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Crack remediation on the surface of cement mortar using microbiological calcium carbonate
(CaCO3) precipitation (MICP) has been investigated as a microbial sealing agent on
construction materials. However, MICP research has never acknowledged the antifungal
properties of calcite-forming bacteria (CFB). Since fungal colonization on concrete surfaces can
trigger biodeterioration processes, fungi on concrete buildings have to be prevented.
Therefore, to develop a microbial sealing agent that has antifungal properties to remediate
cement cracks without deteriorative fungal colonization, we introduced an antifungal CFB
isolated from oceanic islands (Dokdo islands, territory of South Korea, located at the edge of
the East Sea in Korea.). The isolation of CFB was done using B4 or urea-CaCl 2 media.
Furthermore, antifungal assays were done using the pairing culture and disk diffusion
methods. Five isolated CFB showed CaCO3 precipitation and antifungal activities against
deteriorative fungal strains. Subsequently, five candidate bacteria were identified using 16S
rDNA sequence analysis. Crack remediation, fungi growth inhibition, and water permeability
reduction of antifungal CFB-treated cement surfaces were tested. All antifungal CFB showed
crack remediation abilities, but only three strains (KNUC2100, 2103, and 2106) reduced the
water permeability. Furthermore, these three strains showed fungi growth inhibition. This
paper is the first application research of CFB that have antifungal activity, for an eco-friendly
improvement of construction materials.
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Introduction
Surface cracks in concrete structures can lead to an
acceleration of the neutralization or enlargement of cracks
by water and gas penetration. Furthermore, the neutralization
of concrete surfaces lets the fungal colonization and fungal
metabolite or physical action deteriorate the concrete
structure or stone surfaces [2, 7, 12, 17, 20, 32]. These
deterioration processes can lead to the corrosion of inner
structures or even the collapse of building structures [18].
To prevent cracks from worsening, crack remediation with
cement mortar and the consolidating effects of using

sphaerospermum,

crack

microbiologically induced calcium carbonate precipitation
have been researched extensively [1, 3, 11, 13, 14, 15, 27,
28]. Moreover, these microbial resources have been used
to remediate cracks in cultural heritage or old buildings
[5, 6, 30, 31]. Additionally, in previous research, microbial
colonization with CaCO3 precipitating bacteria (bio-deposition)
on the cement surface has been shown to decrease the
permeability of mortar [6, 19]. For these purposes, the
treatment of B4 media with CFB has been researched.
However, the use of B4 media in the conservation of
monuments by nurturing CFB strains can trigger unavoidable
fungal contamination [30]. This means antifungal properties
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of CFB strains are positively necessary when applied on
construction sites.
Independent of this trend, studies on the prevention of
fungal contamination and antifungal or antimicrobial
cement mortar have only used antimicrobial agents [6, 8,
24]. Unwanted fungi growth on cement surfaces can lead
to a biodeterioration process by physical or chemical
reactions of fungal hyphae, so that organic or inorganic
antimicrobial molecules have been integrated into cement
mortar to avoid fungal contamination. However, this
methodology produces only antifungal properties and
does not have a multifunctional effect.
Despite this, there are no reports advocating the
incorporation of antifungal properties with CaCO3 precipitation
using natural environment-derived CFB. Therefore, in this
study, we isolated CFB from oceanic islands and their
antifungal properties were tested. Selected antifungal
CFB (A. nicotianae KNUC2100, B. aryabhattai KNUC2101,
B. thuringiensis KNUC2102, B. thuringiensis KNUC2103, and
S. maltophilia KNUC2106) were treated to cement pastes,
and their crack remediation, and water permeability
reductions were evaluated. Furthermore, fungi growth
inhibition on the cement paste was evaluated. This paper
combines antifungal properties and CaCO3 precipitation to
remediate cement cracks, without deteriorative fungal
infection, when applied to cement surfaces or cracks.

