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Abstract. Mahariawan IMD, Kusuma WE, Yuniarti A, Beltran MAG, Hariati AM. 2021. Application of wheat flour (Triticum aestivum) 

on spore density and sporulation efficiency of Bacillus megaterium isolated from Litopenaeus vannamei gastrointestinal tract. 
Biodiversitas 22: 3709-3715. Bacillus megaterium is frequently used in fish farming, such as white shrimp (Litopenaeus vannamei) 
pond, which can produce spores with high stability in its implementation. Currently, spore production still requires the availability of 
high-cost carbon sources. The objective of this research was to evaluate the effect of different wheat flour doses on spore density and 
sporulation efficiency of B. megaterium BM1. In flasks, 50 mL of each test medium was treated with different doses of wheat (10, 20, 
30 and 40 g. L-1, respectively) and glucose was used as a control. Each treatment was inoculated with B. megaterium BM1 (2.6 x 108 
CFU. mL-1) and incubated in a shaker incubator (120 rpm) at 37 °C for 120 hours. The results showed that the highest vegetative cell 
concentration (17 x 108 CFU. mL-1), growth rate (0.8 hour-1) and spore (14.7 x 108 spores. mL-1) were found in the wheat flour dose of 

30 g. L-1. Furthermore, the highest sporulation efficiency was achieved at 20 g. L-1 of wheat (91.30%) and germination should be done at 
a dose less than 40 g. L-1. The size of the spores was 1.35-1.39 µm. Thus, 30 g. L-1 of wheat flour is a potential dose to produce spore for 
probiotic candidates. 
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INTRODUCTION 

Nowadays, the application of aquaculture 

biotechnology is one of the efforts to increase fish farming 

production (Ayoola and Idowu 2008; Danish et al. 2017; 

Rathore et al. 2019). Probiotics are potential biotechnology 

products from living microorganisms that are mostly used 
in the aquaculture industry (Sahu et al. 2008; Verma and 

Gupta 2015). The advantages of probiotic bacteria in 

extracellular enzyme secretion (Lee et al. 2012; 

Eshaghzadeh et al. 2014) and antibacterial compound 

production (Gozari et al. 2016; Prabhurajeshwar and 

Chandrakanth 2019; Silva et al. 2020) are important 

indicators to be continuously developed. 

Bacillus is a genus of bacteria that is widely applied as 

a probiotic in fish and shrimp farming (Buruiana et al. 

2014; Swapna et al. 2015; Won et al. 2020). One species of 

this genus that has been confirmed to have a positive 
impact on successful aquatic organisms in culture is B. 

megaterium (Li et al. 2009; Aftabuddin et al. 2013). This 

bacterial species has the ability to sporulate (Grage et al. 

2017; Stancu 2020). Some of the benefits in spore as a 

probiotic candidate are surviving in acid pH at 2–2.5 

(Ananthanarayanan and Dubhashi 2016), heat stability, and 

storage in dry form (Cutting 2011). From these benefits, 

bacteria in the form of spores show good stability when 

applied as probiotics (Bader et al. 2012; Lakshmi et al. 

2017). 

Production of B. megaterium spores involves media 

composed of various components. One of the media 

components that presented an important role in initiating 

the sporulation is the carbon source (Mazmira et al. 2012; 
Gauvry et al. 2016; Rai and Tewari 2016). Commonly 

available commercial carbon sources are glucose, lactate 

(de Vries et al. 2005), and sucrose (Hassan et al. 2014) 

which provide a high price. The alternative of inexpensive 

carbon sources that could be used as a substrate to produce 

spore comes from agro-industrial products (Khardziani et 

al. 2017a). Wheat flour is an agricultural product that is 

relatively cheap and easy to find. The utilization of organic 

carbon from wheat flour is one way to reduce the spore 

production cost. A previous study underlined that the 

implementation of carbon sources with inappropriate doses 
can result in less spore production (<105 spores. mL-1) 

(Senthilkumar et al. 2011). Thus, the use of wheat flour 

dosage needs to be further evaluated to obtain the optimal 

dose in producing vegetative cells and spores of B. 

megaterium BM1 isolated from GI tract of white shrimp. 

