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Increasing interests in natural health-promoting products have led to extensive
exploration of probiotic bacteria for beneficial effects against various disease conditions
and health problems. Previously unexplored bacterial strains have been discovered to
have beneficial effects not covered by existing probiotic products, which may be further
developed into useful products. In this work, we aimed at developing a bacterial strain
Bacillus subtilis natto, which has not been explored as a probiotic before, into a product
for facilitating the prevention and treatment of thrombosis, a major cause of complications
in hospital patients not yet covered by any existing probiotic products.  We optimized its
culture conditions and prepared its powder forms for optimally retaining its beneficial
effects. Using Bacillus subtilis natto as the target strain, we determined the optimal
additive composition of enrichment medium for the strain growth (yeast powder 0.7 %,
peptone 0.5 %, starch 0.3 %, and NaCl 0.5 %) and culture condition (pH 7.0, temperature
37°C, culture time 20 h). The strain powder form was made vacuum freeze drying and
found to be optimally retained at the additive composition of 10 % skim milk powder, 4
% glucose, 4.0 % glycerol, 2 % gelatin, 4.0 % sucrose, 3 % VC, and 10.0 % trehalose in the
single factor experiment. The protective effect of the strain powder was found to be
optimal at the additive composition of 2 % glycerol, 15 % skim milk powder, 2 % gelatin,
12 % trehalose, as suggested by the L9 (3

4) orthogonal test. Our work facilitates the future
efforts in developing Bacillus subtilis natto into a antithrombotic probiotic.

Key words: Bacillus subtilis natto probiotics, Proliferation vacuum
freeze drying, Protective agent antithrombotic.

Probiotic bacteria have been extensively
explored as health-promoting products because
of their favored characteristics over other natural
products in safety, function, technology, and the
ability to survive in gastric environment1,2. They
have been developed for various disease

conditions and health problems including lactose
intolerance, acute gastroenteritis, food allergy,
dermatitis, Crohn’s disease, rheumatoid arthritis,
diarrhea, high cholesterol, and cancers3,4. Some of
the products have made to the market. The
increasing interests in natural health-promoting
products have led to intensifying efforts for the
discovery and commercialization of probiotic
bacterial strains with beneficial effects against
disease conditions and health problems not yet
covered by existing probiotic products5,6. There is
a need to further develop some of these strains
into useful products against the disease conditions
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and health problems affecting high number of
patients and not yet covered by existing probiotic
products.

As part of our on-going efforts in
facilitating the development of some of these
probiotic bacterial strains into useful products, we
aimed at the development of a probiotic bacterial
strain Bacillus subtilis natto as a potential product
for the prevention or treatment of thrombosis.
Bacillus subtilis natto is a strain of Bacillus subtilis
from the bacillus genus first separated from
Japanese traditional fermented soybean food—
natto by SAWAMURA in 19067. This strain is
abundant in water-soluble V

K
8. Apart from its well-

known physiological functions such as the
improvement of intestinal flora9, Bacillus subtilis
natto has been reported to produce antithrombotic
as well as immune enhancement effects partly via
its secretion of proteases (particularly alkaline
proteinase) and natto kinase needed for the strain’s
growth and metabolism processes10,11. In particular,
its antithrombotic effect arises from the activities
of natto kinase in degrading fibrin in the crosslinked
state, activating urokinase, and dissolving the
plasminogen activator inhibitor12,13 .