Materials and Methods
Cultural Media and Conditions
Several calcite-forming bacteria (about 300 isolates) were
isolated from the soil of Dokdo islands. The selection of CFB was
done using urea-CaCl2 agar media, and pure isolation was done
using TSB (tryptic soy broth; Difco, USA) agar media at 30oC [2123]. Two sensitive fungal strains (Cladosporium sphaerospermum
KNUC253 or Aspergillus niger KCTC6906) were cultured on PDB
(potato dextrose broth; Difco, USA) agar media at 18oC or 25oC
(optimal growth temperature of each strain) under dark conditions
[21]. C. sphaerospermum KNUC253 was reported as a major fungal
deteriogen of construction materials and A. niger KCTC6906 was
also reported as a deteriorative fungal strain [21].
Selection of CFB and CaCO3 Precipitation
Urea-CaCl2 and B4 agar media were used for the selection of
CFB. Heat-labile constituents of media urea-CaCl2 agar media
(nutrient broth 3 g, urea 20 g, NaHCO3 2.12 g, NH4Cl 10 g, CaCl2
3.7 g, agar powder 15 g, in 1 L of deionized water) were sterilized
with a nitrocellulose membrane filter (0.22 µm; Millipore, Ireland)
and the pH was adjusted to 6.0 before autoclaving (121oC, 20 min)
to obtain the final pH of 7.4 [22]. A single colony was streaked on
urea-CaCl2 agar media, and then CaCO3 precipitation was

