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# ® (Ctenocephalides felis) & 3 & @ # »cenfadr MfF e > B 2% 5 %3 0
P2 o aigiig (5 9cm> F 0.7 cm) A WF L FRIY 2P 0 FicE
(6 L H#d FRADEF N ERFIE > A - gAIE R E

30 B A WA AL BEEY (£ 25cm~ 2 /2 l4cm) #% 30
A R IEICE o T W SR W S IAS O LA -l W G R O R il

A A2 f 42 (Cinnamomum osmophloeum, cinnamaldehyde type) # = #
i ER G 2% 1% 2 05% PR R EROLEE LN E 97.5%-
97.7%% 73.3% » H i = 4 trans-cinnamaldehyde 2% &k & ¥t 3% 3 ha2 @ F 4
97.6% ; 4 &+, (Taiwania cryptomerioides) «~ ##F# @ * k&R 5 2%
L#Frr%k i 89.6%; = = % (Plectranthus amboinicus) # & ¥ A * kR
2% i Erck 5 83.8%: = £ 4 3 & 4 5 thymol > thymol 0.5% ik & %5
2L ®F L 90.6% - H P ouwk R L 2% 2 trans-cinnamaldehyde & #F
FHREAERELEA g 8 PRV 953% i ®rck o i ki
s ed B & % B+ > 0.5% thymol 2 2% trans-cinnamaldehyde #*twx . 24
| B R ﬂ},?rs",a AR B ey b At gw diblock copolymers & 22 4
A HNA R & % RIE Y > trans-cinnamaldehyde 3 R YRR S Ak
@k R F 2t thymol 3% 5 2 @ FERIEY > 2 mant ke mah 2%

trans-cinnamaldehyde 2 2 " w3 2 A eh 2 @ ek KT L #F A -
- i SR < VI R RN AN N IR B o FRRE-TE S B O =5 ]
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Abstract

Flea bites not only cause nuisance to humans and pets but also transmit diseases
such as plague. Insect repellent is commonly recommended for personal protection in
areas where fleas are present. Although synthetic repellents remain prevailing on the
market, the development of plant material as flea repellents is increasingly important
when considering human health and environmental safety. This study therefore aims to
study the activity of numerous plant-based flea repellents by using an improved
technique that speeds up the screen of repellents. Two pieces of long-stripped filter
paper with the same size (0.7 by 9 cm) were impregnated with test compound and
vehicle, respectively. After drying, the two filter papers were glued along the long side
and inserted into the glass test tube (1.4 cm diameter, 25 cm long) where harbor 30
non-blood-fed cat fleas (Ctenocephalides felis). The distribution of cat fleas in each
side of the filter paper was recorded after 30 min for the indication of repellency. The
results showed that leaf essential oil of Cinnamomum osmophloeum (cinnamaldehyde
type) exhibits 97.5%, 97.7% and 73.3% repellent activity against cat fleas when the
concentration is 2%, 1% and 0.5%, respectively. Also, the trans-cinnamaldehyde,
a main component of leaf essential oil of Cinnamomum osmophloeum, displays
97.6% repellent activity when the concentration is 2%. The heartwood essential oil of
Taiwania cryptomerioides exhibits 89.6% repellent activity against cat fleas when
the concentration is 2%. The leaf essential oil of Plectranthus amboinicus exhibits
83.8% repellent activity against cat fleas when the concentration is 2%, and the main
component of which, thymol, displays 90.6% repellent activity against cat fleas
when concentration is 0.5%. Particularly, the repellent activity of 2%
trans-cinnamaldehyde remains its repellency property (up to 95.3%) even after
8 hours. Furthermore, the fed cat fleas were highly repelled by 0.5% of thymol
and 2% of trans-cinnamaldehyde. The repellent test of diblock-encapsulated
main components revealed that the repellent activity of diblock solution of 2%
trans-cinnamaldehyde against adult cat fleas is higher and more stable than thymol.
Moreover, the diblock solution of 2% trans-cinnamaldehyde exhibits better and
longer repellent activity than un-encapsulated 2% trans-cinnamaldehyde.

