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ABSTRACT This study discusses the long-term antifungal effect and antifungal performance of Hwangtoh mortars with various

natural antifungal substances on five types of mold: Chaetomium globosum, Aspergillus niger, Aureobasidium pullulans, Gliocladium

virens, and Penicillium pinophilum, which can be easily detected in the indoors and outdoors of buildings in damp environments. The

antifungal performances of various natural antifungal substances extracted from Marjoram, Phytoncide, Thyme, Ginkgo leaves, and
Chitosan (oligosaccharide) were investigated on the five types of mold, as a basic experiment. Using the natural antifungal substances
selected for the basic experiment, antifungal mortars were made, and their antifungal performance and long-term antifungal effects

were also investigated. The results clearly showed that the marjoram extract and their associated mortars had excellent antifungal

performance. Also, their long-term antifungal effects were outstanding and at an equivalent level to those of the mortars with organic

chemical antifungal agents. The optimum addition rate of the marjoram extract in the mortar was 5% by mass of binder. It was also

shown that the phytoncide extract in the mortar needed an addition rate of more than 10% according to the mass of binder,

considering the long-term antifungal effect and the antifungal performance.
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Table 1 Experimental factors and levels

Factor Level
Chitosan : 1, 3, 5, 10%*
Natural Marjoram : 1, 3, 5, 10%
antifungal 5 Thyme : 1, 3, 5, 10%*
substances Phytoncide : 1, 3, 5, 10%
Ginkgo leaf : 1, 3, 5, 10%
Chemical Organic(1) 45Df : 1, 3, 5%*
antifungal ) L o %
agents Inorganic(1) Zeolite : 5, 10, 15%
Chaetomium Globosum
Aspergillus Niger
Molds 5 Aureobasidium Pullulans
Gliocladium Virens
Penicillium Pinophilum
Escherichia Coil
Bacteria 3 Pseudomonas Aeruginosa
Staphylococcus Aureus

*Addition rate of antifungal agent: % by mass of binder

Table 2 XRF results of hwangtoh powder

Oxide(%) SlOz A1203 T102 F6203 MgO CaO Kzo P205

hwangtoh|60.27|21.07{1.01| 6.27 | 0.81 | 0.13 | 2.55| 0.09




Table 3 Properties of antifungal agents

Type Components

Appearance

Efficacy Application fields

Sabinene, a-terpineol,

Fiber, food &

Marjoram terpinene (liquid state) Antivirus, sterilization phamacon industry
. Sabinene, bornyl acetate, . . . Fiber & cosmetic
Phytoncide a-terpiny] acetate (liquid state) Antibacterial, antifungal industry
Ngtural . Hydrosol Antibacterial, antioxidant, Fiber, food &
antifungal Thyme Carvacrol, thymol, linalool S S .
substances (liquid state) sterilization phamacon industry

Ginkgo leaves| Flavonoid, ginkgolide

(liquid state)

Antibacterial, antifungal, Food & phamacon
deodorization industry

. D-glucosamine, Oligosaccharide . . . Fiber, food & cosmetic
Chitosan N-acetyl-D-glucosamine (liquid state) Antibacterial, antifungal industry

. . . white aqueous . . . Painting & interior
Ch;mwal Organic Isothiazoline-cabamate Antibacterial & antifungal finishing materials

antifungal it 1 Paintine & intorl
agents . . white powder . . . ainting & interior
g Inorganic Zeolite (0.1~ 10zam) Antibacterial & antifungal finishing materials

ot S ST Table 4 The proportion of antifungal mortars
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Table 5 Mold Index by ASTM G-21'%

Observed mold growth Index (rating)

No Growth 0
Trace of Growth (less than 10% coverage)
Light Growth (10~30% coverage)
Medium Growth (30~60% coverage)
Heavy Growth (60~100% coverage)
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Table 6 Antifungal performance of various natural antifungal substances on the five types of mold (after 4 weeks of incubation

during the antifungal test)

. Mold Index (ASTM G-21)
Addition rate and type of - - — - - —
antifungal agents Chaetomium Aspergillus Aureobasidium Gliocladium Penicilium
globosum niger pullulans virens pinophilum
. 1% 0 0 0 0 0
Marjoram 2% 0 0 0 0 0
(extract)
3% 0 0 0 0 0
. 1% 0 0 3 4 1
Phytoncide 2% 0 0 ) 4 0
(extract)
3% 0 0 0 4 0
1% 4 4 4 4 4
Natural .
antifungal | CIMKe0 leaves 7, 4 4 4 4 4
b (extract)
substances 3% 3 4 3 4 4
1% 4 4 4 4 4
Thyme N
(hydrosol) 2% 1 3 4 4 4
3% 2 3 4 4 4
1% 4 4 4 4 4
Chitosan o
(oligosaccharide) 2% 4 4 4 4 4
3% 3 4 4 4 4
. 1% 0 0 0 0 0
Organic 2% 0 0 0 0 0
Chemical (45Df)
cmica 3% 0 0 0 0 0
antifungal 5
agents Inorganic e : : : : :
0,
(Zeolite) 2% 2 3 4 4 4
3% 2 3 4 4 3
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Fig. 1 Antifungal performance of the antifungal mortars according to the addition rates and types of antifungal agent on the
mixed strain culture using the five types of mold (after 4 weeks of the incubation during the antifungal test)