J. Microbiol. Biotechnol.

observed during incubation at 30oC for 5 days [22]. The B4 agar
media comprised yeast extract 4.0 g, glucose 5.0 g, calcium acetate
15.0 g, and agar 15.0 g in 1 L of deionized water [5, 6]. Calcium
acetate and the other constituents were sterilized separately to
avoid aggregation. Dokdo-derived strains were streaked on B4
agar media and then incubated at 30oC for 5 days to assay the
CaCO3 precipitation. Confirmation of CaCO3 precipitations was
done using an optical microscope (Sw 804425; Samwon, Seoul,
Korea), and images were taken using a Zentech digicam (Sentech
Co., Ltd., Japan). The size and shape of crystals were measured by
Images Partner software (Saramsoft Co., Ltd., Korea) [22, 23]. The
E. coli K12 strain, which has no CaCO3 precipitation, was used as a
negative control [23].
Antifungal Assay
The antifungal activities of CFB were assayed using a dual
culture and disc diffusion method, as described below. Five
selected CFB strains were inoculated at 10 ml of TSB, and then
incubated at 30oC and shaken at 180 rpm. Then 70 µl of crude
culture was dropped on a sterile paper disc (8 mm diameter;
Advantec, Japan) positioned on a PDK plate (potato dextrose
broth 10 g, bacto peptone 5 g, and agar powder 15 g, in 1 L of
deionized water), and then cultured dually with A. niger KCTC6906,
and C. sphaerospermum KNUC253 at 25oC for 7~14 days. The CFB
strains showing a clear zone of inhibition against the two sensitive
fungal strains were selected using the disc diffusion method [9].
Disc diffusion assays of isolated CFB strains were done as described
below. The molten PDK agar, confounded with 1 × 105~106 spore/ml
of the two sensitive fungal strains, were poured into each petridish, and then 70 µl of crude antifungal materials was inoculated
onto the paper disc (8 mm diameter; Advantec, Japan) located on
the top surface of the PDK agar. Finally, these spore seed plates
were incubated at 18oC or 25oC for 48 or 72 h, and a clear zone of
each strain was observed [9, 26]. As positive controls, 100, 300,
and 500 µg/ml of cycloheximide (Sigma-Aldrich, USA) were used
to compare the size of the clear zones. The cycloheximide solution
was sterilized using a syringe filter (0.22 µm; Millipore, Ireland)
and concentrated TSB or sterile distilled water (SDW) was used as
the negative control [21].
Preparation of Crude Antifungal Materials
For the preparation of crude antifungal materials, each CFB
strain was inoculated on 5 ml of TSB and then precultured at 30oC
for 16 h. Then 1 ml of cell culture was inoculated on 100 ml of TSB
and cultured at 30oC for 7 days at 180 rpm. Cultural suspensions
were centrifuged at 4oC, 3,000 rpm for 10 min. The supernatants
were filtered with nitrocellulose membrane filter and lyophilized [9].
Preparation of Spore Suspension
Preparations of the spore suspensions of C. sphaerospermum
KNUC253 and A. niger KCTC6906 were done as described below.
For harvesting the conidiospore of C. sphaerospermum KNUC253,
V8 juice agar medium (300 ml of V8 juice (Campbell Soup Company,
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Camden, NJ, USA), 4.5 g of calcium carbonate (Mallinckrodt Baker,
Inc., Phillipsburg, USA), and 15 g of Bacto agar (Becton, Dickson
and Co., Sparks, MD, USA) were used [19]. C. sphaerospermum
KNUC253 was incubated at 18oC under dark conditions for
3~4 weeks. To obtain the ascospore of A. niger KCTC6906, PDB
agar medium was used and incubated at 25oC for 1~2 weeks. Then
5 ml of sterile 0.1% (w/w) Tween 80 (Junsei Chemical Co., Ltd,
Japan) was inoculated onto the fungal colony, and scrubbed with
an inoculating loop. The harvested spore suspension was agitated
vigorously to separate the hyphae and spore, and then centrifuged
at 12,000 ×g and 4oC for 15 min. Subsequently, the pellet was
washed with SDW 2~3 times and the concentration was adjusted
to 1 × 105~106 spore/ml using a hemtocytometer (Marienfeld Co,
Germany) [25]. For the storage of spore suspension, the harvested
spore suspension was centrifuged at 12,000 ×g and 4oC for 15 min
and the supernatant was discarded. The pellet was suspended
again in 20% (v/v) glycerol and stored at -80oC.
16S rDNA Analysis
Partial identifications of the antifungal CFB were done using
16S rDNA sequence analysis, amplified from extracted DNA [33].
The primers used were 518F (5’-CCAGCAGCCGCGGTAATACG-3’)
and 800R (5’-TACCAGGGTATCTAATCC-3’). Obtained sequences
were analyzed using the BLASTn program of the National Center
for Biotechnology Information (NCBI) public domain site or
EzTaxon server 2.1 (http://147.47.212.35:8080/) [29].
Nucleotide Sequence Accession Numbers
Obtained 16S rDNA sequences were submitted to GenBank
databases to acquire accession numbers. The GenBank accession
numbers for the sequences of the 16S rDNA in this study are as
follows: A. nicotianae KNUC2100, JN084028; B. aryabhattai KNUC2101,
JN084029; B. thuringiensis KNUC2102, JN084030; B. thuringiensis
KNUC2103, JN084031; and S. maltophilia KNUC2106, JN084034
(Table 1).
Crack Remediation and Fungi Growth Inhibition on Cement
Pastes
The qualitative crack remediation effect and fungi growth
inhibition of five antifungal CFB strains were tested on cured
cement pastes (Table 1). The cement paste samples were made by
mixing aliquots of SDW with cement in a 0.4 water/powder of
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cement pastes weight ratio and poured into a 35 × 10 mm style
petri-dish (Falcon, Becton Dickenson Labware Co., USA) [22]. The
pastes were cured in a 80oC ventilated dry oven to let the cement
pastes shrink rapidly in order to obtain a 0.4~0.5 mm width crack.
The treatment of microorganism was done as described below.
First, each of the five bacterial strains was inoculated on 5 ml of
TSB media and incubated at 30oC for 18 h. The cultural suspension
was centrifuged at 4oC, 1,000 rpm for 10 min. The cell pellet was
mixed with 250 µl of B4 liquid media and inoculated onto the
cement crack. After that, 250 µl of B4 liquid media containing the
spore of C. sphaerospermum KNUC253 (105~106 spore/1 ml of B4
liquid media) was inoculated onto the crack every 12 h for 10 days.
E. coli K12, which shows no CaCO3 precipitation, or B4 liquid
media alone with the same treatment method, were established as
negative controls. Cracks on the cement paste surface and fungi
growth were visible under an optical microscope (Sw 804425;
Samwon, Seoul, Korea) and images were taken with a Zentech
digicam (Sentech Co., Ltd., Japan). The crack width was measured by
Images Partner software (Saramsoft Co., Ltd., Korea) [21].
Water Permeability
In this study, the efficiencies of the crack remediation ability
of each strain were quantitatively measured by the water
permeability test of the cracked cement pastes [31]. The cement
pastes were made by mixing aliquots of distilled water with
cement in a 0.4 water/portland cement weight ratio and poured
into a 35 × 10 mm petri-dish (Falcon, Becton Dickinson Labware
Co., USA), and then cured for 72 h [22]. Five antifungal CFB were
inoculated onto 50 ml of B4 liquid media and cultured at 30oC,
180 rpm for 18 h. Culture suspensions of each strain were poured
onto the sterile container containing six cement pastes and 450 ml
of B4 liquid media. These media were cultured at 30oC, 50 rpm for
5 days. Incubated cement pastes were dried in a ventilated oven at
50oC until constant weights (W1) were obtained, and the pastes
were submersed in SDW for 24 h. After treatment, water on the
surface was eliminated using wet towels and weighed (W2). Water
permeability was calculated by the formula [N(water permeability)
= W2 - W1 / W1 × 100 (%)]. The water absorption was then measured
using the formula for absorption and the bulk specific gravity of
stone, KS F 2518, as described by the Korea standard association
[16]. Negative controls were B4 liquid media or E. coli K12-treated
cement pastes. The test was repeated five times.

