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ABSTRACT

Production of B. megaterium spores as probiotic candidates is not only influenced by the nutrient composition
in the culture media but also initiated by environmental factors. One of the efforts to reduce spore production
costs is by utilizing wheat flour as a medium for spore growth. Large quantities of B. megaterium spore
production in a short time on wheat flour media can be carried out by implementing environmental shocks.
The objective of this study was to evaluate the influence of environmental shock initiation on the spore
production of B. megaterium. The culture media consisted of carbon source (wheat flour) and nitrogen
(ammonium chloride) at the C/N ratio of 15:3. Environmental shock conducted at 51 °C and pH of 10 in
vegetative maintenance. The treatments of shock were started at the 5th, 10th, and 15th hour after inoculation,
respectively. The parameters of this study were vegetative cells, spore production, sporulation efficiency
and spore fraction. The highest vegetative cell was revealed in the shock initiated at 10th hour (3.5 x 108 cells.
ml-1). The high density of vegetative cells did not indicate high spore production. The highest spore
production in this study was found in the shock started at 15th hour (1.73 x 108 spores. ml-1) with sporulation
efficiency (79%) and spore fraction was 57.28%. The target of high spore production can be achieved in the
shock initiation at the 15th hour in wheat flour media.
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Introduction

The ability of bacteria to produce extracellular activ-
ity is an important indicator to be used in the field of
biotechnology especially as a probiotic candidate in
the aquaculture industry (Doroteo et al., 2018). For
instance, protease as extracellular enzyme has been
proven the resistance of bacteria at low pH level
(Sunu et al., 2019). Recently, several specific proper-
ties of bacteria are also of great potential to be ap-

plied (Palkova, 2004; Gray et al., 2019). Bacteria can
also maintain stability in order to avoid harsh envi-
ronments such as the influence of extreme tempera-
tures, desiccation, UV and ã-radiation, toxic chemi-
cal and other environmental shocks (Nicholson et al.,
2000; Setlow, 2006). Some Gram-positive bacteria
are known to produce spores such as Bacillus and
Clostridium (Swick et al., 2016; Andryukov et al.,
2019).

Application of spore utilization as probiotics has
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been studied which provides beneficial effects on
cultivated organism such as shrimp and fish
(Wangka-Orm et al., 2014; Thurlow et al., 2019). One
of the bacteria from the genus Bacillus that can pro-
duce spores is B. megaterium which presents its own
uniqueness in its outer membrane known as exospo-
rium (Zhou et al., 2017). This particular characteris-
tic causes B. megaterium spores when applied in vivo
test to have the advantage of attaching to the intes-
tinal epithelium (Barra-Carrasco et al., 2013; Mora-
Uribe et al., 2016). Production of B. megaterium
spores is influenced by several factors such as
growth medium (Gopinathan et al., 2016) and envi-
ronment (Trunet et al., 2015). Commercial media fre-
quently used to obtain spores have been evaluated
as providing high production costs (Kabore et al.,
2019). This condition means that the cost efficiency
of B. megaterium spore production as a probiotic can-
didate needs to be considered.

According to Movahedi and Wales (2002) and
Minh et al. (2011) the initiation of spore formation
can be conducted by giving an environmental
shock. Providing environmental shocks has been
studied to increase the response of vegetative cells
to transform into spore through sporulation mecha-
nism (Melly and Setlow, 2001; Noor et al., 2019).
Byun et al., (2011) reported that environmental
shock induction can increase spore production by
up to 102%, while Lee et al. (2003) explained that
shock treatment can also improve spore resistance
at high temperatures. However, the initiation of en-
vironmental shocks to produce spores is still limited
to commercial growth media, thus the information
about environmental shock and the initiation shock-
ing time to increase spore production in low-cost
media needs to be confirmed.

Furthermore, objective of this study was to evalu-
ate the influence of environmental shock initiation
on spore production of B. megaterium.

Materials and Methods

Bacterial preparation

Species of B. megaterium in this study were cultured
on the four-quadrant agar medium (NA) and were
transferred to 30 ml of sterile nutrient broth (NB)
media with an inoculating loop. Afterwards, this
broth culture was incubated at 37 °C using a speed
of 120 rpm for 18 hours in an incubator shaker. The
starter bacteria used in this study had an initial den-

sity at 1.7 x 108 cells ml-1.

