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ABSTRACT

A small group of bacteria which are able to precipitates calcium carbonates (CaCO3) are known as
hydrocarbonoclastic bacteria. Since CaCO3 is a main raw material for cement production, hydrocarbonoclastic
bacteria are reliable to be applied as concrete additive for strengthen concrete structures. The objectives of
present study were to isolate hydrocarbonoclastic bacteria strains that are able to precipitate CaCO3 and
examine its potential as concrete reinforcement materials. Isolates identification through phenotypic methods
was conducted following Bergey’s Manual of Determinative Bacteriology protocols. Meanwhile, concrete
was prepared following SNI 7656:2012 with bacteria cell introduction. Concrete compressive strength test
was conducted using compression testing method. Although 15 isolates were able to precipitate CaCO3,
only 8 isolates give positive result for urease test. One of the isolates identified as Bacillus JB2 has the
highest ability to precipitates CaCO3 with amount of 3.28 mg/mL. This strain could successfully increase
concrete maximum load up to 26,673.48 kg and compressive strength up to 33.30 Mpa compared to control
concrete. Our result suggest that Bacillus JB2 is suitable to be applied as concrete additives to strengthen
concrete structures.
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Introduction

Concrete is the main component of building con-
struction which widely used, easy to cast, high com-
pressive strength and resistant to fire (Wang et al.,
2016; Achal et al., 2011). Cement is the main binder
content of concrete which contains 77-78% of cal-
cium carbonates (CaCO3) (Van Damme, 2018;
Muhammad et al., 2018).  CaCO3 is inorganic com-

pound which can be precipitated through micobial
mineral precipitation (biodeposition) pathway
(Chahal et al., 2011). Bacteria group which are ca-
pable to induce CaCO3 mineralization processes
named hydrocarbonoclastic bacteria (Krishnapriya
et al., 2015).

Recently construction technology using microor-
ganism applications has been proposed, one of this
tehnique is biocement which can be produced from



ENNY ZULAIKA ET AL S107

CaCO3 or dolomite in  the temperature of 20-60 ° C
with 10% lower energy than the energy need edin
conventional process, so that the cost is relatively
lower and environmentally friendly (Ivanov et al.,
2015). Concrete with the addition of
hydrocarbonoclastic bacteria can increase the com-
pressive strength of concrete, so that it can
strengthen infrastructure construction. Bacteria
which are added to concrete raw materials will pro-
duce endospores that can resist up to 50 years, so
that the age of the concrete will be longer (Wang et
al,. 2016). The objective of this study was to discover
the hydrocarbonoclastic bacteria strain which is able
to form CaCO3 as concrete reinforcement.

Materials and Methods

Bacteria Isolation and Purification

Bacterial isolation was carried out in local limestone
quarries in Gresik, Bangkalan and Tuban, East Java,
Indonesia. Lime material samples were put into
sterile vials. Inoculation was conducted using pour
plate method on selective CCP-agar media contain-
ing (per liter) 20 g urea, 2.12 g NaHCO3; 10 g NH4Cl;
3 gr Nutrient Broth; 30 mM CaCl2; 20 g agar, pH
was set 8.5 (Wei et al., 2015). Bacteria culture then
incubated at room temperature for 7 days, the grow-
ing colonies are hydrocarbonoclastic bacteria iso-
lates. The isolate was purified until pure culture
was obtained using 16 streaks method.

Qualitative Urease Test

The urease activity from selected isolates were
tested qualitatively on urea broth media containing
(per 100 mL): 0.9 gr urea base broth, 5 mL 40% urea
solution, and pure water. Isolates were inoculated in
5 mL of urea broth, following incubation at room
temperature for 1-2 days. The color changes from
pale yellow into cherrish pink indicates isolates
which produces urease (Chahal et al., 2012).

Bacteria Identification and CaCO3 Production

Selected isolates were identified based their bio-
chemical characteristics following Bergey’s manual
of determinative bacteriology (Holt et al., 1994), in-
cluding cell shape, cell wall properties (Gram stain-
ing), endospore, motility, oxygen demand test, and
catalase test (Harley and Prescott, 2002).

