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ABSTRACT

In Korea, damages to wooden cultural properties by termites have been reported all over the country, including
Ulleungdo Island and Jeju Island. In order to reduce the damage caused by termites, most cultural properties damaged
by them are treated with fumigation or drug treatment on the soil to kill or repel them. The number of treatments
is decreasing due to cost and safety problems, and new methods needed to cope with this situation. After extracting
an enzyme by selecting only worker termites from the termites collected in Shinan, Jeonnam, as a result of measuring
the enzyme activity using xylan of cellulose and hemicellulose that are the components of wood, the activity of termite
intestinal enzymes in xylan was higher than that of cellulose having a high molecular weight. Therefore, in this study,
as a result of exploring over 600 species of medicinal plant extracts that inhibit the activity of termite intestinal enzymes
using xylan as a substrate, the inhibitory effect was significant in Borneolum Syntheticum, Ephedra sinica, and Menthol.
Selected Borneolum Syntheticum, Ephedra sinica, and Menthol's extracts not only inhibited the activity of termite intestinal
enzymes, but also confirmed that they have insecticidal activation and inhibitory effects on feeding in the result of
the direct treatment.
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1. INTRODUCTION

In terms of termite distribution in Korea, Reticuli-
termes speratus kyushuensis account for the majority,
but recently, Reticuliternes kanmonensis have been dis-
covered, and damages to buildings by termites have
been reported in the country including Ulleungdo
Island and Jeju Island (National Research Institute
of Cultural Heritage, 2016). Termite's activity usually

starts in March and they have a usual habit of moving
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deep into the soil with a decrease in temperature
from October to November, but in wooden buildings
where humans live, it was confirmed that termites are
active in winter due to internal heating, thereby rapidly
increasing the damage (Wu et al., 2019).

In the case of temples or Seowons, they are vulner-
able to the damages by termites and microorganisms
depending on the layout of buildings and the size of
buildings, and pest control or repair, etc. is performed

depending on the degree of damage. In the case of
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severe damage, the method of restoring the building
with new materials is used, or the method of restricting
the termite access by treating the surrounding soil with
drugs is used, but it has issues involving restoration
cost and increased processing time. When the damage
is in the early stages, people apply fumigation or insect
repellents to the building or are responding by con-
firming whether or not the termites are active by instal-
ling a termite trap (Chung et al., 2015; Hadi et al.,
2020). However, if termite traps are poorly managed,
there is a risk that they can be used as a base for the
induced termites, and drugs used in fumigation and
insect repellent treatment are mostly chemicals that
damage the human body. Thus they are less frequently
used, and new methods are needed to supplement them.

Wood, which is the main feeding target of termites,
has a structurally solid structure in the cell wall of
plants and is composed of cellulose, hemicellulose, and
lignin, etc. as components of the cell wall (Cosgrove,
2005; Terrett and Dupree, 2019). Among them, cellulose
and hemicellulose are polysaccharides, which are classi-
fied according to the type of sugar and the bonding
chain. Cellulose is a polysaccharide consisting of a
straight chain of D-glucose. There is no spiral or side
chain, and hydroxyl groups in the chain form hydrogen
bonds, which makes the bond firm and strong. On the
other hand, hemicellulose is a polysaccharide composed
of several saccharides such as xylose, maltose, and gal-
actose as well as glucose, and unlike cellulose, many
side chains are formed in it, so the bond is flexible.
Hemicellulose is decomposed by Wood decay fungi
or microorganisms present in the gut of insects and
is used as an energy source (Aanen, 2006; Ben Guerrero
et al., 2015; Tarayre et al., 2015). The intestinal micro-
flora decomposes wood fed by termites into low-molec-
ular sugars and uses it as an energy source. At this
time, it is thought that the enzyme activity of these
microorganisms also affects the wood-feeding rate (Mun
and Nicholas, 2017).

Therefore, in this study, we tried to identify the
mechanism of action by activating the termite intestinal
enzymes and the substrate, the main component of the
cell wall, and to screen the extracts of medicinal plants
that inhibit the mechanism of action. Medicinal plant
extracts were collected from about 600 medicinal plants
native to Korea, China, and Japan.

By selecting an extract that inhibits enzyme activity
in the intestines of the termites, the feeding and insec-
ticidal effects of the termites were confirmed through
experiments, and the components were analyzed to con-
firm the possibility as a wood preservative for insec-

ticides and insecticides against termites.

2. MATERIALS and METHODS

2.1. Extracting termite intestinal enzymes
and protein quantification

All termites used in the experiment are Reticulitermes
speratus kyushuensis collected in nearby stumps during
the investigation of bio-damage related to wooden cul-
tural properties targeting the old house of Kim Hwan-
ki (National Folklore Cultural Heritage No. 251) in
Shinan-gun, Jeollanam-do.

The extraction method using solubility was selected
as the enzyme extraction method. After selecting worker
termites among the termites, ergates that weigh 6.11 g
were frozen at -40°C and crushed, 0.1 M sodium ace-
tate buffer (pH 7) was added to the termites for 5 ml
per 1 g of weight, and the enzyme was mixed at room
temperature for 24 hours, and then filtered with filter
paper and used as termite intestinal enzyme.

To measure the protein content of the extracted ter-
mite intestinal enzyme, a quantitative method was se-
lected using the Pierce™ BCA protein assay kit
(Thermo, USA), and bovine serum albumin (BSA) was
selected as a protein for comparative quantification.
After reacting the termite intestinal enzyme and the

comparative protein BSA with the reaction reagent for
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30 minutes at 37 °C according to the quantitative meth-
od, absorbance (562 nm) was measured by Microplate
readers (TECAN, CHE). The protein of the termite in-
testinal enzyme was quantified using the comparative

protein BSA content as a standard curve.

