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Extraction of essential oil components by cyclodextrins 
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Liquid-liquid extraction using branched cyclodextrins (CDs) was 
studied for the purpose of modification of essential oil from trees. 
Compositions between original essential oil and the extractive using 
branchedCD were compared. The extractives by branched /3 -CD or branched 
r -CD from hinoki leaf oil, sugi leaf oil or hinokiasunaro wood oil were 
higher of contents of /3 -eudesmol. cedrol or elemol, which has more 
miticidal activity, than original essential oils. 

1. MATERIALS AND METHODS 

1.1. Materials 
6-0-a -mal tosyl-a -CD (G2-a -CD) 

, 6-0-a -maltosyl-/3 -CD (G2-fJ -CD) 
6-0-a -maltosyl-r -CD(G2-r -CD) 

and methyl-/3 -CD (Me-/3 -CD) were 
products of Ensuiko Sugar Refining 
Co., Ltd. Hinoki leaf oil and sugi 
leaf oil were purchased from Amano 
Ringyo Co., Ltd. and hinokiasunaro 
wood oil from Narita Ringyo-Doboku 
Co., Ltd. 

1. 2. Extraction and analysis 
To 5ml of 0. lM aqueous solution 

of a branched CD was added 1 g of 
an essential oil from tree and the 
mixture was stirred at 10,000 rpm 
for 10 min. Then the mixture was 
centrifuged at 3, 000 rpm for 5 min 
to separate into 2 layers of aque
ous branched CD solution layer and 
oil layer. One ml of the aqueous 
branched CD solution layer was 
shaken vigorously together with 40 
ml of water, 20 ml of diethylether 
and 10 mg of n-tetradecane, an 
internal standard substance, to 
extract the oil components that 
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transferred to the aqueous branch
ed CD solution layer. The diethyl
ether layer was analyzed by gas 
chromatograph (GC). GC was equip
ped with FID and was on 50m x 0.25 
mm fused silica capillary coated 
column with TC-WAX. GC was pro
g r a m m e d f r o m 5 0 oc t o 2 2 0 oc a t 2 oc 
I m i n. T h e p r e s s u r e a t i n 1 e t of 
carrier helium gas was set at 2 
kgf/cm 2. The components of essen
tial oils were identified by 
referring to the reports by B. 
S hie h et a 1 . [ 1] , by M. Y at a g a i et 
a 1. [ 2 - 3 ] and 0 k ab e e t a 1. [ 4 ] and 
to retention times of pure rea
gents of terpenes. Compositions of 
essential oils and the extractives 
by CDs were calculated from area 
ratio of the chromatograms. 

1. 3 . P r e p a r a t i on o f e x t r a c t i v e s by 
branched CDs 

G 2 - /3 - C D ( 2 9 0 g ) o r M e - /3 - CD 
(260g) was dissolved in 2, 000 ml 
o f w a t e r , t o w h i c h 1 2 0 g ea c h of 
h i no k i 1 ea f o i 1 , s u g i 1 ea f o i 1 or 
h i no k i as una r o wood o i 1 were added. 
The mixture was stirred at 5, 000 
r p m a t r o o m t em p e r a t u r e f o r 3 0 m in. 



After centrifuging at 3, 000 rpm 
for 10 min. the mixture was fil
tered through a filter paper (Toyo 
No. 2) to recover the aqueous 
layer of CD solution. The aqueous 
CD solution layer was extracted 3 
times with 500 ml each of diethyl
ether. The diethylether layer was 
combined and its diethylether was 
allowed to evaporate under nitro
gen gas stream. Twenty one grams 
of extracted oil fraction from 
hinoki leaf oil, 14 g from sugi 
leaf oil and 20 g from hinoki
asunaro wood oil were obtained. 

