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Abstract 
 
The growth of cell culture of strain Bacillus subtilis NBIMCC 2353 has been traced by two experiments. At 48th hour 
the number of cells reaches its maximum, which is above 8 log units (experiment 1), after included on the 24th hour of 
enrichment agents in native form - mushroom body and micelles of the high medical mushrooms Ganoderma lucidum 
(Red reishi), and Cordyceps sinensis at concentrations of 2% and 4%. Cell culture basically fails to develop in its 
maximum capabilities due to difficulty absorbing macro-, micro-elements and protein compounds, contained in the high 
mushrooms.  Positive effects have been found in experiment 2, such as prolonging the propagation time and doubling 
the number of cells of Bacillus subtilis NBIMCC 2353, upon added into the nutrient medium of easily accessible 
components, such as Cordyceps sinensis and Ganoderma lucidum powder extracts. The largest increase in cell amount 
was observed at the 54th hour from the start of incubation, which was over 11.5 log units, for variants with added 2 g 
extract.  
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INTRODUCTION 
 
Increasing interest represent so-called 
biologically active foods in the last decades, 
which are enriched with various beneficial 
components as well as probiotic bacteria that 
regulate the functions of the body and improve 
the health status of the consumers (Tsvetkova 
et. al., 2006; Olano and Corzo, 2009; 
Guergoletto еt al., 2010; Abdel-Hamid et al., 
2020). The probiotic bacteria, producing 
biologically active substances with high health 
potential, are of great interest. Bacillus subtilis, 
which produces a set of proteolytic enzymes 
and, in particular, those with a fibrinolytic 
effect, such as the enzyme nattokinase, 
provokes especially attitude. 
Bacillus subtilis is a Gram-positive bacterium, 
found in the soil and the gastrointestinal tract of 
ruminants and humans. Its cells are stick with a 
length of about 4-10 μm and a diameter of 
0.25-1.0 μm. The bacterium has excellent 
fermentation properties, high yields of 
products, that produce and complete absence of 
undesirable by-products, in biotechnological 
processes (Moharam et al., 2018; Yu et al., 
2014; Gu et al., 2018; Maarten van Dijl and 

Hecker, 2013; Ciprandi et al., 1986). B. subtilis 
has been intensive studied for many years and 
is currently the most well-characterized safe 
bacteria, as withstands of unfavorable 
cultivation conditions (Phulara et al., 2018; 
Earl et al., 2008).  
High mushrooms Ganoderma lucidum and 
Cordyceps sinensis, used for medical 
application, represent a rich biological food 
matrix, containing a huge amount of 
biologically active substances and are suitable 
for the production of functional foods for 
regular use and dietary regimens. Ganoderma 
lucidum widely has been used for health 
benefits, such as prophylaxis and treatment of 
hepatitis, hypertension, cancer, etc. At present, 
this sponge is one of the most sought-after 
medicinal mushrooms in the Oriental countries. 
There are even some food products on the 
market, containing extract thereof (Baby et al., 
2015; Phulara et al., 2018; Taofiq et al., 2017; 
Wasser, 2002; Guangming et al., 2016). 
Cordyceps sinensis has been used for a long 
time in Chinese medicine and as a food 
supplement. It is believed that this sponge can 
improve liver function, treat chronic fatigue 
and cough, "cure" anemia and heart 

 
arrhythmias, reduce cholesterol, and more 
(Chiu et al., 2006; Hatton et al., 2018; Chen et 
al., 2001; Qi et al., 2020). 
Mushroom residues as feed additives for 
cultivation of Bacillus subtilis have been 
experimented, such as oyster mushroom 
residues, shiitake mushroom residues, residues 
of needle-like mushrooms, etc. to produce 
poly-γ-glutamic acid (Tang et al., 2015). 
However, there have still been no studies for 
the cultivation of Bacillus subtilis in culture 
medium with added micelles and extracts of the 
high fungi Cordiceps sinensis and Ganoderma 
lucidum. 
The aim of the present study is to trace growth 
of the number of live cells of Bacillus subtilis 
NBIMCC 2353 strain in a culture medium in 
which: 1) mushroom body and mycelium from 
the high mushrooms Ganoderma lucidum and 
Cordyceps sinensis have been added 
(experiment 1); 2) extracts from these fungi 
have been added  (experiment 2). The idea is to 
determine in which of the two environments 
growth is greater over the 72 hours period. The 
task is part of a scientific research project for 
the creation of lyophilized functional bio-
product with prophylactic and curative purpose, 
based on colostrum, enzyme complex with 
proteolytic and fibrinolytic action and other 
biologically active components. The 
lyophilisate thus obtained will be tested in 
connection with the fulfilment of a scientific 
task of creating "Alternative approaches using 
biostimulants to stabilize yields and production 
with high biological value in legumes ", within 
the framework of the National Scientific 
Program "Healthy Foods for a Strong 
Bioeconomy and Quality of Life" of the 
Ministry of Education and Science. 
 