2.2. Measurement of the activity of termite
intestinal enzymes against
substrates

To determine the activity of termite intestinal en-
zymes, cellulose and xylan which is hemicellulose were
selected as substrates. To measure the content of re-
ducing sugars to be degraded, a quantitative analysis
of reducing sugar by DNS (3,5-dinitrosalicylic acid)
method of Miller (1959) was conducted. Miller's DNS
reducing sugar experiment is a method of quantifying
sugar by measuring the absorbance of 3-amino-5-nitro-
salicylic acid produced by reacting reducing sugar to
DNS (Miller, 1959). DNS reagents were prepared and
used by adding DNS 10.6 g and NaOH 19.8 g to 1,416
ml of distilled water, then adding rochelle salts 306
g and phenol 7.6 g and Nat+ metabisulfite 8.3 g was
added and stirring it for 24 hours.

As a test method for the termite intestinal enzyme
activity experiment, add 0.1 M sodium acetate buffer
400 pl to substrate 500 pl such as cellulose and xylan
of 1% and preheats at 50°C with water bath for 1
minute. 100 pl of the enzyme was added to the pre-
heated substrate and buffer, and the enzyme and the
substrate were reacted at 50 °C for 30 minutes, and
then 3 ml of the prepared DNS reagent was added,
followed by heating in a hot water bath at 100 °C for
5 minutes. After cooling for about 10 minutes, absorb-
ance was measured at 550 nm.

Two types of cellulose and xylan were used. Regard-
ing Cellulose, Sodium carboxymethyl cellulose (CMC)
purchased from Sigma Aldrich with a molecular weight
of 250,000 or less and nano-cellulose from hardwood

bleached (NC) supported by Changgang Institute of

Paper Science & Technology were used. Regarding
Xylan, Xylan from oat spelts (Xylan-O) and xylan from
beech wood (Xylan-B) purchased from sigma aldrich
with a molecular weight of less than 35,000 were se-
lected and experimented.

To check the activity of termite intestinal enzymes
against the substrate, the amount of the substrate was
increased while checking the content of reducing sugars
that are decomposed by the activity of the enzyme,
and then the termite intestinal enzyme (T1) was com-
pared with the conventional xylanase (X1) and the ac-
tivity performance against the substrate was analyzed.
The xylanase used as a control was purchased from
Sigma Aldrich, and all reagents used in all experiments

used a grade of 1 or higher.

2.3. Measurement of inhibitory activity of
medicinal plant extracts to xylanase

An experiment was conducted to select medicinal
plant extracts with xylanase-inhibiting performance us-
ing extracted termite intestinal enzymes. Medicinal plant
extracts were prepared by extracting 628 medicinal
plants native to Korea and abroad with methanol. For
the termite intestinal enzyme inhibition experiment, a
DNS reducing sugar experiment was used as reference.
The purpose of this study was to search for medicinal
plant extracts that inhibit the enzyme's substrate de-
composition activity by adding the medicinal plant ex-
tracts during the course of the reaction between the
enzyme and the substrate. Through DNS experiments,
10 pl of medicinal plant extract was added to 500 pl
of 1% xylan-B (0.1 M sodium acetate buffer pH 7),
which is a substrate and 390 pl of 0.1 M sodium acetate
buffer, and then preheated at 50 °C for 1 minute in
a water bath. Then, after adding 100 pl of the termite
intestinal enzyme at a concentration of 300 pg/ml, re-
acted in a water bath at 50 °C for 30 minutes, added
3 ml of DNS reagent, heated at 100 °C for 5 minutes,

then cooled at room temperature for 10 minutes, then
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Table 1. GC-MS (GC : 7890A/MSD : 5975C inert, agilent technologies) analysis

BSM ESM
Rate (°C/min) Value (°C) H"Eﬁ/ﬁfl‘)me R“(I;Agm Rate (°C/min) Value (°C) H"Eﬁ/ﬁfl‘)me R“(I;Agm
40 0 0 40 0 0
3 80 4.167 17.5 5 85 5 14
2 150 0 525 3 110 0 22333
20 300 0 60 10 350 0 46333

(BSM : Borneolum Syntheticum methanol extract, ESM : Ephedra sinica methanol extract)

absorbance was measured at a wavelength of 550 nm.
The control group was measured the amount of decom-
posed reducing sugar using methanol, an extraction sol-
vent of medicinal plant extract, and the medicinal plant
extract, which showed a lower amount than it, was

selected as having inhibitory activity.

2.4. Measurement of contact insecticidal
concentration and feeding inhibition
rate of medicinal plant extract
against termites

In order to measure the contact insecticidal concen-
tration of the medicinal plant extract against termites,
it was investigated whether the selected medicinal plant
extract showed activity against termites. 30 termites
were used, and medicinal plant extracts were dispensed
into filter paper at concentrations of 50, 10, 5, 1, and
0.5 mg/ml, dried to remove the solvent sufficiently and
supplied moisture. Moisture was supplied in a spray
form using distilled water. The death of termites was
observed and counted for 96 hours, and the experiment
was conducted without supplementing dead termites.

In order to confirm the feeding inhibition rate of
the selected medicinal plant extract on the termites,
the medicinal plant extract at a concentration of 0.5
mg/ml was dispensed on filter paper and dried to remove
the solvent. While moisture was supplemented with a
spray form, the feeding amount of termites was set

to methanol as the control group. The termite count

was selected as 30 termites, and the termite count was
checked every 24 hours to maintain a constant termite
count. After the final 120 hours, the weight of the filter
paper was measured to compare the feeding amount

of termites.

2.5. GC—MS analysis of Borneolum
Syntheticum, Ephedra sinica extract

Borneolum Syntheticum, Ephedra sinica extracts that
inhibit the activity of termite intestinal enzymes were
analyzed by GC-MS (GC : 7890A/MSD : 5975C inert,
agilent technologies). As a pre-treatment of GC-MS
analysis, the extract was filtered using a syringe filter
(25 mm MFS, JA), and the injection amount per one
time was determined to be 1 ul for Borneolum Synthe-
ticum extract and 0.3 pl for Ephedra sinica extract
and injected using the liquid type direct injection
method. DB-1HT (30 m x 250 mm x 0.1 mm) was
used as the column, and the conditions of the oven

were the same as those in Table 1.