Therefore, this study aimed to evaluate the effect of 

different wheat flour doses on spore density and 

sporulation efficiency of B. megaterium BM1.  
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MATERIALS AND METHODS  

Preparation of B. megaterium BM1 culture 

The isolate of B. megaterium BM1 which isolated from 

gastrointestinal tract of white shrimp was cultured in 

Nutrient Agar (NA) with adding sodium chloride 2% (w/v) 

at 30°C for 24 hours. The re-culture of B. megaterium BM1 

isolates was conducted by inoculating the bacterial colonies 

that have grown on solid media using a loop needle into 

Nutrient Broth (NB) media. Furthermore, the incubation of 

the broth culture was in an incubator shaker (120 rpm) at 
37°C for 18 hours as a stock culture.  

Composition of tested media 

The test media in this study consisted of wheat flour, 

ammonium chloride (NH4Cl) and mineral salts. The doses 

of wheat flour used were 10, 20, 30 and 40 g. L-1, 

respectively. In contrast, the NH4Cl dose added was 

adjusted to each wheat flour (T. aestivum) dose to obtain a 

C:N ratio of 5:1. The composition of the test media that has 

been determined was dissolved by distilled water and 

enriched with several minerals such as CaCO3 0.3 g. L-1, 

MgSO4. 7H2O 0.00033 g. L-1, MnSO4. H2O 0.12 g. L-1, 
FeSO4. 7H2O 0.084 g. L-1, and CaCl2. 2H2O 0.09 g. L-1. 

The control treatment used was glucose as a carbon source 

with the same C:N ratio and minerals as the wheat flour 

treatment. All of these treatments were repeated 3 times.  

Cultivation condition 

Fifty (50) ml of test media was put into each 100-ml-

Erlenmeyer flask according to the treatment and sterilized 

using an autoclave. The stock culture of B. megaterium 

BM1 was inoculated into the test medium as much as 1% 

(v/v). The initial density obtained from the bacterial culture 

stock was 2.6 x 108 CFU. mL-1. Fermentation of all 
treatments was carried out in a shaker incubator at a speed 

of 120 rpm for 24 hours for the vegetative phase and was 

continued to the sporulation phase for 120 hours.  

Counting of vegetative cell, vegetative cell growth rate, 

spore production, sporulation efficiency and spore 

germination 

The vegetative cells and spores were counted 

microscopically with the Neubauer chamber. Shape of the 

cells became a key to determine distinguish both of them. 

The vegetative cells are rod-shaped and spores are round-

shaped. The special treatment was conducted before 

counting spores by heating them at 80°C for 15 minutes. To 
assist the calculation of vegetative cells and spores, 

samples were serially diluted. The measurement of 

sporulation efficiency was carried out using the highest 

spore and vegetative data in the predetermined period 

which referred to the formula from Monteiro et al. (2014). 

Furthermore, the ability of spores to germinate was done by 

planting the spore samples onto the germination medium 

(NB). Spore germination was observed in an incubation 

time of 24 hours.  

Spore visualization on Scanning Electron Microscopy 

(SEM) 

The highest spores that have been harvested from wheat 
flour with the optimal dose were visualized by morphology 

using a Scanning Electron Microscopy (SEM). This shape 

and size of the spore from the optimal dose of wheat will 

be compared to the spore that was grown in glucose media. 

The spore samples were separated between the supernatant 

and the pellets by centrifugation process at a rate of 1,000 x 

g using 4°C of temperature in 5 minutes. Afterward, the 

sample was conducted through incubation with 2.5% of 

glutaraldehyde in 1.5 hours. The pellets collected from the 

last stage of centrifugation were followed by gradual 

dehydration. Visualization of spores was observed in SEM 
TM 3,000. Spores were measured to determine the size of 

the spores produced from each treatment. 

Statistical analysis test 

The results obtained of whole parameters in this study 

were tested statistically by one-way ANOVA through 

SPSS 20 software. The differences of all treatments can be 

seen from DMRT Test. 

RESULTS AND DISCUSSION 

Vegetative cell density and growth rate of B. megaterium 

BM1 

All doses of wheat showed a higher vegetative cell 
production than the control treatment (glucose) (Figure 1). 

