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Preparation of Essential Oil Microcapsules and Their Biological
Activity Against Pests

Yu-Chang Su* Wen-hsin Tsou**

Summary

This study investigated the toxic effects of seven essential oils on Limantria dispar (Lepidoptera: Lymantridae, gypsy moth)
larvae. The essential oils were first formulated as oils in water (o/w) emulsions and used in laboratory bioassays to assess their lethal
concentration (LCs). The results showed that seven tested oils possess effecting on Limantria dispar larvae. Among them, Rosmarinus
officinalis and Thymus herba-barona L. has preferred lethal concentration 0.40 and 0.35 (uL/g) respectively. Preparating
microcapsules containing the most bioactive oils (Rosmarinus officinalis and Thymus herba-barona) by a phase separation process,
followed by freeze-drying. The effects of Rosmarinus officinalis and Thymus vulgaris ated essential oils content in microcapsules were
assayed against Plodia interpunctella larvae. Those microcapsules were characterized in terms of essential oil content and composition,

morphology, storage stability, and release profile.

Results show that the encapsulation process gave high encapsulation yields (over 989¢) with two essential oils. The
microcapsules not only reduced the loss of essential oils but also protected the core material against environmental agents and could be
use in controlled and release systems. Another aspect low concentration (0.1%) of Thymus and Rosmarinus oils were extremely
effective against I-II instar larvae, gaving mortalities over 50%. By Using different concentration of microcapsules in the diet, could
found that proportional hight recorded in mortality, which reached values up to 80% in 5% treatments. On the release experiment, there
are different release pattern between two oils. Thymus microcapsules still contains about 759 of the oil after 25 days while

Rosmarinus formulation only 25% remained. It may be referred due to the different hydrophilic characteristics of these oils.
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BEHONSET » So8IM AT ek i & Bl ) DUR AR i =
HMEAYTERE - (Huang et al, 2000; Lale et al., 2000; Padin et
al., 2000; Tunc et al., 2000; Bouda et al., 2001; Lee et al.,
2001) »

B A R 240 - il RikiRE (KR IR
TKHE RS AR FIEIRE (RIRMRG A KK o3 B RRL )
ZH - HAPRIEYBEHEZ 2] MY ERN R - BIaEsE
ZYE -~ AESEREEWE - (FYm R ESE _EEA
FE o SYMNLEMGBMAANILIERE - CHE AR
IR TE P <EIsk > /R MERr E B P22 o T 220KEH T By
BMEa N aESS - BH AR Bk M=
B 5y (b RS A SRR - IR A F 2 e
TE#E  DEFIEHRRIAYRCR -

WS TATFHWE  BEh ot E Y EE R B %

(Clancy et al, 1992) - s ][RI B S A MR E (EVEE
B - EMORE N EBURMEASR o I > I8
ARKSY - BEEERIERER > (E AR ERRE N B A
BEEHTRUR  HSCE R A R - AR SRR

3z o

TR E R R (PR B 2 (LR
RN » IR - MBS - b

MRS - I EERMAIR - BREHRE R Ko
L BB ERIIRE PRI P2 AR EZ R s B R R 2 -
St TS R E LR Ry 2 - BFERT
EEEFE (Thymus herba-barona L.) ~ FHkAR (Myrtus
communis L. )~ B&#%( Eucalyptus globulus L. )~ 2 #( Salvia
officinalis L. ) ~ 45 (Helichrysum italicum ) F1$5 58 AFEH
( Cinnamomum zeylanicum Nees ex Blume ) #ipk (O /W)
FUK A6 AT Y - BUREE MY IInd K IMId
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BBEE - {F R PEdI S m ML B 705 - 540 - kR E|
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( Cruciani, Rome, Italy ) o 4 7K i % $4 ( Anhy-drous
Na2S04) K IM E&(E#AR (Sodium hydroxide) 55
Merck 7\ & ( Milan, Ttaly ) - 50 9 /& — & /5 &

( Glutaraldehyde ) HY B Sigma Aldrich 72\ & ( Milan,
Italy ) - Tween 80 75 Sigma Aldrich /5] « #%H ( Silicon
oil ) H{E ICN B&%2/\F] (Milan, Italy ) » HIRFRE P4
1t - $7EAESH (Cinnamomum zeylanicum Nees ex Blume )