3. RESULTS and DISCUSSION

3.1. Extracting termites intestinal enzymes
and protein gquantification

As a result of measuring the enzyme protein content
of termites extracted by the extraction method using
solubility with the BCA protein diagnostic kit, the
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Table 2. Protein determination of enzymes extracted from termites

Termite weight Buffer Protein content Protein content per g
(g) (mb) (1g/l) (18)
Termite intestinal enzyme 6.11 30.55 2.33 381.87

concentration of total protein content was 2.33 mg/ml.
It was confirmed that the amount of 381.87 pg/g could
be extracted when termites were frozen and extracted
with a buffer (Table 2).

3.2. Measurement of the activity of termite
intestinal enzymes against substrates

In order to confirm the activity of the extracted
termite intestinal enzyme, its properties were identified
through various substrates. Cellulose and xylan were
used as substrates, and two types (4 types in total)
were selected for the measurement of DNS activity
using the activity of the extracted enzyme and in the
result. It was confirmed that the activity increased in
xylan (Fig. 1). It was confirmed that the amount of

reducing sugar produced increased as the amount of

substrate addition increased, but in the case of cellulose,
the amount of reducing sugar produced was changed
little even if the amount of substrate increased. It seems
that the enzyme activity is low since cellulose, a sub-
strate, is composed of polysaccharides with a large
molecular weight, which makes it difficult to decom-
pose into monosaccharides, reducing sugars.

In the previous experiment, as cellulose was found
to have a low decomposition rate with the termite en-
zyme, xylan, which is hemicellulose, was selected as
an additional substrate and compared with xylanase
that is sold on the market. When the protein concen-
tration of the enzyme was set to 300 pg/ml and the
activity against cellulose and xylan was compared, the
activity of the termite intestinal enzyme was less active
against xylan than xylanase, but it showed similar re-

sults, i.e., it has decomposition activity against xylan.
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Fig. 1. Termite intestinal enzyme activity on substrate type (cellulose, xylan) and content
(200~900 u). Confirm the activity of the enzyme by using the separated enzyme and
increasing the activity according to the substrate and the amount of the substrate. Values

are expressed as meantstandard deviation.
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Fig. 2. Comparison of activity on substrates (cellulose, xylan) between xylanase
(X1) and termite intestinal enzyme (T1) after protein quantification. Comparative
analysis of termite intestinal enzyme and xylanase activity on substrate by
measuring the same amount of protein content (300 ug/mf). Values are expressed

as meantstandard deviation.

(Fig. 2). In particular, it was confirmed that the activity
was higher in xylan (Xylan-B) isolated from chestnut
than xylan (Xylan-O) isolated from oatmeal. Based on
the above, with experiment conditions for identifying
medicinal plant extracts that inhibit the activity of ter-
mites intestinal enzymes, xylan-B, separated from chest-
nut trees, was selected as the substrate and 300 pg/ml
was determined as the concentration of termites in-

testinal enzymes.

3.3. Evaluation of inhibiting the activity of
termites intestinal enzymes of
medicinal plant extracts

In order to select medicinal plant extracts that in-
hibit termite enzyme activity, we explored 628 medici-
nal plants native in Korea, China, and Japan to find
the material that the xylan-B and enzyme protein 300
pg/ml reaction result produced less reducing sugar than
the control group, that is, the material that the inhibitory
activity of the extract is high. As a result, Borneolum
Syntheticum, Ephedra sinica, Menthol were evaluated
to be high in inhibitory activity. As a result of treating
the three screened extracts with concentrations (0.05,
0.1, 0.5 mg/ml), the activity inhibition rate of termite

enzyme increased as the concentration increased. At
0.5 mg/ml concentration, the activity of termite intestinal
enzymes was inhibited 16.06% with Borneolum Synthe-
ticum extract (BSM), 17.73% with Ephedra sinica ex-
tract (ESM), and 25.66% with Menthol (MTM). (Fig. 3).

3.4. Measurement results of contact
insecticidal concentration and
feeding amount of extract of
Borneolum Syntheticum, Ephedra
sinica, Menthol on termites

In order to measure the contact insecticidal concen-
tration of Borneolum Syntheticum, Ephedra sinica,
Menthol extracts, the dead number of insects by con-
centration was investigated. In the case of Borneolum
Syntheticum extract, all termites died after 48 hours
at a concentration of 10 mg/ml or more and in the
case of Ephedra sinica extract at a concentration of
50 mg/ml. In particular, in the case of Menthol, they
all died within 1 hour at a concentration of 1 mg/ml
or more and the contact insecticidal effect is high-effi-
ciency on termites even at a small concentration of
it (Table 3).

In the feeding amount research conducted with 0.5
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Fig. 3. Inhibition of activation of termite intestinal enzyme substrates by treatment
of BSM ESM and MTM. The inhibition rate of termite intestinal enzyme activity
was 0.5 mg/m¢ to 16.06% (BSM), 17.73% (ESM) and 25.66% (MTM) respectively.
Values are expressed as meantstandard deviation. (BSM : Borneolum Syntheticum
methanol extract, ESM : Ephedra sinica methanol extract, MTM : Menthol

methanol extract).

