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ABSTRACT

The germicidal and insecticidal properties of volatile components extracted from
star anise(lllicium verum Hooker filius) and clove (Eugenia caryophyllata THUNBERG)
were evaluated against five microorganisms and three insects for the purpose of
developing biocidal active substances from medicinal plants. The volatile components
of star anise and clove showed strong antimicrobial effect against Aspergillus niger,
Penicillium funiculosum, Mucor hiemalis, Trichoderma viride, and Aureobasidium pullulans.
The extracts of each medicine also showed insecticidal effects against Sitophilus
oryzae L., Lyctus linearis GOZE, and Reticulitermes spertus kyushuensis Morimoto.
Fumigant toxicities to adult insects were determined. In the case of fumigant
toxicity, the extract of star anise showed 100% mortality against R. spertus, S.
oryzae, and L. linearis at rates of 2.5 , 50 , 250 /filter paper, respectively but
showed no killing effects by clove. The volatile components of star anise and clove
were investigated by means of GC/MS. The main constitute, anethole among 20
components from star anise and eugenol among 9 components from clove were
identified. The mixture of star anise and clove as the volume ratio of 2 : 1 showed
higher properties for antimicrobial and insecticidal effect than each volatile
component. A. niger was inhibited by the mixture(125ml/ ) for up to 10 days of

exposure. Also, from the result of observing state change of organic materials by
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volatile extracts of star anise and clove, volatile extracts effects have no effect
on natural organic materials of organic cultural properties and can be used as
biological control agent. As research contents as above, the insecticidal and
germicidal agents from star anise and clove and the mixture of them were more
efficient and high level to prevent biological damage for conservation of organic
cultural properties. So they may be used in new development of biological

insecticidal and germicidal agents for conservation of cultural properties.
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(lllicium verum Hooker filius) (Eugenia caryophyllata

THUNBERG) 10%

4 (KCCM™M)
(Table 1.
(Lyctus linearis GOEZE)

(Reticulitermes speratus kyushuensis Morimoto)

(Sitophilus oryzae L.) (Table 2).

3.
100g SDE(Simultaneous steam distillation and
solvent extraction) (CH.CL,) 125ml
3 . Na.SOs
(N2) 2ml

GC/MS

4,

(®80mm) 15ml
, 5ml , 50
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Tabe 1 Microorganism tested Incubation temp.( )
i i fi -
:: ;;b;"a',"_s te“;ed or Mucor hiemalis (KCCM 1826)
m Ay Trichoderma viride (KCCM 11246)

Aspergillus niger (KCCM 11239) 28

Penicillium funiculosum (KCCM 12040)

Aureobasidium pullulans (KCCM 11869)

Table 2. Incubation condiition

List of insects used for Insect tested Temp( ) RH.0%)
insecticidal  experiment Lyctus linearis GOEZE 29

Reticulitermes speratus 60

Kyushuensis Morimoto %

Sitophilus oryzae L. 29

2
paper disc susceptibility
50
28 3 9,
(mm)
5.
3 AhN(1992), Ahn Cho (1992)
3
95
0.59 20
, 26 60% 24
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, 29 ,
60% 24 5
20 4g
0.2ml , 29 ,
60% 24 5

6.GC GC/MS
gas chromatography(GC) gas
chromatography/mass spectrometry(GC/MS)

autospec(Micromass, UK) , column(DB-5) fused silica
capillary column(30mx 0.25 ) . Column 60 280
15 /min
TradiMed(1999) 9,
7.

1:1(A), 2:1(B), 3:1(C), 4:1(D)
A. niger

o)
paper disc susceptibility

A. niger (mm)
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@

2x 10° )
10° cfu/ml)
, 1,000

©)

@

@

@

PDA

A. niger

15mm,

110mm

15

A. niger 0.3mi(5x
100 , 250 , 500
3

20

45 (3 x




15 ) .3 30cm 30 %
3 x 30 )

©)

(NH.NO:) 2409 100ml
60%
49 0.5ml
(29 80
@)
(Minolta CR-200, Japan)
KS A 0063 L* a* b*
(AE)
KS M 7053 pH (Hanna Hi 9024C, USA)
KS M 7065
5009 (Toyoseiki MIT-S, Japan)

15mm, 110mm
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15

30cm

KS K 0323 (kgf)

, Korea)

(lon chromatography)

(Dionex CD20, 1P20, USA)

funiculosum, M. hiemalis, T. viride, A. pullulans

, 34mm, 80mm, 28mm, 42mm, 80mm

7 5

(Fig. 1).

