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ABSTRACT

The present study was undertaken to evaluate the effect of three kinds of probiotics on performance,
skeletal growth, and nutrient digestibility of dairy Holstein calves. A total of 100 one day old Holstein
calves were randomly assigned to the 4 experimental treatments with 25calves each. Experimental
treatments consisted of basal diets (control), basal diet supplemented with 1 g Bacillus coagulans
containing 5x 108 cfu/g, basal diet supplemented with 1 g Saccharomyces cerevisiea, basal diet
supplemented with Bacillus subtilis containing 1x108 cfu/g as a completely random design that fed during
a 60-d feeding trial. Results showed that dietary treatments especially Bacillus coagulans
supplementation resulted in higher starter intake at 15 (P<0.01), 60 (P<0.0001) d of age and also total
period of trial (P<0.001). Furthermore, administration of Bacillus coagulans led to a significant (P<0.01)
increase in body weight at 45 d of age, a marked rise in weight gain at 45 (P<0.001), 60 (P<0.0001) d of
age, as well as total period of experiment (P<0.0001) as compared to control group in dairy calve. Feed
conversion ratio at 15 d of age and total period of trial was significantly (P<0.05) improved in calve
receiving 1 g of Bacillus coagulans when compared to control group. Compared to control group,
addition of 1 g of Bacillus coagulans resulted in increased body height at 45 (P<0.05) and 60 (P<0.01) d
of age and also breast girth at 45 (P<0.001) d of age in calve. Supplemental Bacillus coagulans
significantly (P<0.05) increased digestibility of crude protein, digestible protein and crude fat in dairy
calve. However, digestibility of starch, NDF and organic matter was unaffected by dietary treatments. In
general, inclusion of probiotics particularly Bacillus coagulans could increase performance, growth
skeletal, and some nutrient digestibility in dairy calve.
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INTRODUCTION

Diarrhea is the main cause of mortality and huge economical losses in rearing neonatal calves as a result
of lactose feeding. Thus, the high levels of lactose supplemented to the animals resulted in a significant
microbial imbalance in the intestinal of calves (Frizzo et al., 2011). A typical case of osmotic diarrhea is
induced by lactose malabsorption in lactase deficiency (Heyman and Menard, 2002).

In addition, Frizzo et al., (2010) observed that coliforms are mainly factors causing diarrhea in calves.
Jones and Rutter (1972) indicated that adherence E. coli producing enterotoxin is crucial to stimulate
diarrhea. So, antibiotics are generally applied as feed additives to milk replacer to avoid calve diarrhea
(Constable, 2004), but researchers followed the alternatives to antibiotics due to increased risk of bacterial
residua in meat and milk (Phillips et al., 2004) as well as enhanced antibiotic-resistant bacteria of cattle
industry (Fey et al., 2000; Langford et al., 2003).

Probiotic is one of the most important substitutions of antibiotics (Callaway et al., 2004) that has been
known as microbes affecting the host animal and identified as growth promoters in calves (Frizzo et al.,
2011).

Probiotics have been administrated to avoid or treat diarrhea in human (Sazawal et al., 2006) as well as
animals (Reid and Friendship, 2002) due to their efficacies such as improved intestinal microbial balance
(Kaur et al., 2002) and calf enteric environment, growth-promoting activities and also increased intestinal
digestive capacity (Khuntia and Chaudhary, 2002), improved animal health and protection against
infectious agents because of the beneficial effects on immunity (Schiffrin and Blum, 2002). Lactic acid
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bacteria, Bifidobacterium, yeast and bacilli are the most common microbes used as probiotics (Abu-
Tarbush et al., 1996; Agrawal et al., 2002). Frizzo et al., (2011) exhibited that the animals supplemented
with probiotic had the most lactic acid bacteria numbers in intestine, because it has been found that
intestinal ecosystem is influenced by the healthy status of host affected by its environment (Khuntia and
Chaudhary, 2002; Frizzo et al., 2011).

Dietary inclusion of Saccharomyces serevisiae culture has been known as a growth promoting feed
additives in animal production (Tripathi and Karim, 2010). The main effects of addition yeast culture on
ruminants include an improvement of gastrointestinal health and microbial balance, stabilization of rumen
pH and an interaction with lactate-used bacteria (Yang et al., 2004) and growth-promoting of fibrolytic
and cellulytic bacteria (Chaucheyras-Durand et al., 2008) attributed to the capacity of yeast to use oxygen
(Mosoni et al., 2007).

Furthermore, beta glucan derived from yeast cell wall has been shown to adjust innate immunity in many
species (Rodriguez et al., 2003; Lowry et al., 2005). As a result, feeding of Saccharomyces serevisiae
suppressed diarrhea by reducing gut colonization of pathogenic microorganism (Jouglar et al., 2000).
Haddad and Goussous (2005) reported that addition of yeast culture at 3 or 6 g/d to calves had no
influence on feed intake of Awassi lambs.

