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  ABSTRACT 

  The effects of Bacillus subtilis natto on perfor-
mance and immune function of dairy calves during 
the preweaning phase were investigated in this study. 
Twelve Holstein male calves 7 ± 1 d of age were ran-
domly allotted to 2 treatments of 6 calves. The Bacillus 
subtilis natto was mixed with milk and fed directly to 
the calves. The calves were weaned when their starter 
intake reached 2% of their weight. Blood was collected 
and IgA, IgE, IgG, IgM, and cytokine levels in the 
serum of all the calves were determined. The results 
showed that Bacillus subtilis natto increased general 
performance by improving the average daily gain and 
feed efficiency and advanced the weaning age of the 
calves. No difference was observed in serum IgE, IgA, 
and IgM, whereas serum IgG was higher in the Bacillus 
subtilis natto-supplemented calves than in the control 
calves. Furthermore, calves fed with Bacillus subtilis 
natto were found to secrete more IFN-γ, but tended 
to produce less IL-4 than did the control calves, al-
though serum IL-6 and IL-10 were not affected. This 
study demonstrated that Bacillus subtilis natto did not 
stimulate IgE-mediated allergic reactions, but increased 
serum IgG and IFN-γ levels in the probiotic-fed calves. 
We propose that the viable probiotic characteristics of 
Bacillus subtilis natto benefit calf immune function. 
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tion ,  performance 

  INTRODUCTION 

  Probiotics are living microorganisms that have been 
shown to produce no drug resistance or drug residues 
when direct-fed to human and animals (Holzapfel et 
al., 2001; Scharek et al., 2005; Guo et al., 2006). As an 
effective alternative to antibiotics, probiotics have been 
widely used in the food and feed industries during the 
past few decades (Solis Pereyra and Lemonnier, 1993; 
Guo et al., 2006). Probiotics exhibit potential benefits 

by improving intestinal microbial balance (Fujiwara et 
al., 2009), promoting intestinal digestion, and increasing 
animal growth performance (Jenny et al., 1991; Kritas 
and Morrison, 2005). Recent data have also indicated 
that some probiotics are efficient immunomodulators, 
modifying the immune response of T-helper cells 1 and 
2 (Th1 and Th2) and thereby enhancing the immune 
function of the host (Barnes et al., 2007). 

  With the public’s increasing concern regarding the 
negative effects of antibiotics, many countries have 
banned or limited the use of antibiotics in animal feeds 
to reduce the potential production of antibiotic-resis-
tant pathogenic bacteria (Fritts et al., 2000). Therefore, 
the use of probiotics has gained more attention from 
researchers. Most of the previous research on probiotics 
focused on the application of various strains of lactic 
acid bacteria (Miettinen et al., 1996; Holzapfel et al., 
2001). Unlike the lactic acid bacteria, Bacillus species 
are not normally found in the gastrointestinal tract. 
However, it has been reported that Bacillus subtilis has 
the favorable capability of maintaining microflora bal-
ance in the gastrointestinal tract and increasing animal 
performance when administered orally in adequate 
amounts (Alexopoulos et al., 2004; Kritas and Mor-
rison, 2005). Furthermore, several publications have 
suggested that B. subtilis has an immunostimulating 
effect (Fiorini et al., 1985) and may promote the secre-
tion of some beneficial vitamins, such as vitamin K 
(Yanagisawa and Sumi, 2005; Barnes et al., 2007). 

  Natto is a traditional food obtained from fermented 
boiled soybeans. It originates from Japan and possesses 
a history of more than 1,000 yr. Bacillus subtilis natto
is a potential probiotic bacterium cultured from natto, 
and is a gram-positive spore-forming bacterium (Sa-
manya and Yamauchi, 2002). To date, only a few inves-
tigations have been published regarding its beneficial 
effects in chicken (Inooka, 1988; Fujiwara et al., 2009), 
but the effects of direct-fed B. subtilis natto on the 
performance and immune responses in dairy calves are 
still unknown. Consequently, the objective of this study 
was to investigate the effects of oral administration of 
B. subtilis natto on preweaning performance, weaning 
age, and immune function in dairy calves. 
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MATERIALS AND METHODS

Culture of B. subtilis natto

The B. subtilis natto used in the present study was 
isolated from fermented soybeans and identified by the 
State Key Laboratory of Animal Nutrition, Institute 
of Animal Science, Chinese Academy of Agricultural 
Sciences. The bacteria were prepared in sterile fer-
mentation medium at 37°C for 24 h. The fermentation 
medium contained 1% sucrose, 1% glucose, 2% soy 
peptone, 0.4% K2HPO4, 0.2% KH2PO4, 0.05% MgSO4, 
and 0.02% CaCl2. Appropriate dilutions of B. subtilis 
natto were plated onto fermentation medium plates and 
incubated at 37°C for 24 h for determination of colony-
forming units.

