacteria colonization and 
improving the host mucosal immunity (Gaggìa et al., 2010), with minor variations 
on blood.

During the present trial haematological profile of veal calves followed the physi-
ological trend generally observed for the first phases of life. The decreasing haema-
tocrit and blood haemoglobin content observed can be considered a physiological 
trend from birth until the first weeks of life of young calves, probably due to the diet 
composition (Mohri et al., 2007). A slight lymphopaenia, associated with monocyto-
sis and neutrophilia was revealed for the whole experimental period in both groups, 
but similar values can be usually detected in very young animals, and they do not 
represent a pathological condition (Mohri et al., 2007). In the present study hae-
moglobin levels and eosinophil percentage were significantly higher in T group at  
8 days of life, while basophil percentage decreased at the end of the trial; these ef-
fects were observed also in other studies, but literature data are inconsistent and this 
item should be further investigated (Fleige et al., 2008; Matsumoto et al., 2009; Kim 
et al., 2011). 
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Gut microbial balance is one of the most important factors to provide a good 
health status in young animals, particularly calves, where the immature immune sys-
tem is prone to debilitating diarrhoea and respiratory diseases (Tsuruta et al., 2009). 
A growing number of studies in farm animals has reported that probiotic administra-
tion increases the number of beneficial bacteria and decreases the load of pathogens 
(Lalles et al., 2007; Gaggìa et al., 2010; Corcionivoschi et al., 2010), thus positively 
affecting the protective potential of animal gut with a lower incidence of intesti-
nal and respiratory diseases. This is particularly important in intensive rearing sys-
tems of calves where the possibility of acquiring natural, autochthonous microbiota 
is strongly diminished, thus weakening the enteric bacteria balance (Frizzo et al., 
2010). Feeding probiotics to suckling calves has been shown to improve digestion 
with beneficial repercussions on gut health, especially those related to the rate, sever-
ity and length of diarrhoeal episodes and even respiratory problems (Timmerman et 
al., 2005).

Oral administration of LAB-based probiotics has been already recognized as  
a promoter of intestinal microbial balance and growth performance (LeJeune and 
Wetzel, 2007; Al-Saiady, 2010; Nagashima et al., 2010) by the transient prolifera-
tion in the digestive tract and the development of a microbial defence against the 
growth of pathogenic bacteria. Lactic acid bacteria are recognized to be effective 
against Escherichia coli and Salmonella spp. that can be considered microbiologi-
cal indicators of gut health. In fact it is widely recognized that healthy calves show 
higher Lactobacilli/coliform ratio than calves suffering from diarrhoea (Abu-Tar-
boush et al., 1996; Frizzo et al., 2010). Our study showed higher LAB/E. coli ratio in  
T group, suggesting a favourable equilibrium in the microbiota, especially during the 
last days of the trial in agreement with Timmerman et al. (2005), Stella et al. (2007) 
in goats, and Frizzo et al. (2011 a) in calves. The improved gut health status in our 
study was confirmed by the lower frequency of diarrhoea in T group in agreement 
with Kawakami et al. (2010). 

The probiotic activity of our strains could be due to different mechanisms:  
L. animalis and L. paracasei subsp. paracasei have already shown an acidification 
capability due to the production of organic acids (acetic and lactic acid) (Ripamonti 
et al., 2011). B. coagulans couples the production of lactic acid and of two ther-
mostable bacteriocins: coagulin, which showed a bactericidal and bacteriolytic ac-
tion against different Gram positive bacteria, without inhibitory effects on lactobacilli 
(Hyronimus et al., 1998; Le Marrec et al., 2000) and a new bacteriocin with antimi-
crobial activity against Gram positive, Gram negative bacteria and fungi (Abada et 
al., 2008). Moreover, the spores of B. coagulans could cause immuno-stimulation 
through their contact with gut-associated lymphoid tissue (GALT), as observed for 
other Bacillus species (Huang et al., 2008; Ripamonti and Stella, 2009).

Skin test has been already performed in different species (Agazzi et al., 2004, 
2007; Lacetera et al., 1999), but until now, very few trials were conducted on calves 
supplemented with probiotic in the first month of life. In our trial no differences 
in skin thickness were observed between the groups both at 8 or 28 days of life, in 
agreement with Roodposhti and Dabiri (2012) who found no variations, but at 60 
days of life. The absence of statistical evidences in skin test during the first weeks 
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of life has been observed also by Masucci et al. (2011) in young buffalo calves, evi-
dencing the presence of a positive response only during later age (11 weeks). 

Thus the lack of efficacy of our probiotic compound on immune response, as 
also outlined by the white blood cell count, seems almost related to the duration of 
treatment applied.

Most of the times the positive results of dietary probiotics on growth perform-
ance in the different animal species are thought to be an indirect effect of increased 
microbiota balance in the gut with a consequent lower prevalence of pathogens and 
higher nutrient utilization (Timmermann et al., 2004).

Accordingly, in the present trial the improvement of LAB/E. coli ratio and FS 
as indices of health status of the calves could explain the higher final BW detected 
in probiotic-fed group as reported by several authors (Bakr et al., 2009; Hasunuma 
et al., 2011). In fact it is well known that many factors affecting the growth rate are 
caused by abnormal nutrient digestion and absorption (Davis and Drackley, 2002). 
Total calf concentrate intake was higher in treated group, which is in agreement with 
some other authors (Timmerman et al., 2005; Kawakami et al., 2010): this effect is 
particularly important as the dry matter intake in early stage of life is necessary to 
assure the proper growth of forestomachs, although literature reports inconsistent 
results (Abe et al., 1995; Bakshi et al., 2006). Finally, the administration of our spe-
cies-specific multistrain probiotic showed to improve intestinal balance and reduce 
the incidence of enteric problems, although a direct effect on cell-mediated immune 
response was not observed. Further studies must be conducted on immune response 
variations in neonatal calves, also considering different stress conditions. 
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