However, Lesmeister et al., (2004) indicated that the high levels of Saccharomyces serevisiae led to
increased dry matter intake and weight gain.

Bacillus subtilis containing four species of bacillus such as Bacillus amyloliquefaciens, Bacillus
licheniformis, Bacillus pumilus, Bacillus subtilis (Priest et al., 1988) that secrets protease, amylase and
lipase; in turn, it improved performance in animal (Santoso et al., 2001).

Kritasand Morrison (2005) found that administration of Bacillus subtilis had favorable ability to improved
micro flora balance in gastrointestinal tract and subsequently, increased animal performance. Kowalski et
al., (2009) observed that health status and fecal score were unaffected by feeding 1.32 x 10°Bacillus
subtilis spore in Holstein dairy calve.

Additionally, supplementation of Bacillus coagulans at 1.8 x 10 led to higher lactic acid bacteria to
Escherichia coli ratio and lower diarrhea occurrence in calve as compared to control group (Agazzi et al.,
2014).

Since there is limiting information about dietary addition of Bacillus coagulans and Bacillus subtilis on
performance, health and nutrient digestibility of Holstein calves, the objective of present study was to
evaluate and compare the effects of three kinds of probiotic son health and performance of dairy Holstein
calves.

MATERIALS AND METHODS

Treatments and Animal Management

A total of one hundred one day old Holstein calves were used. The calves were randomly attributed to
individual box among different dietary treatments. Twenty five calves assigned into each of 4
experimental diets. Dietary treatments consisted of basal diets (control), basal diet supplemented with 1 ¢
Bacillus coagulans containing 5x 108 cfu/g, basal diet supplemented with 1 g Saccharomyces cerevisiea,
basal diet supplemented with Bacillus subtilis containing 1x 108 cfu/g as a completely random design that
fed during a 60-d feeding trial. Starter was formulated to meet all the nutritional requirements for calves
based on NRC 1998. Starter ration and water were offered for ad libitum intake during the experiment
(Table 1).

Feed Intake and Weight Gain

The calves weighed on d 1, 15, 30, 45 and 60 of experiment. Additionally, they were separately weighed
every week on a sensitive digital scale (25 g). Feed intake was measured daily and fresh food was given
each calf in every day.

Skeletal Growth Parameters

At the first of trial, body height from floor to withers and breast girth were recorded. Then, they were
measured on d 15, 30, 45 and 60 of trial by meter.
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Nutrient Digestibility

Samples of concentrates, hay and feces were oven-dried at 60°C to determine dry matter (DM), ash, crude
protein, digestible protein, crude fat, neutral detergent fiber (NDF), and starch as described by Jansen et
al., (2000) using acid insoluble ash as internal marker.

Table 1: Feed Ingredients and Nutrient Composition of Starter Diets

Item Starter
Ingredients (%0)

Corn 30
Barley 30
Soybean meal 25
Corn gluten 4
Wheat bran 6
Sugar beet by-product 15
Di calcium phosphate 0.5
Calcium carbonate 0.9
Salt 1
Bicarbonate 0.1
Mineral-vitamin premix 0.4
Vitamin A 0.6
Nutrient Composition

Dry matter (%) 92
Crude protein (%) 19.3
ME (Mcal/kg) 2.79
NDF (%) 14.6
Fat (%) 4
Ca (%) 0.6
P (%) 0.5

Statistical Analysis

All data were subjected to ANOVA using the mixed procedure of SAS software (SAS institute, 1999)
based on completely random design. The treatments were separated by Duncan's tests at P<0.05 statistical
level.

The initial weight of calves, initial body height, and breast girth were used as covariate for performance,
body height, and breast girth data in statistical model, respectively.

The used statistical analysis in this trial was as below:

Yije= p+ Tit B (Xi-X) + eik

Where Yij=0bserved value for a particular trait, u= overall mean of the population, Ti= fixed effect of
level of probiotics, p (Xi-X)= covariate variable, ejj= random error associated with the ijkth recording.

