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                  A B S T R A C T                                    

Introduction  

Nattokinase was discovered in Natto, a 
fermented cheese-like food that has been 
used in Japan for over 1000 year (Haritha 
and  Meena, 2011). It is a potent fibrinolytic 
enzyme produced by a fermentation process 
by addition of Bacillus natto, a benefical 
bacteria, to boiled soybeans (Sumi et al., 
1990). Nattokinase  is  an  enzyme  that  
finds  a  wide  range  of  applications  in  
Pharmaceutical industry,  health  care  and  
Medicine, Its digests fibrin both  directly      

and indirectly. Indirectly, it activates pro- 
urokinase and tissue plasminogen activator 
(t-PA), supporting the fibrinolytic activity of 
plasmin. These  combined  actions promote 
healthy platelet function, contribute to the 
regular healthy  function of  the  heart and 
cardiovascular  system  by maintaining  
proper  blood  flow,  thinning  the  blood  
and  preventing blood  clots (Borah et al.,  
2012). Nattokinase a particularly potent 
treatment, it enhances the body s natural 
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The study was carried out on 25 samples collected from different regions in 
Khartoum.  Primary screening and characterization of the microorganism showed 
that six out of 25 samples (24%) were considered as Bacillus licheniformis 
according to microscopic and biochemical analysis. The promising isolates 
produced an extracellular crude nattokinase indicating by hemolytic and 
fibrinolytic activity. One stage statistical design was used to optimize nattokinase 
production from the newly isolate Bacillus licheniformis under batch fermentation. 
Central Composite Design (CCD) in Response Surface Methodology (RSM) was 
used to build statistical models to show the significant variables and to study the 
effect of two significant variables as temperature and pH on nattokinase 
production. The determination coefficient (R2) as shown by analysis of variance 
(ANOVA) was 94.72% showing adequate credibility of the model. The optimal 
conditions for maximum nattokinase production were found to be of 37.14oC and 
pH of 6.36.  
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ability to fight blood clots in several 
different ways; because it so closely 
resembles plasmin, it dissolves fibrin 
directly. In addition, it also enhances the 
body s production of both plasmin and other 
clot-dissolving agents, including urokinase 
(endogenous) (Martin Milner and Kouhei 
Makise, 2002). Nattokinase produces a 
prolonged action (unlike antithrombin drugs 
that wear off shortly after IV treatment is 
discontinued) in two ways: it prevents 
coagulation of blood and it dissolves 
existing thrombus. Both the efficacy and the 
prolonged action of nattokinase can be 
determined by measuring levels of 
euglobulin fibrinolytic activity (EFA) and 
fibrin degradation products (FDP), which 
both become elevated as fibrin is being 
dissolved (Sumi et al., 1990). On the basis 
of its food origin, nattokinase  has  relatively  
strong  fibrinolytic  activity,  stable  in  the 
gastro intestinal tract, and convenient for  
oral administration, subtilisin  nattokinase 
has advantages  for  commercially  used 
medicine for preventative and prolonged 
effects (Uversky and Fink, 2004). 
Fibrinolytic enzymes  such as  Nattokinase, 
Streptokinase and Urokinase, used as 
thrombolytic agent but too costly and  also  
used  through  intravenous  instillation,  
needs large scale production by some 
alternative methods and high  purity.  So, 
isolation, production, purification, assay and 
characterization of fibrinolytic enzymes 
from bacterial sources are very effective and 
useful (Dubey et al., 2011).   