Culture media

The composition and preparation of test media were
carried out based on Mahariawan et al. (2021).

Environmental shock initiation treatments in
vegetative cell maintenance

All test media were incubated at 37 °C and were
treated with environmental shock at different times.
This research used 3 treatments in variations of the
initiation of environmental shock, namely at the 5th,
10th, and 15th hours after inoculation of the vegetative
cells and each treatment was repeated 5 times. Envi-
ronmental shock was given using a pH of 10 and a
temperature of 51 °C which was set until the sporu-
lation period ended (84 hours). The alkaline condi-
tioning on the test media used 0.1 N of sodium hy-
droxide. The vegetative incubation temperature
which was initially at 37 °C was increased to 51 °C
with different times based on the variation of the
shock initiation used.

Measurements of vegetative cell, spore density,
sporulation efficiency and spore fraction

Calculation of vegetative cells and spores of B.
megaterium was carried out as per Yuniarti et al.
(2019). The growth rate of vegetative cell was mea-
sured by establishing an exponential growth model
and revealed linear regression in vegetative curve
shape. Sporulation efficiency and spore fraction
were determined by the method of Monteiro et al.
(2014).

Statistical analysis

Statistical analysis in this study used SPSS 20 for
windows software which was applied to analyze
data among treatments. The level of significance was
defined at 95%.

Results and Discussion

Vegetative cell density and growth rate

The highest vegetative cell density of B. megaterium
was obtained in the environmental shock started at
the 10th hour with a value of 3.53 x 108 cells. ml-1.
Other treatments reached the highest cell density of
less than 2.5 x 108 cells ml-1 (Table 1). The growth rate
of vegetative cells recorded a significant difference
in all treatments (p<0.05). The highest vegetative cell
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growth rate was obtained at the shocking started in
the 10th hour with a value of 0.48 hour-1 (Figure 1).
The application of environmental shocks at different
times in this study revealed that there was a differ-
ent density and growth rate of vegetative cell. This
difference was caused by the effect of giving shocks
on proteins which had an impact on internal and
external changes in bacterial cellular function
(Shahriar et al., 2019). The environmental shock
should be carried out at the right time therefore it
does not cause major physiological changes to the
vegetative cells.

(Table 1). The highest vegetative cells in the treat-
ment of shock initiated at the 10th hour did not show
the highest spore density. Spore production which
occurred in the environmental shock started at the
15th hour after inoculation reached the density at
1.73 x 108 spores ml-1. The initiation of different
shock time can affect the metabolism of bacteria in
utilizing the nutrients available in the culture envi-
ronment. Moreover, giving an environmental shock
of temperature and pH can trigger physiological
bacteria to transform into spores due to environ-
mental stress.

The emergence of spores is caused by the de-
creasing availability of nutrients in the environment
which impacted to the vegetative cells to defend
themselves by forming spores. In addition, environ-
mental shock treatment can stimulate the rate at
which spores appear due to environmental stress
(Nicholson et al., 2002). When vegetative cells enter
the stationary phase, an increase in the production
of sigB and sigF expressions will occur, which will
also increase sigAtranscription (de Vries et al., 2005).
Cell conditions under stress can affect carbon me-
tabolism from bacteria (Tarrant et al., 2019).

Sporulation efficiency and spore fraction

Sporulation efficiency showed a significant differ-
ence in all the treatments (p<0.05) (Figure 2). The
highest sporulation efficiency was in the
shockstarted at 15th hour with a value of 79% and
showed a percentage three times greater than the
shock initiated at the 10th hour. Furthermore, the
high spore fraction also happened at the shock
started at 15th hour (57.28%) (Table 1). The high con-
centration of vegetative cells and spores obtained is
not an indicator of the high efficiency of the result-
ing sporulation. Another study showed that the
sporulation efficiency value of B. anthracis R”spoVG
strain with heat resistance of 70 °C for 30 minutes
showed 3 times the lower sporulation efficiency
(20%) when compared to the A16R strain (70%). The
different values   of the two strains were due to the
SpoVG factor, which is a regulatory pleiotropic fac-

Table 1. Vegetative and Spore of B. megaterium under different environmental shock initiation

Environmental Maximum Vegetative Spore Density at 84 hours Spore fraction
shock initiation Production (x108 cells. ml-1)  after Inoculation (108 spores. ml-1) (%)

at the 5th hour 0.56±0.01a 0.30±0.01a 53.92
at the 10th hour 3.53±0.11c 0.74±0.04b 22.31
at the 15th hour 2.20±0.11b 1.73±0.05c 57.28

The different letter behind the numbers indicated significantly different (p<0.05)

Fig. 1. Growth rate of B. megaterium under different envi-
ronmental shock initiation.