Table 1. The 16S rDNA sequence similarity of purely isolated bacteria, isolated from the Dokdo islands, to the closest homology.
Strain

Homologous microorganism (percentage identity)a

GenBank Accession No.b of 16S rDNA sequences

KNUC2100

Arthrobacter nicotianae (98.75%)

JN084028

KNUC2101

Bacillus aryabhattai (99.36%)

JN084029

KNUC2102

Bacillus thuringiensis (100.00%)

JN084030

KNUC2103

Bacillus thuringiensis (99.86%)

JN084031

KNUC2106

Stenotrophomonas maltophilia (99.72%)

JN084034

a

The multiple alignments for the 16S rDNA sequence of isolated strains were performed using the NCBI GenBank search.

b

The sequences for the 16S rDNA sequences of the five isolated strains have been deposited in the GenBank database.
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Fig. 1. Crystal images of CFB strains isolated from the Dokdo islands.
The images were captured with a biology stereomicroscope (×40) equipped with with a Zentech digicam (Sentech Co., Ltd., Japan). The CFB
showed calcium carbonate precipitation on urea-CaCl2 medium: (A) Arthrobacter nicotianae KNUC2100, (B) Bacillus aryabhattai KNUC2101, (C)
Bacillus thuringiensis KNUC2102, (D) Bacillus thuringiensis KNUC2103, and (E) Stenotrophomonas maltophilia KNUC2106.