Table 3. Termite contact insecticidal effect on BSM, ESM and MTM for 120 hours

Time (hr)
(mg/ml)
1 2 12 24 48 72 96 120
Control (MeOH) 0 0 1 1 0 0 1 0
50 0 1 24 1 4 - - -
10 2 0 16 0 12 - - -
BSM 5 0 0 1 0 0 0 0 0
1 0 0 0 0 0 0 1 0
0.5 0 0 0 0 0 0 2 0
50 0 1 0 15 14 - - -
10 0 0 0 0 0 0 0 0
ESM 5 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
0.5 0 0 1 0 0 0 0 0
50 30 - - - - - - -
10 30 - - - - - - -
MTM 5 30 - - - - - - -
1 30 - - - - - - -
0.5 0 0 0 0 2 2 0 0

(BSM : Borneolum Syntheticum methanol extract, ESM : Ephedra sinica methanol extract, MTM : Menthol methanol extract)

mg/ml concentration of extracts to measure the in-
hibition rate of feeding of the extracts of Borneolum
Syntheticum, Ephedra sinica, Menthol, the feeding amount
of termites was significantly more reduced in the group

treated with the extracts than that in the control group

(Fig. 4). In the case of Borneolum Syntheticum extract,
it showed a feeding amount of about 73.0% compared
to the control group, 72.2% for Ephedra sinica, and
67.4% for Menthol extract. It was inferred that each

of the extracts contained components that inhibit the

- 382 -



Exploration of Preservatives that Inhibit Wood Feeding by Inhibiting Termite Intestinal Enzyme Activity

100
o .
60

40

Feeding rate (%)

20

Control BSM ESM MTM

Fig. 4. Termite filter paper intake was measured by
treating BSM, ESM and MTM. After incubating the
termites for 120 hours, the weight of the filter paper
was measured to confirm the intake. As a result of
confirming the intake of termites, 72.96% of BSM,
72.18% of ESM and 67.42% of MTM were consumed
compared to control. Values are expressed as means
+ standard deviation. (BSM : Borneolum Syntheticum
methanol extract, ESM : Ephedra sinica methanol
extract, MTM : Menthol methanol extract).

termite feeding activity by reducing the amount of feed
by the three extracts. In the course of the termite feed-
ing activity experiment, the termite feeding amount was
greatly affected by the condition of the termite and
the external environment. Therefore, it is important to
maintain the environment so that they can be compared
with each other by maintaining a constant temper-
ature and humidity when studying the termite feeding
amount (Zukowski AND Su, 2019).

3.5. GC—MS result analysis of Borneolum
Syntheticum, Ephedra sinica extract

One of the medicinal plant extracts selected in this
study, Menthol, has already been reported. Menthol is
a crystal obtained by refining and cooling Mentha
arvensis. The constituents are reported to be Menthol
(Shasany et al., 2000), and the activities of Menthol are
reported to have insecticidal effects, antioxidant ef-
fects, and antibacterial effects against ticks (Karamaouna
et al., 2013; Rozza et al., 2014; Talebi et al., 2014).
Therefore, the composition analysis was performed on
two substances except Menthol.

As a result of GC-MS analysis, the main components
of each Borneolum Syntheticum, Ephedra sinica extracts
were clearly identified. As the main components of
Borneolum Syntheticum extract, Camphene, Isoborneol,
1-Methyl-4-(1-methylethyl)-1,3-cyclohexadiene, Borneol,
(1S)-2,2-Dimethyl-3-methylene-bicyclo[2.2.1]heptane,
Anthraquinone-2-carboxylic acid etc. were identified
(Table 4).

Camphene is a substance extracted in the form of
essence oil, and its antibacterial activity and insecticidal
effect against beetles have been reported (Feng ef al.,
2020; Ibrahim et al., 2020; Sayout et al., 2020) and
Isoborneol is known to have activity on a dry eye syn-
drome among diabetes complications (Ai et al., 2019).
In the case of Borneol, it has been reported to have

an antioxidant effect and an insecticidal effect on beetles

Table 4. The main components of BSM (Borneolum Syntheticum methanol extract) identified using GC-MS

Ret. Time Area Mole‘cular Molecular
(Min) Weight Formular
17.371 278.4x10° Borneol 154 CioHis0
15.898 261.2x10° Isoborneol 154 CioHis0
16.595 214.9x10° 1-Methyl-4-(1- methylethyl)-1,3-cyclohexadiene 136 CioHis

15.3 126.4x10° Camphene 136 CioHis
18.586 4.8x10° (1S)-2,2-Dimethyl- 3- methylene — bicyclo [2.2.1] heptane 136 CioHis
18.738 1.0x10° Anthraquinone-2-carboxylic acid 252 CsHsIN,O»
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Table 5. The main components of ESM (Ephedra sinica methanol extract) identified using GC-MS

Ret. Time Area Name Molecular Molecular
(Min) Weight Formular
20.466 71.2x10° 4-Methyl-1-Indanone 146 CioH100
34,999 50.4%10° (Z)-9-Octadecenamide 281 CsH3sNO
40.431 24.7%10° 17-Pentatriacontene 491 C;sH-0
20.131 24.1x10° Phenmetrazine 177 CiHisNO
27.055 10.5%10° 7-Methoxy-2H-1-benzo pyran-2-one 176 C10HgO03
22.069 9.9x10° Benzaldehyde 106 C/HsO

as an aromatic substance present in herbs (Kasrati et
al., 2015; Mihlbauer et al., 2003). In the case of
1-Methyl-4-(1-methylethyl)-1,3-cyclohexadiene, the in-
secticidal effect on the beetle has also been reported,
and in the analysis results of Borneolum Syntheticum
extract, the substances that reported the insecticidal ef-
fect on the beetle accounted for the majority.

As the main components of Ephedra sinica extract,
4-Methyl-1-Indanone, (Z)-9-Octadecenamide, 17-Penta
triacontene, Phenmetrazine, 7-Methoxy-2H-1-benzo pyran-
2-one, Benzaldehyde, etc. were identified (Table 5).