Even at wheat flour doses of 20, 30, and 40 g. L-1 indicated 

that the vegetative cell density was two times greater than 

the control treatment. In this study, the highest of the 

vegetative cell was obtained at 30 g. L-1 of wheat flour with 

a density of 17 x 108 CFU. mL-1. The growth rate of the 

vegetative cells of B. megaterium BM1 (Figure 2) in all 

wheat flour concentrations exhibited a higher value than 

that of the control treatment (glucose). The average growth 

rate of B. megaterium BM1 grown on wheat flour with a 

dose greater than 10 g. L-1 had a value above 0.75 hour-1 

and indicated no significant difference (p>0.05). 

 

 
Table 1. Vegetative cell densities of germinated B. megaterium BM1 spores (x108 CFU. mL-1) 
 

Incubation 

(hour) 

Wheat Flour Doses (g. L-1) 

10 20 30 40 Control  

8 3.43±0.03b 4.64±0.04c 4.67±0.07c 2.42±0.04a 2.47±0.02a 

16 7.65±0.13b 8.00±0.20b 8.93±0.25c 6.03±0.15a 6.13±0.21a 
24 9.46±0.06b 9.97±0.21c 10.13±0.42c 8.56±0.09a 8.59±0.23a 

Note: The different notation between the numbers indicated significant difference (p<0.05) 
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Spore production of B. megaterium BM1 

The emergence of spores in this study occurred at 12 

hours of incubation for all wheat flour treatments. 

However, in the control (glucose) treatment, spores first 

appeared at 18 hours after inoculation (Figure 3). The 

density of spores continues to increase in line with the 

decreasing density of vegetative cells. After the initial 

spores were formed, the number of spores gradually 

increased up to 84 hours. For all dosages of wheat flour, 

the highest spore density was reached at hour 84. In 
contrast, the control treatment reached peak spore 

production at hour 96. Furthermore, the spores indicated 

the stationary phase until the end of the sporulation time. 

The highest spore density occurred at a dose of 30 g. L-1 of 

wheat flour with a value of 14.7 x 108 spores. mL-1. This 

result revealed 233% greater than that of the control 

treatment (glucose). The trends as true for the vegetative 

cells in all wheat flour concentrations.  

Sporulation efficiency and spore germination of B. 

megaterium BM1 

In terms of the highest sporulation efficiency, can be 
seen from Figure 4 that there is no statistical difference in 

the dosage of wheat flour at 10 and 20 g. L-1 with a value 

of more than 90%.   

In addition, the spores of B. megaterium BM1 that 

germinated in all treatments increased within 8 hours of the 

incubation period (Table. 1). The highest vegetative cell 

density from germination was obtained in the treatment of 

wheat at a dose of 30 g. L-1 (10.13 x 108 CFU. mL-1). These 

results suggested that the spore regrowth from this dose 

had a value 117% higher than that of the control treatment 

(glucose). 

Visualization of B. megaterium BM1 spores 

Visualization of B. megaterium BM1 spores grown on 

optimal media (wheat flour at a dose of 30 g. L-1) compared 

to commercial media (glucose) was aimed to determine the 

morphology and size of the spores obtained. The results 

revealed that there were no significant differences in the 

shape in each of the media tested (Figure 5). The results of 

spore size in this study were grown in wheat flour at a dose 

of 30 g. L-1 and glucose were 1.35 – 1.39 µm and glucose 

1.09 – 1.47 µm) respectively. 

Discussion 

Microbes require a culture medium consisting of 
various components to grow, one of them is a carbon 

source. The results of this study recorded that the 

implementation of organic carbon sources derived from 

wheat flour under different doses had a significant effect on 

the production of vegetative cells. The availability of 

carbon as nutrition at the appropriate concentration can 

affect the maximum bacterial growth in the incubation 

period (Sarudu et al. 2015; Allen and Waclaw 2018). The 

distinction in time and density achieved by B. megaterium 

BM1 between the wheat flour and control (glucose) 

treatment was influenced by the different substrate types. 

Mikkelsen et al. (2009) and Nur et al. (2015) noted that the 

utilization of different carbon sources in culture media 

would affect bacterial growth. Moreover, another factor of 

carbon concentration in different carbon sources also 

influences vegetative cell growth (Molina-Ramírez et al. 

2017). The carbon source available in the environment was 
absorbed by bacteria cells that function as the substrate of 

metabolic tissue, then was broken down to supply amino 

acids and several components that compose the cell (Wang 

et al. 2019). After reaching the maximum density, the 

vegetative cells of B. megaterium deceased at 12 hours or 

more. This condition was caused by the availability of 

nutrients in the culture media gradually decreased. In 

consequence, the nutrient uptake by vegetative cells would 

slow down and impacted starvation (Biselli et al. 2020). 