Although some other Bacillus subtilis
strains have been explored as probiotics for treating
mild gastrointestinal disease like diarrhea and as
nutritional supplement, Bacillus subtilis natto has
not been explored as a probiotic before. We
selected this strain for further development because
of three reasons. The first is that one of its targeted
disease condition, thrombosis, is a major cause of
complications and occasional deaths in hospital
patients14 but is not covered by any existing
probiotics. The second is that no Bacillus subtilis
strain has been found to have harmful effects in
the intestinal tract15 and some of the strains have
been explored as nutritional supplements and
preventive products for mild gastrointestinal
diseases like diarrhea16,17 and as biocontrol agents
for agriculture and aquaculture18. Therefore, it is
highly likely that this particular strain may be
developed into effective and safe antithrombotic
product. The third is that, in addition to its
antithrombotic effects, this particular strain has
other health-beneficiary effects including the
improvement of intestinal flora, lowering of
cholesterol levels and blood pressure, activation
of immune system and enhancement in immunity

concurrent19. Hence it may be potentially developed
into a product with multiple health benefits.

Our specific task was to optimize the
culture conditions of Bacillus subtilis natto and
prepare its powder forms for retaining optimal
beneficial effects so as to facilitate its further
development into a useful health-promoting
product.  We optimized the liquid proliferation
medium and proliferation conditions of Bacillus
subtilis natto, and subsequently investigated the
effect of carbon source, nitrogen source, mineral
salt, temperature, PH and time on the proliferation
of Bacillus subtilis natto to find the optimal
proliferation medium and proliferation conditions
of Bacillus subtilis natto. We further tested the
effect of additives of various compositions and at
different concentrations on the survival of
gelsiccation Bacillus subtilis natto so as to
maximally reduce the death rate of thallus in freeze-
drying process and increase the survival rate. The
viable rate of Bacillus natto with the optimal
additive compositions was evaluated with respect
to that with other additive compositions to assess
to what extent the viable rate can be optimally
maintained for developing an effective probiotic
product.

MATERIALS AND METHODS

Strains and chemicals
The Bacillus subtilis natto strain was

purchased from China General Microbiological
Culture Collection Center and preserved in the
fridge with temperature below -18°C. The prepared
mediums are: slant medium (beef extract 0.3 %,
peptone 1 %, NaCl 0.5 %, agar 2 %, pH=7), seed
medium (beef extract 0.3 %, peptone 1 %, NaCl 0.5
%, pH=7), carbon source basal medium for
fermentation (yeast extract 3 g L-1, peptone 10 g L-

1, NaCl 5 g L-1 pH 7.2-7.4), nitrogen source basal
medium for fermentation: glucose 5g L-1, NaCl 5g
L-1 pH 7.2-7.4), and counting medium (beef extract
0.3 %, peptone 1 %, NaCl 0.5 %, pH=7). The
instruments used in this work include DH 3600
electric heated incubators (Tianjin Taisite
Instrument Co., Ltd.), centrifugal machine
AnkeLXJ-a-B (Shanghai Anting Scientific
Instrument Factory), table concentrator ZD-8802
(Jiangsu Taicang Experimental Equipment Co.,
Ltd.), TU1901 Double beam UV-visible
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spectrophotometer (Beijing Presee General
Instrument Co., Ltd.), and FD-1D-50 Vacuum freeze-
drying machine (Beijing Boyikang Medical
Instrument Co., Ltd.). After fermentation, we diluted
the 1 mL fermentation broth to the level with the
OD

600
 values kept within the range of 0.10 0.65.

The same procedure was applied to the dilution of
unvaccinated substrate as blank control. The OD

600

was determined by using UV spectrophotometer.
Ascertain of Bacillus subtilis natto optimal
medium component

The optimal medium components for
Bacillus subtilis natto were determined as follows:
The PH value of carbon source basal medium with
5 g L-1 lactose, sucrose, starch, glucose and
trehalose respectively were adjusted to 7.0. The
PH value of nitrogen basal medium with 10 g L-1

peptone, yeast powder beef extract, carbamide,
NH4Cl and (NH4)2SO4 respectively was adjusted
to 7.0, For inorganic salts, the PH value of basal
medium with 5 g L-1 NaCl,K

2
HPO

4
,KH

2
PO

4
,CaCl

2

and MgSO
4 
respectively was adjusted to 7.0. Each

medium configuration was sterilized for 30 min at
121°C, inoculatesd into 2 ml seed solution and
cultivated at bed temperature incubator under 200
r/min and at 37°C for 24 h. The OD

600
 values and

the count of live Bacillus subtilis natto were
measured for determining the optimal
configurations. The L

9
(34) test on the optimization

of proliferation medium for Bacillus subtilis natto
was then conducted by the orthogonal experiment
design (Table 1) on four medium components
(yeast powder, peptone, starch, NaCl).

