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Abstract: The application of calcium carbonate precipitation-inducing bacteria in the past two 
decades has become an alternative in green technology development, particularly in construction as 
self healing agent of concrete and in the waste treatment as contaminants remover (e.g., radioactive 
pollutants and heavy metals). This study aimed to obtain potential bacterial isolates from rock 
samples that can induce calcium carbonate precipitation and characterize the precipitate produced. 
This study began with the isolation of bacteria from rock samples taken from an arid area (Malaka, 
East Nusa Tenggara) using Nutrient Broth-urea-CaCl2 media. Colonies showing the formation of 
calcium carbonate precipitation were then purified and selected for the ureolytic activity assay using 
Christensen’s urea agar. Bacterial isolates with high ureolytic activity were selected for further 
characterization of their ability to produce calcium carbonate precipitation. Five bacterial isolates 
with the best precipitation ability were obtained. Each isolate had a different ability to induce calcium 
carbonate precipitation, and the resulting crystal morphology was also different. Isolate M 2.6 was 
the best bacterial isolate capable of inducing the highest calcium carbonate precipitation, which was 
2.6 g/L. This isolate was later identified as Mesobacillus campisalis. The calcium carbonate 
precipitate produced by the five selected isolates ranged from 1.4 g/L to 2.6 g/L. The Field Emission 
Scanning Electron Microscopy (FESEM)-Energy Dispersive Spectroscopy (EDS) characterization 
revealed that the precipitate resulting from the bacterial isolates was calcium carbonate. This was 
indicated by the mass percent value, which was dominated by three main elements, namely O, Ca, 
and C, with a mass ratio of approximately matching CaCO3. 

 
Keywords: bio-mineralization, crystal morphology, limestone, mineral precipitation, self-healing 

concrete 
 

1.  Introduction  
During the past two decades, the bacterial-induced 

calcium carbonate precipitation has become a promising 
technology for various applications due its 
environmentally friendly1). Calcium carbonate 
precipitation-inducing bacteria can be used in the 
development of self-healing concrete technology as a self-
healing agent2,3). Bacteria-induced calcium carbonate 
precipitation mixed into the concrete can improve the 
physical and mechanical properties of the concrete 
structure and automatically repair it when cracks 
occur4,5,6). Nowadays, there is a necessity to develop 
construction technology that produce less carbon dioxide 
emission as well as improve building durability because 

concrete have been known as one of major contributors in 
carbon dioxide emission to the atmosphere7,8). Therefore, 
by lowering the demand for cement consumption, this 
approach might be an option for developing construction 
technology that creates less carbon dioxide. Furthermore, 
this group of bacteria was not only used in concrete self-
healing technology but also used in the process of 
removing contaminants such as radioactive pollutants9), 
heavy metals from liquid waste and groundwater10,11,12). In 
addition, these bacteria also can be used in disasters, 
namely to mitigate soil erosion by increasing the 
compactness of the soil structure13). The utilization of 
biological technologies have beneficial in low 
environmental impact as well as low cost, hence support 
the green technology application and sustainable 
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development14,15). 

Precipitation of calcium carbonate by microorganisms 
is a natural phenomenon that occurs in nature16). This 
process was known as biomineralization. 
Biomineralization is the process of mineral precipitation 
due to changes in environmental chemistry caused by the 
activity of microorganisms. Mineral precipitation by 
microorganisms can take place both intracellular and 
extracellular17). There are more than 60 types of minerals 
that can be formed through the biomineralization 
process18). 

Microbially induced calcium carbonate precipitation 
naturally occurs through a number of cellular biochemical 
activities19). Some of its formation mechanisms include 
photosynthesis reactions, urea hydrolysis, sulfate 
reduction, anaerobic sulfide oxidation, and the formation 
of biofilms and extracellular polymer compounds1,17). 
Among these mechanisms, urea hydrolysis was the most 
commonly used method in the study of calcium carbonate 
precipitation by microorganisms, especially bacteria. 
Bacteria posed faster metabolic activity prompting 
changes in pH to become more alkaline than other 
metabolic activities. In addition, the characteristic of the 
calcium carbonate produced by bacteria was more 
homogeneous than other microorganisms20). 