1.4. Estimation of miticidal 
activity 

Original essential oils and the 
extractives by CDs were diluted 
with tetrahydrofuran to SW/V% and 
1W/V%, and 0. 5 rnl each of the 
diluted solutions was dropped uni
formly over a filter paper (10 x 5 
cm, Toyo No. SA). After drying in 
air for 1 hour the filter paper 
was folded in two and edge was 
fastened at 3 points with clips. 
Twenty mites (-i'-. adult) were 
confined between folded filter 
paper. The number of knocked-down 
mites was counted after 24 hours. 
To confirm death of mites, the 
knocked-down mites were transfer
red into a bag of intact filter 
p a p e r a n d 1 e f t a t 2 5 oc a n d 7 5 % o f 
relative humidity for 24 hours. 
The number of mites that did not 
revive was made the number of 
killed mites. The rate of number 
of killed mites against total 20 
mites used to the test was made 
the miticidal rate. Same test was 
repeated 3 times and the mean of 
results was taken as the final 
miticidal rate. As blank tests, 
similar procedures were conducted 
with untreated filter paper and 
with filter paper which was drop-
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p e d 0 . 5 m 1 of t e t r a h y d r of u r an o v er 
and dried in air. 

1. 5. Evaluation of antimicrobial 
activity 

Test microorganisms were Esche
richia coli IFO 3301. Salmonella 
enter i t id i s I F 0 3 3 1 3 • S tap h y 1 o c o c
c us a u reus IF 0 1 2 7 3 2 . Asp erg i 1 1 us 
n i g e r I F 0 4 4 0 7 a n d P e n i c i 1 l i urn 
citrinum IFO 7784. Bacteria were 
cultured on Mueller Hinton Medium 
(Difco) and fungus on a potato
dextrose agar medium (Eiken Cherni
c a 1) . 

To a plate medium was added a 
microbial suspension so as to can
t a i n 1 0 5 

- 1 0 5 c e 1 1 s I m 1 . and o v er 
the surface was placed a paper 
disk, 8 mm in diameter, to which 
had been impregnated 50 11 1 of a 
successively double diluted solu
tion with ethanol of an essential 
oil or extractive by CD. Bacteria 
were c u 1 tu red at 3 5 oc for 2 4 hours 
and f u n g u s a t 2 5 oc f o r 7 d ay s and 
the growth-inhibitory zone was ex
amined. When a circular inhibitory 
zone with a diameter of longer 
than 10 mm was defined to be posi
tive. 

2. RESULTS AND DISCUSSION 

2 • 1. C o m p o s i t i on o f e x t r a c t i v e s by 
CDs 

The compositions between the 
extractive by CDs and the original 
e s s e n t i a 1 o i 1 s w e r e c o m p a r e d . R e
sults of hinoki leaf oil. sugi 
leaf oil and hinokiasunaro wood 
oil are listed in Table 1. 2, 3, 
respectively. 

Major components of hinoki leaf 
o i 1 w e r e s a b i n en e , 1 i m on en e , b o r
nyl acetate, terpinyl acetate+ 
a -terpin eo 1 and e 1 em o 1 . When G 2-

a - CD w a s u s e d an ex t r a c t i v e who se 



Table 1 Compositions of extractives by branched COs from 
hinoki leaf oil." 

Compounds Hinoki Extract iYe 
leaf oil G,-a CD G,-,8-CD G,- r -CD 

a-Pinene 2.3 7. 3 0.1 0 
Sabinene 14.3 12.3 1.7 0. 3 
Myrcene 5. 5 1.7 0.1 G. 2 
Limonene 7.3 11.3 0. 7 0. 3 
r -Terpinene 3. 9 0. 3 0.1 0. 2 
Terpinolene 1.3 0 0 .I 0. 3 
Bornyl acetate 6. 8 12.6 7. 6 8. 9 
4-Terpineo1 3. 4 17.2 13.8 17.1 
Thujopsene 3. 6 0 1.8 0. 9 
Terpinyl acetate 
+ a-Terpineol'' 17.6 16.2 12.9 9. 3 
Elemol 6. 7 0. 7 30.0 20.7 

-----------------------------·---------------------------------------·----------· 
Total 72.7 79.6 68.9 58.2 

Unknown 27.3 20.4 31.1 41.8 

'' Terpinyl acetate and a -terpineol had the same retention 
time at this GC condition. 