The optimal culture conditions for
Bacillus subtilis natto were determined as follows:
For finding the optimal proliferation medium, the
pH value of the proliferation medium was adjusted
to 6.0, 6.5, 7.0, 7.5, 8.0, 8.5 respectively. Each medium
configuration was sterilized for 30 min at 121°C,
inoculated into 2 ml seed solution, and cultivated
at bed temperature incubator under 200 r/min and
at 37°C for 24 h. For finding the optimal temperature,
the optimal proliferation medium was cultivated at
bed temperature incubator under 200 r/min with
the temperature set at 33°C, 35°C, 37°C, 39°C, 4°C
respectively. For finding the optimal growth time,
the optimal proliferation medium was cultivated at
bed temperature incubator under 200r/min at the
optimal temperature (determined in the previous
step) for 0, 2, 4, 6, 8, 10, 12, 14, 16, 20, 22, 24h

respectively. The OD
600

 values and the count of
live Bacillus subtilis natto were measured for
determining the optimal configurations.
The effect of different protective agent on the
lyophilization viable organism rate of Bacillus
subtilis natto

The procedure for selecting the bacterium
power protectant for gelsiccation Bacillus subtilis
natto is as follows: We first cultivated the Bacillus
subtilis natto under optimal culture conditions in
the initial stage of stable phase, followed by 3000
r/min centrifugation for 10 min and then the addition
of different concentration and protective agent(3
% , 5 %, 10 % , 15 % , 18 % skim milk 1 %, 2 %, 3 %,
5 %, 7 % sucrose 1 %, 2 %, 3 %, 5 %, 7 % glucose
5 %, 8 %, 10 %, 12 %, 15 % trehalose, 0.5 %, 1.0 %,
1.5 %, 2.0 %, 2.5 % Gelatin 1 %, 2 %, 3 %, 4 %, 5 %
glycero l 1 %, 2 %, 3 %, 4 %, 5 % VC) after washing
the gathered thallus three times with normal saline
to conduct single factor experiment for ascertain
the effect of different protective agent on the viable
organism of Bacillus subtilis natto. We
subsequently chose the protective agent with high
viable organism for the next optimizing process
with orthogonal design to ascertain the optimum
compomemts combination of protective agent. The
orthogonal design parameters are given in Table 2.

RESULTS AND DISCUSSION

Ascertain of Bacillus subtilis natto optimal
medium component

Our tests of the effects of five carbon
sources glucose, sucrose, lactose, trehalose and
starch on the proliferation of Bacillus subtilis natto
showed that the highest OD

600
 (5.13) and the count

of living Bacillus subtilis natto (8.8×109 cfu mL-1)
can be achieved when starch was used as the
carbon source, followed by trehalose (OD

600 
was

4.59 and the count of living Bacillus subtilis natto
was

 
5.60×109 cfu mL-1) and sucrose (OD

600 
was 4.15

and the count of living Bacillus subtilis natto was
4.14×109 cfu mL-1), with glucose as the least useful
source (OD

600 
was 3.61 and the count of living

Bacillus subtilis natto was 1.26×109 cfu mL-1).
Therefore, starch was selected as the carbon source
for the proliferation medium. In testing the effects
of six nitrogen sources yeast powder, peptone, beef
extract, urea, NH

4
Cl, and NH

4
 

2
SO

4
 on the

proliferation of Bacillus subtilis natto, we found
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the highest OD
600

