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Abstract: Chamaecyparis obtusa (Siebold & Zucc.) Endl. (Cupressaceae) is known to produce a variety
of antimicrobial substances. In the present study, components of three lots of essential oil from
C. obtusa were analyzed by GCMS. It was confirmed that thujopsene and pinene were common
markers. In addition, we report indoor space disinfectant effects of products containing C. obtusa
essential oil (PO100, PO500, PO1000). It was confirmed that PO100 and PO500 could effectively
remove airborne microorganisms in indoor spaces. Results of our study suggest that C. obtusa
essential oil is effective in reducing contamination by infectious microorganisms in confined spaces.
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1. Introduction

In the global pandemic situation, the prevention of pathogenic microbes in indoor
air spaces and on various surfaces attract significant attention. Recently, as interest in
disinfection methods or antibacterial materials increases, interest in antibacterial materials
as natural disinfectants is also increasing [1]. The disinfectants should not only be effective
in reducing the microbes present in the air but should also not be toxic to humans, allowing
their continuous application [2].

Bacteria can be released into the air in a variety of natural and anthropogenic environ-
ments. When infectious bacteria are released into the air, they can be easily transferred to
susceptible individuals via bioaerosols. Representative microorganisms among airborne
bacteria include Legionella, Mycobacterium, Escherichia, Enterobacter, Pseudomonas, As-
pergilius, and Acinetobacter species. These infectious microorganisms cause diseases such
as legionellosis, pneumonia, tuberculosis, and leprosy [3].

Essential oils are mixtures of volatile and non-volatile compounds and can be obtained
from natural plants by organic solvent extraction, hydrodistillation, and compression [4].
Essential oils have been shown to have antimicrobial, antifungal, and antiviral activities [5].
The antimicrobial effects of essential oils are explained by their composition and cytotoxic
effects, which cause cell membrane damage. For example, essential oils containing car-
vacrol, cinnamaldehyde, and thymol showed antibacterial activity against E. coli and S.
aureus in vitro and exhibited antibacterial activity through inhibition of cell membrane
formation. The cytotoxicity of the essential oils tested was lower than that of chlorhexidine.
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Therefore, carvacrol, cinnamaldehyde, and thymol appear to be natural agents that can be
used effectively against E. coli and S. aureus-borne infections [6].

Several scientific studies on disinfection methods using the antibacterial effects of
essential oils have been reported. The potential use of Melaleuca alternifolia (Tea tree) oil as a
disinfectant has been shown in a previous report for control bacteria [7] due to terpinen-4-ol
(35-45%) and 1,8-cineole (1-6%) [8,9].

Eucalyptus oil is usually rich in sesquiterpenes that show antimicrobial activities
against gram-positive and negatives [10]. Tea tree oil and eucalyptus oil have been re-
ported to have significant activity against airborne pathogenic bacteria in a short period of
time [11].

Several papers have reported that the antimicrobial efficacy of essential oil vapor is
more effective than essential oils in liquid form [12]. Therefore, empirical experiments on
the indoor space control effect of various essential oil components are needed, and the need
to present the basis for the development of various natural disinfectants based on empirical
data is increasing.

The antimicrobial effect of an essential oil mixture in a small chamber was reported by
Chaoet et al. [13]. Chaoet et al. evaluated the antimicrobial activity of blended essential
oils of cinnamon, clove, rosemary, eucalyptus, and lemon in a closed hood with an area
of 0.4 m3. For further empirical studies, Lanzerstorfer et al. reported that a mixture of
Citrus limon essential oil and Abies alba essential oil removed 40% of bacteria using an
ultrasonic vaporizer in a hospital room [14]. There have been reports on demonstration
tests of various essential oil mixtures using ultrasonic vaporizers; however, there have been
no demonstration tests on Chamaecyparis obtusa essential oil.

In 1926, Chamaecyparis obtusa was adopted as an afforestation species in southern
regions of Korea. In 1960, it began to be cultivated in Jeju Island, Gyeongnam, Jeollanam-
do, Korea. Among them, the C. obtusa forest in Jangheung is the oldest. In Jeollanam-do,
C. obtusa occupies about 78,000 ha, with 65% of the nation’s reforestation concentrated in
this area. C. obtusa is a species of growing interest in Korea as it has excellent effects on
environmental and infectious diseases [15,16]. Previously, we have determined the efficacy
and components of C. obtusa essential oil to confirm the value of Jangheung C. obtusa. Some
studies have been reported on the effect of C. obtusa essential oil on the human body and
animal inhalation experiments. One clinical trial of C. obtusa essential oil was reported.
Chen et al. extracted C. obtusa essential oil and C. formosensis essential oil. Physiological
and psychological effects were investigated by inhaling essential oils for 5 min in 16 healthy
adults. After inhalation of C. obtusa essential oil, systolic blood pressure, heart rate, and
parasympathetic activity decreased while sympathetic nervous system activity increased.
Additionally, in the profile of mood states test, C. obtusa essential oil stimulated a pleasant
mood state. Chen’s results indicated that C. obtusa essential oil was helpful in controlling
sympathetic nervous system dysfunction.