Calves and Diets

All animals used in this experiment were maintained 
according to the principles of Chinese Academy of Ag-
ricultural Sciences Animal Care and Use Committee. 
Twelve Holstein bull calves at 7 ± 1 d old were ran-
domly divided into 2 treatments. Each treatment had 6 
replicates with 1 calf per replicate. The feeding trial was 
conducted on the research farm of Chinese Academy 
of Agricultural Sciences. All of the calves were housed 
in individual pens enclosed with iron fences to avoid 
cross contamination among calves on the same farm. 

Water, concentrate, and dried grass were available ad 
libitum throughout the feeding period. Starter diet was 
supplemented to the calves at suckling. All calves were 
weaned when their starter intake reached 2% of their 
weight. Body weight was measured at the beginning 
and end of the trial and DMI was weighed every 2 d.

The ingredient composition and nutrient levels of the 
starter are shown in Table 1. The ratio of concentrate:hay 
in starter diet was 80:20.

Experimental Design and Sample Collection

Bacillus subtilis natto cultures were mixed with fresh 
cow milk (1:1, vol/vol) and fed directly to the calves. In 
the experimental treatment, the calves received a daily 
dose of no less than 1 × 1010 cfu of B. subtilis natto in 
10 mL of culture during the a.m. feeding, whereas no 
additives were fed to the control group. Bacterial con-
centrations were checked each week to ensure supple-
mentation levels of 109 cfu of viable bacteria/mL.

The experiment ended after the calves were weaned, 
when blood samples were collected from all of the ani-
mals. Seven milliliters of blood was collected in 9-mL 
Vacutainer tubes (Becton Dickinson Vacutainer Sys-
tems, Franklin Lakes, NJ) from the jugular of all the 
calves. After centrifugation at 3,000 × g for 15 min, 
the serum was separated and stored at −20°C for later 
analysis.

Measurement of Serum Antibodies  
and Cytokines by ELISA

The determination of serum IgA, IgG, and IgM lev-
els was conducted by ELISA using the cow IgA, IgG, 
and IgM ELISA kits produced by Bethyl Laboratories 
(Montgomery, TX). A 96-well microtiter plate (Costar, 
Corning Inc., Corning, NY) was coated overnight at 4°C 
with capture antibody in carbonate buffer (pH 7.0), and 
then PBS containing 1% Hy-Line Brown layer serum 
and 0.1% Tween (ELISA buffer) were added to block 
the free binding sites for 1.5 h at 37°C. Duplicate serum 
samples were diluted in ELISA buffer and incubated for 
2 h at 37°C. Thereafter, the plates were incubated with 
ELISA buffer containing IgA, IgG, or IgM antibod-
ies conjugated with horseradish peroxidase (Serotec, 
Oxford, UK) for 1 h at 37°C. Samples were washed 5 
times with PBS containing 0.1% Tween between each 
incubation step. The plates were then developed with 
tetramethylbenzidine to measure the absorbance at 450 
nm. The data were expressed as optical density units.

The assessment of serum IgE was performed with the 
cow ELISA kit (Groundwork Biotechonology Diagnos-
ticate Ltd., San Diego, CA) following manufacturer’s 
instructions.
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Table 1. Ingredient composition and nutrient levels of starter (DM 
basis) 

Item Starter

Ingredient, %
 Corn 38.0
 Chinese wildrye 20.0
 Soybean cake 18.4
 Wheat bran 2.8
 Wheat middlings 7.6
 Molasses 1.6
 Oyster shell ground 1.6
 Salt 0.8
 Bentonite 0.8
 Calcium phosphate 1.2
 Extruded soybean 6.4
 Premix1 0.8
Chemical analysis,2 %
 DM 89.2
 CP 21.2
 Ether extract 5.2
 Crude fiber 32.3
 Ash 4.4
 Calcium 1.2
 Phosphorus 0.6

1Premix provided per kilogram of diet: vitamin A, 1,000,000 IU; vita-
min D, 270,000 IU; vitamin E, 2,900 IU; Cu, 5,000 mg; Fe, 9,000 mg; 
Zn, 8,000 mg; Mn, 6,000 mg; Se, 67 mg; I, 227 mg; Co, 20 mg; Mg, 
9,800 mg.
2Analyzed values.



Concentrations of IL-4, IL-6, IL-10, and IFN-γ in the 
serum were measured with the cow ELISA kit (Ground-
work Biotechonology Diagnosticate Ltd.) according to 
the manufacturer’s instructions.