80 30
0.2g 50mi 5 3 14mi 1
, 10,000rpm 10
(Jouan MR1822, USA)
(29)
, A. niger, P.
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SDE(Simultaneous steam distillation and solvent extraction)

, 25
P. funiculosum, T. viride, A. pullulans A. niger, M.
hiemalis 100%
S. aureus , E.coli 25
11mm 6
50 ) ’
50 5 75%(A. niger)
(Table 3).
i : Inhibition zone(mm)
Microorganism
5 10 25 50
[llicium verum Hook. fi.
Aspergillus niger (KCCM 11239) = - 28 80
Penicillium funiculosum (KCCM 12040) - - 80 80
Mucor hiemalis (KCCM 11826) - - 2 80
Trichoderma viride (KCCM 11246) - - 80 80
Aureobasidium pullulans (KCCM 11869) - 2 80 80
Eugenia caryophyllata THUNBERG
Aspergillus niger (KCCM 11239) 42 48 52 56
Penicillium funiculosum (KCCM 12040)56 80 80 80 80
Mucor hiemalis (KCCM 11826) 40 44 60 60
Trichoderma viride(KCCM 11246) 50 54 58 80
Aureobasidium pullulans(KCCM 11869) 46 60 80 80
“: Amount of the added extract )
# No inhibifion(<9mm diameter)
® : 100% inhibiion(>80mm diameter)
2.
) 25 ,5.0
, 10 100% , 0.5

Table 3.

Comparison of the inhibition
zone(mm) caused by volatile
component exracied fom medcinal
paris
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50 ,10 100% , 2.5
44.6% , 0.5
2.5 5.0
(Table 4).
Table 4. Mortality(%)

Fumigant toxicity of volatile Amourt of the extract' () 24* 48
components 0 Illicium verum Hook. fl.
Reticulitermes speratus 05 0 0
kyushuensis Morimoto 25 853 100

50 100 -

10 100 -

Eugenia caryophyllata THUNBERG

05 0 0

50 0 100

10 0 100

*: Volatle components extracted from Illicium verum Hook. fi.
and Eugenia caryophyllata THUNBERG

“: Treatment ime(hours)
100% , 250 3 100%
250 , 500 90.4% 90.6%
, 100 , 50 62.1% 38.4% , 250
4 . 50
3.9 , 100 1.9
250 3 100% 5
90.5% )
(Table 5).

, 250
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Mortality (%)
Amount of the extracf ( )
* 2 3 4 5

Illicium verum Hook. fi.

50 0 35 634 942 100

100 0 134 738 100 -

250 0 294 100 - -

500 0 512 100 - -
Eugenia caryophyllata THUNBERG

50 0 79 242 243 384

100 0 38 29 532 621

250 0 174 418 832 904

500 0 251 439 894 906
* Volale components extracted from lllicium verum Hook. fi. and

Eugenia caryophyllata THUNBERG
*: Treatment time(day)
5 100%
(Table 6).
) ) 25 ,50 , 250
, 5.0 500 100%, 90.4%
3. GC GC/MS
GC GC/MS
, monoterpenoid o—

pinene, -3—carene, limonene 20 ,

(80%) anethole (fungicidal)

(insecticidal)

, phenylpropanoid chavicol, eugenol 9

Table 5.