 

 

 
 
Figure 1. Vegetative cell density of B. megaterium BM1 under 
different doses of wheat flour 

 

 

    
 

Figure 2. Maximum vegetative cell growth rate of B. 

megaterium BM1 under different doses of wheat flour. 

Mean data with different alphabets are significantly 

different at a level of p<0.05). 
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The maximum growth rate of vegetative cells was 

directly comparable to the highest density of vegetative 

cells obtained. The growth rate had different values 

depending on the growth phase of the bacteria. The 

bacterial growth rate actually began to decline when the 

culture conditions entered the stationary phase (Hall et al. 

2013). Furthermore, physiologically, there was an increase 

in the size of B. subtilis cells in line with the growth rate 

especially in cell length, while the width was constant 
(Sauls et al. 2019). In this study, the dosage of wheat flour 

presented an important indicator in influencing the growth 

rate of vegetative cells. It can be seen that the doses of 30 

g. L-1 and 40 g. L-1 of wheat are very close in value. The 

availability of nutrients in the environment at the right dose 

could modulate vegetative cells to carry out the 

macronutrient absorption process in the culture medium. 

Vadia and Levin (2015) explained that the nutrients 

available in the culture media would be catabolized by 

bacteria for biosynthetic process. Metabolites produced 

through central carbon metabolism could serve as 
intracellular signals that activated effector proteins in 

modulating cell cycle development.  

The process of vegetative transformation into spores is 

known as sporulation. The difference in time of spore 

formation was initiated by nutritional factors in the culture 

media which began to decline after passing through the 

stationary phase. The stress condition of vegetative cells 

formed self-defense against nutrient depletion in the 

environment. The carbon source of wheat exhibited a 

higher spore density compared to the control treatment. 

The utilization of wheat flour in this study showed a good 
substrate for producing B. megaterium BM1 spores. Other 

studies that utilize local materials such as molasses and soy 

flour could produce spores at 5.90 x 108 spores. mL-1 

(Salazar-Magallon et al. 2015). Apart from being 

influenced by the type of carbon sources, the concentration 

of the carbon sources used as a growth medium also played 

important role in the expression of the capacity for spore 

formation in the genus Bacillus (Khardziani et al. 2017b). 

Certainly, the concentration of the various carbon 

sources showed a different number of spores obtained. For 

instance, the results of this study explained that the highest 

dosage of wheat flour (40 g/L) resulted in a lower spore 
production of B. megaterium BM1 than the doses of 30 g. 

L-1 and 20 g. L-1. This result was in line with the research 

by Posada-Uribe et al. (2015) who showed that the use of a 

carbon dose (2 g. L-1) could produce spores of 5.1 x 108 

CFU. mL-1 while at a carbon dose (>11 g. L-1) did not 

generate spores of B. subtilis. Jackson and Bothast (1990) 

stated that giving high carbon concentration up to 40.8 g. L-

1 inhibited sporulation. According to Kang et al. (1992), at 

200 g. L-1 of carbon, the bacteria unable to generate the 

spores. In terms of the results of this study, the application 

of lower (10 g. L-1) and higher (40 g. L-1) concentrations of 

wheat were revealed at the same time resulted in close 

spore production values. This condition was suspected by 

the uptake of available nutrients by bacteria at different 

carbon concentrations. At the lowest carbon dose, it has not 

been able to provide high vegetative cells density that 

would be spore candidates. In addition, the administration 

of the highest carbon dose also impacted the sporulation. 

The implementation of high glucose levels could inhibit the 
sporulation by repressing the spo0A gene transcription 

(Monteiro et al. 2005). The inhibition of the sporulation 

was known as the pathway of carbon metabolism (Gauvry 

et al. 2016). Thus, the carbon concentration should be 

employed in optimal conditions. In consequence, the 

environment did not experience a shortage or excess carbon 

source that could prevent the number of spore production.  