MATERIALS AND METHODS 
 
For experiments was used depth cultivation. 
The main nutrient medium for the propagation 
and maintenance of the strain, and as a control, 
was a composition (g/l) in the experiments: 
Meat extract - 10.0; Peptone - 10.0; NaCl - 5.0; 
Agar - 20.0; distilled water - 1 l. The 
components were dissolved in distilled water 
and sterilized in an autoclave for 20 minutes at 
121°C and 1 atm. To prepare vegetative sowing 
material, cultivation was carried out in 500 ml 

Erlenmeyer flasks containing 100 ml of seed 
medium for 24 hours at 30°C on a BS/4 circular 
shaker apparatus at 100 turnover/min.  
Experiment 1: Erlenmeyer flasks with a volume 
of 250 ml with an amount of nutrient medium 
of 50 ml were used to perform the experimental 
work. Cultivation of the strain was proceeded 
in a BS/4 circular shaker apparatus with the 
following parameters: Amplitude 100 
turnover/min and temperature 30°C.  
Experiment 2: Erlenmeyer flasks of 250 ml 
volume were used with an amount of nutrient 
medium 50 ml. Cultivation of the strain here 
also was occured on a BS/4 circular shaker 
apparatus under the same parameters as 
described at experiment 1. Determination of 
cell culture density, calculating the number of 
strain cells in different nutrient media were 
determined using Spekol 11. A computer 
program for graphical data expression was used 
to construct the strain growth curve. The results 
were processed using software product MS 
Office Excel 2007. 
Experimental part: Biotechnological studies 
were carried out on Bacillus subtilis strain 
NBIMCC 2353 in two experiments - the first 
one to which micelles of the higher fungi 
Cordyceps sinensis and Ganoderma lucidum 
have been added to the culture medium and a 
second one, where powdered extracts of these 
mushrooms have been imported into the 
medium. The cell growth of the strain was 
traced for 72 hours in both media and the cell 
culture density was determined at certain times, 
by which the number of cells for these periods 
was calculated. For the experiments the strain 
was provided by the National Bank for 
Industrial Microorganisms and Cell Cultures. 
Experiment 1: Culturing the strain was 
occurred on at a temperature of 30°C for a 
period of 72 hours. The inoculum was an initial 
cell concentration of 1.5х106 CFU/ml. At 24th 
hour from the beginning of cultivation, the 
mushroom body and mycelium of the two 
mushrooms were imported into concentrations 
of 2% and 4%. The mushroom body and the 
micelles, under sterile conditions, were 
measured in the corresponding amounts and 
crushed maximum finely prior to being added 
to the primary culture medium. 
Experiment 2: Cultivation of the strain was 
carried out for 72 hours at 30°C. The extracts of 
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the two types of medicinal mushrooms have 
been added in powder form in two different 
concentrations: 1 and 2 g, for enrichment of the 
medium and tracking the multiplication of the 
cells. The inoculum was an initial cell 
concentration of 1.6 х 107 CFU/ml in all 
variants. 
 
RESULTS AND DISCUSSIONS  
 
Table 1 shows the variants of the one used 
nutritional medium with added mushroom body 
and the micelles of the high fungi Ganoderma 
lucidum (Red reishi) and Cordyceps sinensis  
at the corresponding concentrations of 
experiment 1.  
 

Table 1. Variants of the used nutrient medium with 
added mushroom body and micelles of two types of 

mushrooms 
Variant 
sample  

Composition Concentration 
% 

1.  Mushroom body 2 
2.  Mushroom body 4 
3.  Ganoderma lucidum 2 
4.  Ganoderma lucidum 4 
5.  Cordyceps sinensis 2 
6.  Cordyceps sinensis 4 

 
Figure 1 reflects the increase in the number of 
cells of the test strain for the 72 hours period. 

