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Abstract  

In recent years, the application of spore-forming bacteria in probiotic food supplements and medicine 
have become more interesting due to their stability in stressful condition of production line and gut 
environment. In the current study, the resistance of Bacillus coagulans and Bacillus subtilis in 
response to heat stress and simulated gastrointestinal tract was investigated. Moreover, the aggregation 
and hydrophobicity of cell surface of these strains were evaluated. The results showed a survival rate 
of more than 80% for both species after enduring heat stress and undergoing simulated gastrointestinal 
conditions. In addition, Bacillus coagulans showed a higher autoaggregation and coaggregation ability 
compared to Bacillus subtilis. In addition, both probiotic species presented a high tendency toward 
adhering to the hydrocarbon solvents like chloroform and ethyl acetate. This study was a continuation 
of previous studies conducted with the aim of developing and optimizing functional edible coating for 
the production of probiotic rock candy (Nabat) using spore-forming probiotic bacillus, to ensure the 
survival and effectiveness of the strains.  
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Introduction 
Spore-forming probiotics have received more attention in recent years due to their stability 
under stressful food processing conditions such as high temperature and pressure (Cutting, 
2011). Studies show that these bacteria have better survival in gastrointestinal conditions and, 
in addition, can survive long periods at room temperature, refrigerator, freezer, and dry 
conditions (Cutting, 2011; Haldar & Gandhi, 2016). Unlike Lactobacillus strains, the spores 
of some Bacillus strains used as probiotics are not vegetatively active but dormant (Adibpour, 
Hosseininezhad, Pahlevanlo, et al., 2019). Among the hundreds of Bacillus spp. only Bacillus 
coagulans and Bacillus subtilis have been accepted as human-friendly probiotics (Adibpour, 
Hosseininezhad, & Pahlevanlo, 2019). In previous studies, the optimization of edible coating 
formulation of probiotic rock candy (Nabat) as a functional sweetener, using two strains of 
spore-forming probiotic bacilli besides rheological and textural properties were investigated. 
Moreover, survival of the strains in a shelf life of six months were evaluated (Adibpour, 
Hosseininezhad, & Pahlevanlo, 2019; Adibpour et al., 2020). Nabat is typically consumed as 
a traditional and medicinal sweetener with water, tea, and hot beverages; hence the probiotic 
strains would be exposed to heat stress when consumed. Thermal stress increases the risk of 
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damage to the bacterial spore wall. It also makes it possible to convert spores to a vegetative 
form before taking probiotics and reduce the survival of bacteria exposed to acidic stomach 
conditions. Therefore, it is necessary to investigate the effect of these stresses on the probiotic 
strains. In the present study, the survival of Bacillus coagulans and Bacillus subtilis strains 
used in coated probiotic rock candy after tolerating heat stress of boiling water and simulated 
conditions of the gastrointestinal tract was investigated. In the following, the property of 
accumulation and hydrophobicity of the cell surface of these strains has been evaluated. 
 
Materials and methods 
Culture and spore counting 
The probiotic strains of Bacillus coagulans Unique IS-2 and Bacillus subtilis UBBS-14 were 
purchased from Unique Biotech, India. All culture media and chemicals used were provided 
from Merck, Germany. In order to initial count and determine the survival of the strains after 
each test, the method presented by Pourmantazer et al. was used (Poormontaseri et al., 2017). 
Bacillus coagulans and Bacillus subtilis were cultured on nutrient agar and tryptic soy agar 
medium, respectively. 
 
Evaluation of bacterial resistance to acid and bile in a simulated model of gastrointestinal tract 
exposed to heat stress 
Probiotic spores were exposed to simulated gastrointestinal conditions after exposure to 
boiling water according to the method of Ozdemir & Floros (2001). Bacterial strain viability 
was assessed at zero, 10, 30, 60, 90, and 120 min intervals. 
 
Evaluation of the ability of accumulation of probiotic strains 
The vegetative form of two strains of spore-forming probiotic plus two pathogenic strains, 
including Escherichia coli 1330 and Salmonella enterica (ATCC 10708), was used to 
measure bacterial aggregation. The autoaggregation and coaggregation potential of bacteria 
were evaluated based on the method of Pandey et al. (2015).  
 
Measurement of bacterial surface hydrophobicity 
The spores of B. coagulans and B. subtilis, and two pathogenic strains were first activated. 
Then, determination of bacterial surface hydrophobicity was done according to the method 
presented by Meidong et al. (2018). 
 
Statistical analysis 
Data analysis based on a completely randomized design was performed using SAS software 
version 9.4, and charts were performed using Microsoft Excel software version 2013.  
 