(Ulrich) » JHEEZ AR - WA{LR A e -

REEE - REE - TEHEEFEFE (Thymus
herba-barona L.) ~ FHkA (Myrtus communis L.) - B5f%

( Eucalyptus globulus L. ) ~ EE& (Salvia officinalis L.) ~
#§%9 (Helichrysum italicum ) » ZZHY_E Wi SH057 BAEY) 2
LT

(=)~ BBoTE

1. By
(1) k7

HEEEPIMEE T Bt & R R A HIR RS > DA
TEYIMRI LA /K 2 EE ] Fo2: T 724 hr o ZEERIE ] F2
hr o FERUH 2 K A KB B SRR B - (/KRR 53
BESEUHARY) - AR EAF R4 C R R -

(2) KFERAER

$RBEE A (Thymus vulgaris ) f12k#:7 ( Rosmarinus
officinalis ) 48/KZ&RAEER% » (HHFTE MM -

2. HCE

5 JH S 2 Y HI R 2 BN B AR R ] 2
Clevenger-type U /KZ& SR ZEBER (TR Y BUfE - B
Fo /D3RI PYE -

3. AT

TR FIF SRR (GC) FSRMHETERE (GC/
MS) #EITHTHIE - FAEETEE Carlo Erba HRGC 5300
Mega series FAHEHT K EET{L(=HI2S (FID ) (Carlo Erba,
Milan, Italy ) - BFFF SPB-5 (59 7% » 949 —HEL > 1
96 Vinylpolysiloxane }(30m x 0.32mm x 0.25um ) Supelchem,
Milan, Italy ) » 88 K258 (1 ml/min) « 3R @ #EAA0R
&Ry 60°C > LL 5C/min EFH2E 150°C » K¢ FFLL 5°C/min
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IR ETFE 220°C 0 KPR 20 min o EUHIESREE Ky
250°C » Supelcowax 10 &t (B Z _[E20M ) (15m x
0.25mm x 0.25um ) ( Supelchem, Milan, Italy ) 27 B & {64 -
50CHFE 8min > Pl 3C/min FIEZER EF-E 180T » I
FER 20 min » #FBZ (0.6 ml/min) L ESFIEHIZR
FES A Es 200°CHT 220°C < JESIAEE 1:40  FIIFEEAE
HIELER - PSSR - ERW I EHZ EEET &
fif (Ethylene glycol monobutyl ether ) {F By A EfEAE » g5hs
By 3 WOHAIEa(E -

GC/ MSotr2{# ] Hewlett Packard 5890 RAHEHT
7 > E B RE Hew-lett Packard HP 5971 A (70 eV ) ‘B85
(Hewlett Packard, Milan, Italy ) #{THIE - 7B ERE R
DB-5MS (30 m x 0.25 mm x 0.25 pm) ( Fisons, Milan,
Ttaly ) » (i FHSRAME FodikHE o S BT iR A - 60°C Fft 3
min » ZA&ZLL 3C/min FEREZE 150C @ HFHE 5 min - &
&L 10C/min FREZE 200C - £l 20 min » $EREZEHI{E
ISR E 43 7B 70°C B 280°C » {#F Hewlett Packard
7673 5 By B RS HERE o By i E b E A E R
(Mass-spectra) HYELEERA] Wiley 2 EiHE -

4. EHEEC

(1) FEHALR B

AR 02505 K 1.09% wt/wt B HIEAE 1.0
9% Tween 80 ZZ&/&EH > A A4 H (Haake GH-DS,
Karlsruhe, Germany )7£ 5°C [ DLEEZ 13500 rpm f2# 10
min > RS 7HT

(2) FmpE

HFZRER/K R 109 (wt/ wt) BYBREIABZEE T » 1t
40°C M AR HERRIE R KT - MDA EERTER
ZREH (R (EREI R SR 1200 rpm 7
T ALLEE » JLEHE R AE S By (Coacervate phase )