 

 
Figure 1. Number of cells of B. subtilis NBIMCC 2353 

strain in logarithmic units for a time range  
of 0 to 72 hours (log N) 

 
It was seen that the increase in live cell count 
averaged 0.7-0.8 log units in the first 24 hours 
of cultivation in pure nutrient medium. The 
cells were multiplied more intensively and their 
number was increased up to 2 log units, after 
the 24th hours, after adding the specified 
percent micelle and mushroom body, as at the 

48th hour was reached its maximum, which is 
above 8 log units. The largest amount of cells 
for this hour, of all variant samples, was 
recorded in sample 6 -8.9 log N, followed by 
sample 4, where the amount was 8.75 log N. 
The smallest number of live cells for the same 
hour was noted for variant sample 1-8.08 log 
units, correspondingly.  
The weakest propagation after the 24th hour 
was observed in variant 1 with 2% mushroom 
body and variant 5 with Cordyceps sinensis 2% 
where the growth of cells was barely about 1.0-
1.2 log units. The breeding intensity, in these 
variants, is maintained the same as in the first 
24 hours prior to the enrichment of the 
medium. Better results in cell suspension 
increase after 24th hour were achieved in 
variants 4 and 6, where the growth was 1.9 and 
1.8 log units, respectively. There was a slight 
decrease in the amount of cells in all variant 
samples between 7.3 and 8.2 log N by the 72th 
hour, but their number was higher than these 
recorded at the 24th hour. 
Nutritional environments and the respective 
amounts of the extracts of the two types of high 
mushrooms distributed in 10 experimental 
variants are presented in Table 2. 

 
Table 2. Nutrient media and quantities of extracts  

of two types of high mushrooms. 
 

Variant 
sample 

Composition Amount 
of 

extract/g 

Total 
quantity

/ml 

1 Nutrient medium 
/control 1/ 

 80 

2 Nutrient medium + cells  80 
3 Nutrient medium + C. 

sinensis/control 2 
1 80 

4 Nutrient medium + C. 
sinensis + cells 

1 80 

5 Nutrient medium + C. 
sinensis/control 3/ 

2 80 

6 Nutrient medium + C. 
sinensis + cells 

2 80 

7 Nutrient medium + G. 
lucidum/control 4 

1 80 

8 Nutrient medium + G. 
lucidum + cells 

1 80 

9 Nutrient medium + G. 
lucidum/control 5 

2 80 

10 Nutrient medium + G. 
lucidum + cells 

2 80 

 
Figure 2 shows the increase in the number of 
Bacillus subtilis cells NBIMCC 2353 in 
logarithmic units for a time range of up to 72 
hours. 
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Peak of an increase of cell count in control 
variant 2, where the cell culture was propagated 
without added enrichment agents, was at 40-48 
hours after inoculation, which was increased to 
1.9 log units. After this period, began dying of 
the cell culture and at 72th hour was observed 
reducing the cells by almost 1 log unit. A 
certain similarity was observed in the breeding 
time range of culture at variant samples 4 and 8 
with added 1 g extract of Cordyceps sinensis 
and Ganoderma lucidum. The peak of breeding 
was also at 48th hour from the beginning of the 
experiment and the increase was slightly above 
3 log units (10.3 log N for variant 4 and 10.26 
log N for variant 8). Was observed sharper 
reduction in variant sample 4 with 1 log unit to 
9.3 log N, and in variant 8 cells decreased by 
0.7 to 9.6 log N, to 72th hour. A greater number 
of cells was found, almost 4.5 log units in 
variants 6 and 10 with added 2 g of extract of 
the two high mushrooms. The largest number 
was reported for a variant sample of 10-11.7 
log N (at 48th hour). The cellular extinction 
after the peak of reproduction up to 72th hour 
was also labeled with a smaller number (about 
0.5 log units), respectively at variant 6 - up to 
11 log N, and at variant 10 - up to 11.5 log 
units, in which it can be seen, that up to 72th 

hour, a very small number of cells died and the 
number of living cells remained almost the 
same as that recorded at 48th hour. 
 