Key words: cat flea, repellent, plant essential oil, Cinnamomum osmophloeum,

Taiwania cryptomerioides, Plectranthus amboinicus, trans-cinnamaldehyde,
thymol
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Bt 5 (flea) %>t % P (Siphonaptera) » 3 = 2
ANESF IS R R R A8 S B WLl
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Bepra pds A8 s @i S AR AR R
(Ctenocephalides felis) £ 7 E % B &1 & PR F T L € 31 % &
L #E % R4 enp s (Dryden and Rust, 1994) - gt & @ 402 4L & 2 (flea allergy
dermatitis, FAD) 2 & Bt % v" R iBacE L RA R Jg ¥ L L K ¥ S
© ¥ X FAD 7B > &+ AW E B A K i Fl2 - (Dryden, 2009)
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425 hF3 T FEASFDRRFL 0 RIEE TRMFLAHAEREZ K
BBt P TAREHRAMPAE L SF I E (Isman, 2006) > ¥
SR R s W 0 LSRR TR

& A (repellent) f- & 2 & Mf R BH DT AREE £ P

B 4o B~ %5 Fafrd b B H % 0 ¥ X Ren A o Gl4odF i (essential oil)
HAT G WA OPAL > Mg 2 £ & ehk ¢ (Peterson and Coats, 2001) - %
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BORERAOR o bldc ¥ I o B E A R g RFTRATr 0 L EA DR
GREE: R < i ﬁw%%iﬁfr'rﬁj t (Peterson and Coats, 2001) ; d > & & 7 §_

PRALEF R 0 X LM o TR BN A S s S Apy Mo P R @RI S AR

PR ISR DA ERE &

DEET) % % 3 ¥ # & L4 ¥ i ¢hog 5 57 B > 3+ 5 #§ 2 DEET
(N,N-diethyl-meta-toluamide) % & =4 > 3 B 113F 5 5 »cenfp & 0 & kx5
EapdgrTR A B G E BT L EFFSAAMAT Y L PR B
CE P F xS+ T 2 35 A en# ox ¥ % i DEET (Peterson and Coats,
2001) - B2 78 DEET #F A4 R L@ * s 3 L @FH > ¢ - ﬂx‘rﬁ"i;.lé DEET &_
;iﬁ,@ﬁxﬁ%&ﬁ—%iﬁ%$’M%+@ﬁ%%‘%%%ﬁ%ﬁ‘
iR AT

4+ &3 DEET ehz 24 > #Fu L 223 2 34 A BB FFIEF DR

I~

BF s~ M R Z w2 K& (Peterson and Coats, 2001) » F] &t » 5 7

FTXRFART o AERP G 0 3375 BADLERFT T 5 F 0 6l40F
Folfrsdp A B ahiE e A4 8 P ah- 48 < 4> 2-phenethylpropionate
2O T E F 480 & 7 «h p-menthane-3,8-diol e AR 307 B
F A & ¢ (Isman, 2006) -
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R sp B3R & blde s 2 3] RS F A -

Aw A7 BT 5% A~ FiEm (imidacloprid) ~ metaflumizone -
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selamectin {r B 3% 4 (spinosad) ¥ ZX 7 ™ 3 »cend K pr 3 AL K Lo

FAO KT E AL TR T B ST TR TR

#E % > e ped B~ & (Dryden, 2009) 0 5 fF A0 BP AR 0 L PE SR
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SR R DL R E LT FFALE G Dy R A & AR
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1. e sy

HERd e nd o3 > BEHREZ2 240 L 25 (World
Health Organization, WHO) @ 73 #1371 % e & ®#F &4 B2 (WHO, 1996) »
Tl LGS 2 AT g R R4 § U 4R S G 32 {7 o 4o Chang et al. (2006) - R
FHAREEIFLEYT I O XRF IR I E 2T R - BRI S
FR B FRE L ¥ - IREGF R TiAlE s R RLI R EF G
7Y afi+ (35 x 35 x 35 cm) v <+ p2e o~ 200 £ 3 2 saix (Aedes
aegypti) > =g 10 A BRI F B AYF L e T iesk o B e jE
FHORPBIED it BT Y I B (Anopheles gambiae) ~ ¢ AR ik
(Ae. albopictus) ~ & ¢x (Culex nigripalpus) % # % #»c% (Barnard and Xue,
2004; Birkett et al., 2011) -
2. R {4 g H e

ffFog MERddod B3 R FE AR I AR ER
%% ¥ % > 64 Bar-Zeevand Gothilf (1972) f1* = £ & % 2% ¥ 4 > #
k- 2 BRSSP AR NS BRADL N RS L - BE L E
RiP o ¥ - FRIE AR TR B A Rl AL AR i

AR NS WA E P b R PR BT - BKER Y e

- A E R 3,0 ¥ - B 5|+ ¥ Rutledge et al. (1982) #-] % &;