Calcium carbonate precipitation through urea 
hydrolysis takes place in the presence of urease activity. 
Hydrolysis of urea by urease will produce carbamates and 
ammonia. The carbamates then spontaneously hydrolyze 
to form bicarbonate and ammonia. After that, bicarbonate 
and ammonia will establish an equilibrium in water to 
form carbonate, ammonium, and hydroxide ions. The 
accumulation of ammonium ions will increase the pH of 
the environment and will push the reaction equilibrium 
towards the formation of carbonate ions. Precipitation will 
occur when carbonate ions bind to calcium ions attached 
to the surface of bacterial cells. Bacterial cells play a role 
in the initial precipitation process by providing a starting 
place for the development of crystal nuclei (nucleation). 
Negative charges on bacterial cell surfaces will attract 
positive charges of calcium ions17,18,19). 

The application of bacterial-induced calcium carbonate 
precipitation still encounter a number of limitation, 
particularly in harsh environmental conditions. 
Consequently, choosing appropriate bacterial strains is 
one of the crucial steps in the actual application of this 
approach. Due to their great ureolytic activity, 
Sporosarcina pasteurii strains have been the subject of the 
majority of research on ureolytic-based bacterial-induced 
calcium carbonate precipitation.21) Therefore, the research 
to find other potential strain of bacteria-induced carbonate 
precipitation is important to to offer bioresources that can 
meet the application requirement. 

This study aimed to obtain potential bacteria that induce 
calcium carbonate precipitation through the mechanism of 
urea hydrolysis. Bacteria were isolated from rocks 
collected from an arid area in the Malaka District, 

Atambua Regency, East Nusa Tenggara, thereby potential 
to obtain a unique character of bacterial strains. We found 
five potential bacteria and three of them have been not 
reported anywhere. This study might be a good starting of 
studying microbially-induced calcium carbonate 
precipitation in a tropical region country, particularly 
Indonesia.  

 
2.  Materials and Methods 
2.1 Rock sampling 

Limestone rock samples were taken around the hilly 
area in the Malaka District, Atambua Regency, East Nusa 
Tenggara. The sampling coordinates were 90°28'18.2" SL 
and 124°55'54.3" EL. Stone sampling was carried out 
aseptically by scraping the surface of the stone using a 
sterile knife, and the stone chips obtained were inserted 
into a sterile tube containing 15 mL of a 0.85% (w/v) NaCl 
solution. Rocks that were difficult to scrape were broken 
using a sterile hammer. All samples obtained were 
numbered to facilitate data collection. 

 
2.2 Screening of bacterial-induced calcium carbonate 

precipitation   
Stone fragments that had been stored in a sterile 0. 85% 

(w/v) NaCl solution were brought to the laboratory and 
incubated at room temperature (28-30 ) with shaking at 
104 rpm for 5 days. A total of 50 µL of the culture media 
from the incubated rock samples were inoculated onto the 
selection media Nutrient Broth (NB)-urea-CaCl2 using the 
spreading technique22). The composition of the NB-urea-
CaCl2 media in one liter was 8 g Nutrien Broth (Himedia, 
India), 5 g NaCl, 20 g urea, 0.025 M CaCl2, and 15 g agar. 
The cultures were incubated at 30  for 7 days. The 
observation of carbonate precipitation formation by 
bacterial isolates was carried out every 24 hours using a 
stereo microscope (Olympus SZ61, Japan). Bacterial 
isolates that showed carbonate deposition were 
distinguished based on the morphology of the carbonate 
crystals formed. Each isolate was assigned a numbering 
code to facilitate further identification. Each isolate was 
grown on slanted nutrient agar (NA) media for further 
characterization 