Isolates were grown on CCP-broth medium, fol-
lowing incubated for 7 days at room temperature

under shaking condition (130 rpm). The formed
CaCO3 crystals then filtered using Whatman filter
paper. The trapped materials were dried in the oven
(60°C for 3 hours), and the weight of CaCO3 was cal-
culated by the formula below:

Wc = Wfc – Wf

Note:
Wc  = CaCO3 Precipitant Weight
Wfc = The weight of filter paper and precipitant
Wf   = The dry weight of filter paper (Hammad et al.,
2013)

Concrete Preparation and Viability Test

The bacteria starter that were used is in the logarith-
mic phase based on the growth curve (Sharma et al.,
2011), before added into the concrete raw material,
bacteria cell density was directy calculated using a
haemocytometer. The raw material of concrete (per
kg/m3) is formulated following SNI 7656: 2012
which consists of cement, sand, coarse aggregate
and water, then added with bacterial starter. Con-
cretes were casted in cylindrical shape caster with a
diameter of 10 cm and a height of 20 cm
(Krishnapriya et al., 2015). Concrete without bacte-
ria cell addition was used as a control.

Bacterial viability test was used to determine the
bacteria survival after being used as raw material
for concrete. Concrete specimens were taken before
casted and after the curing process for 28 days. The
mashed concrete samples were aseptically trans-
ferred into physiological solution (0.9% NaCl), then
inoculated on the CCP-agar medium, the growing
colonies indicates isolates viability in concrete raw
material.

Compressive Strength Test

Concrete compressive strength test using compres-
sion testing method, both for bacteria added con-
crete and control concrete. The value of compressive
strength of concrete was measured following Na-
tional Indonesian Standard 2847-2013 below:

 = p/A

Note:
 = Compressive strength (MPa)
p = Maximum load (N)
A= Surface area (mm)
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Results and Discussion

Bacteria Isolation and Purification

The results of isolation and purification of
hydrocarbonoclastic bacteria was successfully ob-
tained 15 isolates, colonies which grew on the CCP
agar were able to formed CaCO3 crystals around the
growth area (Fig.1).

CCP media is a media that used to detect CaCO3

minerals precipitation, it contains urea and CaCl2 as
precursors of carbonate ions and calcium ions for-
mation (Kim et al., 2016). The CaCO3 precipitation
zone around the bacteria colonies is formed because
the growing isolates produce urease so that the
CaCO3 precipitation will be induced (Hammad et al.,
2013).

other stage it will be spontaneously hydrolyzed and
produce ammonia and carbonic acid. Ammonia is
alkaline compound, so it will increasing the pH of
the medium. The pH changes in the medium into al-
kali generated the color changes phenol red indica-
tor into cherrish pink (Siddique and Chahal, 2011).

Isolate Identification and CaCO3 Production

Following Bergey’s Manual Determinative of Bacte-
riology, isolates SG3, SG4, JB2, JB3, AT2, AT3 be-
long to genera Bacillus, SG2 isolates was Sulfido ba-
cillus and SG5 isolates was Escherichia. According to
Holt et al., (1994), the characteristics of  Bacillus are:
rod shaped cell, Gram positive, motile, endospores
forming, aerobic/ facultative anaerobic, and posi-
tive catalase reaction. Sulfido bacillus has rod shaped
cell, Gram positive, non-motile, endospores form-
ing, aerobic/facultative anaerobic, and positive
catalase reaction. Escherichia has rod shaped cell,
Gram negative, motile, non-endospores forming,
aerobic/facultative anaerobes, and positive catalase
reaction. Isolates which grew in CCP-broth media
formed CaCO3. Based on our observation Bacillus
JB2 has the highest value of CaCO3 precipitate com-
pared to other isolates (Table 1).

Table 1. CaCO3 Production.
Isolate Genus CaCO3 (mg/ml)

SG 2 Sulfidobacillus 0.96
SG 3 Bacillus 1.12
SG 4 Bacillus 2.64
SG 5 Escherichia 2.68
JB 2 Bacillus 3.28
JB 3 Bacillus 2.80
AT 2 Bacillus 2.80
AT 3 Bacillus 0.48

The bacteria ability to form CaCO3 as their toler-
ant in the high urea and calcium environment. It
will produce urease to hydrolyze urea and release
carbonate ions (CO3

2), then it will bind to calcium
ions (Ca2+) from CaCl2 to generates CaCO3 and H2O
(Chaparro-Acuna et al., 2017).