" Percentages in the oils. 

major components were sabinene, 
limonene, bornyl acetate, 4-terpin
eol. terpinyl acetate + a -terpin
eol were obtained. Major compo
nents of the extractive by Gz-/3-
CD were elemol. 4-terpineol. ter-
pinyl acetae + a -terpineol. Use 
of Gz-r -CD gave an extractive 
whose major components were elemol, 
4-terpineol. terpinyl acetate + a
terpineol and bornyl acetate. 

Major components of sugi leaf 
oil were kaurene, elemol, a -pinene 
and sabinene. When Gz-a -CD was 

Table 2 Compositions of extractives by branched COs 
from sugi leaf oil.'' 

Compounds Sugi Extracti'le 
leaf oil G,-a-CD G,- !3 -CD G,- r -CD 

a -Pinene 10.2 36.0 0. 4 0.2 
Sabinene 8.3 3.5 1.1 0.4 
(t)-3-Carene 4.0 37.2 0. 4 0.1 
Myrcene 2.2 0.3 0 0. 2 
Limonene 5.3 4.4 0.4 0.5 
1' -Terpinene 1.2 0 0 0.1 
4-Terpineol 0.7 2.6 3.3 5. 8 
o -Cadinene 2.7 0 0 0.4 
Elemol !3.7 0 36.1 41.0 
f3 -Eudesmol 6.4 0 7.4 14.4 
Kaurene 17.5 1.2 31.2 0. 5 

----------·----------------------------------------------------------------
Total 72.2 85.2 80.3 63.6 

Unknown 27.8 14.8 19.7 36.4 

•> Percentages in the oils. 

used (+)-3-carene made up 37% and 
a -pinene 36% of total components 
of the extractive, while when Gz
/3 -CD was used elemol made up 36% 
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and kaurene 31% of the extract 
c o m p on en t s. Use of G 2 - r -CD gave 
an ex t r a c t i v e con t a i n i n g 4 1 % of 
elemol and 14% of /3 -eudesmol in 
the components. 

We could identify 8 components 
occupying 76% of hinokiasunaro 
w o o d o i 1 . T h u j o p s e n e w a s c o n t a i n ed 
a s 6 2 % o f t h e t o t a 1 c o m p on en t s. 

Table 3 Compositions of extractives by branched CDs from 
hinokiasunaro wood oil. a) 

Compounds Hinokiasunaro Extract jye 
wood oil G,-a-CD G,-p-co G,-r-CD Ne-p-CD 

Terpinolene 0.4 0 0 0 0.1 
4-Terpineol 1.4 29.7 6.8 6. 9 8.8 
Thujopsene 61.5 0.8 21.4 10.3 3.6 
a -Cuprenene 4.3 0 0.5 0. 9 1.7 
r -Cuprenene 2.8 4.2 0. 9 0.9 2.1 
Cuparene 1.8 0 0. 2 0.9 1.4 
Cedrol 2.8 1.7 19.2 25.6 17.0 
Widdrol 0.6 0 3.6 8. 7 4. 9 

·······--·---------·---- ----------------·---- --------------------------------
Total 75.6 36.4 52.6 54.2 39.6 ------------------------------------- --------···---·· 
Unknown 24.4 63.6 41.4 45.8 60.4 

,, 
Percentages in the oils. 

Use of G 2- a -CD hard 1 y gave an ex
tractive from Hinokiasunaro wood 
oil. This was probably due to that 
G 2 - a - CD d i d n o t f o r m a n i n c 1 u s i on 
complex with thujopsene. When G2-
/3 -CD, G2- r -CD or Me- /3 -CD was 
used, ex t r a c t i v e s whose c e d r o l and 
widdrol were concentrated were 
obtained. 