Fumigant toxicity of volatile
components to Sitophilus
oryzae L.
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Table 6. Mortality(%)
Fumigant toxicly of volatie Amount of the extract® () T > E p -
componens o Illicium verum Hook. fi.
Lyctus linearis GOEZE 250 0 0 347 539 100
Eugenia caryophyllata THUNBERG
250 0 0 0 0 0
*: Volatle components extracted from Illicium verum Hook. fi.
and Eugenia caryophyllata THUNBERG
“: Treatment tme(day)
, (92%) eugenol
(Table 7).
4,
A. niger
, 25 , (<3mm)
10 2:1(B), 3:1(C), 1:1(A), 4:1(D)
65mm, 32mm, 28mm, 12mm
(Fig. 2).
2:1(B) B ,
B 10
Omm, 48mm, 65mm B
100%, 26.2% . B
90%
B
(Fig. 3).
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Medicinal plants
RT* Compound
v EC

525 o-Pinene + -
734 6-3-Carene + -
813 Limonene + -
1007 o-Terpinene + -
10:33 Linalool +
1340 o-Terpineol + -
1343 Benzoic acid, 2-hydroxy-, methyl ester - +
1357 Estragole + -
1612 chavicol - +
1750 Anethole +
1923 Eugenol -
2021 p-Methoxyphenylacetone + -
2002 Methyl-4-methoxybenzoate + -
222 trans-Caryophylene - +
2225 Bergamotene + -
2242 o-Humulene - +
2243 1-(4-methoxypheny)-1-Propanone + -
2356 trans-Methy! isoeugenol + -
2557 Neralidol + -
2620 Spathulenol + -
26:33 2-(1-Cyclopenteny) furan + -
2642 Caryophylene oxide - +
2138 [3-Eudesmol - +
2810 Caryophyla-4(12),8(13)-dien-53-ol - +
2818 critonic acid, 0-benzaldehydoseste + -
2834 o-Cadinol + -
2917 Feniculin + -
34 Benzytbenzoate -
4341 2—(p-anisy)) -5-methyl-1-hexene - -

NV : lllicium verum Hook. fl, EC : Eugenia caryophyllata THUNBERG

+: present

- . not present

*: retenton tme

@
, 25 M. hiemalis

100%(80mm) (Table 8). 25 , A

niger 28mm  52mm (Table 4)

65% 35% , M. hiemalis ,

60mm 34% 40mm
, 50 S. aureus

Table 7.

Volatle  components
detected in medicinal piants
by GC and GC/MS
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Tabe 8 _ _ Inhibition zone(mm)
Comparison of the Microorganism 5+ 10 x5 50
inhibiton - zone(mm) | “A<perailus niger(KCCM 11239) 3 6 80" 80
cased by Fe M8 | poiciim funiculosum(KCCM 122040) 45 55 80 80
Mucor hiemalis(KCCM 11826) 15 23 40 40
Trichoderma viride(KCCM 11246) 38 50 80 80
Aureobasidium pullulans(KCCM 11869) 40 54 80 80
“: Amount of the added mixture B( )
#: 100% inhibiion(>80mm diameter)
, 11mm E. coli 24mm
, S. aureus
17mm
B 10
M. hiemalis )
@
B
) 2x 10 ) 1,000
A. niger 100% , 1,000
90% . B 250 A. niger
100% 4
, B
125ml/ (Table 9).
©)
B
A. niger , B 10 36mm
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(B)

Fg.L

Inhibitory effect of volatile
component from medicinal
plants on the growth of A.
niger.

(A) llicium verum Hook. fl

(B) Eugenia caryophyllata

THUNBERG.

Fg.2

Comparison of the inhibiion
zone(mm) caused by the
mixure as the volume ratio of
volafle components extracted
from llicium verum Hook, fi. to
Eugenia caryophyllata
THUNBERG against A. niger.
ALl Bl:2

©11:3 DL:4

Fig. 3.

Comparison of the inhibiion

zone(mm) caused by volaie

component of the mixture B on

the growth of A. niger.

(A) extract of llicium verum
Hook. fl

(B) Mixture B.