The selection of optimal conditions is 
usually based on a combination of the 
different variables, which involved the 
optimization of one factor at a time 
technique. This approach is tedious, time 
consuming and expensive, more over it does 
not guarantee the determination of optimum 
conditions (Ibrahim and Elkhidir, 2011)  For 
a commercial use of nattokinase, it is, 

therefore, necessary to develop an efficient 
fermentation process that results in 
maximum production of the enzyme at high 
yield, high titer and high productivity. In 
contrast statistically planned experiments 
effectively advantageous due to reduce the 
number of experiments for a large number 
of factors. Among various nonlinear and 
quadratic optimization techniques available 
Response Surface Methodology is the most 
studied and employed techniques for 
optimization process in the recent years. In 
that a specific statistical approach e.g. 
central composite designs under RSM which 
also minimize the error in determining the 
values for significant parameter (Garapati et 
al., 2009).  The statistical experimental 
design constitutes an efficient tool and well 
adopted for treating problems with large 
number of variables, and allows 
simultaneous, systemic and efficient 
analysis of all variables (Ibrahim et al., 
2003)   The conventional methods for 
multifactor experimental design are time-
consuming and incapable of detecting the 
true optimum, due especially to the 
interactions among the factors, this can be 
eliminated using Response Surface 
Methodology. RSM is a statistical technique 
for the modeling and optimization of 
multiple variables, which determines the 
optimum process conditions through 
combining experimental designs with 
interpolation by first- or second-order 
polynomial equations in a sequential testing 
procedure (Myers et al., 2009).  In the 
present study, the objective was to optimize 
the best conditions for the production of 
extracellular nattokinase by local isolate of 
Bacilus licheniformis in batch fermentation 
by employing CCD and RSM.  

Materials and Methods  

Twenty five soil samples were collected into 
sterilized plastic bags from different 
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locations in Khartoum stat, Sudan. Samples 
were taken from 15 to 20 cm depth after 
removing approximately 3 cm of earth 
surface from February to April 2015.  

Isolation and identification of 
microorganism  

Isolation of microorganism was performed 
by the soil dilution plate technique (You and 
Prak, 2004). In this technique; 1g of each 
soil sample was taken in 9 ml of sterilized 
distill water in pre- sterilized test tube. Serial 
aqueous dilutions were prepared by 
transferring 1 ml of the soil suspension into 
9 ml of sterilized distill water in sterilized 
test tubes. Different aqueous dilutions (10-7) 
of the soil suspension were applied 
separately into sterilized petri-dishes 
containing sterilized nutrient agar which has 
been prepared by taken 28 g of agar base 
and pour into 1 L of water, sterilized by 
using autoclave, poured it into petri-dishes 
until cooling and incubated for 24 hr at 37°C 
and checked it for contamination, Bacillus 
spp. were determined according to the 
morphology of the colony. The 
Identification and characterization of the 
isolates were performed as described by 
(Barrow and Feltham, 1993).    

Enzyme extraction  

One ml of uniformly prepared suspension of 
B. licheniformis was used as inoculums; 
incubated at 37°C and 150 rpm in an orbital 
shaker. After 2 days of fermentation, cells 
were removed by centrifugation (Atlas, 
1997; Dubey et al., 2011).   

Enzyme assay  

Fibrinolytic activity was determined by 
conducted mixing 0.2 mL of human plasma 
and 0.8 mL of normal saline with 0.25 mL 
of 0.25% of calcium chloride; 0.5 mL of 

liquid bacterial growth in the test tube and 
0.5 mL of normal saline in the control tube 
then mixed and incubated for one hours at 
37°C. The positive result is hemolytic the 
clot formed. The A595 nm for the 
supernatant was measured and converted to 
the amount of protein equivalent. One unit 
of Fibrinolytic Activity (FU) was defined as 
the amount of enzyme releasing 0.2ml of 
soluble plasma equivalent per one hour 
(Tillett and Garner, 1933).     

Time course of enzyme production:  

The colonies that showed large zone on 
blood agar media were used for inoculum 
preparation. A volume of 200 ml of Brain 
Heart Infusion Broth taken in a 250-ml 
Erlenmeyer flask and inoculated with a loop 
full of cells from a 24 hr old slant and kept 
at 37ºC in a rotary shaker. After 18 hr of 
incubation, 10 ml of this broth culture was 
used as the inoculums.  