(£2) - MAERATHTRES (209wt / w7k » Wk
ZERAIE SC o MEHE 1 hro BEIEEEAME - ZMRIA 50
% %K (Glutaraldehyde ) J5% - WAIH IN GEALHH
¥ pH HZE 8- FATRHVESYIRRAE SCTTHEH 3 hr
(750 rpm) > ZERE(LIRHVINIBEE - FIFA/KHEEIE - &
TR A2 K - B IE B BRI R /K b ZH LK
FIARE BRI A - R B A A REM LT A G R

WIBEEER (%) = (C-N/C) x100
Hin C= BEZEHE (g) N= REEFHHE (g)
® 1 MR 2 DEURERE R SRR S
REHIRME © G5RR 3 TWEZPIE -

7 1. KEmEE 2 FORME HE (Moretti et al., 2002 )

&HRR fFE (g)
BB 15

vl 30

7K 135

TlasN 20% ZKAR 200
KZEE 509 KK 3

1 N &5 3

2. B EEUE Y SRR (Moretti et al., 2002)

FUACFEEL

MmE CC)H 40
EPEHEA (rpm) 1200
BFR (h) 0.5
BEEEPE

MmE CC)H 40-50
EPEHEA (rpm) 1200
BT (h) 60
TP

WmECC) 5
PEFEEZR (rpm) 750
B (h) 3

Hi 7K P e

EaRE (C) -80
HHEHEEE (°C) -54
FEEHBES) (mbar) 0.1-0.05
BFR (h) 4

(3) FEHALIRATRFIE

FLRAVRFE LN & 8 R AHRCA R - f &R
HIE I FHKZEEREEE » DL 0.596 W I E Ry Bl » 7568
AR YRR - STRGERIEHE > BL GC 2z -

(4) KB RRATRFE T

TR E A S BAIAHR - DA EZRATR S 2
R I ~ TEARMIRERF R ATl T
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a. WBEAEHEE  BETIUESRMIBE R
BIREE - SOKRRRMEN LB NS -

b. THRBREAHAAR | LR R KZE R 2
BAPT B (ISR CRMEZIY) » B8k 3 KXoy
MreFEa(E -

c. THIBBERIIE i FIH LS100 Koy riE( Coulter,
Miami, FL ) #E77RI5E - K22 (B 2 R L R A A
BT ERET - SRR Bk TRE - H
MITE Z RT #aE R fEHk g 0.4 - 900 um - Bg Fy
RERCEH B RORE o4 » PA d 10 ~d 50 Kz d 90
RN+ H d 50 BRI RT3 AAHIFEIE -

d. B KR ER M - FIHCEET S (Zeiss
Standard Universal, Zeiss, Germany ) FIfF{#EE T8
%45 (SEM) (Zeiss DSM 962, Zeiss ) AHITE 1]
M dn R B AT DA T B E HYSadE 4R - 98 E—
ek TEATUME 20 kV AYNzRER
LTI -

e. WIBBEA/KHE DL | RMBIIEER - stEEE
HEE - WA EE RIS R R TR e YR &
HMEY - BB 3 ROMIFEIE - RIHE S
EEZRFE

f. PRI - BB EAE R B SR E T
E o A 25+ I'C RAFMHERRE (4575
95+5%) BT > KEH 2 ¢ BIBHIRL - BIA
HiEA 90 mm HYHEEHENT - WUERESHEE
& o AESCERRFEIREREA (123571115~
25 days) - HERER < QARG HEAMHR - SURE
€ 4 THEPE - AR Rher -

g WFRREN: « IR R MBS - B S4CHESE
BN ERN > HOLIRES 2 BEEIEEREER K
iy

5. ERERAYAYIE SR
(1) ENfERaictEn

HHENFERUR AR 27+ 1°C > MHERE 60% +5
% HVEERBEECLHY - DLAEYIEKE) (Maize flour) #ETEE
o BB BE SR B 16 hr /8 hr -

a. FREHEL
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£ 35 mm WYEFEMSEE 10 HAEERRE (1-
0~ 100~ IVES ) HyZhEs @ RFERIE & AT MR
KB R AR EDREERYERE (0.01-4 9% w/w)» Hl 1g
EAIERET TS - 7 RIBEC 4N &IE U R K EBIRE