Among the substances analyzed in Ephedra sinica,
4-Methyl-1-Indanone is known as a substance found
in the essential oil part extracted from avocado seeds
(Durak and Aysu, 2015), and in the case of (Z) -9-
Octadecenamide, it has been reported to have a pro-
tective effect on nerve cells (Gugnani et al., 2018).
17-Pentatriacontene is primarily known as a substance
found in plant root extracts and has been reported as
an aromatic compound (Sen et al., 2017; Tayade et
al., 2013).

4, CONCLUSION

The purpose of this study was to identify intestinal
enzyme activity inhibitory substances of termites and
to search for extracts from medicinal plants native in
Korea and abroad that have mothproof and insecticidal

effects on termites. The plant cell wall of wood is com-

posed of cellulose and hemicellulose, which are polymer
polysaccharides, and is used as the main energy source
of termites. Based on these contents, we tried to select
medicinal plant extracts that inhibit the activity of en-
zymes in the process of decomposing and absorbing
the cellulose or hemicellulose of wood using the en-
zymes of microorganisms present in the intestine or
Wood decay fungi.

As a result of extracting the termite intestinal enzyme
and confirming the activity on cellulose and xylan sub-
strates, the amount of reducing sugars produced in the
xylan substrate was significantly increased, and the sim-
ilar results were observed when compared with xyla-
nase, the control group.

As Cellulose, a polymer polysaccharide, is difficult
for the termite intestinal enzymes to degrade into reducing
sugars, xylan was selected as a substrate. As a result
of targeting extracts of 628 medicinal plants native in
Korea, China, and Japan through experiments to select
medicinal plant extracts that inhibit the activity between
termite intestinal enzymes and substrates, 3 types of me-
dicinal plant extracts were confirmed to inhibit the activity
of the termite intestinal enzyme against xylan.

In the evaluation results of concentrations of Borneo-
lum Syntheticum, Ephedra sinica, Menthol extracts that
have been shown to have an inhibitory effect on enzyme
activity against Xylan, the activity of termite intestinal
enzymes was inhibited as much as Borneolum Syntheti-
cum 16.06%, Ephedra sinica 17.73%, Menthol 25.66%
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at the highest concentrations of 0.5 mg/ml. As a result
of examining the medicinal plant extracts on the contact
insecticidal effect and the amount of feeding on termites,
in the case of Menthol, the insecticidal activity was
confirmed within 1 hour at 1 mg/ml or more, in the
case of Borneolum Syntheticum was confirmed at 10
mg/ml and in the case of Ephedra sinica was confirmed
at 50 mg/ml within 48 hours.

In the results of measuring the feeding amount of
termite, the feeding amount was decreased as much
as 72.96% with Borneolum Syntheticum, 72.18% with
Ephedra sinica,, and 67.42% with Menthol compared
to the control group. Thus, it was confirmed that the
feeding amount of termite was decreased when the me-
dicinal plant extract was treated.

In the screening study of medicinal plant extracts
based on the previous termite intestinal enzyme activity
study, the extracts of Borneolum Syntheticum, Ephedra
sinica, Menthol inhibited the activity of termite enzymes
and the effect of reducing the feeding amount on ter-
mites was apparent. Some components of these extracts
have been reported to have an insecticidal effect, and
Menthol has been found to have an insecticidal effect
against ticks and Borneolum Syntheticum does against
beetles. From the component analysis results using
GC-MS, it was confirmed that Ephedra sinica had no
previously reported insecticidal effect component. It was
judged that the selected three medicinal plant extracts
were new substances having an insecticidal effect on
termites. Borneolum Syntheticum, Ephedra sinica,
Menthol extract are considered to be candidates with
sufficient potential as termite insecticides if the human
and environmental safety, as well as material stability

is secured through further research.
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APPENDIX

(Korean Version)

A A s B AR BAY AAE AssE BE HeA wa

2 YU &5 2 AFEE TR AxollA] drfmel] %t Hx E3RA9 w7t Hakle] gtk E7ne
ot W g A7 LA EEA YUY B FaS A2t A% Y WES sk Ao thEto|n] 88T} iAo ZA=
s M Ashe Sl7t Aashe FAlT oY kS tiAsH] 8 A= o] Badh Aol g M AljtoA]
AR 7fujoll A Gt AHete] BAE 23 & B4 49429 cellulose?} hemicellulose] xylang: 7] A= o]
a4 S SR A, BAe] 2 cellulose Hoh xylanof| A S7im] Al 5420 EAdo] A Ueiith deug 2 AtoA
£ xylang 714 & sto] S| Al a4 Y& AAlote RS FEE 6000 TS T AT, G, vlg), Bloke o A]
AR a7} A yelyttt AHE £%|(Borneolum Syntheticum), WF3HEphedra sinica), B3}k (Menthol) 3252 37|
AU 5l S AT Bk oflet AR ARt Aok g 9 A4 Ae 2t s S8kl

LME

SeuEte] 2n| £ Fele dED7NT(Reticulitermes speratus kyushuensis)7} thE-a-& AFA|SIAL 9ot 2 THE2I7)
v|(Reticuliternes kanmonensis)7} ‘A= Qom A HH o2 2FE W AFLEE xekste] oA Sfu]o] gt AEE
9] 937} B %3 QIthNational Research Institute of Cultural Heritage, 2016). E7|u]o] Z%2 F72 3¥of AJ&s}o] 10~11
9% 7129 e B A40] olSele] el 44jo] kAol Agto] ATl B ARZoAE ALH Yy
ho olg) S/jul7t AgolE $Eahe o] Belsgion] el G455k Z7kIWa e al, 2019),