Y a t a g a i e t a 1. [ 5 ] h a v e r e p o r t ed 
t h a t /3 - e u d e s m o 1 a n d c e d r o 1 h ad 
strong miticidal activities (sur
vival rates after 3 days at concen
tration of 8x1o-a mg/cm 2 were 15% 
and 37%. respectively) and elemol 
and a -terpineol had medium miti-
cidal activities (survival rates 
after 3 days at concentration of 8 
x 1 0- 3 m g/ cm 2 were 50 -7 5% ) . In our 
present studies, elemol contents 
of the extractives by branched CDs 
were 3-4.3 times higher than that 
of hi no k i 1 ea f o i 1 . at s u g i leaf 
oil elemol and /3 -eudesmol con-
tents of the extract i v e s were 2. 6-
2 . 9 a n d 1. 2 - 2 . 3 t i m e s , r e s p e c t i v e
ly, and at hinokiasunaro wood oil 
cedrol contents of the extractives 



were 5. 7-8.7 times. 

2.2. Miticidal activity 
The miticidal activities of the 

extractives by branched CDs and 
the original essential oils were 
measured. The results are listed 
in Table 4. The miticidal activity 
of the extractives by branched CDs 
was higher in parallel to the in
creased contents of elemol. /3-
eudesmol and cedrol than that of 
the original essential oils. 

a) 

Table 4 Miticidal activity. 

Extractives 

Hinoki leaf oil 
Extractive by G2-,B-CD 

Sugi leaf oil 
Extractive by G2- ,8 -CD 

Hinokiasunaro wood oil 
Extractive by Me-,8-CD 

The values of miticidal 
at the miticidal rate. 

Miticidal actiyjty•l 
1 mg/cm2 0. 2mg/cm 2 

74.9% 0 % 
91.7% 13.9% 

91.4% 8.3% 
98.3% 20.8% 

62.2% 1.7% 
100.0% 10.0% 

activity are shown 

2.3. Antimicrobial activity 
The result is listed in Table 5. 

The oil fractions extracted by G2-
/3 -CD from hinoki and sugi leaf 
oils showed higher antibacterial 
activity against~ aureus in com
parison with the original essen
tial oils. The oil fraction ex
tracted by Me-/3-CD from hinoki
asunaro wood oil showed quite a 
different antimicrobial spectrum 
from that of the original essen
tial oil, with decreased activi
ties against ~ coli and S. enteri
tidis and increased activities 
against ~ aureus and A. niger and 
particularly augmented activity 
against~ citrinum. 

The above results show that liq
uid-liquid extraction using branch-
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Table 5 Antimicrobial activity. 

Microorganisms Minimum inbibHor~ toncentrat ion .. 1 

Oils'' 
(j) ® @ ® ® ® 

L coli >lOO >lOO >lOO >lOO 6. 3 >lOO 

~ enteritidis >lOO >lOO >lOO >lOO 12.5 >lOO 

~ aureus 12.5 1.6 25.0 1.6 0. 8 0. 2 

L !!lK!'r >lOO >lOO >lOO >lOO 50.0 12.5 

f., citrinum >lOO >lOO >lOO >lOO 6. 3 0. 2 

•> The values of minimum inhibitory concentration are shown at 
percentage. >lOO means no activity. 

•• Legend: (j):hinoki leaf oil, ®:extractive by G,-fi-CD from 
hinoki leaf oil, @:sugi leaf oil, @:extractive by G2-ti-CD 
from sugi leaf oil ,@:hinokiasunaro wood oil, ®:extractive 
by Me- ,8 -CD from ~inokiasunaro wood oil. 

ed CDs can prepare oil fractions 
that contain some components in 
higher concentration than do the 
or i gin a l esse n t i a l o i 1 s fro m trees, 
and opened a possibility to obtain 
oil fractions afforded with quali
ties different from those of the 
original essential oils. 
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