Results and discussion 
According to the results of the present study, B. coagulans Unique IS-2 and B. subtilis UBBS-
14 showed over 85 and 82% survival after exposure to boiling water and in gastrointestinal 
simulation conditions, respectively (Table 1). Similarly, various studies have shown 
acceptable survival of spore-forming strains in the animal gastrointestinal tract and simulated 
conditions of the human gastrointestinal tract (Cartman et al., 2008; Hoa et al., 2001; Keller 
et al., 2019; Setlow, 2003). In another study, monitoring for the ftsH-lacZ gene in bacteria 
showed that probiotic spores could germinate and grow in different parts of the gut (Casula & 
Cutting, 2002).  
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Table 1. Survival rate of Bacillus coagulans and Bacillus subtilis strains in gastric, intestinal and gastrointestinal 
simulation condition 

Bacillus coagulans 
(Boiling water) 

Bacillus coagulans 
(control) 

Bacillus subtilis 
(Boiling water) 

Bacillus subtilis 
(control) Treatment 

a2.3±86.01  b1.12±94.16  a1.25±87.67  a0.47±104.19  A 
a1.33±86.92  a0.02±95.48  a1.46±86.7  b0.79±93.96  B 
a1.76 ±87.07   c1.8±92.12  b1  ±82.7   a0.1±103.89  C 

(A) Viability after 120 minutes in gastric condition (%), (B) Viability after 120 minutes in intestinal condition 
(%) and (C) Viability after 240 minutes in gastrointestinal condition (%). 
Mean ± Std. Different letters indicate significant difference in each column (P<0.05). 
 

The autoaggregation results of probiotic and pathogenic strains indicated that B. 
coagulants and E. coli had the highest, and S. enterica the lowest autoaggregation ability after 
24 h (Fig. 1). Based on the results of Fig. (2), it can be seen that the co-aggregation potential 
of B. coagulans with each of the pathogenic strains (E. coli and S. enterica) is higher than that 
of B. subtilis for 24 h. Although both bacteria have higher aggregation potential with E. coli 
compared to salmonella showed. 
 

 
Fig. 1. Autoaggregation ability of Bacillus strains and pathogenic strains 

 

 
Fig. 2. Coaggregation ability of Bacillus strains with pathogenic strains 

 
The results of bacterial aggregation (auto and coaggregation efficiency) of probiotic 

culture indicates the ability of these cells to prevent pathogenic strains from adhering to 
intestinal epithelial cells, increasing the chance of colony formation and accumulation in the 
intestine (Jeon et al., 2018; Pandey et al., 2015). According to research, a group of proteins 
and cell surface exopolysaccharides, termed self-agglutination compounds, are involved in the 
autoaggregation of bacteria (Trunk et al., 2018). 

0

20

40

60

80

100

2 4 6 8 10 12 22 24

%
 A

ut
oa

gg
re

ga
tio

n

Time (h)

B. coagulans B. subtilis
E. coli Salmonella enterica

0

10

20

30

40

50

60

70

2 4 6 8 10 12 22 24

 %
C

oa
gg

re
ga

tio
n

Time (h)

B. coagulans + Salmonella B. coagulans + E. coli
B. subtilis + Salmonella B. subtilis + E. coli



Research and Innovation in Food Science and Technology, 11 (2022) 1                                                                                                        4 

Assessment of surface hydrophobicity of probiotic and pathogenic strains showed that B. 
coagulans 45-95%, B. subtilis 36-60%, E. coli 1-69%, and S. enterica 0-38% could bind to 
hydrocarbon solvents (Fig. 3). The tendency of bacteria to bind to hydrocarbon solvents is 
related to their cell surface's electron-donor/electron-acceptor properties (Thankappan et al., 
2015). Cell surface hydrophobicity is, in fact, a nonspecific interaction between microbial and 
host cells in which proteins, membrane lipids, and lipoteichoic acids are involved (Krasowska 
& Sigler, 2014; Vaidya et al., 2018). 

 

 
Fig. 3. Cell surface hydrophobicity of probiotic and pathogenic strains against various solvents. 

 
Conclusions 
The remarkable thermal stability and viability of spore-forming bacilli under stressful 
gastrointestinal tract conditions and food processes have made the use of these bacteria in the 
formulation of probiotic products increasingly successful compared to lactobacilli. This study 
showed that the spores of Bacillus coagulans and Bacillus subtilis could tolerate the stress 
after undergoing thermal processes and during consumption of this product with boiling 
water. Besides, it tolerates the passage conditions of the host gastrointestinal tract well. Also, 
the success of this family of probiotics in cell aggregation and the ability of the cell surface 
hydrophobicity, as the most critical determinants of probiotic properties, were high. This 
makes it possible to use bacilli compared to lactobacilli in a wide range of food and medicine 
products. 
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