Ao A Q9] - AET A5 7] WA of A& 7ol whet SAn|u ugEe] g AETslo] HobdE 7HA L
lom gaff Fro wheh WA B B4 59 A ok Stk g A=t AR A9 AR BAE o8] de
A2 Bk W ol gablLt Fuiel Eol okAIE Aisto] Brhnle] A AR WS o8t glot Bel
Hl-gouh X2 Az F7Ref 22 AE 7L §itk. g7l 27] 9AY Aol AEd £5 A% Ee YA BxsiAY
FHo| grfn] ENS A5l 3fu] S5 RS Folsle] tiAsal QIti(Chung ef al., 2015; Hadi et al., 2020). 3}
EYE et aFe el $218 SEelel Ao oftto] HAHE ARAS T olov], TFA U EA)
AeA] A= oAl SetokEo] 2o g QAo HFE o SetofEel thet AME- Sla7t Aadle FAloln Hekdt
Az o] Wag Agold.

q7jle] 0 44 ARl BAl ABo] AEEjo] FRA0R Tt T4 ol2T glov], AEue] PAARoRE
cellulose, hemicellulose, lignin 522 A% QIth(Cosgrove, 2005; Terrett and Dupree, 2019). 1 = cellulose2}
hemicellulose= ThR 24 o] 29} AgtAlLof wlgf 251, celluloser= D-glucose?] 2418 A& R o] F0]Z] tidA|
2 UAloL 2ARS0] 913 AR 1 hydroxyl7| 50| 5223 3 4Jstel Ato] Theraka 74act. uhlo] hemicellulosel
glucose #0t o}u] 2} xylose, maltose, galactose 5 2 71A] GFHE o]F 07 ThFAZ cellulose?} ] AAREO| o] FAE o]
Ago| f-Asit}. Hemicelluloset= a0t} 2259 Ao EAfst= n]dE] sl Eej=]o] oy deR o] &=l gl
(Aanen, 2006; Ben Guerrero ef al., 2015; Tarayre et al., 2015). 3l7§u]7} A5t S E A A EFo] AEA} Fog
wafato] oA 102 olgati, of o] oS 04| s W0 BA AAFO|E JFS v]F A0 BEHALHMun
and Nicholas, 2017).
weha] 2 Ao Als S7iv] A mAef AlaEs] AR 71| gigt EAE Bl AE71HS gelsta 1 A8 S
ABFE CFGAE 2EES AT ST AR FEBRL G, 25, URo] AATH 6000] Fo] OFgAl ol
Zolo] ALgIRo, Sl ) B B4 o] FEBE AEslo] 4 Whnle] 44 9 AFATE RIS T ALS
Aste] zfu]of gt B W ASE 5 RE JYARH TS FdstaAt sl

Mr v 12
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SRR

2.1 @AW B B4 2 F o A

Aglo] AHE e Qv debd= Aok 497] e i
IFE7A T RS At o8-8k

Ag FEPHoRE SHE o 85t 5 WAE AEsigct Ao S QWIS ATEEke] 6.11 g2 40 CollA FAAA
st 3t & 0.1 M sodium acetate buffer (pH 7)& 2] #7411 g 5 & H7psto] AoAf 24A13F aiksto] F-23]

>
lo
fu
K=
rlr
I
BN
Mo
o
=
i

A Aeye] =AY F 2

4

BaE FET T oA R oatste] HAsfn] FY aLRE o]§SHYIT

2231 S7n) A G0 g3t g ke 24517] 9] Pierce™ BCA protein assay kit (Thermo, USA)E o] &3}
A Aestqlon, Bla AwFsly] g G A R bovine serum albumin (BSA)S Ae|stict. A=Fiol mat 3l7jn]
A ZA} v whl A BSAS ukS- Akt 37Cof| 4] 3087 H-8-A171 3 Microplate readers (TECAN, CHE)=2 &-3%(562
myE S7gokch v TulAQl BSA kS AHHACR ofal Sfu] Ay mAl] TS Aeksgitt

2.2, 7140 Hig D7v 54 24 &4

7] AW 540 BdE Yoh iRl 7] cellulose@} hemicellulose?! xylang: A5t oH, el hlgo] oFgs
223} Miller(1959)2] DNS(3,5-dinitrosalicylic acid) ZHi% A AE-S Aeisto] AA|5k3ic) Miller®] DNS 3w
A8 29153} DNS7H kg stel Isfo] A4 S-amino-S-itrosalcylic acide] FHES 24ete] B4 Ao Wajolch
(Miller, 1959). DNS A|9F A|Z&= F854 1,416 mlof DNS 10.6 g} NaOH 19.8 g2 #7}5}0] &9l thS rochelle salts
306 g} phenol 7.6 g2 7} & Na’ metabisulfite 8.3 g-& 21 247t wHFslo] DNS A|eFo & AME3}9iT)

7fm] A a4 A Ad HOo 2= 1%9 cellulose, xylan} 722 71212 500 1l 2} 0.1 M sodium acetate buffer 400
WE A A7kt & 50Co|A B8R 187 o ggict. o geh 7] -t ool f4: 100 nlE H7kste] 50Tof A 3087F
40t 718E WS- XX 3 A2E DNS AJ9F 3 ml& 7151e] 100T oA 587 8o 2 7Hdsiglet 102 J= WAz
& 550 mol A SF=E S5

7142 AM2E cellulose?} xylan 2z} 254 Al sto] AR5} Eh Cellulose= EA}5F 250,000 ©]3}2 sigma aldrichol| 4]
SFulj 3t sodium carboxymethyl cellulose (CMC)2} A3 A R] 7] 4 A 7-49] A4S & nano-cellulose from hardwood bleached
(NCO)E AEsith XylanS E2}5F 35,000 ©|3}2 sigma aldrichol] 4 SHj 3} xylan from oat spelts (Xylan-O)2} xylan from
beech wood (Xylan-B) A&i5}lo] Algls}ich

71 o) gk Sm] A B0 DS Gobiy] flef 71E 9 o STMAIIEA A4l Bo R Bl SUTY
kS SIRE the BT A Bay(TH9F 71Ee] #hjstal Y= xylanase(X1)E Hlasto] 718 tigh g4 Ad5-& E415H50
ot 222 AREEE xylanase= sigma aldricho| A FFufjslglom, e AFA ARERE AJoFS] A9 HE U o]4e]
Sae AHESkYT