 (3.35) and the count of live
Bacillus subtilis natto (1.64×109 cfu mL-1) can be
reached when yeast powder was used as the
nitrogen source, and the corresponding values
were significantly lower when various other extracts
and inorganic molecules were used as nitrogen
source. We therefore chose yeast powder as the
nitrogen source for proliferation medium. Our study
further showed that OD

600 
(4.03) and the count of

live Bacillus subtilis natto (3.07×109 cfu mL-1) are
at the maximal values when MgSO

4
 was used as

the inorganic salt, followed by NaCl (OD
600 

was
3.88 and the count of live Bacillus subtilis natto
was 2.58×109 cfu mL-1), CaCl

2 
(OD

600 
was

 
3.05 and

the count of live Bacillus subtilis natto was
1.65×109 cfu mL-1), K

2
HPO

4
(OD

600 
was

 
2.80 and the

count of live Bacillus subtilis natto was 1.43×109

cfu mL-1)
 
and KH

2
PO

4
(OD

600 
was

 
2.11 and the count

of live Bacillus subtilis natto was 0.93×109 cfu mL-

1). We therefore chose MgSO
4
as the inorganic salt

for the proliferation medium.
The L

9
(34) tests (Table 3) and F tests

(Table 4) on the proliferation medium for Bacillus
subtilis natto showed that the respective level of
yeast powder and NaCl have significance effects
in protecting the count of live Bacillus subtilis
natto and the effect between peptone and starch
have no significant effect. The multiple
comparisons among the tested experimental factors
(LSD) further showed that there are substantial
differences between A

3
B

1
C

3
D

2
 and A

2
B

3
C

1
D

2
, with

A
3
B

1
C

3
D

2
 and A

1
B

1
C

1
D

1
, and A

3
B

1
C

3
D

2 
was found

to have the optimal portfolio with the configuration
of yeast 0.7 %, peptone 0.5 %, starch 0.3 %, and
NaCl 0.5 %.
Ascertain of Bacillus subtilis natto optimum

Table1. Factors and levels of the L
9
(34) orthogonal experiments

level Factor A Factor B Factor C Factor D
Yeast powder % peptone % starch(%) NaCl %

1 0.3 0.5 0.3 0.3
2 0.5 1 0.5 0.5
3 0.7 1.5 0.5 0.7

Table 2. Factors and levels of the L9(34) orthogonal experiments

level Factor A Factor B Factor C Factor D
glycerol % skim milk % gelatin (%) trehalose %

1 2 5 1.5 8
2 3 10 2 10
3 4 15 2.5 12

Table 3. The orthogonal experiment results of Bacteria natto
 proliferation medium optimization

yeast peptone starch NaCl                      growth OD
No. powder(A)% (B)% (C)% (D)%

1 2 3 4 I II

1 0.3 0.5 0.3 0.3 3.97 3.46
2 0.3 1.0 0.5 0.5 5.31 4.5
3 0.3 1.5 0.7 0.7 4.88 4.91
4 0.5 0.5 0.5 0.7 5.20 4.85
5 0.5 1.0 0.7 0.3 4.33 5.44
6 0.5 1.5 0.3 0.5 6.79 5.42
7 0.7 0.5 0.7 0.5 6.44 6.86
8 0.7 1.0 0.3 0.7 6.41 5.66
9 0.7 1.5 0.7 0.3 5.11 5.68
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Table 4. The anova table of Bacteria natto culture medium optimization experiment

Source of variation SS df MS F F0.05 F0.01

interblock 0.1217 1 0.1217 0.4041 5.32 11.26
A 7.2536 2 3.6268 12.0447** 4.46 8.56
B 0.3999 2 0.2 0.664 4.46 8.56
C 0.4126 2 0.2063 0.6852 4.46 8.56
D 4.7132 2 2.3566 7.8263** 4.46 8.56
error 2.4089 8 0.3011
Total variation            15.31      17

Table 5. Multiple comparison between
each experimental factor (LSD)