(LC50) (Hamilton et al., 1977) »

b. W AsER

B 2g Tk 10 4T - 1T B4l s ikt
g (& 10em > HE 3.5em) F WHJEREHEER -
ERETR A ST M E(1.0-25 K& 5.0% w/wEKkiE)
HVBEESVE (HE 20em > & 3.7 em) F1 07 Rk - F]
MAERGRFREAGHEL &L TR WLAECKEAEEL » T
TESHEOMEY & & - FEEERERAT W 2= IR R
FoEHIH -

(2) FEH

HEEF AV INEEFR 4CT - BRI EREE D
B - &R EEARAE 25 £ 1°C - HHENRE 60% £ 5
Y0ERIE WAL - S IR R EL BRI IRV EE(E R 12 hr /12
hr - [IfEH A4 fERE ICN-Biomedicals (Milan, Italy )
ATt} (The Gypsy Moth Diet, Catalog No. 960294 ) » fi]
EZE lInd 1 1Ird RUESL05E - SAEEYrEsE R{E -

a. TR HEILRNEEH S

20 4HEEEEIRADERAH - BER 0.5 g Y ICN AT[H
BEgapi - MDEA 35 uL BHALE < e AL TRE 0 B
FE 5 mm - ZEESTE S0uL o 7 2448 K 72 hr Z1&E1ESE
T4hERAVEE - 24 hr 1RFPEEDRIVE R & - DUHEE &40/
HEE - FERHHEEEZhERAIFETE  Ind A1 d BIHE
shEEEEREE 3 X WEAHEASGERE (LC50) -

b. WItEREH (FEE RREEREH) B HEN

&

TRBZEERAN (B 90 mm) LA 10 E4&s > DUk 0.3
mg/em’ (YHEHE - SEHIHIE L EECHELE - /£ 0 ~10 hr
2 BlELE 0T Ry o M B RE R RIRIAS N - B8k
ERHIFET AR o BB E A M DAZE R E 1F 22 B sl bit
R -

Anl

6. &t

FIA 1-way ANOVA #YEIRIET R » G| HZLE R
f#iE (Student-Newman- Keuls) #EfTEI9EEEE - FTAY
EHRIEHVAE RS P <0.05 RNVEEEMER - RIERITE
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BEFIF Abbott's formula #E{TIETE » AT -
[(A—B)/A] x 100

Fooft  A=SERISERIETE - B~ S
=, ®mRENwW

L CRERE LR 2 S R
(1) CAEEVIE R T RS

223 Fya B G REIE YRS TR » DUREL T EERSY -
W HUCEFIEYREA R - #ELITE 0.3% (M#5) £ 3.6
% (ERIETF ) « FrZE U 2 M IR S #h 2 HEF S L&
VIFREHRK - #K1%E& (Rosmarinus officinalis ) FIEHKAKE

% 3. CHEYIEHYCE S E Ak (Moretti et al., 2002)

(Myrtus communis L.) &A=& EVE5K (a-pinenecH]
Camphene ) - EEEfEH (Salvia officinalis L. ) FEERi &
BfEld ( Camphor > a-thujone ) » %55 M ( Helichrysum
italicum ) +%H ZFEFSTCHE (Neryl acetate ) e HAHEFERY
B Fr4E Bk - $5 58 RS S ( Cinnamomum zeylanicum Nees ex
Blume) FEEFHAERS4HAY (Cinnamic aldehyde) o L E
EHFEKSH (Thymus herba-barona L.) #9FZER 4T A&

(Carvacrol ) FIEFE7 (Thymol) 558 P& HHHIE
BUTAEY)ZE T & (eugenol) © [fiEEMHEH ( Eucalyptus
globulus L.) WY F R EIREYINTEY) 1,8 cineol » [H]
E AL AP AR R ERACH IR IE o

T W% AR EY) S HAAE Bel% W [l Eatsy)
mg/100g

PRARE i 4 2 — 1 12 81 —
B 2.8 14 1 — — — — 36
k] 0.3 24 18 — 59 1 — 1
AEHEAR 0.8 64 6 — 7 3 — 29
Uizl 3.6 64 6 11 8 — — 9
=t 2.4 20 11 54 2 — — 12
WEHEE 22 27 <1 <1 <1 68 _ <1