Statistical Analysis

All data were analyzed using the ANOVA procedure 
of SAS system (version 8.2, SAS Institute Inc., Cary, 
NC). P-values < 0.05 were considered statistically sig-
nificant.

RESULTS

Performance and Weaning Age of the Calves

The calf performance data for the preweaning period 
are presented in Table 2. The average daily gain and 
feed efficiency increased significantly for the calves 
fed with B. subtilis natto throughout the experimental 
period (P < 0.05). No difference was observed in the 
DM of liquid or starter intake between the 2 groups. 
As shown in Table 2, the weaning age of probiotic-fed 
calves was 51.0 d, which was a week earlier than the 
control group (P < 0.05).

Antibody Levels in the Serum

To investigate the effects of B. subtilis natto on sys-
temic immune response in calves, circulating IgA, IgG, 
IgM, and IgE antibody levels in serum were determined 
(Table 3). Serum IgA, IgM, and IgE concentrations 
between control and probiotic-supplemented treatment 
were not statistically different. Nevertheless, serum IgG 
was significantly higher (P < 0.05) in B. subtilis natto-
supplemented calves than in the control calves.

Cytokine Concentrations in Calf Serum

The IL-6 and IL-10 levels were not influenced in the 
2 groups throughout the whole experiment (Table 3). 
Concentrations of IFN-γ were higher (P < 0.05) in the 
serum of the calves fed B. subtilis natto, whereas IL-4 
tended to be lower compared with the control group (P 
= 0.06).

DISCUSSION
The present study investigated the effects of oral 

supplementation of B. subtilis natto on dairy calf perfor-
mance and immune function after assessment of probi-
otic potential. Previous studies have demonstrated that 
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Table 2. Effects of Bacillus subtilis natto on preweaning performance and weaning age of probiotic-fed and 
control calves1 

Item

Treatment

SEM P-valueControl Probiotic

Initial weight, kg 40.0 40.1 1.74 0.98
ADG, kg/d 0.31b 0.35a 0.01 0.02
Liquid intake, kg of DM/d 0.46 0.48 0.02 0.46
Starter intake, kg of DM/d 0.33 0.28 0.02 0.14
Total intake, kg of DM/d 0.79 0.76 0.04 0.59
Feed efficiency, kg of DMI/kg of gain 2.58a 2.17b 0.11 0.03
Weaning age, d 58.3a 51.0b 2.31 <0.05

a,bMean values within a row with different superscripts differ (P < 0.05).
1Each value is the mean of data from 6 calves per group.

Table 3. Effects of Bacillus subtilis natto on IgA, IgG, IgM, IgE, and cytokine concentrations in probiotic-fed 
and control calves1 

Item

Treatment

SEM P-valueControl Probiotic

IgA, μg/mL 42.49 45.85 4.06 0.57
IgG, mg/mL 3.38b 4.24a 0.26 0.04
IgM, mg/mL 3.11 3.03 0.43 0.90
IgE, mg/L 56.95 53.76 1.66 0.20
Cytokine concentrations in the serum, pg/mL
 IFN-γ 30.97b 34.39a 1.01 0.04
 IL-4 39.32 24.17 5.00 0.06
 IL-6 183.11 192.21 7.11 0.39
 IL-10 32.29 34.69 1.70 0.34

a,bMean values within a row with different superscripts differ (P < 0.05).
1Each value is the mean of data from 6 calves per group.



B. subtilis natto has some antithrombotic and fibrin-
olytic activity (Omura et al., 2005), and it can be used 
for the industrial production of levan (Shih et al., 2005) 
and isolation or purification of vitamin K (Yanagisawa 
and Sumi, 2005). Studies in chicken showed that Bacil-
lus subtilis inhibited pathogenic microorganism growth 
(Fritts et al., 2000; Teo and Tan, 2005), increased diges-
tive enzyme activity, and reduced the yield of ammonia 
(Samanya and Yamauchi, 2002), which in turn pro-
moted fowl growth performance (Fritts et al., 2000; Teo 
and Tan, 2005). Consistent with those reports, in the 
current study, oral supplementation of B. subtilis natto 
increased feed efficiency and the average daily gain of 
the calves during the experimental period, although 
milk and starter ingestion was not influenced.

Early weaning is always recommended in the cattle 
industry to save costs and increase profit. However, early 
weaning may result in depressed growth performance. 
Moreover, long-term and excessive ingestion of milk may 
affect the development of digestive organs. Therefore, 
consumption of probiotics may be an optimal alterna-
tive for preweaning calves. One of the novel findings 
in the present study is that B. subtilis natto advanced 
the weaning age of the probiotic-fed calves. Neither 
milk consumption nor starter feed intake was affected 
between the probiotic-fed group and the control. The 
results of our research indicate that oral administration 
of B. subtilis natto before weaning could reduce milking 
time and positively improve calf growth performance.