A ten percent inoculum was added to 90 ml 
of production medium into 250 ml 
Erlenmeyer flask. The cultures were 
incubated at 37oC and 140 rpm on a rotary 
shaker incubator for 72 hr. Samples were 
removed periodically every 12 hr and cell 
growth as well as nattokinase activity was 
determined (Ibrahim et al., 2004).  

Experimental design  

A two-level full fractional factorial design 
with two variables consisting of two blocks 
and 14 runs (8 combinations with 6 
replications of the center points) was 
employed (Table 1). The Minitab (release 
16) was used to describe the response 
surface method.  

The optimization of the temperature and pH 
for nattokinase activity, the surface response 
for enzyme production as a function of 
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selected key variable has to be 
predetermined. Therefore, according to the 
literature, the temperature range tested in the 
final optimization step was 29 45oC and pH 
5 9. The minimum and maximum ranges of 
variables were investigated and the full 
experimental plan with respect to their 
values in actual and coded form the coded 
and decoded values are listed in (Table 2).   

The empirical formula to find the optimal 
nattokinase yield is given by:  

Y=  + 1 X1 + 2 X2 + 11 X1
2 +   22 X2

2 + 
12 X1X2                Equation (1)  

Where, X1, X2, are the coded forms of pH 
and temperature, respectively. X1 

2, X2 
2 are 

the interaction terms, and X1 
2, X2 

2 are the 
squared terms of the independent variables.  

Three dimensional surface plots were drawn 
to show the effects of independent variables 
on response and a quadratic polynomial 
equation was proposed to describe the 
mathematical relationship between the 
variables and the response. The significance 
of the model was evaluated by determination 
of adjusted R2 coefficient. An experiment 
was also conducted to confirm the predicted 
optim2m response using the selected 
optimum values of the two variables.  

Results and Discussion  

Isolation and identification of 
microorganisms  

Six out of 25 samples (24%) were shown to 
be Bacillus licheniformis These organisms 
despite gram positive and endospore 
forming bacteria also showed  positive  
result  for  casein  hydrolysis, starch 
hydrolysis, blood hemolysis   and  even  
motility test was  motile, but negative results 
for  oxidase  and indole  production  test. 

Nattokinase can now be produced in batch 
culture, rather than relying on extraction 
from Natt (Kwon et al., 2011).  
Nattokinase is traditionally produced by 
fermentation of various microorganisms, 
among which the genus Bacillus 
licheniformis natto is the preeminent 
nattokinase producer (Kim and Choi, 2000).  

Presence and activity of nattokinase 
produced from Bacillus licheniformis  

Fibrinolytic activity   

The fibrinolytic activity of nattokinase was 
measured by casein and fibrin plate. It is an 
excellent qualitative performance. The 
measurement of the dimension of the clear 
zone around each organism indicates 
nattokinase activity. Table 3 shows the clear 
zone of sample (5) (Bacillus licheniformis). 
Nattokinase degrades fibrin clots both 
directly and indirectly by affecting 
plasminogen activator inhibitor. Researchers 
suggest that nattokinase may promote 
normal blood pressure, reduce whole blood 
viscosity and increase circulation being an 
effective supplement to support 
cardiovascular health (JNKA, 2004) 
However, Sumi et al. (1987) reported that 
intravenous administration did not show any 
clear thrombolytic effect but oral 
administration enhanced fibrinolytic 
activity. In another study Sumi et al. (1990) 
reported that when nattokinase was given to 
human subject by oral administration, 
fibrinolytic activity and the amount of tPA 
and fibrin degradation product in plasma 
increased about two folds.   

Plate 1 and 2 showed the primary screening 
of sample (5) using blood hemolysis and 
casein hydrolysis.  

The enzyme activity and the bacterial 
growth kinetics are depicted on figure 2. 
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Fibrinolytic Enzyme production from the 
local isolated Bacillus lichniformis in 
different time periods 0 72 hr. Figure 2 
shows that the growth profile during a 72 hr 
cultivation Maximum growth of the 
bacterium was obtained within 24 48 hr of 
cultivation. The activity of the enzyme 
reached a maximum within 48 hr after 
inoculation, beyond 48 hr of growth, no 
increase in enzyme activity was recorded. 
The two profiles were similar and show that 
the fermentation kinetics of nattokinase 
production by Bacillus lichniformis might be 
classified as growth associated. Enzyme 
production was found to be concomitant 
with growth.  