(2) FamAL R Sy 25 Mtbe

T 4 BURSTEE AU SRR a R - 1E 24
hri% - FOREH PRSI0 R ARG (BUgRE
) e GEREUR 0 AR 1OJGHYEMER Y - HAIREE 48 K

72 hr{R HISE RIS A B2 EREE 72
hr 2HJLCS0 #E[E F 0.35 mL/g (HEHFKEH) £ 0.60
mL/g (EEAEREH)
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F 4. REEHTEEEFKEZ 48 K& 72 hr RAVEGESE (Moretti et al., 2002 )

48 Hours 72 Hours
0.25 0.5 1.0 0.25 0.5 1.0 LC50
% % (nL/g)
Sl alLES 11.6 20.0 53.0+ 20.0 33.0+ 75.0+ 0.45
BEF# 5.0 10.0 27.0 13.3 22.0 58.0+ 0.60
i3 25 13.3 20.0 48.0+ 25 38.0+ 73.0+ 0.42
A 8.3 18.0 43.0+ 18.3+ 33.0+ 73.0+ 0.46
briy Ay 13.3 15.0 33.0+ 26.6 40.0+ 78.0 0.40
EEE 8.3 13.0 15.0 20 30.0+ 28.0 —
HEHEE 20.0 25.0 53.0+ 31.6 45.0+ 88.0+ 0.35
8.3 10.0 15.0 20.0 20.0 28.0 —
faft2 B EE &/ Thymus herbabarona » G @ #K#EZFRosmarinus

B 1B T FRE S R R oth - HEEE
F o~ REE -~ FUOK - SR A S AR TR
#dd 60% o MAHHBEFEHENRSNFECER (11
LOGIRIE 4T 849 ) « HHBESIRETUR @ T 215
MRS &8 - CHEEFERELEY - O
s B A& aA0E M (Ulthee A et al., 1999) « SH4MEA
HERUR - BB BURAE AN ZEH 2 H
+ T K + BB - R A R AR R S 1
IR BT R HIRE - SE RS 4RAE  E2E
WIS IERD » i 4HRESET - (Knowless et al., 1994)

80 +

60 -
40 -
20-_&“
A B C G

1. R AE R EY AR S R FE T 2 2B (Moretti et
al.,2002 )

A EEESalvia officinalis> B : FHk/RKMyrtus communis

D : %

Helichrysum italicum » E @ B&f%Eucalyptus globulus » F :

100

B025% Bm05% O1%

T

F

%o of mortality

C : $% B A #£ Cinnamomum zeylanicum >
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officinalis

x5 BUREEENGER 19 FBELR 24 hr REYIR
I o BEFEAIEE I ZE QS IR - BRGET 2R
B AR - 55 BRTHEEEBEERZIN - 85 - 28k
&~ BERAFIGREAERHF] Tween 80 #EFIAHIS AT
BB R -

5. HEEE 1% TR 24 hr AR (Moretti

etal., 2002)
JpaAtitcl friE4H
(F9{ESD)  (C#91E+SD)

SARE AR 62.6 (+4.5) bc 3.8 (£0.2)
BEfE 853 (£3.6)a 4.6 (£0.8)
k] 593 (£4.4) ¢ 42 (£0.6)
| WIN 61.5 (+4.3) bc 3.8 (£0.5)
PRIET 61.8 (£2.4) bc 3.6 (£0.1)
R 86.5 (£13)a 4.8 (£0.2)
HIEHER 464 (#49)d 3.4 (£0.3)

713 (£29) b 3.7 (£0.1)

883 (£2.1)a 4.5 (£0.2)

2. WA (REERNEEEEE) MBS

o M
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(1) PREREHAETE F B %

(EFHFE AR o - S SR B M SR (A W A
R R A A B DR IE SR 98
RUERIRER (R 6) - WIRFEEIHBEIIEFTHIE
B W R S 2RI EE Ay - (BF - 1E
FRR IR EE - REER AR T o thE i H R R
H o A RIS TR A E Y R N AT RE AR AR AERE T R ferEE
B HEEEA E BRI - SRR T VAR
JKFHRV LA - (BRI ISHUKISE: G RESARHIER -
RAEZR S 28T HHYE R RS TR AR -