F_*

>‘1\F

PR AOERS Y o RS G R TR BRFR R AR B D
% o Mehlhorn et al. (2005) & 1% Jfe K s & @R P FHE % o & P #
ik o FEINen L PIVG A S - A% R B I EEE R S
HoF - LFRIMEFRHRFRIPERLCEIABE I BLBRR
Bra s BLXEHRER L F A, - Feldmeier et al. (2006) B 2 & & #
Zanzarin® #% 4% A S (Tunga penetrans) & 2 ek R K 3R> 1 gt LRSS
L FHEF AN

Schreck et al. (1995) Rl & * = & eh & 4p f o BIFM & ¥ F h¥t 40 B3

SNEE S NS T N TP SR B R N



mn@wi%%mm’éméi$HMﬁ@¥: iﬁfhﬁﬁﬁﬁﬁﬁﬁ’%

AP LR ELHEE S F L R B I LR RS e
HIAFLAHHT k> TRAPGEHG L@
(=) ZEHp
LA RE - RV ARSI WL ERZE BRI KERE LG
REZDPHREAFE Y F I/ 7T UEET A E R GREFRTDLE S
et G- BEREL Y T KPR B2 g P E R o 1Y
T 7 M & % # 4 5 ] o Bissinger et al. (2009) @ * [ s Ak RE Ok F K &
R L R B PRl g X Y - Ly g R
WA ¥ - LA S AdlE o mit2 o #a P LR ASE S
Fradd o RE x> i d o rABBFIEFIT AR KFERFE
KPR A 0 R

#¥; (Triatoma infestans) ~ #t 4% 3£ (Tribolium castaneum) » 4 Bl sii% (Blattella

Brif R A A L FlenA F Ao § oA E g2

germanica) 1% ¥ ;5 4 (Islam et al., 2009; Caballero-Gallardo et al., 2011;
Karina et al., 2011; Limaet al., 2011; Liu et al., 2011) - # & 1] & #& i P & &
RIRHCAI Y o b r F PO g0 Blde COz~ F 4§ R 2 & ke 9138

G f R B 0 g2 T L T AR AR L T e g o
N i L
(-) 50

4 4 e (plant essential oil)  fg ez X AP ZfE P AL 2 | 2 F

Av o EFilgr Ao RE A2 RBE U REEF I G T L P2
ER e ¥ (F 0 2008; #f- 2012) o #F b F A AR E AF A 0 fe X FOA LIH

R4 (terpenoids) 1 & XA i B L A AN Eford L LS
SREDE A G et 55 ip Mt (Hussain, 2009)- p + 1 7
FHRB RSB R A AR AR A BALRPY p o 2L E F

Povith et e B X2 R G4 * & (Bakkalietal., 2008) o
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B R w4 (Trachyspermum ammi) =&+ 22 ¢t 42 & (Cinnamomum cassia)
MR EE TR ENZ FR Y » T E (T8 DA Gopenig b b o A2 A M 2 B
RES §FAF 97e 70 & 20 2% 5 A FE (trans-cinnamaldehyde) 2 7 2 3
f= (thymol) » ® 3 A fEAfie 5 4% 298 r'r'/] 4v# (Chang et al., 2001a; Pandey et

l.,2009) - ¥ *F TAp AR B SR RS B Pl a s d 2
PeniE e > hod7 f 42 (Cinnamomum zeylanicum) # i & 5 #rd] @ B OF pragic A
foind £ &4 T e (carvacrol) 2 2 4 s 5 5 Fr4) ~ % 4% ) (Escherichia coli)
2 &% %7 < F (Salmonella typhimurium) # & ¢ >z (Ouattara et al., 1997,
Helander et al., 1998) -

#
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ki

LR R IEFRERS RN S

<4y
Ty
~
i
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P
=B
M
A
5
A
A
hS

Heprr i AR s ARIFTLAES DGR BE LR L B
XN A - B PR SR ol s B EER AR R A
BomaE- AIE S B IREE AR L E D ATE fa - 4 (M 2012) -
b4 4 7= 4~ (Aniba rosaeodora) ¥ ié ¥ 7i = & Poff A fE (linalool) &

#2 7% j= (Mentha piperita) # + ## ¢ & =@ (menthol) » A% &+ g2 3

Ao B3 e g chiv* (Galeotti et al., 2002; De Almeida et al., 2009) -

BT A A A TR RS R AR X AR b

BPfrctilst v S S Mo d HER R P RRE R A F Y DN A

(i

o TR A R Rt A AR A E I e PRI S kR T
Pl ESEG Y DEFE R BEobldrz 24 MR EENT NRERE
FRAK AN AL EHBBE T NGRS PR AT R R AR

® AR E (M 2012) -



4. RE2RBFELY

TR A BRY ¢ AR RIRE TS RSP Y B LR S
PR S HAHGE RO TS R PR ARG R
FHA L ENFED R BAE D Jﬁﬁﬁﬁ‘“%ﬂ«’fﬂﬁﬂ!#{’?f“ E AR AR T A
Flpt PR A R R A fRE HE LA HE G F et ®iEM (Isman,
2000; Stefanazzi etal., 2011) o b4r¥ 2 cn¥ B % € 47 2 4 fv= 4 & (Ruta)
e i b E & D iE 2 B o drd ST N ORI R E A gk
(El-Gengaihi et al., 1996) -
(Z) o 2 b F 0