RESULTS AND DISCUSSION

One of the important factors influencing their performance during following rearing is growth of calves
during first few weeks of age affected by disease (Frizzo et al., 2011). Zhou et al., (2000) observed that
feed consumption, weight gain and diarrhea incidence have been applied to assess acute toxicity by
probiotic strains and they are the most susceptible indices of calf health.
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Performance
Table 2: The Effect of Three Kinds of Probiotics on Performance in Dairy Calve

Treatments p
Variable Control iacch_a(omyces Bacillus Baci!l_us SE Value

erevisiae Coagulans  Subtilis

Starter Intake (g/d)
15d 38.43"  34.64° 61.812 52.24% 7.35 0.0100
30d 153.12 150.40 200.40 148.11 16.65 0.1321
45d 353.95 352.71 481.95 393.54 3444  0.1602
60 d 478.05°  556.44 977.47° 663.11° 60.17  0.0001
Total period 231.27°  253.03° 384.482 290.07° 22.38 0.0010
Body Weight (kg)
15d 49.56 51.28 53.92 53.48 0.71 0.742
30d 55.28 59.08 60.84 59.56 0.92 0.747
45d 66.12° 69.28° 75.482 68.60° 1.27 0.004
60 d 81.44 84.20 85.20 84.28 1.58 0.253
Weight Gain(kg/d)
15d 0.32 0.34 0.52 0.31 0.048 0.739
30d 0.38 0.52 0.46 0.41 0.048 0.225
45d 0.60° 0.68° 0.982 0.70P 0.068 0.001
60d 0.65° 0.992 1.022 1.052 0.082  0.0001
Total period 0.61° 0.63 0.86° 0.65° 0.048  0.0001
Feed Conversion Ratio
(kg/kg)
15d 1.982 1.872 1.74° 1.852 0.04 0.049
30d 2.05 2.01 1.86 1.95 0.05 0.082
45d 2.12 2.06 1.92 1.97 0.11 0.229
60d 2.13 2.04 1.99 1.98 0.09 0.152
Total period 2.06° 1.99° 1.89° 1.93® 0.04 0.046

*Means within a row with no common letter are significantly different (P<0.05)

As shown in Table 2, feed intake at 15 (P<0.01), and 60 (P<0.0001) d of age and throughout of trial
(P<0.001) was higher in calve receiving probiotics especially Bacillus coagulans than control group.
Higher feed intake might be due to improvement of intestinal nutrient absorption (Simpsons, 1989), and
development of rumen function (Beharka et al., 1991). Feeding of Saccharomyces serevisiae led to a
slight increase in feed intake as compared to control calve at 60 d of age and throughout of trial. This
might be occurred because Saccharomyces serevisiae intake stimulates cellulose degradation resulting in
increased feed intake (Chaucheyras Durand and Fonty, 2001). However, feed intake at 30 and 45 d of age
was unaffected by supplemental treatments. Our results are in line with those of Agazzi et al., (2014),
who found that feed intake was increased in calves fed on Bacillus coagulans when compared to control.
Similarly, Kowalski et al., (2009) observed that feeding of 1.32 x 10° spore of Bacillus subtilis to calve
led to higher feed intake than control group. In contrast to ours, it was reported that addition of probiotic
mixtures containing Saccharomyces serevisiae, Lactobacillus acidophilus and Bacillus subtilis had no
significant effect on feed intake when compared to control diet (Higginbotham et al., 2012). Furthermore,
Lesmeister et al., (2004) studied feeding of 0, 1 and 2% of yeast culture to dairy calve; they showed that
starter intake was increased in calves given 2% of yeast culture when compared to those on basal diet.

Although additional probiotics particularly Bacillus coagulans highly significant (P<0.01) increased body
weight at 45 d of age, it had no influence on body weight at 15, 30 and 60 d of age (Table 2). This might
be attributable to either higher feed intake (Fuller, 1976; Table 2) or rumen microflora alteration causing
an improvement in nutrient digestibility and absorption (Table 4). Our observations are contrary to those
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of Agazzi et al., (2014) who reported that supplemental Bacillus coagulans at 1.8 x 10%° raised body
weight as compared to control calve. Furthermore, in disagreement with our findings, Philips and
Vontungeln (1985) reported that body weight was elevated after Saccharomyces serevisiae intake in dairy
calve.