Results and Discussion
CaCO3 Precipitation
Urea-CaCl2 and B4 agar media were used to assay the
CaCO3 precipitation. Five Dokdo-derived bacteria showed

CaCO3 precipitation on urea-CaCl2 agar media or B4 agar
media. The shapes and sizes of the precipitated CaCO3
crystals were genus or species specific. Different species
showed different shapes or sizes of crystals (Figs. 1 and 2).
The CaCO3 precipitation of these CFB can be applied to

Fig. 2. Crystal images of CFB strains on B4 agar media, isolated from the Dokdo islands.
The images were captured with a biology stereomicroscope (×40) equipped with with a Zentech digicam (Sentech Co., Ltd., Japan). (A) Arthrobacter
nicotianae KNUC2100. (B) Bacillus aryabhattai KNUC2101. (C) Bacillus thuringiensis KNUC2102. (D) Bacillus thuringiensis KNUC2103. (E)
Stenotrophomonas maltophilia KNUC2106.
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Fig. 3. Picture showing antifungal activities of the CFB strains against A. niger KCTC 6906.
Controls included (A) 100 ml of cycloheximide 100 µg/ml loaded on seed plates, as positive controls for antifungal assay; (B) 300 µg/ml of
cycloheximide as positive control; (C) 500 µg/ml as the positive control; (D) tryptic soy broth as the negative control; and (E) sterile distilled water
as the negative control. (F) Arthrobacter nicotianae KNUC2100. (G) Bacillus aryabhattai KNUC2101. (H) Bacillus thuringiensis KNUC2102. (I) Bacillus
thuringiensis KNUC2103. (J) Stenotrophomonas maltophilia KNUC2106. The five isolated strains showed inhibition zones. The ZOI (zone of
inhibition) was measured and is described in Table 2.

water permeability reduction or crack remediation in cement
[1, 10, 26, 30, 31]. Until now, several species of genus
Bacillus were intensively researched for their spore-forming
abilities in harsh conditions like cement mortar [1, 6, 28]. In
this context, several CFB were isolated from the soil of the

Dokdo islands, which are continually exposed to direct
sunray radiation, and salty sea wind, and suffer from
frequent salt damage, which may be why these isolated
bacteria have a strong resistance to a harsh environment
condition like the surface of concrete [4].

Fig. 4. Picture showing antifungal activities of the CFB strain against C. sphaerospermum KNUC253.
Controls included (A) 100 ml of cycloheximidine 100 µg/ml loaded on seed plates, as positive controls for the antifungal assay; (B) 300 µg/ml of
cycloheximide as the positive control; (C) 500 µg/ml as the positive control; (D) tryptic soy broth as the negative control; and (E) sterile distilled
water as the negative control. (F) Arthrobacter nicotianae KNUC2100. (G) Bacillus aryabhattai KNUC2101. (H) Bacillus thuringiensis KNUC2102. (I)
Bacillus thuringiensis KNUC2103. (J) Stenotrophomonas maltophilia KNUC2106. The five isolated strains showed inhibition zones. The ZOI (zone of
inhibition) was measured and is described in Table 2.
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Antifungal Activity
The five CFB strains showed antifungal activity against
A. niger KCTC6906 and C. sphaerospermum KNUC253
compared with the negative controls SDW and TSB and
negative control cycloheximide (Figs. 3 and 4). Furthermore,
the ZOI (zone of inhibition) was calculated (Table 2).
Concentrated supernatant showed clear zones in the spore
seed plates. 16S rDNA analysis showed that the antifungal
CFB strains showed the closest similarity with Arthrobacter
nicotianae (98.75%), Bacillus aryabhattai (99.36%), B. thuringiensis
(100.00%), B. thuringiensis (99.86%), and Stenotrophomonas
maltophilia (99.72%) (Table 1). These antifungal CFB strains
can be used for fungi growth inhibition on a cement surface
or crack.
Until now, in some antimicrobial concrete research, the
fungi growth inhibition of antimicrobial compound-treated
concrete specimens was tested against not purely isolated
food-derived fungi, which have no correlative evidence
with biodeterioration of building structures [24]. However,
in this research, the antifungal assay and fungi growth
inhibition test were done on the major building structuredeteriorative fungal strain C. sphaerospermum KNUC253
[21]. Positive results mean that the three antifungal CFB
can specifically block the growth of harmful fungal strains
on cement surfaces, increasing the durability of cement
mortar.
Crack Remediation
CaCO3 precipitations on B4 media were induced by the
oxidative deamination of amino acids or organic acid