S R AT BB B KT 43 4
BRIUNEENE 5 - BRI R 5 i R
AR LSRR - SR MR
WA -

6. MBREEER R HIER RT3 (Moretti et al,
2002)

Rosmarinus oil Thymus oil

Wet microcapsules

Encapsulation yield 99.2 98.6
Essential oil 68.4 66.5
content(%wt/wt)

Percentage of humidity 70.2 86.5
Particle size(pm)

Mean diameter 58.5 56.7
D10 13.2 12.6
D50 51.0 48.9
D90 100.9 96.5

Dried microcapsules

Loss on drying(%wt/wt) 68.6 83.5
Essential oil 65.2 55.6
content(%wt/wt)

Percentage of oil recovery*  95.3 83.6
Essential oil/gelatin ratio 1.9 1.7

Particle size(um)

Mean diameter 57.9 54.9
D10 11.8 11.5
D50+ 50.4 51.2
D90 100.6 97.3

T BEAEEAE 5% LI

@ 2 BURHTEA B S AR B - T
SHECREAYINL - BEAEREEEATR - BERIP R
REVEERS - B olEE e Mosaie - EZNHEE - A
P pH{EADRE » S E oY SR A S AR A e s
[T o

i SEM [Ef (& 3 fIE 4) THoR > B#bEEI2
ARG - RRR SRR ALY 02 m
R R B — (BB EHIRERAUAE R - I MRS TR
JEHY BT AR T B R R B R A R RO A T

2. MEERHMB R RNFH (Moretti et al,
2002) (EAfE#100x 1.25 5 EEFIR : 100 mm )

& 3. ik ?fa/ﬁﬂfy)’lﬁiiz SEM [
32 (Ax 10000) - &5 (B x 20000)
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O [
e e L)

&l 4. E%ﬁhﬂaﬁiﬁ*iﬁZSEMl
8 (Ax10000) - #7j (B x 20000 )

(2) R BB

PR AR HA R U AR BURAE R 5 AN 6 o - HE
PERARREA - (HREFRRIIRR AR - B2
FAECRHIEREE T (602 ) TIB#EE oK - B EEITE
BERFAVEEE - PIANSNE B MBABINSRITEIY > £ 24 hr 1%
FEARAVEE B A FPEA0 © FEERHERRBUARIG I - KR
&k A5 mg/die (FfL) - ITAE 48 hr 2% » BURIEJKE 10
mg/die » A AEABRAY AR & BB BB EARRR - fE30RAY R
Bk B EAERFLY 20% AUEMERSY - TTHESR
BPAE > BEFRONREDREREAUR T B -

100

50 -

% of released

—e— Rosmarinus oil
| —#— Thymus o1l

0 » - T - . T )
0 10 20 30

Time (days)

5. B EERINS MRS s L BERE R 2 B & E (Moretti
etal., 2002)
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CHE - FEEE3% LA
50 A

—e— Rosmarinus oil
—=— Thymus oil

Rate of release - mgfdie
N
Lh
|

0 ‘ ¥ 1 ¥ 1 ¢ 1
0 10 20 20
Time (days)
[ 6. FHEREEATRE R R BN 2 B (&E (Moretti et
al., 2002)
CEME - EEEEE3%LAIA)
(3) MR FEE el
AT B B R N R AR AT A IS R E AR R
% MEREEART SRR 9FEEE

b FRMBEAERBIVERIURE FTREWIERRE (R 7
Kz 8) e

% 7. bR R R R E AR HEEE
YRR & & (Moretti et al., 2002)

Components A B C
a-thujene 1.6 1.6 1.6
o-pinene 0.7 0.7 0.7
Camphene 0.2 0.2 0.2
B-pinene 0.1 0.1 0.1
B-myrcene 2.1 2.1 2.1
a-phellandrene 0.1 0.1 0.1
A-3-rarene 1.5 1.5 1.5
p-cymene 6.2 6.1 6.1
Limonene 0.9 0.9 0.9
y-terpinene 6.3 6.2 6.1
Terpinolene 1.1 1.1 1.1
Terpinen-4-ol 0.2 0.2 0.2
a-terpineol 0.1 0.1 0.1
Bornyl acetate 0.1 0.1 0.1
Thymol 10.4 10.3 10.4
Carvacrol 58.0 57.8 57.7
B-caryophyllene 5.0 4.9 4.8
Caryophyllene 0.2 0.2 0.2