The formed CaCO3 crystals can be used as addi-
tives in concrete raw materials which has role to
strengthen materials in the raw material
(Krishnapriya et al., 2015). Beside of concrete Fur-
thermore, for concrete production application this
present study used Bacillus JB2 since its able to pro-
duce the highest CaCO3 amounts (3.28 mg/mL)
compared to other isolates.

Qualitative Urease Activity

Qualitative urease test was conducted to differenti-
ate urease producing bacteria (Atlas, 2010). Based
on the urease activity test, among 15 isolates which
produced CaCO3, only 8 isolates were able to pro-
duce urease which can be characterized by the color
changes on Christensen-Urea broth medium from
pale yellow into cherrish pink (Fig. 2).

Urea in the medium will be hydrolyzed by iso-
lates urease into ammonia and carbamate. In the

Fig. 1.  CaCO3 Forming Bacteria from Limestone Area in
East Java.

Fig. 2. The Results of Qualitative Urea Test
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Fig. 3. The growth pattern of Bacillus JB 2.

Concrete Preparation and Viability Test

Based on the isolates growth pattern (Fig. 3), the
logarithmic phase and optimal growth of Bacillus
JB2 are after incubation for 10 hours, the cell density
was calculated from 2.80 to 4.96 x 106. The addition
of bacteria for concrete preparation was carried out
using 10 hours incubated culture.

According to SNI 03-3976-1995, concrete must be
in moist for at least 7 days, the quality could be bet-
ter if the curing stage is carried out for 28 days. Con-
crete which induced by Bacillus JB2 is shown in
Fig. 4.

after being embedded in concrete. Bacterial colonies
that grew on CCP-agar media show their ability to
resist against harsh environment inside the concrete
(Fig. 5).

Based on Fig. 5 above, Bacillus JB2 is able to resist
in concrete samples before the casting process or af-
ter 28 days curing. Our data revelas that Bacillus JB2
is viable in concrete material and possess a great po-
tential to be used as biocement.

Concrete Compressive Strength

Compressive strength is one of the main properties
of concrete, the results of compressive strength tests
on control concrete and applicative concrete which
have been added by Bacillus JB2 are served in
Table 2.

Based on Analysis of Variance (ANOVA), there
are differences in the concrete compressive strength
between control concrete and concrete which is
added by Bacillus JB2, the LSD test (P value 5%)
shows a significant difference. Based on Table 2,
concrete with the addition of Bacillus JB2 has higher
score in maximum load and compressive strength
than control concrete. Increased strength of concrete
is mainly caused by CaCO3 crystals which formed
by bacteria that can fill the micro pores inside con-
crete, so that the size of the pores will shrink and
maximize the compressive strength of concrete
sample (Chahal et al., 2012). The formation of CaCO3

by bacteria due to hydrolysis mechanisms of urea
which generates ammonia ions and carbonate ions.
Ammonia will increase the pH of the medium, then
the environment becomes alkaline. That is favorable
condition and support the binding of carbonate ions
and calcium ions to generating CaCO3 crystals (Wei
et al., 2015).

Fig. 4. The morphology of concrete : (a) Control
(b) Concrete with Bacillus JB2 addition.

Based on Fig. 4, the morphology of the control
concrete and concrete which added by Bacillus JB2
isolates posses relatively the same external mor-
phology, so that the addition of Bacillus JB2 as a
hydrocarbonoclastic bacteria did not affect the ex-
ternal morphology of the concrete.

The bacterial viability test was carried out to de-
termine the viability of hydrocarbonoclastic bacteria

Fig. 5. Bacteria viability: a) viability before casting pro-
cess; b) viability after 28 days curing.
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Conclusion

Eight isolates of hydrocarbonoclastic bacteria are
able to produce and form CaCO3 crystals. Concrete
with the addition of bacteria cells has a maximum
load and compressive strength of concrete higher
than control concrete. Therefore, Bacillus JB 2 bacte-
ria can be applied as additives to strengthen con-
crete structures.
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Table 2. Maximum Load and Compressive Strength.

Treatment Cell Density (sel/mm3) Maximum Load  (Kg) Compressive Strength (Mpa)

Control (without isolate) 0 24,383.03 30.44a

Bacillus JB 2 (1) 3.38 x 106 26,520.20 33.11b

 Bacillus JB 2 (2) 2.80 x 106 26,672.48 33.30b

 Bacillus JB 2 (3) 4.94 x 106 26,727.44 33.36b

Note: the number besides different letter showing significants difference (P value 5%).