As a result, it showed excellent effects on general microorganisms and antibiotic-
resistant bacteria [15]. Although the antimicrobial effect of C. obtusa has been reported
previously, there has been no empirical study on the antimicrobial effect of the essential
oil of C. obtusa. Thus, the objective of the present study was to analyze the bioactive
components of three lots of essential oil. The antibacterial excellence of a product containing
essential oil was identified through an indoor space disinfection test.

2. Materials and Methods
2.1. Essential Oil Preparation and Chemical Analysis

C. obtusa essential oil was produced three times (June 2014, December 2014, and
April 2015) from leaves of C. obtusa and supplied by Earthmate Jungamjin Co (Jangheung,
Republic of Korea). Its active ingredient was measured by GCMS. GCMS analysis analyzed
the components of essential oil using the method used by Bae et al. [15]. Agilent 7890 gas
chromatography (GC) and Agilent 5975 quadrupole mass spectrometry (MS) systems
(Agilent Technologies, Palo Alto, CA, USA) were utilized to analyze molecular mass
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fragments (50-550 amu) of the Lot 1~3, with Agilent HP-5MS fused silica capillary column
B0 mm 1. x 0.25 mm i.d., 0.25 um film thickness, Agilent Technologies, Palo Alto, CA,
USA). The mass fragments were ionized under electron ionization (EI) conditions. A GC
oven was isothermally programmed at 65 °C for 10 min at 10 to 300 min~! with helium
(He) as a carrier gas. All the data were compared with the system library (NIST 2017).
Three lots were analyzed for essential oil components, and common components between
lots were selected.

2.2. Space Disinfectant Preparation and Space Disinfectant Test

A space disinfectant test sample (HINOPHY PO) was provided by Earthmate Jungamjin
(Jangheung, Republic of Korea) by diluting C. obtusa essential oil (LOT3) 100 times, 500 times,
and 1000 times (Product code, PO100-001, PO500-001, PO1000-001) to make test product.
The product did not contain any synthetic ingredients other than essential oil. For the
disinfectant test, an actual space was selected to confirm the degree of control efficiency
of essential oil-containing products. For actual space selection, the space (average 8 h,
20-40 actual users) was selected so that it could be applied to offices and public institutions.
The area of the test space was 60 m? for Room 1 (R1) and 90 m? for Room 2 (R2) and Room 3
(R3). PO100, PO500, and PO1000 were supplied to the selected space, and 0.25 L per space
was evenly sprayed over 15 min. For measuring falling bacteria, 4 points were selected for
each space. At each point, a solid medium (nutrient agar, BD DIFCO. Co., Franklin Lakes,
NJ, USA) in a 10 cm petri dish (SPL life science, Seoul. Republic of Korea) was exposed to
the space for 8 h to recover the falling bacteria. The recovered strain was cultured at 37 °C
for 24-48 h, and the number of falling cells was counted. The falling bacteria were visually
counted by the number of colonies before and after the treatment of the PO series. We only
considered the collection of falling bacteria when the petri dish was left in the test space
after sample processing. Indoor temperature and humidity were not recorded (Figure 1).

(A) PO100 PO 500 PO1000

Before
treatment

(B)

PO
treatment

Figure 1. Visualization of falling bacterial strain. Example, (A) Falling bacteria pattern before PO
treatment; (B) Falling bacteria pattern after space disinfection.

3. Results and Discussion
3.1. C. obtusa Essential Oil Component Analysis

In lot 1, several components, such as limonene (6%), thujopsene (3%), alpha-pinene
(2.3%), and phellandrane (1.7%), were detected (Table 1). In lot 2, thujopsene (5.2%),
limonene (4%), (+)-Epi-bicyclosesquiphellandrene (2.4%), cedrol (2%), and alpha-pinene
(1.5%) were detected. In lot 3, alpha-pinene (1.5%), phellandrane (3.3%), (+)-4-Carene
(2.1%), cedrol (1.55%), thujopsene (5.1%), and (+)-Epi-bicyclosesquiphellandrene (2.6%)
were detected. Lots 2 and 3 also showed similar results. Since the manufacturing date of
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each source is different, there are slight differences in some components; however, the main
components are similar.