Combination

A
3
B

1
C

3
D

2
6.65±0.30aA

A
2
B

3
C

1
D

2
6.11±0.97abA

A
3
B

2
C

1
D

3
6.04±0.53abA

A
3
B

3
C

2
D

1
5.40±0.40abAB

A
2
B

1
C

2
D

3
5.03±0.25bAB

A
1
B

2
C

2
D

2
4.91±0.57bAB

A
1
B

3
C

3
D

3
4.90±0.02bAB

A
2
B

2
C

3
D

1
4.89±0.78bcAB

A
1
B

1
C

1
D

1
3.63±0.23cB

Fig.2. Freeze-dried Bacillus natto survival rate with
different protective agent at different concentrations

Fig. 1. The growth curve of Bacillus natto

culture condition
Regarding to the effect of different

inorganic salt on the proliferation of Bacillus
subtilis natto, our study  showed that OD

600
 and

the count of live Bacillus subtilis natto are the
highest values when pH =7.0, the next is 7.506.506.0,
and are the lowest values when pH =8.0. Our study
of the effect of temperature on the proliferation of
Bacillus subtilis natto showed that OD

600
 and the

count of living Bacillus subtilis natto are the

highest when temperature is 37 °C, followed by 35
°C, 33 °C and 39 °C, with the minimum values
reached at 31 °C. Therefore, the optimal pH and
temperature were chosen as 7.0 and 37 °C
respectively.

The Growth behavior of Bacillus subtilis
natto obtained by cultivating Bacillus subtilis
natto under the optimal conditions and the OD

600

values of the samples taken every 2 h are presented
with Fig.1, from which one can find that Bacillus
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subtilis natto was under the growth adaptation
period from 0~ 6 h, the logarithmic phase from 6~
14 h, the growth stable phase from 14~ 20 h, and
eventually reached the decline phase after 20 h.
We selected the thallus in logarithmic phase as
seed solution because of the exuberant
multiplication capacity with high concentration and
short incubation period, based on which the
optimal growth age was determined to be 12 h.
Around this optimal age, the viable count directly
affects the quality of probiotic powder. Bacillus
subtilis natto in the growth stable phase produced
high number of spores, the viable count reached
the highest value with a stable state, and the culture
became stabilized. Therefore, the optimal harvest
time was chosen as 20 h.
The effect of different protective agent on the
lyophilization viable organism rate of Bacillus
subtilis natto

We measured the freeze-dried Bacillus
natto survival rate at different concentration of
skim milk, trehalose, glycerol, gelatin, sucrose,
glucose and VC, respectively. As can be seen in
Fig. 2. (The results of sucrose, glucose and VC did
not show), the optimal Bacillus subtilis natto
survival rate can be reached at the concentration
of 15 % skim milk, 10 % trehalose, 5 % glycerol, 2 %
gelatin, with the corresponding largest survival
rate of at 77 %, 71 %,  72 % and 69 %  respectively.
Single factor analysis showed that the skim milk,
glycerol, trehalose and gelatin significantly affect

the lyophilization viable organism rate of Bacillus
subtilis natto. Orthogonal experiments (Table 6)
further showed the differences of the factors in
affecting the lyophilization viable organism rate of
Bacillus subtilis natto. The sort order is B>D>A>C
from large to small of the lyophilization viable
organism rate, the optimal portfolio concentration
is A

1
B

3
C

2
D

3
 : glycerol 2 %, skim milk 15 %, gelatin

2 %, trehalose 12 %.

CONCLUSION

We were able to optimize culture
conditions and prepare the powder forms for
optimally retaining the beneficial effects of
Bacillus subtilis natto, which facilitates the further
development of Bacillus subtilis natto, into a
potentially useful health-promoting probiotic
product with a novel antithrombotic activity. The
optimal survival rate of the powder forms may be
maintained at the level of up to 77 %, which enables
the potential probiotic product to produce its
activities at sufficiently potent levels.
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