 

 

 
 

Figure 3. Spore production of B. megaterium BM1 under 
different doses of wheat flour 
 
 
 

 
 
Figure 4. Sporulation efficiency of B. megaterium BM1 under 

different doses of wheat flour. Mean data with different alphabets 
are significantly different at a level of p<0.05). 
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Figure 5. Morphological of B. megaterium spores under different carbon sources; A) control (glucose); B) Wheat flour at a dose of 30 g. 
L-1 (x8,000 magnification) 

 

 

 

Sporulation efficiency at doses of flour more than 20 g. 

L-1 showed a decreasing value. Even the highest dose of 

wheat (40 g. L-1) showed a lower sporulation efficiency 

than the control treatment. This condition explained that 

the high production of vegetative cells and spores was not 

supported by the high sporulation efficiency obtained. 

Sporulation efficiency could be achieved with a high 

percentage when supported by spore availability 
(Stojanović et al. 2019) and high growth rates (Carvalho et 

al. 2010). Several factors that influence spore production in 

increasing efficiency were carbon, nitrogen, and other 

macronutrients. The carbon and nitrogen sources played an 

important role in metabolic synthesis by bacteria to initiate 

sporulation (Anderson and Jayaraman, 2003). The highest 

sporulation efficiency of B. megaterium BM1 in this study 

had a value of 15% greater than the sporulation efficiency 

of B. subtilis AWS133 grown on DSM media that 

researched by Serio et al. (2006). In addition, the 

concentration of carbon sources (glucose) of 0.8–2 g. L-1 in 
the culture media resulted in the sporulation efficiency of 

B. subtilis at 50–90% (Posada-Uribe et al. 2015). Hence, it 

could be concluded that the sporulation efficiency really 

depended on the Bacillus strain used and the nutritional 

components in the culture media (Roy et al. 2015). 

In general, the higher the carbon doses given, the higher 

the vegetative cell production obtained. On the other hand, 

in this study, the dose of wheat flour at 30 g. L-1 exhibited a 

bacterial density higher than at the dose of 40 g. L-1. This 

condition explained that the high dose of wheat as a carbon 

source impacted vegetative cells that could not absorb the 

total of carbon available in culture media optimally. In line 
with these results, Thomas et al. (2014) also revealed that 

bacterial growth on excess carbon sources could reduce the 

survival of S. aureus when it entered the stationary phase. 

Moreover, the availability of excess carbon in bacteria 

caused metabolic stress which can inhibit bacterial growth 

(Zhang et al. 2020). Interestingly, excess carbon (glucose) 

levels not only inhibited the respiration process but also 

encouraged the transfer of electron to alternate acceptors 

(Thomas et al. 2014).  

The number of spores germinated into vegetative cells 

showed that wheat flour with a dose of less than 40 g. L-1 

was the best treatment. If the dose of wheat flour given was 

more than that, it would show lower germination than the 

control treatment. Germination is a process of returning 

spores to vegetative cells induced by the availability of new 

nutrients (carbon, protein, and nucleosides) (Setlow 2003; 

Krawczyk et al. 2017). Apart from being influenced by 
nutrient availability, the germination process was also 

initiated by the presence of non-nutritional factors such as 

Ca2+-DPA, cationic surfactants, salts, and lysozymes 

(Setlow 2003). The occurrence of spore germination 

through releasing of DPA depended on the degradation of 

the spore cortex layer (Francis and Sorg 2016). Some of the 

variable conditions that affected sporulation were 

nutritional composition, temperature, spore preparation 

method, salt concentration, and oxygen availability 

(Bressuire-Isoard et al. 2018). Thus, the results showed that 

the spore quality from different doses of wheat flour at the 
time of sporulation led to differences in the density of 

vegetative cells from the germinated spores. 

The spore size in this study had a larger size than the 

size of B. subtilis spores (0.8 to 1.2 µm) studied by Ricca 

and Cutting (2003). The difference in size can be caused by 

the different Bacillus species used. In addition, the cause of 

differences in spore size can be tested by sequencing 

analysis and gene expression of the strains used (Carrera et 

al. 2007). Although not many studies have shown the effect 

of differences in spore size and structure on the quality of 

Bacillus spores, this study showed that lower spore size 

grown in wheat flour at a dose of 30 g. L-1 resulted in a 
higher spore count than glucose.  

In conclusion, the application of wheat flour can be a 

potential carbon source to produce B. megaterium BM1 

spores with the highest production at the dosage of 30 g. L-

1 and sporulation efficiency established less than 40 g. L-1. 
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