The appropriate timing of shock will affect the
production of acquired vegetative cells. Based on re-
search by McMahon et al. (2001) showed that apply-
ing heat shock at 48 °C for 10 minutes in the expo-
nential phase resulted in a higher number of cells
compared to 60 minutes. Alo et al. (2019) explained
that the sigma factor 32 plays a role in mediating
the environmental shock response given. The stress
condition due to high ambient temperature causes a
transient increase in the transcription of 32 and
stimulates the transcription of RNA polymerase
(RNAP) from the heat shock promoter resulting in
the induction of HSPs.

Spore production

Spore production at the initiation of different shocks
showed the difference trend as the vegetative cell
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tor that plays a role in the sporulation process (Chen
et al., 2020).

The sporulation efficiency is not only influenced
by the timing of initiation of the shock but also other
factors such as nutritional composition and environ-
mental factors. Sporulation efficiency is influenced
by the availability of spores promoted by several
factors for instance temperature, pH and water ac-
tivity (Nguyen Thi Minh et al., 2008). Garcia et al.
(2010) showed that B. weihenstephanensis KBAB4
produced efficiency values>99% at 12 oC and 30 oC.
Baril et al. (2012) also stated that temperature and
pH affect the specific growth rate and sporulation
rate of the genus Bacillus.

Conclusion

This study has successfully concluded that the target
of high spore production of B. megaterium can be
achieved optimally in the shock initiation at the 15th

hour in wheat flour media.

Acknowledgements

This conducted research was financially supported
by Republic of Indonesia’s Ministry of Research,
Technology and Higher Education with the PMDSU
grant in 2020.

References

Alo, M., Shahriar, A., Emran, T.B., Paul, A., Uddin, Z. and
Dutta, M. 2019. Heat shock impact on the growth of
Bacillus Spp. (SUBB01) and its surveillance in mini-
mal medium under shaking condition. African Jour-
nal of Microbiology Research. 13(29): 626-631.

Andryukov, B.G., Karpenko, A.A., Lyapun, I.N.,
Matosova, E.V. and Bynina, M.P. 2019. Bacterial

spores: mechanisms of stability and targets for mod-
ern biotechnologies. Biomedical Journal of Scientific
Technical Research. 20 : 15329-15344.

Baril, E., Coroller, L., Couvert,O., Leguerinel,I., Postollec,
F., Boulais, C., Carlin, F. and Mafart, P. 2012. Mod-
eling heat resistance of Bacillus weihenstephanensis
and Bacillus licheniformis spores as function of sporu-
lation temperature and pH. Food Microbiology. 30(1):
29-36.

Barra-Carrasco, J., Olguin-Araneda, V., Plaza-Garrido,A.,
Miranda-Cardenas, C., Cofre-Araneda, G., Pizarro-
Guajardo, M., Sarker, M.R. and Paredes-Sabja, D.
2013. The Clostridium difficile exosporium cysteine
(CdeC)-rich protein is required for exosporium mor-
phogenesis and coat assembly. Journal of Bacteriology.
195(17) : 3863–3875.

Byun, B.Y., Liu, Y., Tang, J., Kang, D.H., Cho, H.Y.,
Hwang, H.J. and Mah, J.H. 2011. Optimization and
evaluation of heat-shock condition for spore enu-
meration being used in thermal-process verification:
differential responses of spores and vegetative cells
of Clostridium sporogenes to heat shock. Food Science
and Biotechnology. 20(3) : 751–757.

Chen, M., Lyu, Y., Feng, E., Zhu, L., Pan,C., Wang, D., Liu,
X. and Wang, H. 2020. SpoVG is necessary for sporu-
lation in Bacillus anthracis. Microorganisms. 8(4): 1-14.

deVries, Y.P., Atmaja, R.D., Hornstra, L.M., de Vos, W.M.
and Abee, T. 2005. Influence of glutamate on
growth, sporulation, and spore properties of Bacil-
lus cereus ATCC 14579 in defined medium. Applied
and Microbiology. 71(6) : 3248–3254.