Factorial design and analysis of results   

The goodness of fit of the model is predicted 
by the determination coefficient value of 
94.72% and the adjusted R2 values of 
90.19%. The predicted value is also in good 
agreement with adjusted R2 value implying 
the significance of the model. Only 0.23% 
of the sample variance could not be 
satisfactorily explained by the model. 
Overall effect of experimental operation 
factors; temperature and pH on nattokinase 
production is shown in table 4. It was found 
that those factors all exerted certain effect 
on response and percent variability 
explained (R2) was 94.72. The adjusted R2 

value also indicates that only 9.81% of the 
total variation is not explained by the model. 
This indicated that the variation in those 
selected factors could explain the variation 
in nattokinase activity up to 94.72%. These 
made the fitted second-order polynomial 
more acceptable. This also indicates a good 
agreement between the experimental and 
predicted values of nattokinase production 
as shown in table 4.   

Minitab software version 16 was used for 
the optimization of reaction parameters. 
CCD of response surface methodology 

(RSM) was used to optimize the parameters 
affecting the nattokinase production so as to 
achieve maximum yield. RSM can be used 
to find the relationship among process 
variables and response in an efficient 
manner using minimum number of 
experiments (Nadyaini et al., 2011). All 
coefficients in the second-order polynomial 
in term of linearity and quadratic were 
significant at 1%. The interaction 
coefficients showed significant result at 5%. 
The lack0of-fit was not significant, which 
indicates that the model could represent the 
response properly (Table 5).   

The behavior of the system was explained 
by the following second-order polynomial 
equation predicted by the model for 
maximum nattokinase and by applying the 
regression analysis on the experimental data 
the equation was found to represent the 
nattokinase production  

Nattokinase production = 0.825 - 0.0800°C 
+ 0.280 + 0.001°C2 -0.010 X2

2  - 0.003 C2 X2    

To obtain the maximum optimum activity 
the factor levels was set as values given by 
MINI TAB Multiple Response Optimizer 
under global solution of desirability equal to 
one. That is the temperature would be 
37.1456oC and pH at 6.36. As shown in 
table 7. Figure 4 and 5 represent the Two-
dimensional (contour) and three-
dimensional (surface) plots indicate the 
effect of interaction of the different test 
variables (temp. and pH) on the predicted 
response. The derived optimum levels of the 
physical environment where the temperature 
would be 37.1456oC and pH at 6.36. The 
three-dimensional graphs and contour 
graphs are the common graphical 
representation of the regression equation 
which shows the optimal values of each 
dependent variable (Chen et al., 2008).  
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Table.1 Variables in experimental level of nattokinase production  

StdOrder RunOrder PtType Blocks temp pH 
2 1 1 1 45.0000 5.00000 
4 2 1 1 45.0000 9.00000 
7 3 0 1 37.0000 7.00000 
1 4 1 1 29.0000 5.00000 
5 5 0 1 37.0000 7.00000 
6 6 0 1 37.0000 7.00000 
3 7 1 1 29.0000 9.00000 
8 8 -1 2 25.6863 7.00000 
10 9 -1 2 37.0000 4.17157 
9 10 -1 2 48.3137 7.00000 
11 11 -1 2 37.0000 9.82843 
14 12 0 2 37.0000 7.00000 
13 13 0 2 37.0000 7.00000 
12 14 0 2 37.0000 7.00000 

  

Table.2 The dimension of clear zone around casein hydrolysis and blood hemolysis   

Microorganism  Dimension of the clear zone 
(mm) using casein hydrolysis

  

Dimension of the clear zone 
(mm) using Blood hemolysis 

Sample 5   
(Bacillus licheniformis)

  

20 28 

  