2.3, FEAE FEE9] xylanase A3 4 &4
29 S7v] A B4E o851 xylanase A3l 55 7= AR FEES Adsly] et ARE sl HEAlE
5 S Rz

gl o

o}
FEa2 T o] AMsl= AFBAE 62885 methanolof] F=Esto] A|&ek¢lch Sl7ln] g A4 A3 HE-2 DNS
ARE S-8o15lom, ad 7)o] NZ WSk 2HE- 2ol oF8AlE 2EES Aol B4Y 7R S Asfs)
AE 2253 A5t A) 819tk DNS Ade E3) 7]2¢l 1% xylan-B (0.1 M sodium acetate buffer pH 7) 500 pl
0.1 M sodium acetate buffer 390 ploj QFgAIE 225 10 plE 73 3 50ToA 187 FEroa ogskqct 1 o}
300 pg/ml 5%2] B7u] P 74E 100 ul H715E & 50Tl A 3087 FHR W-3-& A]7]3L DNS AJ2FS: 3 ml 3713}
100CoflA] 587t 7Fd3 & 1087t A0 Wzist tf-g 550 nmo) shgojlA] = Zgotyt g2 84 E 3559
F% §1Ql methanolS: o]-§shH Eollel AT &F& A, ojit}t Fe k& Yehfl= F8AE 555 A
248 7H Ao sttt

10
o
>

2.4, QATIC ie RGN FEEO B A FE LAY e 2%

7ol g OFBAIE 2EB0] HE A% SEE 2457 8] AUE oFgAR 22ES S garow o]
e shelalglt. Bk 30012l olgalglon], ok AR 2EES HEY S0, 10,5, 1, 0.5 nynl 2 oj7}x] o] Bt
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Jog AZelsrt. 8ol
raaur

F Az U1 FE3 AN RS FFHAL S8 FFS FR4E o183
Lo} o
[eIRE)

AP 96417k {2 BrAe] #7ke gl

o
Z

o%L' HE

ol

REE FgAR 222 Arhole] ot ] 9] F§AE FEES filter paperd]
270 th Aol ST AASHT) S 25 Y HBARA BAIS] 44 oFe RS methanol H0
SIS S QAo s0okel= HASE 24Xkt SIS SE Aaste] A SuE WAV FASAT HF

120A17F & oj3p2|9] FAE SAste] 2Am]9f A4 F& vlasglnt

2,5, 8¢} ulg 2259 GC-MS &4

fn] A 54 SAS Afehs nfekat 8 2555 GC-MS (GC : 7890A/MSD : 5975C inert, agilent technologies)=
B3 RS B GC-MS B49] HAE]R 2ZE-S syringe filter (25 mn MES, JA)E o|g3}0] olnlalgl o, 2elake
13§ 258 1 ul2 Asial vyt 2589 4% 03 ul2 Hsko] Liquid type?] 2174 YW o2 91819t} Columne
DB-1HT (30 m x 250 mm x 0.1 mm)Z o0]83¢on] 280 AL Table 12] EA42 A3} ZriTable 1).

A @hm B 54 e 3 o Y
]

SIS olg3t 2EUOR 239 WS BCA Tl At 7|ES ARslo] A7fve] Ak v gk S
, 1 g9 38787 g0} F& F=¢

2 U B e 235 el ol WAklE SR Mz 2 49
A

3.2, 7140 tigt Doim] A 54 SAHE 53 2

=29 v Ay 5l s ﬂ"]omx} o] 7|4& Foll 1 545 Tetsiilth 7182 cellulose?} xylang: AH8-3}
gom, 247 27T 455 AEsto] 254 840 G4 of o tigh DNS 24 % 4% Aol A= xylano] A ZA=7}
Zrlte A4S 2SI Fig 1), 7149 7@7}6*01 2712 AR BeIge] ofo] Z71ak A ShlsoL, cellulose
9 ﬁo“?‘oﬂL 7148} ol Frtetole A= ST ko] M} mugt Aow Utk o)L 7149l cellulose?}
A 2tz P40 glol BERal Begen dofel o9l ane S0l we Acs e

orA A¥E 53| celluloser= 37ju] 2a 40 W Eifsg 2= Ao] ERIE O 22 hemicellulose?l xylang 7}
7142 Aeskar Ao Thijalal gl xylanase@} H) _}?__4*8 Gk @40 thild =5 300 pg/mlZ 33l cellulose?} xylan
of thet &/ vlagt A}, S7iu] Fl 249 g4do] xylanasel th= xylano] tjsto] /o] A xspA|qt vt AME
Ueth= A2 Hol xylano] thgt &3l E4o] = As Ssk3IrhFig. 2). £3 EE%MW #2]% xylan (Xylan-O) = th=
wbolq £elE xylan (Xylan-Byoll ] 4o] & AL Selsidiet. 919 WS vhehom Shn] A fao B
Aol ABAE FE2ES Dsh] Y A0 R 7L dhubRofA EejE Xylan-BE v AW Bal] FEREE
300 pg/ml= A5

z
2
A

3.3. &A= FE=9 Gin B 5L B4 A %‘7}

] 2854 Be Adse A8AE =& EAstE oF8AE 6285
xylan-B} 300 pg/ml F=9] A thifd vk THP TJh?LEE} e = °U ﬂ 1”01 AEEE & Al Aol 22 =25
TATH A3, G, ol 22 ek 2EE] B4 dAZE w2 2SR BUHEI LAY ° AV FEES s
(0.05, 0.1, 0.5 mg/ml)= 2|3t A3}, v} S71dE Afu] 2aL00 24 Al&o] goHHL, 0.5 ng/nlskoA 8

FEE(BSM) 16.06%, UH F+E=(ESM) 17.73%, B3l FEE(MTM)2 25.66%= 27Hu] A 540] B/d& A=
AL eelstiekFig. 3).