Doroteo, A.M., Pedroso, F.L., Lopez, J.D.M. and Marry,
J.S.A. 2018. Evaluation of potential probiotics iso-
lated from saline tilapia in shrimp aquaculture.
Aquaculture International. 26 : 1095-1107.

Garcia, D.,Voort, M.V.D. and Abee, T. 2010. Comparative
analysis of Bacillus weihenstephanensis KBAB4 spores
obtained at different temperatures. International
Journal of Food Microbiology. 140(2-3): 146-153.

Gopinathan, C., Chaudhury, A. and Vivek, A.T. 2016.
Novel techniques for cost-effective production of
Bacillus thuringiensis Subsp. israelensis. International
Journal of Mosquito Research. 3(4) : 17–29.

Gray, D.A., Dugar, G., Gamba, P., Strahl, H., Jonker, M.J.
and Hamoen, L.W. 2019. Extreme slow growth as
alternative strategy to survive deep starvation in
bacteria. Nature Communications. 10(1): 890.

Kabore, A., Tranchot-Diallo, J., Hien, H., Zoure, O.,
Zingue, D., Sanou, A., Gomgnimbou, MK., Daneau,
G., Ouedraogo, G.A., Meda, N. and Sangare, L. 2019.
Identification of spore-forming bacteria isolated
from contaminated Lowenstein Jensen media and
effectiveness of Vancomycin to reduce Mycobacterial
culture contamination in Burkina-Faso. Scientific
Reports. 9(1) : 1–9.

Lee, J.K., Movahedi, S., Harding, S.E. and Waites, W.M.

Fig. 2. Sporulation efficiency of B. megaterium under dif
ferent environmental shock initiation.



MAHARIAWAN ET AL S167

2003. The effect of acid shock on sporulating Bacil-
lus subtilis cells. Journal of Applied Microbiology. 94(2):
184–190.

Mahariawan, I.M.D., Yuniarti, A., Kusuma, W.E. and
Hariati, A.M. 2021. The effect of starting shocking
time on carbon, nitrogen, and organic matter ab-
sorption of Bacillus megaterium BM1 in vegetative
and sporulation phases. IOP Conference Series: Earth
and Environmental Science. 750 : 012046.

McMahon,C.M.M., Byrne, C.M., Sherldan, J.J., McDowell,
D.A., Blair, I.S. and Hegarty, T. 2000. The effect of
culture growth phase on induction of the heat shock
response in Yersinia enterocolitica and Listeria
monocytogenes. Journal of Applied Microbiology. 89(2):
198-206.

Melly, E. and Setlow, P. 2001. Heat Shock proteins do not
influence wet heat resistance of Bacillus subtilis
spores. Journal of Bacteriology. 183(2) : 779–784.

Monteiro, S.M.S., Clemente, J.J., Carrondo, T. and Cunha,
A.E. 2014. Enhanced spore production of Bacillus
subtillis grow in a chemically defined medium. Ad-
vances in Microbiology. 4(8) : 444–454.

Mora-Uribe, P., Miranda-Cardenas, C., Castro-Cordova,
P., Gil, F., Calderon, I., Fuentes, J. A., Rodas, P.I.,
Banawas, S., Sarker, M.R. and Paredes-Sabja, D.
2016. Characterization of the adherence of
Clostridium difficile spores: the integrity of the outer-
most layer affects adherence properties of spores of
the epidemic strain R20291 to components of the in-
testinal mucosa. Frontiers in Cellularand Infection Mi-
crobiology. 6 : 1–16.

Movahedi, S. and Waites, W. 2002. Cold shock response
in sporulating Bacillus subtilis and its effect on spore
heat resistance. Journal of Bacteriology. 184(19) : 5275–
5281.

Nguyen Thi Minh, H., Durand, A., Loison, P., Perrier-
Cornet, J.M. and Gervais, P. 2011. Effect of sporula-
tion conditions on the resistance of Bacillus subtilis
spores to heat and high pressure. Applied Microbiol-
ogy and Biotechnology. 90(4) : 1409–1417.