CONCLUSIONS  
 
It can be said from experiment 1, that in the 
growth of cell culture, after following the 

importation of the determined percentages of 
mycelia and mushroom body, the best results 
were obtained in the variants with added 4% 
micelles from the Ganoderma lucidum and 
Cordyceps sinensis mushrooms, where the 
number of cells from 24th to 48th hour was 
increased by 1.9 and 1.8 log units, respectively. 
The higher percentage concentration of the 
imported micelles contributes to a more intense 
development of the cell population of Bacillus 
subtilis NBIMCC 2353 strain. Тhe lowest 
population growth in the 2% mushroom body 
variant was observed after addition of the 
additional components. A slightly larger cell 
growth was seen in the variant sample with 
Cordyceps sinensis 2%, but in both variants it 
can be seen that the cell propagation intensity 
was preserved the same as in the first 24 hours 
before enrichment of the medium. 
It can be concluded from experiment 2, that in 
all variant samples the growth of the cell 
population was reached to 48th hour. However, 
at the variants where extracts of the two 
medicinal mushrooms were added, higher 
maximum cell quantities were reported, than in 
the control variant. Of these, the largest number 
was found, that it was in the variant samples 
with 2 g of extracts added, where to 48th hour 
the number of cells increased by almost 4.5 log 
units, and by 72th hour it was observed that a 
small amount of cells died. Especially clear this 
has underlined for variant 10.  
It can be concluded from both experiments, that 
a higher maximum number of living cells was 
recorded in the culture medium with 2 g 
extracts of the high mushrooms (experiment 2), 
11.7 and 11.6 log units, respectively. Maximum 
amounts of cells were registered in the 
experiment 1 culture medium, at the samples 
where 4% micelles of the two mushrooms were 
added, 8.9 and 8.8 log N, respectively. From 
this it can be seen, that in experiment 2 the 
maximum number of registered living cells per 
strain Bacillus subtilis NBIMCC 2353 was with 
about 3 log units greater than that at experiment 
1. When added to the nutrition media easily 
accessible for absorption components, as they 
are powdered extracts of Cordyceps sinensis 
and Ganoderma lucidum, positive effects have 
been found: prolonging the propagation time 
and doubling the number of cells.  
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0.7 to 9.6 log N, to 72th hour. A greater number 
of cells was found, almost 4.5 log units in 
variants 6 and 10 with added 2 g of extract of 
the two high mushrooms. The largest number 
was reported for a variant sample of 10-11.7 
log N (at 48th hour). The cellular extinction 
after the peak of reproduction up to 72th hour 
was also labeled with a smaller number (about 
0.5 log units), respectively at variant 6 - up to 
11 log N, and at variant 10 - up to 11.5 log 
units, in which it can be seen, that up to 72th 

hour, a very small number of cells died and the 
number of living cells remained almost the 
same as that recorded at 48th hour. 
 
CONCLUSIONS  
 
It can be said from experiment 1, that in the 
growth of cell culture, after following the 