One of the most important functions of direct-fed 
probiotics is that they can play a role in the immune 
system as immunomodulators. Probiotics by oral ad-
ministration have been reported to interact with in-
testinal resident microflora, and epithelial and immune 
cells; they also trigger and stimulate immune function, 
leading to antibody production (Tejada-Simon et al., 
1999; Fang et al., 2000; Kaburagi et al., 2007). Im-
munoglobulin M is the primary antibody produced at 
the initial stage of antibody response. Immunoglobulin 
G plays an important role in systemic immune response 
and is the main antibody in the serum after ingestion 
of probiotic protein. Immunoglobulin A is the major 
antibody in the mucosal immunity, and the main func-
tion of IgA is to exert the immune exclusion of patho-
genic bacteria by intimate cooperation with innate 
nonspecific defense mechanisms. In the present study, 
serum IgG concentration was statistically increased in 
the probiotic-fed calves compared with the control. Un-
like IgG, the concentrations of IgA and IgM were not 
influenced by the supplementation of B. subtilis natto, 
although slight increases in IgA and IgM levels were 
found in the calves’ serum.

Unlike the other immunoglobulins, no difference in 
IgE concentration was observed in our results. How-

ever, the IgE level in the serum of probiotic-fed calves 
was a little lower than the control. It is known that 
IgE is a sensitive indicator that plays an important 
role in most food-induced allergies (Ladics et al., 2003), 
a predominantly Th2-type immune response mediated 
by IgE. Bacillus subtilis natto is a foreign protein for 
calves, but our results suggest that B. subtilis natto 
ingestion did not increase IgE antibody levels in the 
serum, indicating that B. subtilis natto was not a food 
allergen for the calves in the current experiment.

Several studies have revealed that B. subtilis spores 
are capable of enhancing host immunity to prevent some 
infectious diseases (Novelli et al., 1984; Kosaka et al., 
1998). Similar results were obtained by Kosaka et al. 
(1998), who found that oral administration of B. subtilis 
spores activated macrophages and natural killer cells in 
mice. To our knowledge, investigations on the effect of B. 
subtilis natto on the immune function of the mammals are 
seldom. Only limited publications demonstrated that B. 
subtilis natto increased the numbers of T and B lympho-
cytes (Inooka, 1988; Fujiwara et al., 2009). As has been 
shown elsewhere, CD4+ T cells, 1 of the T lymphocyte 
subsets, are Th cells that can be divided into Th1 and 
Th2 because of different secretion patterns of cytokines 
(Carter and Dutton, 1996). Interferon-γ, the essential 
cytokine for cell-mediated immunity, is secreted by Th1 
lymphocytes, whereas IL-4, IL-6, and IL-10, produced 
by Th2 lymphocytes predominantly involved in humoral 
immunity and allergic responses (Carter and Dutton, 
1996; He et al., 2005), promote B lymphocytes to pro-
liferate and differentiate into plasma cells, stimulating 
antibody production and strong antibody-producing 
responses (Carter and Dutton, 1996).

As noted above, IFN-γ is produced not only by ac-
tivated T cells and NK cells, but also by macrophages 
and dendritic cells (Frucht et al., 2001). A study con-
ducted by Kosaka et al. (1998) suggested that the acti-
vation of macrophages and natural killer cells might be 
stimulated by IFN. It is generally accepted that IFN-γ 
is the crucial factor predominant in Th1 immune re-
sponse, and that IFN-γ functions reciprocally on the 
induction of IgE responses (Snapper and Paul, 1987), 
inhibiting the yield of IgE and Th2 cytokines. In line 
with these results, we observed higher concentrations of 
IFN-γ, but relatively lower levels of IL-4 in the serum 
of probiotic-fed calves. Additionally, no changes were 
observed in IgE and other Th2 cytokines, such as IL-6 
and IL-10, for the probiotic-fed calves.

CONCLUSIONS

The present study demonstrated that directly feeding 
B. subtilis natto to calves during the preweaning period 
increased growth performance by improving average 
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daily gain and feed efficiency, as well as by advancing 
the weaning age of the calves without any adverse ef-
fects. The results of our research also prove that oral 
administration of B subtilis natto does not stimulate 
IgE-mediated allergic reactions, but does induce the se-
cretion of serum IgG and Th1 cytokine levels, including 
IFN-γ, in probiotic-fed calves, which helps to activate 
immune systems and enhance immunity. This study 
supports the notion that the viable probiotic charac-
teristics of B. subtilis natto improve growth and benefit 
the immune function of calves.
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