Nguyen Thi Minh, H., Guyot, S., Perrier-Cornet, J.M. and
Gervais, P. 2008. Effect of the osmotic conditions
during sporulation on the subsequent resistance of
bacterial spores. Applied Microbial and Cell Physiology.
80(1): 107-114.

Nicholson, W.L., Fajardo-Cavazos, P., Robeil, R., Slieman,
T.A., Riesenman, P.J., Law, J.F. and Xue, Y. 2002
Bacterial endospores and their significance in stress
resistance. Antonie van Leeuwenhoek. 81 : 27-32.

Nicholson, W.L., Munakata, N., Horneck, G., Melosh, H.J.
and Setlow, P. 2000. Resistance of Bacillus en-
dospores to extreme terrestrial and extraterrestrial
environments. Microbiology and Molecular Biology
Reviews. 64(3) : 548-572.

Noor, R., Munna, M.S., Tabassum, N., Maniha, S.M.,
Tabassum, T. and Tabassum, T. 2019. Stress re-
sponses within Bacillus species under heat shock.
Signal Tranduction. 2(8) : 148-153.

Palkova, Z. 2004. Multicellular microorganisms: labora-
tory versus nature. EMBO Reports. 5(5) : 470-476.

Setlow, P. 2006. Spores of Bacillus subtilis: their resistance
to and killing by radiation, heat and chemicals. Jour-
nal of Applied Microbiology. 101(3) : 514–525.

Shahriar, A., Islam, S., Hossain, M.F. and Emran, T.B. 2019
Cold shock and thawing effect on the growth of
Escherichia coli. EC Microbiology. 15(1) : 36-43.

Sunu, P., Sunarti, D., Mahfudz, L.D. and Yunianto, V.D.
2019. Prebiotic activity of garlic (Allium sativum)
extract on Lactobacillus acidophilus. Veterinary World.
12(12) : 2046-2051.

Swick, M.C., Koehler, T.M. and Driks, A. 2016. Surviving
between hosts: sporulation and transmission. Micro-
biology Spectrum. 4(4) : 1-29.

Tarrant, E., Riboldi,G.P., Mcllvin, M.R., Steveson,J.,
Barwinska-Sendra, A., Stewart, L.J., Saito, M.A. and
Waldron, K.J. 2019. Copper stress in Staphylococcus
aureus leads to adaptive changes in central carbon
metabolism. Metallomics. 11(1) : 183-200.

Thurlow, C.M., Williams, M.A., Carrias, A., Ran, C.,
Newman, M., Tweedie, J., Allison, E., Jescovitch,
L.N., Wilson, A.E., Terhune, J.S. and Liles, M.R.
2019. Bacillus velezensis AP193 exerts probiotic effects
in channel catfish (Ictalurus punctatus) and reduces
aquaculture pond eutrophication. Aquaculture. 503:
347–356.

Trunet, C., Mtimet, N., Mathot, A.G., Postollec, F.,
Leguerinel, I., Sohier, D., Couvert, O., Carlin, F. and
Coroller, L. 2015. Modeling the recovery of heat-
treated Bacillus licheniformis Ad978 and Bacillus
weihenstephanensis KBAB4 spores at suboptimal tem-
perature and pH using growth limits. Applied and
Environmental Microbiology. 81(2) : 562–568.

Wangka-Orm, C., Deeseenthu, S. and Leelavatch, V. 2014
Low cost medium for spore production of Bacillus
KKU02 and KKU03 and the effects of the produced
spores on growth of giant freshwater prawn
(Macrobrachium rosenbergiide Man). Pakistan Journal
of Biological Sciences. 17(8) : 1015–1022.

Yuniarti, A., Arifin, N.B., Fakhri, M. and Hariati, A.M.
2019. Effect of C:N ration on the spore production of
Bacillus sp. Indigenous shrimp pond. IOP Conference
Series: Earth and Environmental Science. 236 : 012029.

Zhou, X.K., Wisnivesky, F., Wilson, D.I. and Christie, G.
2017. Effects of culture conditions on the size, mor-
phology and wet density of spores of Bacillus cereus
569 and Bacillus megaterium QM B1551. Letters in Ap-
plied Microbiology. 65(1): 50–56.