AREER - BREER - ChfFERE -
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= 8. LB B R B ERRR - HERKE
SHEE 7 &/ (Moretti et al., 2002 )

Components A B C
o-pinene 38.9 38.8 38.7
Camphene 8.0 7.9 7.8
B-pinene 1.1 1.1 1.1
[-myrcene 4.7 4.7 4.5
a-phellandrene 0.6 0.6 0.6
Limonene 4.2 42 4.2
1.8 cineol 8.6 8.6 8.6
y-terpinene 0.5 0.4 0.4
p-cymene 1.6 1.5 1.5
Camphor 7.0 6.9 6.8
Linalool 1.0 0.9 0.9
Bornyl acetate 8.3 8.3 8.3
B-caryophyllene 0.1 0.1 0.1
Verbenone 3.0 29 29
Borneol 5.0 49 49
Geraniol 0.2 0.2 0.2

ARBER - BRAER - Chfdesink
(4) FEHZ Y SIS sl

7 RoFEER AL T h &R > U L R S pe o
AL T ISR DL - SETRE D E7H WAE 7hr 1R
BOKME o TR EE PR FEI A B AL I AE4h s B 52
£ EMELAEETHISELT o 1595 N E B T
st HOLUAREHERAY R4Y 10hr 17 5% HYSLTR-

100

—+— R osmarinus oil
—=— Thymus oil

% of mortality
v
o

1 2 3 4 5 6 7
Time Chours)
7. FEEWAE R ESERZIVESESR (Moretti et al.,
2002 )

3. EH B R R T A
(1) $RBEH HEBRIAT R HRES

OB U REE T BRI T ALK IR )
SHRALET) » DUR BB RO - R E R
THEE - EEERR A AT S S LAY (RS
9) KB a-pinene (3996 THRRMELETIT &7 18
cineole] (8.696 ) - §RE Ef B & B MIA &5 HT B VBN
£ (55,59 ) Heb DURHE 528} (Thymol) (5 B4t
(4996 ) « BRI BIKILEIAT 279% (proymene 18.5
%)

SRR A R R e (i
9896 ) I FLEC(ER 3 0 FE TR » PR BE O
HE RIS 689 » THBEE BEAHE 6% -
615 BB PP AE AL OB A 12 % 123 mm > SF
STEEL 60um - MIRIEDITK SR (YR SREEE
RO AT006 » TSR 600 - MBI EEL
0.2 pm AERARTERTAENG - LA AERASH - 15
CESTEE S Sree TRC T

= A OO0 -
LAL R RN AN . P

8. M HB RN RN EEE ( Sanna Passino et al.,
2004 )

VOL,19 No.1 FFEFAT (2015)



F 9. WITENE AL 5 B P i B B FF M (Sanna
Passino et al., 2004 )

(3) ENERfln e

* 10 AR 11 BUR - BSR4 & LR & S
BRI IR R ZILTHR < GEREUR - I Highsatt M-IV
JHEE B2 SRR > R0E BRI RS %
MR NN ERHITE T REY 32%6E 87%  MHECKHILNERHY
SECREEL 7% 2 50% - I Hi4h&aAy LCS0 {E53 5
Fy 1.3mg/g GIREEEHEEMBE) 1 2.1mg/g (LR
BE#E) W - IV Hlikshzasy LC50 {Ho AR 83.5mg/g(HR
P EEEEE) 1 141mg/g (REEMRE) -

%= 10. HIERIS4 s CE e S B RN TRt XR
1%HYFET"#< ( Sanna Passino et al., 2004 )

TR n* FEURFEIE (%)
HEEBE 40 44.0b

RETE L E B 40 46.5b

PEf4E 8 7.5a

ENFERHH S8

1I-1V 20 28.0a

I-1I 20 62.5b

(2) KB BERER Hh &R

9 MiE 10 BURMBEAVRRRUhS - 7] DIE Hik s
EFRHAVEER R RN (25 days &%) 75% ) i A]AEE Y
kS LEYHERES - BREEEME CEVIEMBEKS
R ERARERH IR MH S HY - SRBE AR R iR ( 25
days &7 25% ) NRHARESEVEE(EEY) -