 
2.3 Urease activity assay of bacterial-induced calcium 

carbonate precipitation 
The urease activity of bacterial-induced calcium 

carbonate precipitation was confirmed using Christensen's 
urea agar medium23). Each bacterial isolate obtained from 
the previous stage was inoculated on Christensen's urease 
solid media and incubated for 48 hours at 30 . Positive 
urease activity was indicated by a change in the color of 
the medium from light orange to pink/purple. Negative 
urease activity was indicated by the color of the medium 
remaining orange or turning yellow. The bacterial isolates 
with the highest ureolytic activity were subjected to 
further analysis. 
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2.4 Molecular identification of potential bacterial 

isolates 
The molecular identification of bacteria was began with 

bacterial DNA genome extraction step. The extraction of 
the bacterial DNA genome was carried out following the 
method of Packeiser et al.24). Cells from single colony on 
the surface of solid media were removed using a sterile 
toothpick and suspended in 20 µL of nuclease-free water. 
The suspension was then vortexed for ten seconds and 
incubated at 98°C for five minutes. The supernatant was 
separated from the cell debris by centrifugation, and  was 
used as a DNA template. 

The 16S rRNA gene of bacteria was amplified using a 
universal primer pair, 27F (5'-
AGAGTTTGATCCTGGCTCAG-3') and 1492R (5'-
GGTTACCTTGTTACGACTT-3')25). Each tube contains 
ultrapure water 9.75 µL, GoTaq Green MasterMix 
(Promega) 2x12.5 µL, primer 27F (10 µM) 0.625 µL, 
primer 1492R (10 µM) 0.625 µL, DMSO 0.5 µL, and 1 
µL template DNA sample with a total volume of 25 µL. 
Amplification was carried out under Polymerase Chain 
Reaction (PCR) conditions: predenaturation at 95  for 
90 seconds, followed by 30 cycles consisting of 
denaturation (95 , 30 seconds), annealing (50 , 30 
seconds), elongation (72 , 90 seconds), and final 
extension at 72  for five minutes, followed by 4  for 
20 minutes. The amplification products were then 
seperated through electrophoresis on an agarose gel with 
a concentration of 1% (w/v). After completion, the gel was 
immersed in a 5.0 µg/mL ethidium bromide solution for 
30 minutes and visualized using a UV transilluminator.  

The PCR amplicons were sequenced at Macrogen 
Korea Laboratory using an automated DNA sequencer 
(ABI PRISM 3130 Genetic Analyzer) (Applied 
Biosystems). Sequencing data were processed using the 
Bioedit program26). The 16S rRNA sequence homology 
was searched on the Eztaxon server. Reference sequences 
were obtained from the GenBank/DDBJ/EMBL database, 
which was accessed online via www.ezbiocloud.net27). 
The phylogenetic tree was constructed using the neighbor-
joining method28), which was carried out in MEGA 7.0 
software29) with a bootstrap value of 1000x. 

  
2.5 Observation of calcium carbonate precipitation 

formation process by potential bacterial isolates 
Five potential bacterial isolates obtained from the 

previous stage were grown on NB-urea-CaCl2 agar media 
using a sterile loop. The cultures were incubated at 30 C 
for 5 days. The observation of calcium carbonate 
precipitate formation was carried out on single colony of 
each bacteria isolates every 24 hours under a stereo 
microscope (Olympus SZ61, Japan). 

 

2.6 Production of calcium carbonate precipitation by 
potential bacterial isolates  

Five selected calcium carbonate-precipitating bacteria 
isolates with high urease activity were further analyzed for 
their ability to produce calcium carbonate precipitates in 
liquid medium. The medium used was the same as the 
initial screening medium without agar addition. Selected 
bacterial isolates were first subcultured on Nutrient Broth 
media for 16 hours. A total of 1% (v/v) culture was 
inoculated into 50 mL of NB-urea-CaCl2 production 
medium. The cultures were incubated at room temperature 
for 7 days with shaking at 104 rpm. The calcium carbonate 
precipitate was separated from the medium using 
Whatman No.1 filter paper with the help of a vacuum 
pump. The precipitate obtained was rinsed using distilled 
water three times. The precipitate was dried in an oven for 
24 hours at 60 °C. The amount of calcium carbonate 
precipitate was weight and expressed in mg/L media. 