Table 1. Example of GC-MS analysis of essential oil from C. obtusa (Lot 1).

Y%

No RT (min) in Sample Hit Name

1 8.753 1.299 Bicyclo[3.1.0]hex-2-ene, 2-methyl-5-(1-methylethyl)-

2 9.019 2.27 1R-alpha-Pinene

3 9.551 0.542 Camphene

4 10.638 1.756 .beta.-Phellandrene

5 10.711 0.256 .beta.-Pinene

6 12.439 3.212 Bicyclo[4.1.0]hept-2-ene, 3,7,7-trimethyl-

7 12.747 1.482 Benzene, 1-methyl-3-(1-methylethyl)-

8 13.007 6.004 Limonene

9 14.233 5.735 1,4-Cyclohexadiene, 1-methyl-4-(1-methylethyl)-

10 14.445 0.09 Terpineol, cis-.beta.-

11 15.321 2.191 Cyclohexene, 1-methyl-4-(1-methylethylidene)-

12 15.647 0.064 Terpineol, cis-.beta.-

13 15.768 0.049 1,6-Octadien-3-ol, 3,7-dimethyl-

14 16.288 0.051 1-Octen-3-yl-acetate

15 16.547 0.058 2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, trans-

16 17.254 0.05 2-Cyclohexen-1-ol, 1-methyl-4-(1-methylethyl)-, cis-

17 17.387 0.071 Bicyclo[2.2.1]heptan-2-one, 1,7,7-trimethyl-, (1R)-

18 20.269 0.076 Bicyclo[2.2.1]heptan-2-0l, 1,3,3-trimethyl-, acetate, (1S-exo)-

19 21.574 0.206 1,6-Octadien-3-ol, 3,7-dimethyl-, 2-aminobenzoate

20 22746 8.374 gig}lecrll(;[j).?.l]heptan—}ol, 1,7,7-trimethyl-, acetate,

21 25.006 13.384 z;(ét};(;leohexene—l—methanol, alpha.,.alpha.4-trimethyl-,

22 25.961 0.131 Di-epi-alpha.-cedrene-(I)

2 26045 0046 51;42;2yﬁ;&iﬁ;ﬁic}:}i&{?zﬂ;tramethyl (29)-

o4 26.178 0195 [Cl}éc_l(cl)2(?}()?::?21.]?;}:2%—elt:;]e_thy1—2,4-bis(l-methylethenyl)-,
1H-3a,7-Methanoazulene,

25 26.831 0.722 2,3,4,7,8,8a-hexahydro-3,6,8,8-tetramethyl-,
[3R-(3.alpha.,3a.beta.,7 beta.,8a.alpha.)]-
1H-3a,7-Methanoazulene,

26 27.06 0.614 octahydro-3,8,8-trimethyl-6-methylene-,
[3R-(3.alpha.,3a.beta.,7 beta.,8a.alpha.)]-

27 27.471 3.012 Thujopsene

28 27.58 0.137 1,3-Cyclohexadiene, 1-methyl-4-(1-methylethyl)-

29 28.021 0.084 beta-Guaiene

30 28.112 0.098 1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,7,7-

31 28.202 0.078 1,6,10-Dodecatriene, 7,11-dimethyl-3-methylene-, (E)-

32 28.438 1.476 (+)-Epi-bicyclosesquiphellandrene
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Table 1. Cont.

Y%

No RT (min) . Hit Name
in Sample

33 28.523 0.034 Di-epi-.alpha.-cedrene
Naphthalene, 1,2,3,4,4a,5,6,8a-octahydro-4a,8-dimethyl-2-

34 29.115 0.216 (1-methylethenyl)-,
[2R-(2.alpha.,4a.alpha.,8a.beta.)]-

35 29.562 2.748 Tricyclo[5.4.0.0(2,8)Jundec-9-ene, 2,6,6,9-tetramethyl-

36 29.665 0.12 Spiro[5.5]undeca-1,8-diene, 1,5,5,9-tetramethyl-, (R)-

37 29.755 0.731 Benzene, 1-methyl-4-(1,2,2-trimethylcyclopentyl)-, (R)-
Naphthalene,

38 29.979 0.28 1,2,4a,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-
Naphthalene,

39 30.275 1.979 1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-,
(1S-cis)-
1H-Cycloprop|[e]azulene,

40 30.68 0.148 1a,2,3,4,4a,5,6,7b-octahydro-1,1,4,7-tetramethyl-,
[1aR-(1a.alpha. 4.alpha.,4a.beta.,7b.alpha.)]-

41 31.272 0.07 gamma-Elemene

42 31.441 0.087 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl-, [S-(Z)]-