importation of the determined percentages of 
mycelia and mushroom body, the best results 
were obtained in the variants with added 4% 
micelles from the Ganoderma lucidum and 
Cordyceps sinensis mushrooms, where the 
number of cells from 24th to 48th hour was 
increased by 1.9 and 1.8 log units, respectively. 
The higher percentage concentration of the 
imported micelles contributes to a more intense 
development of the cell population of Bacillus 
subtilis NBIMCC 2353 strain. Тhe lowest 
population growth in the 2% mushroom body 
variant was observed after addition of the 
additional components. A slightly larger cell 
growth was seen in the variant sample with 
Cordyceps sinensis 2%, but in both variants it 
can be seen that the cell propagation intensity 
was preserved the same as in the first 24 hours 
before enrichment of the medium. 
It can be concluded from experiment 2, that in 
all variant samples the growth of the cell 
population was reached to 48th hour. However, 
at the variants where extracts of the two 
medicinal mushrooms were added, higher 
maximum cell quantities were reported, than in 
the control variant. Of these, the largest number 
was found, that it was in the variant samples 
with 2 g of extracts added, where to 48th hour 
the number of cells increased by almost 4.5 log 
units, and by 72th hour it was observed that a 
small amount of cells died. Especially clear this 
has underlined for variant 10.  
It can be concluded from both experiments, that 
a higher maximum number of living cells was 
recorded in the culture medium with 2 g 
extracts of the high mushrooms (experiment 2), 
11.7 and 11.6 log units, respectively. Maximum 
amounts of cells were registered in the 
experiment 1 culture medium, at the samples 
where 4% micelles of the two mushrooms were 
added, 8.9 and 8.8 log N, respectively. From 
this it can be seen, that in experiment 2 the 
maximum number of registered living cells per 
strain Bacillus subtilis NBIMCC 2353 was with 
about 3 log units greater than that at experiment 
1. When added to the nutrition media easily 
accessible for absorption components, as they 
are powdered extracts of Cordyceps sinensis 
and Ganoderma lucidum, positive effects have 
been found: prolonging the propagation time 
and doubling the number of cells.  
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In the primary nutrient medium, where 
enrichment agents were added in the native 
form of mushroom body and mycelium, for 
multiply of the cell culture Bacillus subtilis 
NBIMCC 2353, the number of cells was 
smaller. Cell culture generally failed to develop 
to in its maximum capabilities, due to difficulty 
in absorbing macro, micro and protein 
compounds contained in high mushrooms. 
An increase in the number of cells of the cell 
culture was established, when importing the 
powdered extracts of Cordyceps sinensis and 
Ganoderma lucidum to the nutrient medium. 
With this, we can say, that at using a nutrient 
medium to cultivate Bacillus subtilis NBIMCC 
2353 strain with imported powdered extracts 
from the two high mushrooms a higher 
population was achieved. It is thus established, 
that this approach was suitable for use in the 
production of biologically active extracts for 
incorporation into functional foods. 
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In the primary nutrient medium, where 
enrichment agents were added in the native 
form of mushroom body and mycelium, for 
multiply of the cell culture Bacillus subtilis 
NBIMCC 2353, the number of cells was 
smaller. Cell culture generally failed to develop 
to in its maximum capabilities, due to difficulty 
in absorbing macro, micro and protein 
compounds contained in high mushrooms. 
An increase in the number of cells of the cell 
culture was established, when importing the 
powdered extracts of Cordyceps sinensis and 
Ganoderma lucidum to the nutrient medium. 
With this, we can say, that at using a nutrient 
medium to cultivate Bacillus subtilis NBIMCC 
2353 strain with imported powdered extracts 
from the two high mushrooms a higher 
population was achieved. It is thus established, 
that this approach was suitable for use in the 
production of biologically active extracts for 
incorporation into functional foods. 
 
ACKNOWLEDGEMENTS 
 
The study was funded within the framework of 
a scientific project “Cryogenic method with 
ultra-lyophilization for preserving the biologi-
cal activity of extracts from microbial sources” 
of the Ministry of Education and Science. 
 
REFERENCES  
 
Abdel-Hamid, M.,  Romeih, E., Huang, Z.,  Enomoto, T., 

Huang, L.,  Li, L. (2020). Bioactive properties of 
probiotic set-yogurt supplemented with Siraitia 
grosvenorii fruit extract. Food, 303, 125400. 

Baby, S., Johnson, A.J., Govindan, B. (2015). Secondary 
metabolites from ganoderma. Phytochemistry, 114, 
66-101. 

Ciprandi, G., Scordamaglia, A., Venuti, D., Caria, M., 
Canoniva, G.W. (1986). In vitro effects of Bacillus 
subtilis on the immune response. Chemioterapia, 
5(6): 404-407. 

Chen, Y.Q., Wang, N., Qu, L., Li, T., Zhang, W. (2001). 
Determination of the anamorph of Cordyceps sinensis 
inferred from the analysis of the ribosomal DNA 
internal transcribed spacers and 5.8S rDNA. 
Biochem. Syst. Ecol., 29, 597-607. 

Chiu, C.P.,  Hwang, T.-L., Chan, Y.,  El-Shazly, M.,  
Wu, T.-Y.,  Lo I.-W.,  Hsu Y.-M.,  Lai K.-H.,  Hou, 
M.-F.,  Yuan, S.-S., Chang, F.-R., Wu, Y.-C. (2016). 
Research and development of Cordyceps in Taiwan. 
Food Science and Human Wellness, 5, 4, 177-185. 

Earl, A.M., Losick, R., Kolter, R. (2008). Ecology and      
genomics of Bacillus subtilis. Trends Microbiol, 16,      
269-275. 