RIBEAEFEN LG EELE GG AR blefi i PP

b A - B AN 54T A s &% E b (Pohlitetal., 2011) -

AR AT LGRS T I AR Ao PR A B AT
TME-FF0 2P AT AP AN EATA LB oa g F
WA F LT gE (A0 2005)c fE s MH i B AN ARSS H A

EXNPISRBEFELTAL BL FRNENRISLEEL FRETH o
1. BBFELTA

EH A ERAHALZEF APEFHY G A F i A g
W RERALIC G o Dldr A AR K LR3I 6 v ETTT (Heracleum
maximum) - kg LR N B s U SRE R B % R &8 oix+ (Moore and
Debboun, 2007) « " Z #H i X B Hilrngd B > Ui H N KB THRENF HR
BHEJADF O > BB o Bldr e 1901 & > 3 AFRA F B E T
Bofere sk >om b kEeEg o aE Pl B3 o iy eh# 2 (Peterson and
Coats, 2001) ; # # ® 45 (Calocedrus decurrens) « #f# ¢ ~ £ B %F? *
(Chamaecyparis lawsoniana) #% i % #* % & % [Fl4p (Juniperus occidentalis) <~ +£
oLy FELLLSE R KE (Xenopsylla cheopis) ~ & Al 4% (Ixodes

7



scapularis) % % % mrix§ {i4F 6k > »c% (Dolanetal, 2007);+ § # 7 45 1 >
PR ¢ 4 s+ (Cyperus rotundus) -+ ¥ 1% (Eucalyptus robusta)
M ER S 5ppm o Rl )RR EEFEY IR RE > P F IR H T
A g R RN e & @ & 5 80~100% (Liu et al., 2011) -
2. R¥%a

o P ap XA 5 FRER L ERFBEAT PR T
Lo PEFEHEP TP E X LT ARG REET AR EAE S HFTY
WA F o ¥R us (Bactrocera zonata = Dacus zonatus) sz B F (% 4F 0
%512t % (Howlett, 1912)» sz S ena 7Rl a B HE 2 8 2 4 S5 B L
* 3 s R 2 % 9 #s (Bactroceradorsalis) (77 F 7 4 ¢ (methyl eugenol) o &
% 4 + (Carumcarvi) ~ 2 ¢ £ £ (Cinnamomum osmophloeum) ~ & 2 £ (Citrus
aurantium) ~ - % 4 + (Foeniculum vulgare) ~ & # % (Lavandula angustifolia) ~ j&
7@ (Mentha arvensis) ~ % /& j= (Nepeta cataria) ~ 1 A& £ (Ocimum basilicum) {7
2 4 (Thymusvulgaris) ertF @ ¥ Fr4 | SpA it @ FenE BT Z 707 4
(Meligethes aeneus) » # ¢ x 11 &% 4 + fe g 2 4 dF b »c % &4+ (Pavela,
2011) 5 4 F A I * e dE W h A kM Rl FE 0 U B s ERE R B hE
1 F 2 f & (B% (Varroa jacobsoni) % § ¥ % 2 4% (Acarapis woodi) (Delaplane,
1992) -
3. AT A

RO ABTAIMEZS DI E LA RAH L L2y

I
=)

|

g

f

|rmb

:bi

BEMAFOEH N FREBOFTS S P RBRAP T RUS R EH
H o

5\(

LR CR R CREICIE AR TR S e L R L A Y c A
MR EF Y NI AT B F H (Shaayaetal., 1997) ¢ % fiie 4 o &2 #
SN g T AT A =X X (Coriandrum sativum) ~ #& ¥ 4
% (Cymbopogon citrates) ~ v & # % (Lippiaalba) + % -k #+ (Cananga odorata) -
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# & (Allium sativum) ~ i# % 4 (Rosmarius officinalis) =4 & &2 3% & § #7 % e
1,8-cineole ¥ ¥t# i A 4 & #F 2 k7 et s (Leeetal, 2002; Islam et al.,
2009; Yang et al., 2009; Stefanazzi et al., 2011; Karina et al., 2011) -