Main components Thymus oil  Rosmarinus oil
(% wiw) (9% wiw)
o-pinene 0.8 38.7
o-phellandrene n.d. 0.6
o-thujone 1.3 n.d.
o-terpynene 0.9 n.d.
y-terpynene n.d. 0.4
c-pinene 0.6 1.1
o-caryophyllene 2.5 0.1
c-myrcene 1.7 4.5
Bomeol n.d. 7.0
Bomyl acetate n.d. 8.3
Camphene 0.4 7.8
Camphor n.d. 6.8
Carvacrol 6.5 n.d.
1.8cineole n.d. 8.6
Geraniol n.d. 0.1
Limonene 1.4 4.2
Linalool 2.1 0.9
Verbenon ad 2.9
p-cymene 18.5 1.5
Thymol 49.0 n.d.
Encapsulation yield ( 9 ) 98.6 99.2
Essential oil content ( %gw/w) 66.5 68.4
*
Humidity (9% ) 70.3 60.3
Particle size (pm)
D10 12.6 13.2
D50 48.9 52.0
D90 116.5 123.9
Mean diameter (mm ) 59.7 63.5
100

g —@—1h 95%

3 75

=

2 50 ]

5

g 25 |

®

0

»=Q--th7?5% = A=1hdS %

y
9. IRBLH EEE WA EMENRE THUREIEEZR (Sanna Passino et al., 2004 )
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BHRMBRENRE M ENERNEYEY

100

% accumulative of release

—4¢—rhd48% —M—rh75 % =—d&—rh 100%

10. ZRZEFKE W EFEEDERE TAVRIE (Sanna Passino et al., 2004 )

= 1L B HEBER R4 2 2 (Sanna
Passino et al., 2004 )

TR n TECHSFEIHE (%)

BB 40 44.0b

R EEMEBE 40 46.5b

PEfilaH 8 7.5a

EN R4

II-IV 20 28.0a

I-1T 20 62.5b

TR n' FECEREIE (%)
p<0.05 RFHBEEMER
*108 45

R I2BEUREN R 1 - I i 4 fd s R AR MR AR T T
daysfIE TR bl - AREFRISET RS %6 £17% - Mk
PEE EHEHIVIE TS R7~20% « (HBAERE2.5F15.09%1F
REURBE MRS -

12, HIERshsa e B R T R EE T RIE
T3 (Sanna Passino et al., 2004 )

% of 1.0 2.5 5.0

microcapsules

with respect to

the diet

g Mortality(96 +s.e.)

bty g 5.0+0.9 12.54+0.8 17.5%1.5
R EHER 7.54£0.8 15.0£1.3 20.0+0.9
papistcl 0.0

11

BRI  IRIENE R B AR RS
FREE » SCPTREIGEPEAOIRCE - 061 BRI SER LR -
S M ET R AR IR - AERABRE D - T
R LT A L E VIR SR - (OB
YSRGS TERAEFIREORENS - BN
5% - TP B SRR IERIRE » @i e
WA Bt SRR AT R - BSREE - SEBTE B A
o LA R AR KR R AR -
USROG » 19— 5 BEEHRTHG SR
PSRBT PRSI SRR - 4 25 days
% - SRPTE EEMIBEPIYEEL 75% (ORI - iakss
FERMIBIRAIRA 259 T RMILIERTE T R85
EREMREE - RS e T - SRR
PP M £ B AE AR TRIL - TG A 173 2
ERREEIMIREE - AT RRRROE RS - B
PR R SR T -

R - TR BB SR
£ LCSOR » SRHENFRRBALE » TR
RN I B B A M R BRITE L -

T 57— B T R T 5 S £
shih (1) BOEHOEES) » AENGIRRE TAE L% 50% -
IR IR R R STASEBUE 5% SRIIH T
HIECHEE 809 - FERBRIAN » PUPBER S TE R
BV (F IS + (S B A T MR £
BB BB AR 5 R - S PR s

TS ASEEENAE R » b E R EAE (T
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