Table.3 ANOVA for quadratic response surface model (RSM)  

Term            Coef                       SE  Coef                            T                       P 
Constant     0.824805                  0.460318                         1.792               0.116 
Block           0.023659                0.009978                          2.371               0.050 
Temp          -0.080032                  0.017938                         -4.462               0.003 
pH                0.280136                   0.064956                        4.313               0.004 
Temp*temp   0.001272                 0.000215                       5.924                 0.001 
pH*pH      -0.010192                    0.003435                        -2.967                0.021 
Temp*pH    -0.003858                  0.001167                       -3.307                0.013 
S = 0.0373349,   PRESS = 0.0685619, R-Sq = 94.72%, R-Sq (pred) = 62.87%           
R-Sq (adj) = 90.19%     
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Table.4 Analysis of variance for the regression model of nattokinase production  

Source        DF            Seq SS            Adj SS                Adj MS                       F                          P 
Blocks         1            0.007836         0.007836               0.007836                   5.62                0.050 
Regression   5           0.167082         0.167082               0.033416                   23.97              0.000 
  Linear        2             0.086494         0.082942              0.041471                    29.75              0.000 
Temp           1           0.085599          0.027746              0.027746                   19.91              0.003 
pH               1            0.000895         0.025925              0.025925                   18.60               0.004 
Square         2            0.065347         0.065347              0.032673                   23.44                0.001 
temp*temp   1            0.053074          0.048918             0.048918                   35.09                0.001 
pH*pH          1           0.012272          0.012272              0.012272                   8.80                 0.021 
Interaction    1          0.015241          0.015241                 0.015241                10.93                0.013 
temp*pH         1       0.015241            0.015241                0.015241                 10.93               0.013 
Residual Error   7     0.009757            0.009757              0.001394   
 Lack-of-Fit    3       0.007305             0.007305             0.002435                     3.97               0.108 
  Pure Error      4      0.002452            0.002452              0.000613 
Total             13       0.184675 

 

Table.5 The derived optimum levels of the physical environment were temperature 37.1456oC 
and pH 6.36 at which maximum yield  

Number Temp  pH Response 1 Desirability 
1  37.1456 6.36 2.20707 1.000  Selected

 

2  38.2816 5.95 2.25367 1.000 
3  40.9904 6.05 2.23499 1.000 
4  39.8464 6.56 2.2216  1.000 
5  38.9008 5.88 2.26463 1.000 
6  37.7696 6.62 2.20928 1.000 
7  38.4067 6.85 2.19278 1.000 
8  40.1760 5.63 2.26228 1.000 
9  37.9408 5.96 2.2444  1.000 
10  39.5808 6.81 2.19261 1.000 

 

Fig.1 Primary screening of sample (5) using blood hemolysis  
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Fig.2 Primary screening of sample (5) using casein hydrolysis  

    

Fig.3 Nattokinase activity profile during the growth of B. licheniformis  
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Fig.4 Fitted surface temperature-pH-enzyme activity. Three dimensional surface plot.  
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Fig.5 Contour plot of nattokinase activity  

t e m p

p
H

4 54 03 53 0

9

8

7

6

5

>  

        

<  0.0
0.0 0.5
0.5 1.0
1.0 1.5
1.5 2.0

2.0

m g / m l
C o n c en t r a t io n

C o n t o u r P l o t o f C o n c e n t r a t i o n m g / m l v s p H ; t e m p  

In conclusion, twenty five soil samples that 
brought from different locations in Sudan. 
Six out of 25 samples (24%) were 
considered as Bacillus licheniformis 
according to Microscopic and Biochemical 
analysis. The promising isolates also could 

produce an extracellular crude nattokinase 
indicating by heamolytic and fibrinolytic 
activity.   

The optimization of the physical conditions 
as temperature and pH enhanced the 
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production of nattokinase by Bacillus 
licheniformis. The optimal conditions were 
found to be temperature of 37.1456oC and 
pH of 6.36 that gave a maximum yield using 
RSM.  
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