43 32.607 1.522 Cedrol

2-Naphthalenemethanol,
44 32.673 0.042 1,2,3,4,4a,5,6,8a-octahydro-alpha,alpha,4a,8-tetramethyl-,
(2.alpha.,4a.alpha.,8a.alpha.)-

2-Naphthalenemethanol,

45 33.09 0.138 1,2,3,4,4a,5,6,7-octahydro-alpha,alpha,4a,8-tetramethyl-,
(2R-cis)-
2-Phenanthrenol, 4b,5,6,7,8,8a,9,10-octahydro-4b,8,8-

46 49.627 0.041 trimethyl-1-(1-methylethyl)-,

(4bS-trans)-

To summarize representative active ingredients of lots 1 to 3, thujopsene and pinene
are common ingredients in the analysis. Thujopsene has shown potent antibacterial activity,
for example, against Phytophthora ramorum at 2.0~3.0 ppm [17]. Limonene also can be
utilized as one of the solutions to the problem of antimicrobial resistance. Advantageous
contributions have been made by various research groups in the study of the antimicrobial
properties of limonene. Previous studies have shown that limonene inhibits disease-causing
pathogenic microbes [18]. In addition, it was observed positive results for the isolated
antibacterial action of a-pinene. Of these, the strains that worked were Escherichia coli
ATCC, Staphylococcus aureus ATCC and Salmonella enterica, revealing their susceptibility to
the a-pinene [19]. The recently extracted lot 2 and lot 3 showed almost similar component
detection, such as thujopsene, limonene, and x-pinene and content patterns. It seems
desirable to set the standard for quality control based on active ingredients of lots 1~3 in
the future (Figure 2).
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(A) (B) (©)

H

Figure 2. Biomarkers of C. obtusa essential oil. (A) thujopsene, (B) limonene, and (C) «-pinene.

3.2. Indoor Space Disinfectant Test

As shown in Figure 3, we measured the number of falling bacteria before and after
spraying PO100, PO500, and PO1000 into three spaces. Since the distribution of dropping
bacteria varied by location, 4~6 points were designated per room to measure falling bacteria.
The average number of falling bacteria per room was calculated. On average, falling bacteria
in R1 and R2 before PO treatment were 50~60 CFU/plate. When PO100 and 500 were used
for treatment, a statistically significant reduction in falling bacteria was shown in R1 and R2.
When treated with PO100, falling bacteria were reduced by 12 to 65% in R1 and 10 to 55%
in R2. In R3, 42 to 67% of falling bacteria were reduced. The area of R2 is the same as that of
R3. The reason for the slightly different decrease in falling bacteria is thought to be that the
distribution of airborne bacteria is different depending on the number of people and their
activities. When PO500 was used for treatment, the number of falling bacteria decreased by
21 t0 63.6% in R1, by 11.3 to 43.8% in R2, and by 3.5 to 31.8% in R3. When PO1000 was used
for treatment, the number of falling bacteria decreased by 44 to 61% in R1, by 6 to 25% in R2,
and by 8.4 to 68.2% in R3. The statistical significance of the PO1000 treatment group was
not observed. Experimental results revealed that PO100 and PO500 showed statistically
significant indoor space disinfectant effects, probably due to the volatilization of essential
oil components in PO products and the antibacterial power of non-volatile substances. In
particular, non-volatile substances that remain in the indoor space are presumed to inhibit
the growth of microorganisms distributed in the space. Previously, we reported the study
on the essential oil and non-volatile residues derived from C. obtusa leaves showed broad
antimicrobial activities. Thus, both essential oil and non-volatile residues may be eco-
friendly disinfectants for the prevention of skin disorders caused by infectious bacteria [15].
There have been no studies on the control of disinfectants containing C. obtusa essential oils
in real indoor spaces. For effective product development in the future, research on deriving
the optimal blending ratio between the existing indoor space disinfectant and C. obtusa
essential oil and a community study of controlled microbes should be conducted.
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4. Conclusions

In the present study, components and indoor space disinfectant efficacy of C. obtusa
essential oil were evaluated. As a result of the analysis, it was found that common ingredi-
ents such as thujopsene, limonene, and «-pinene were identified for lots 1~3. Anti-bacterial
efficacy was also confirmed. In the case of the GCMS analysis method, if 2~3 markers
were selected, it was considered appropriate as an analysis method for quality control.
In addition, through an indoor space disinfectant test of products containing C. obtusa
essential oil, it was thought that essential oil could efficiently remove airborne microor-
ganisms. In conclusion, our study showed the possibility of practical use of C. obtusa
essential oil by demonstrating that C. obtusa essential oil could inhibit the growth of various
microorganisms and reduce human exposure to infectious microorganisms.
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