utilization [6, 30]. Independent of this mechanism, in ureaCaCl2 media, enzymatic hydrolysis of urea can lead to
elevation of the pH and carbonate ion concentration in the
media environment, causing the precipitation of CaCO3
with the binding reaction of Ca2+ and CO32-. In this process,
the negatively charged constituent of the bacterial cell wall
favors cation binding (Ca2+, Mg2+) and is considered to be
the nucleation site of crystal formation [13]. In this context,
in this paper, crack remediation using CaCO3 precipitation
by CFB has been researched and the efficiencies of crack
remediation were evaluated using the water permeability
test [1, 3, 11, 13, 15, 27, 28]. For the remediation of cracks,
a CaCO3 precipitation was used with B4 or urea-CaCl2
media and evaluated with ultrasonic measurements,
thermogravimetric analysis (TGA), and water permeability
tests [31]. In this study, crack remediation was assayed
and it was evaluated with visual evaluation, microscopic
observation, and water permeability reduction.
For the remediation of the artificially induced crack on
cement pastes, cultural suspensions of five CFB strains
were used. All strains, A. nicotianae KNUC2100, B. aryabhattai
KNUC2101, B. thuringiensis KNUC2102, B. thuringiensis
KNUC2103, and S. maltophilia KNUC2106, showed obvious
crack remediation abilities comparing with that of E. coli
K12 or B4 liquid media.
Water Permeability Reduction
In this study, the crack remediation effects of antifungal
CFB were qualitatively assayed by microscopic observation of
CFB-treated mortar surfaces. Subsequently, water permeability

Table 2. The zone of inhibition (ZOI) of the antifungal assay.
Zone of inhibition against two fungal strains (mm)

(-) Controls

(+) Controls

Strains

against
C. sphaerospermum KNUC253

against
A.niger KCTC6906

SDW

0

0

TSB media

0

0

100 ml

1

1.2

300 ml

5.6

4.6

500 ml

9.2

5.7

A. nicotianae KNUC2100

10.5

4.5

B. aryabhattai KNUC2101

8.1

0.5

B. thuringiensis KNUC2102

6.8

12.1

B. thuringiensis KNUC2103

4.8

10.2

S. maltophilia KNUC2106

8.6

5.4

Cycloheximide

SDW and TSB media were used as negative controls and 100, 300, and 500 µg/ml of cycloheximide were used as positive controls. Five stains showed strain-specific
ZOI diameters.
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Fig. 5. Crack remediation and fungi growth inhibition on mortar pastes.
Maiden crack (left), 5 days incubation for remediation (middle), and fungi growth with 10 days incubation (right). (A) only B4 media as the
negative control. The crack was not remediated (middle) and was covered with fungal colony (right, dotted circle). (B) E. coli K12 as negative
control. The crack was not remediated (middle) and was covered with fungal colony (right, dotted circle). (C) A. nicotianae KNUC2100. The crack
was remediated (middle, right) and fungal colony was not observed (right). (D) Bacillus aryabhattai KNUC2101. The crack was remediated
(middle), but the surfaces were covered with fungal colony (right, dotted circle). (E) Bacillus thuringiensis KNUC2102. Spore germinations were
observed like black spots on the crack (right, dotted circle). However, fungal manifestation was not observed at visual evaluation in cement
surfaces (Fig. 6E). (F) Bacillus thuringiensis KNUC2103 and (G) Stenotrophomonas maltophilia KNUC2106 successfully remediated the crack (middle,
right) and fungal colony was not observed (right).
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tests were done to calculate the quantitative abilities of
crack remediation [31]. Three of the five antifungal CFB-treated
cement pastes showed a reduction of water permeability
(Fig. 7) compared with that of E. coli K12 (24.06%) or B4
liquid media (24.88%). A. nicotianae KNUC2100 showed 16.76%
of water permeability and reduced water permeability of
32.64% compared with B4 liquid media (negative control).
B. thuringiensis KNUC2103 (18.02%) and S. maltophilia
KNUC2106 (18.79%) had a reduced water permeability of
27.57% and 24.48%, respectively, compared with that of B4
liquid media. These results show strains KNUC2100,
KNUC2103, and KNUC2106 reduced water permeability
for its biodeposition on the surface on cement pastes.
Fungi Growth Inhibition on Cement Surface
Three of the five strains, A. nicotianae KNUC2100, B.
thuringiensis KNUC2103, and S. maltophilia KNUC2106,