(C) extract of Eugenia caryo-
phylata THUNBERG.
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Tabee 9. ; Inhibition(%)
Inhibitory effect of volatile Volatie component 100* 250 500 1000
component fom each | °E\genia caryophyllata THUNBERG + + + +
em@n e growh of A lllicium verum Hook. fi. + + + -
niger inthe place of 2x 10 Mixture B _ _ _

“ . Amount of the added extract )
+: No inhibiion of growth
- 1100% inhibiion of growth of tested microorganism

, 4 80mm 20
12mm
, B 240 (10 )
@
B
, 50 5 100%
500 72 100% B
(Table 6)
B bl
(Table 10).
Table 10. ' ) Mortality(%)
Fgmlgant tOXICIIly of .Ihe Mixture B 1* 2 3 4
mixture B to Sitophius 50 0 165 718 100
oyzae L. 100 0 48 68.8 948 100
250 0 184 879 100 -
500 0 289 100 - -

*: Amount of the added mixture B( )
" Treatment tme(day)
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5.
@
Table 11
100% @QaB
) 17.71 16.35
17.01 +0.7
+ 1.0
Kinds of tested rs*
Medicinal plants : s
Print paper Korean paper

Color diference(A E)

Control 1072 17.01

Illicium verum Hook. fl. 21 mn

Eugenia caryophyllata THUNBERG 1232 16.36
Acidity(pH)

Control 75 64

Illicium verum Hook. fl. 17 6.4

Eugenia caryophyllata THUNBERG 75 64
Folding endurance(Count)

Control 4274 91.2

Illicium verum Hook. fl. 4817 864

Eugenia caryophyllata THUNBERG 376.1 80.7
" treated with flavor of medicinal plants at 80 for 90 days

(pH)
) ) , pH 6.4

+ 15%

Table 1L
Comparison of the
deterioration of papers
caused by volatile
component of medicinal
piants
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0.65g, 0.67g 0.68g + 0.03g
@
Table 12
) (AE) 20.19, 20.21 19.72 0.5
0.75(

) +1.0

pH 0.3 pH (
)
) (count)
14.7%( ) + 15%

CI-, NO37?, PO43, S04+
16.38ppm, 1.60ppm, 2.82ppm, 7.23ppm 17.80ppm, 1.09ppm,
3.58ppm, 6.61ppm ,
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(Table 13).
: Kinds of tested papers*
Volatile component Copying paper News paper Koreen paper
Color diference(A E)
Controf 1164 1893 1972
Ilicium verum Hook. fi. 10.89 1822 2021
Eugenia caryophyllata THUNBERG 1228 1941 2019
Acidity(pH)
Control 75 69 66
Ilicium verum Hook. fi. 76 68 6.7
Eugenia caryophyllata THUNBERG 78 68 64
Folding endurance(Count)
Control 4739 404 1164
Ilicium verum Hook. fi. 4919 345 1241
Eugenia caryophyllata THUNBERG 5018 27 994
" treated with volaie component extracted from medicinal plants at 80  for 90 days
* - treated with CH:Ch
. Concentration(ppm)
Volatile component
F Cr NOz Br NOs? PO4™ SOs?
Copying Paper
Controf! 0 2668 0 0 068 0 14.05
Star-anise” 0 2718 0 0 051 0 1386
Clove® 0 2862 0 0 044 0 1434
News paper
Control 0 267 0 0 0.78 001 3957
Star-anise 0 257 0 0 1 004 3218
Clove 0 3 0 0 064 0.04 40.36
Korean paper
Control 0 17.80 0 0 109 358 6.61
Star-anise 0 16.38 0 0 160 282 723
Clove 0 1550 0 0 1 255 751

*: treated with CH2Ch
® lllicium verum Hook. fl.
¢ Eugenia caryophyllata THUNBERG

Tabe 12

Comparison of the deterioration
of paper treated with volatie
component extracted from
lllicium verum Hook. fil. and
Eugenia caryophyllata
THUNBERG

Tabee 13

Comparison of the change of
an ions from papers treated
with volatle component
extracted from llicium verum
Hook. fl. and Eugenia

caryophylata. THUNBERG
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Table 14,
Comparison of the tensile
stength of textie fbres treated
wih each volale component

(kgf) 0.02g
(Table 14).
T Tensile strength(kgf)
oiatie component Cotton Silk Viscose rayon
Controf 060 089 030
Illicium verum Hook. fl. 058 087 051
Eugenia caryophyllata THUNBERG 058 089 050
#: treated with CH:Ch
bl 3
7 bl
3 (<0.029)
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7

flavonoid ammonia gas(NH:)

, A. absinthium thujone

8.9, anethole eugenol