N

m
_>.:
ol
p‘
by
roh
ﬂ
3 o°f
- H
i e
=2
N

3.4, Bfule] gt 8, uiS}, webe] 2EEY HE AFeE ¥ A4 & 5 dn

B4, vt 29 et £EEY HE ASEEE S| J8l =l A E 2ARIT 84 2529 4910
ng/ml F% o4, uisk F&E9 A 50 mg/m oA 48A]7F o] B Au|7t AR 2O AL Bolslgli, B3| ulal o)
750l 1 mg/ml o/ge] Fof A l*lﬂ Y Abgsk= 2E eletilon] AL srobE w& G809 v HE A4Fals
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oIl th(Table 3).

5, T, O] 30 4 Ak S 90 05 ol 50 2EE2 SAT 44 2 Aokl g cha
wrp 2228 A2 2olx Aoule] Aol ezt 2 Aol SAHYTKFig 4). §¥] 228 A4S
T30%S) NS B v FEBG A 72.2%, L)W why] FEBY Bl 6
A 250 ofdh AA 4aE o) 247t 2280 WAnle) 44 B Asfohs ARE T4 L
lel 44 81 AR sbel 2vle) G4 1o s el 8 A gl i 4
utebd] Sf] Al AT Aol QAT LEet GRS §A5t0] AT s} PIEs 8 =
(Zukowski AND Su, 2019).

3.5, 8x¢} nj¥ 2259 GC-Ms 23} 74

o] Aol AT FgAE 5 Elx
Rske] WA 4 ARAEH /35S Menthol = ELQ‘H Sl L.H(Shasany et al., 2000), H5He 9] 240 2= F 7]
o tigt Axay} W gkasl st4avrt EI’_ o] ¢JtiKaramaouna et al., 2013; Rozza et al., 2014; Talebi et al., 2014).
wtebA], BrelEE A9 F EAS o R AERAS stk

GOAS 3141 2031, G} vlg} 2228 212 #8 Ato] Eato] hehite o) Sholsisicl, 84 2280] %0 4o
2=+ Camphene, Isoborneol, 1-Methyl-4-(1-methylethyl)-1,3-cyclohexadiene, Borneol, (1S)-2,2-Dimethyl-3-methylene-
bicyclo[2.2.1]heptane, Anthraquinone-2-carboxylic acid 522 5% E|¢]th(Table 4).

Camphene- oJAlA @Y P& F20| H= S0 Syt DA} W E o] it AFamrt HirEo] ¢lom(Feng
et al., 2020; Tbrahim et al., 2020; Sayout et al., 2020), Isoborneol> S = O LAZZ| A4S 7T EEA
Ql31(Ai et al., 2019) Borneol 2] 7$-ofl+= 3] Hof| ZA5l= WA B =N dAksl gt 9wy o AEa s 7pRtha
B %o Qlth(Kasrati ef al., 2015; Miihlbauer ef al., 2003). 1-Methyl-4-(1-methylethyl)-1,3-cyclohexadiene 2] 73-9-of| = =4
Helof tiet a7t HalEo] glo] 8 2559 FAAT A= g ol i AFanrt Haud Sd0] YoE
A7)ahie,

updd 2EE59 2 F8 AEOZ 4-Methyl-1-Indanone, (2)-9-Octadecenamide, 17-Pentatriacontene, Phenmetrazine,
7-Methoxy-2H-1-benzo pyran-2-one, Benzaldehyde 522 574 E]“D}(Table 3).

npgol A E4E =54 F 4-Methyl-1-Indanone= ob7HE K otollA F2EE AF F59 S84 HHE 42 A
8l © ™(Durak and Aysu, 2015), (2)-9-Octadecenamide®] 7-$- Al A| o] 1‘4151- RS g5 7pAtha B g o] 9t Gugnani
et al., 2018). 17-Pentatriacontene= F& A1 &0 M| 2ZEoA AR = EXZ 484 ¢lon Wk SelEa B ko]
QltkSen et al., 2017; Tayade et al., 2013).

A%
AL

10;

4.2
2 A7 SuY Ay 54 S AAELS ERlstar - 9lof EAjsks FEAES dFe R S B E Aayt
£ 7 FEES Bt skglth 549 AlE Aﬂi‘%‘% ALEA} A2 cellulose@}t hemicellulose® /%o §lO.
47Hﬂl—4 FH U Yoz o] &E 1 9k o] W& v o= Sl n|7t EFoly Ao EA5k= nAYEY &
o]-gsto] EA 9 cellulosel} hemicelluloseE w3fato] S<=dl= T oA T Z8-& Aotz FEAlE FE2=22 AEstaL
A} st

B7hm] A aAaE FE351 celluloset xylan 7] 2 o] gt €4S EQIst A} xylan 7| Ao A A== S
st F7keke A& Elstaon, thxw?l xylanased ol Blus)E Ao T2 OWA = 2‘ 514

Cellulose7} 82} A2 S7n] Ay &4} sgdoz Bestr]r
S7hu] A masel 71A7e BS Asfehe AEAE FEES s AES & H 628*4 Eise viﬁ °‘i°ﬂ Ay ek
OFRAFO S O 3 A1}, 3579 84T FEEC] xyland]| thgt S7iu] A ma0] S Adfete As
gelstort.

Xylano] gt G4 &4 Asf) 17} Gl AR So1E &, nisa whop] 2559 w2 W7k oA i F&
0.5 mg/mlof A &k 16.06%, 1k} 17.73%, ¥Fdl] 25.66%2] HI&E S/in| A 249 G4 Adfst= AL S8ttt
REAE 2EES uof gt HE AFaatel A4 ol et GohE Al wiehe] ] - 1 mg/ml o]4FollA] 1AZF
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