Table 2 summarizes the effect of three kinds of probiotics on weight gain of calve. Supplementation of
probiotics had no significant effect on weight gain at 15 and 30 d of age. However, weight gain at 45
(P<0.001), and 60 (P<0.0001) d of age and total period of trial (P<0.0001) was increased after feeding
Bacillus coagulans in dairy calve as compared to control group. This might be related to increasing of
protease, amylase and lipase secretion leading to higher nutrient digestion. Additionally, feeding of
probiotics especially bacillus in diet improved microflora balance in gastrointestinal tract causing an
improvement in food digestion and absorption; subsequently, it increased animal performance (Kritas and
Morrsion, 2005). Our findings are in line with those of Kowalski et al., (2009) who showed that feeding
1.32 x 10° spore of Bacillus subtilis increased weight gain in dairy calve in comparison to control group.
However, Higginbotham et al., (2012) studied probiotic mixture containing Saccharomyces serevisiae,
Lactobacillus acidophilus and Bacillus subtilis in diet; they observed that probiotics supplementation had
no influence on weight gain in dairy calve as compared to basal diet. Moreover, Haddad and Goussous
(2005) reported that weight gain was improved by feeding of 3 g per d of yeast culture to Awassi lambs.
Inclusion of probiotics especially Bacillus coagulans resulted in improved feed conversion ratio at 15 d of
age (P<0.05) and also total period of experiment (P<0.05). However, it had no influence on feed
conversion ratio at 30, 45 and 60 d of age (Table 2). Improved feed conversion ratio as a result of
probiotics intake might be associated with higher weight gain (Table 2) resulting from an improvement of
nutrient digestion and absorption (Table 4). Our results are in contrast to those of Higginbotham et al.,
(2012) who found no influence of feeding of probiotic mixtures containing Saccharomyces serevisiae,
Lactobacillus acidophilus and Bacillus subtilisin terms of feed efficiency in dairy calve. Furthermore,
Haddad and Goussous (2005) showed that feed conversion ratio was improved after administration of 3
0/d yeast culture in Awassi lambs.

Skeletal Growth

Table 3: The Effect of Three Kinds of Probiotics on Skeletal Growth in Dairy Calve

Treatments
Variable C Saccharomyces  Bacillus Bacillus SE P Value
ontrol .. .
Cerevisiae Coagulans  Subtilis
Body Height (cm)
15d 79.92 79.36 80.86 80.40 0.47 0.302
30d 82.44 83.00 83.64 82.76 0.88 0.543
45d 86.40° 86.96° 88.64? 87.12° 0.56 0.022
60 d 91.04° 90.80° 93.40? 91.36° 0.65 0.007
Breast Girth (cm)
15d 79.72 80.68 81.76 81.84 0.47 0.931
30d 83.12 84.84 85.96 85.28 0.50 0.424
45d 88.56° 89.76° 93.24? 89.16° 0.66 0.0002
60 d 95.88 95.96 98.00 97.52 0.77 0.788

*Means within a row with no common letter are significantly different (P<0.05)

As given in Table 3, body height on d 15 and 30 of trial was not affected by additional probiotics in dairy
calve. Nevertheless, supplementation of 1 g of Bacillus coagulans led to an increase in body height on d
45 (P<0.05) and 60 (P<0.01) of experiment when compared to control group. Compared to control group,
breast girth was remarkably (P<0.001) increased in calves supplemented with 1 g of Bacillus coagulans
only on d 45 of trial (Table 3). This might be because of an increase in bioavailability of minerals such as
calcium, magnesium, and phosphorous as a consequence of probiotic intake (Khuntia and Chaudhary,
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2002). Additionally, probiotics elevated growth skeletal including body height via improving nutrient
digestion and absorption (Hopper et al., 2001). In agreement with ours, Chiofalo et al., (2004) found that
supplementation of probiotics in diet increased breast girth and withers height in kids in comparison with
control diet.

Nutrient Digestibility

Table 4: The Effect of Three Kinds of Probiotics on Nutrient Digestibility in Dairy Calve
(Percentage)

Treatments
Variable Saccharomyces  Bacillus Bacillus SE P Value

Control .. -

Cerevisiae Coagulans  Subtilis

Crude Protein 66.60° 68.35 75.712 72.61% 0.002 0.013
Digestible Protein 79.46° 79.65° 85.942 82.38% 0.003 0.022
Crude Fat 75.92° 86.222 89.64° 87.03? 0.007 0.041
Starch 81.97 84.25 87.87 85.75 0.005 0.287
NDF 29.63 30.19 38.11 42.50 0.009 0.089
Organic Matter 59.80 69.46 82.30 79.66 0.013 0.186

*Means within a row with no common letter are significantly different (P<0.05)

Table 4 represents the effect of three kinds of probiotics on nutrient digestibility of dairy calves. Addition
of probiotics especially Bacillus coagulans resulted in a significant (P<0.05) rise in digestibility of crude
protein, digestible protein, and crude fat in dairy calve. This might be attributable to an increase in
enzyme secretion including protease, amylase and lipase leading to higher nutrient digestibility (Santoso
etal., 2001).

On contrary to our findings, Alexopoulos et al., (2004) and Kritasand Morrison (2005) found that
supplementation of Bacillus subtilis in diet had ability to maintain microflora balance in gastrointestinal
tract and nutrient digestibility in calve.

Nevertheless, digestibility of starch, NDF, and organic matter was not affected by inclusion of probiotics
in calve.

Conclusion

In general, results indicated that supplementation of probiotics especially Bacillus coagulans could raise
performance, and skeletal growth via increasing nutrient digestibility in dairy calve.
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