showed fungi growth inhibition on the crack or surface of
cement pastes effectively. No symptoms of fungi growth
could be seen with the visual evaluation or by microscopic
observation of the cement pastes surface (Figs. 5 and 6).
These results showed the fungi growth inhibition ability of
A. nicotianae KNUC2100, B. thuringiensis KNUC2103, and
S. maltophilia KNUC2106. However, B. aryabhattai KNUC2101treated cement pastes revealed fungal colonization within
the incubation period (Fig. 5D, right picture). B. thuringiensis
KNUC2102 showed spore germination on the crack, with
microscopic observation (data not shown). In previous
research for the conservation of monumental structures,
the treatment of B4 media triggered unwanted fungal
contamination, due to the nutrient source of the media [30].
However, in this research, selected CFB strains showed
fungi growth inhibition abilities with crack remediation.
Thus, the treatment of these CFB with B4 on cracks in

Fig. 6. Fungi growth inhibition on the surface crack.
Picture (A) is designed to differentiate the color of the fungal lawn and cement surfaces. The right half part was covered with cellophane tape to
prevent fungi growth and the left part was sprayed with fungi spore with the same condition. The color difference between fungal colonized
mortar surface (left half) with non-colonized cement surface (right half). (B) Only B4 media as negative control. With 10 days of incubation, fungal
manifestation was observed (dotted circle). (C) E. coli K12 as negative control. With 10 days incubation, fungal manifestations were observed
(dotted circle). (D) A. nicotianae KNUC2100. (E) Bacillus aryabhattai KNUC2101. (F) Bacillus thuringiensis KNUC2102. (G) Bacillus thuringiensis
KNUC2103. (H) Stenotrophomonas maltophilia KNUC2106. Fungal manifestations were not observed at the surfaces of cement pastes treated with
the five strains. However, fungi growth was observed on the surfaces of KNUC2101 and KNUC2102- treated specimens (Fig. 5).
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Fig. 7. Water permeability reduction of antifungal CFBtreated cement mortar pastes.
A. nicotianae KNUC2100 (16.76%), B. aryabhattai KNUC2101 (22.65%),
B. thuringiensis KNUC2102 (22.71%), B. thuringiensis KNUC2103
(18.02%), S. maltophilia KNUC2106 (18.79%), E. coli K12 (24.13%), and
B4 liquid media (24.00%).

building structures can remediate the surface crack without
fungal infection.
In conclusion, we clearly showed the CaCO3 precipitation
and antifungal properties of five antifungal CFB strains.
The antifungal activities of these CFB were used against C.
sphaerospermum KNUC253, which was revealed as a major
fungal deteriogen in representative building structures,
and A. niger KCTC6906, which has been reported as a
fungal deteriogen of building structures. A. nicotianae
KNUC2100, B. thuringiensis KNUC2103, and S. maltophilia
KNUC2106 effectively remediated the surface crack with
reducing water permeability. This means that these three
strains could be microbial sealing agents and used in
surface treatment for increasing the durability of cement.
Furthermore, the antifungal properties of these three CFB
strains can block fungal contamination when used to treat
with the media in building structures for the purpose of
concrete conservation. Further research is required for the
application of these antifungal CFB as an environmentally
friendly and promising construction material alternative.
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