 
2.7 Precipitation characterization by FE-SEM  and 

EDS 
The calcium carbonate precipitate produced by each 

bacterial isolate was further characterized to determine its 
morphology and elemental content. The precipitate 
morphology was visualized using a Field Emission 
Scanning Electron Microscope (FE-SEM) (Thermo 
Scientific Quattro S). Qualitative and quantitative analysis 
of elemental content on the sample surface was also 
carried out with this tool because it was equipped with an 
energy-dispersive X-ray spectroscopy (EDS) detector. 
This characterization was carried out at Advanced 
Characterization Laboratories, Cibinong Integrated 
Laboratory of Bioproducts, National Research and 
Innovation Agency, Indonesia.  
 
3.  Results 
3.1  Screening of ureolytic bacterial-induced calcium 

carbonate precipitation  
About 33 isolates of bacteria were obtained at the 

screening stage using NB-urea-CaCl2 media, which can 
induce calcium carbonate precipitation. These bacterial 
isolates came from six different limestone rock samples. 
The number of bacterial isolates obtained from each rock 
sample was five to seven. Each isolate was visually 
distinguished based on the morphological characteristics 
of the formed calcium carbonate precipitation. The 
observation results using a stereo microscope showed that 
there were morphological variations of calcium carbonate 
precipitation found around the colonies. Generally, 
calcium carbonate precipitate appeared from the center of 
the bacterial colony. Its shape like a crystal granule. Some 
of the morphological forms of calcium carbonate crystals 
can be seen in Fig. 1. 
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Fig. 1: Crystal morphology diversity of calcium carbonate 
precipitation induced by different types of bacteria isolated from 
stone using NB-urea-CaCl2 solid media on the fifth day of 
incubation. 

 
 

Fig. 2: Change in color of medium in Christensen's urea agar 
indicates urease activity. Positive = pink-purple; negative = 

yellow-orange. 
 

All isolates obtained from the screening stage were then 
tested for their ureolytic activity qualitatively using 
Christensen's urea agar media. The assay result showed 
that only 16 isolates from 33 isolates were positive for 
ureolytic activity, which was indicated by a change in the 
color of the medium from orange to pink/ purple (Fig. 2 
and Table 1). 

Table 1. Urease activity assay of bacterial isolates induced-
calcium carbonate precipitation on Christensen's urea solid 

media. 

Note:” - “= urease negative, “+” = urease  postive (+ = 
low, ++ = medium, and +++ = high) 

 
3.2 Molecular identification of potential ureolytic 

bacteria 
Five selected isolates with the best ureolytic activity 

were further identified to determine their identity. The 
homology analysis of the 16S rRNA gene sequence using 
the Eztaxon server can be seen in Table 2. All isolates had 
a similarity level of above 98% with the strains already in 
the database. The five isolates were identified as Bacillus 
onubensis (isolate M.1.4), Mesobacillus campisalis 
(isolate M.2.6), Agrobacterium pusense (isolate M.4.4), 
Staphylococcus wareri (isolate M.4.5), and 
Microbacterium paraoxydans (isolate M.5.2 ). 
 
 

Sample code Isolate number Urease activity 

M.1 

1 - 

2 - 

3 + 

4 +++ 

5 + 

M.2 

1 - 

2 + 

3 + 

4 + 

5 + 

6 +++ 

7 + 

M.3 

1 + 

2 - 

3 + 

4 + 

5 - 

M.4 

1 - 

2 - 

3 - 

4 ++ 

5 ++ 

M.5 

1 - 

2 ++ 

3 - 

4 - 

5 - 

6 - 
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