Gu, Y.,  Xu, X., Wu, Y., Niu, T., Liu, Y.,  Li, J.,  Du, G., 
Liu, L. (2018). Advances and prospects of Bacillus 
subtilis cellular factories: From rational design to 
industrial applications. Metabolic Engineering,  
50, 109-121. 

Guangming,   R.,  Yu,  M.,  Qu,  J.   (2016).   Effects   of 
Ganoderma lucidum polysaccharides on chronic 
pancreatitis and intestinal microbiota in mice, 
International Journal of Biological Macromolecules,  
93, Part A, 904-912. 

Guergoletto, K.B., Magnani, M., Martin, J. S., Andrade, 
C.G.T. de J., Garcia, S. (2010). Survival of 
Lactobacillus casei (LC-1) adhered to prebiotic 
vegetal fibers. Innovative Food Science & Emerging 
Technologies, 11(2): 415–421. 

Hatton, М.N., Desai, K., Le, D., Vu, A. (2018). 
Excessive postextraction bleeding associated with 
Cordyceps sinensis: a case report and review of select 
traditional medicines used by Vietnamese people 
living in the United States. Oral Surgery, Oral 
Medicine, Oral Pathology and Oral Radiology, 
126(6): 494-500.  

Maarten van Dijl, J., Hecker, M. (2013). Bacillus 
subtilis: from soil bacterium to supper secreting cell 
factory. Microbial cell factories, 12: 3. 

Moharam, M.E., El-Bendary, M.A.,  El-Beih, F., 
Hassnin, S.M.,  Abo, M.M.,  Azzam, E.M.I., 
Elgamal, N.N. (2018). Optimization of fibrinolytic 
enzyme production by newly isolated Bacillus 
subtilis Egy using central composite design. 
Biocatalysis and Agricultural Biotechnology, 
Available online 8 November 2018, In Press, 
Accepted Manuscript. 

Phulara, C., Chaturvedi, P., Chaurasia, D.,  Diwan, B.,  
Gupta, P. (2018). Modulation of culture medium 
confers high-specificity production of isopentenol in 
Bacillus subtilis. Journal of Bioscience and 
Bioengineering, Available online 26 October 2018. 

Olano A., Corzo, N. (2009). Lactulose as a food 
Ingredient. Journal of the Science of Food and 
Agriculture, 89, 1987-1990. 

Qi, W., Zhou, X., Wang, J., Zhang, K., Zhou, Y., Chen, 
S., Nie, S., Xie, M. (2020). Cordyceps sinensis 
polysaccharide inhibits colon cancer cells growt by 
inducing apoptosis and auophagy flux blockage via 
mTOR signalling. Carbohydrate Polymers, Available 
online, 116113, In press. 

Tang, B., Xu, H., Xu, Z., Xu, C., Xu, Z., Lei, P., Qiu, Y., 
Liang, J., Feng, X. (2015). Conversion of 
agroindustrial residues for high poly (γ-glutamic 
acid) production by Bacillus subtilis NX-2 via solid-
state fermentation. Bioresource Technology, 181, 
351-354. 

Taofiq, O., Heleno, S.A., Calhelha, R.C.,  Alves, M.J.,  
Barros, L., González-Paramás, A.M., Barreiro, M.F., 
Ferreira, I.C.F.R. (2017). The potential of 
Ganoderma lucidum extracts as bioactive ingredients 
in topical formulations, beyond its nutritional 
benefits. Food and Chemical Toxicology, 108, Part 
A, 139-147. 

Tsvetkova, E., Nikolova, R., Dimov, K., Balasopulo, A., 
Miteva, D. (2006). Safe food preservation 

 
technology. Proceedings of the 3-th Central European 
Congress of Food, 1-8. 

Yu, A.C., Loo, J.F., Loo, S., Kong, S.K., Chan, T.F.  
(2014). Monitoring bacterial growth using tunable 
Resistive pulse sensing with a pore-based technique.  

Applied Microbiology and Biotechnology, 98 (2): 
855-862. 

Wasser, S.P. (2002). Medicinal mushrooms as a source       
of antitumor and immunomo dulating polysaccha-       
rides. Appl. Microbiol. Biotechnol., 60, 258-274.  

 
 