A SH=EE O|ST EREEIEO| 50| g5 E7H 719



Table 7 Antifungal performance of the antifungal mortars
according to the addition rates and types of antifungal
agent on the mixed strain culture using the five types

of mold
Mold Index (MI)
Type of mortar
1 week|2 week|3 week|4 week
Plain 0
mortar P-0 (0%) 4 4 4 4
M-1 (1%) 2 3 3 3
. M-3 (3%) 0 0 0 0
Marjoram 7y 7o 50001 g 0 0 0
mortar
M-10 (10%)| O 0 0 0
M-15 (15%)| 0 0 0 0
P-1 (1%) 1 3 3 3
_ P-3 (3%) 1 3 1 2
Phytoncide P-5 (5%) 0 0 1 3
mortar
P-10 (10%) 0 0 1 1
P-15 (15%)| 0 0 0 1
. 0-1 (1%) 0 0 0 0
Organic 7 3" 300 | 0 0 0 0
mortar
0-5 (5%) 0 0 0 0
| To-5 (5%) 2 2 3 3
Inorganic 1 16" 1005 1 2 2 2
mortar
To-15 (15%) 1 2 2 2
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Table 8 Long-term antifungal performance of hwangtoh mortars
with natural antifungal substances (after 4 weeks
of the incubation)

Mold index

Type of mortar 3 Months | 6 Months | 9 Months |12 Months

(1 cycle) | (2 cycles) | (3 cycles) | (4 cycles)
nl;(l)ﬂ;‘r P-0 (0%) | 4 4 4 4
M-1 (1%) | 4 4 4 4
. M-3 3%) | 0 2 2 3
M;gi’;im M-5 (5%) | 0 0 1 1
M-10 (10%)| 2 3 3 4
M-15 (15%)| 2 2 4 4
P-1 (1%) | 3 3 3 3
| P3(3%) | 2 3 3 3
Phrf(‘)’rrt’;;de P-5 (5%) | 3 3 4 4
P-10 (10%) | 1 1 1 1
P-15 (15%) | 1 2 2 2
o1 a% | o 0 0 0
?;g?;lrc 0-33%) | 0 0 0 0
0-5(5%) | 0 0 0 0
105 (5%) | 2 2 2 2
I‘igzgri‘gc Io-10 (10%)| 1 1 2 2
lo-15 (15%)| 1 2 2 2
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Fig. 2 Long-term antifungal effects of the antifungal mortars measured after the indoor exposure test of 12 months (after 4

weeks of the incubation during the antifungal test))
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Table 9 Antibacterial effects of marjoram and phytoncide
extract, and antifungal mortars mixed with them

Test results (KS J 4206, ASTM E

2180-07:2012)

Type Initial After | Reduction
concentration| 24 hr ratio of
(CFU/ml) |(CFU/ml)|bacteria (%)
1)*1.5x10" | 5.0x10° -
Extract | 2) 1.9x10* | 5.8x10 -
3) 1.3x10* | 4.4x10" -
Blank _ 1) 1.6x10° | 5.4x10° -
Antifungal 7o) 60" [ 59x10° | -
mortar 7 7
3) 1.4x10* | 4.5x10 -
1) 1.5x10° | < 10 99.9
Marjoram | 2) 1.9x10* | < 10 99.9
Extract 3) 1.3x10;‘ <10 99.9
1) 1.5x10" | < 10 99.9
Phytoncide| 2) 1.9x10* | < 10 99.9
3) 1.3x10" | < 10 99.9
1) 1.6x10" | 2.2x10° | 59.2
M-5 2) 1.8x10* | 3.1x10" | 474
Antifungal 3) 1.4x10° | 1.9x10° | 577
mortar 1) 1.6x10" | 5.3x10° 1.8
P-10 | 2) 1.8x10" | 5.7x10° 3.3
3) 1.4x10" | 4.4x10° 22

1)=Escherichia Coli, 2)=Pseudomonas aeruginosa, 3)=Staphylococcus aureus
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