BRI RIS S

4 ¢ 4 (Cinnamomum osmophloeum) & 4 # 4 & H#- 4§+ (Lauraceae)

FoAAEs A TH GRIEAR KiERm F3 4 5 FEF o ey

It

BPREWERIA o Asbra 4w o ER D o 3o 44 £ 400 & 1200
wRZ ¢ MARARBENRY LR A F NG R PR
Med R d A sl BFRC FAPES AL 5T 2 L0 fFa
E-~ 22 e A EB s R v R ATHERPLS FER (2 F
2009; 1 % - 2010)- 2 p HEF MNP 2 E 2 22 ¢ WEEA WM (C. cassia)
wiidpia LPNEROCBABBEFTEREF EF LN Z G e i e A £
WA EARE ¥R (M 2000) -

EPAREAAABET A HFY 8 2 AWMy Rl P HEIHN L
S F g4 Al ¢ FiE Al (cassiatype) ~ # g A
(cinnamaldehyde type)~ 4 & % 3] (coumarin type)- $i% A fz 3| (linalool type) -
7 % B~ 3] (eugenol type) ~ #-%*5 3] (camphor type) ~ 4-7k & f% 3] (4-terpineol
type) ~ ot A~ g -+ % f% 3] (linalool-terpineol type) f=i® & 4] (mixed type)
(Huetal.,, 1985) - H ¢ & #¢ 301 g 2 F 30 e F 5 1% 2 Hw p
PHAEs L@ 8 E 88.5% (2 % 02009) iT# kAR L * 34 pp g
FLfL B o

AL A 0 2 R RE SR BRI 2 BAF- A B HE
2y Mirahe #£ % B 5 R Ead Bk 0 24 ) PFeanix S 2 G
RIp o R ES Y ARA GRS R R T A ¥4 TR A o

fafin (Chengetal., 2004, 2009) ; st > 3 p B EIF MW 2 f I RIEH
9



& %= L #% (Solenopsis invicta) #h# #Mrxdk =G B & F D g E PR £ 3
7 x4 h3 Hoc %k (Chengetal, 2008) « ¥ ¢F » » 5 17 BFEAL Z B D
M B AEfEE - L LS BRE SHEE R s an B Rk BRI
b4 e®E DEET 2 723 DEET A St 27 RMFAKEA 7 524
Lt * £ 5 0.102mglem?® ¥ 5% {5 30 A4 $0 Rl end 2 saix el g
87% =% # % (Chang et al., 2006) -
T EHRVUHRE AL RAEE

4 4+ (Taiwania cryptomerioides) # #*t+4; 4+ (Taxodiaceae) ~ % 4’
% (Taiwania)> 7 e £ 4 BF A2 2L F &2 g 7~ 2 28 € & LA Ha
B2 - LA AR AREE ek HFERS I TR 2E A
HrAEPd Fhpoaiidiaaet il oa g A FLE7 L TR
(% &% > 2005) -

WE KRR PETEFELRD - LBV oW HF A 2 - a-cadinol -
3 At 24 & H_ 48 o] Ftwc M E A4 (Dermatophagoides pteronyssinus)
{r % ' B- 1% (Dermatophagoides farina) hic 7= 5 38t £ 100% > #d p 7 7
e f Y F 4 B s % & s 5 a-cadinol > T-muurolol > ferruginol > T-cadinol
(Chang etal., 2001c)- § &>t 4 #1, A H F ka3 F L2 45 0
£ e e ¢ it B 24 cedrol £ § Fid 4 ko % (Coptotermes
formosanus) =# sz (Chang et al., 2001b) - % #42 < 44 4 ",f g B dsdr
TARFORF AP ARG W FRBFA LSRR £ T F
AL FAnd 2 p Rl R L8P AR EFEHPE R HE (R

2000) -
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IR I - I B AR o T

= £ 4 (Plectranthus amboinicus) » % > & 2, =4 (Labiatae) » % ¥ &
SRR ERES T S A R AR EV AR S AR
PR EFLER 2T RS o ekt 224 B s EEp o 4
AE R EERICS AT FEE (EZH 0 2007) ABF AL RT

Tgp—j‘;rsg—kfg_g\;i% 23 F 0 kA ki m%ﬁ%&wﬁg ) f"H‘"E:'E] v U s PR

41

R EFES P 2 2 AN AR AR RERRTSE R
o4 FRBRET LAY LG A R T 2 (Luetal, 2011) -
HEFTHRLAITEY Nait 16 B2 4 %FEnHdL 3185 47
%% ft (patchouli alcohol) ~ & # 4 A (pogostone) ~ a.B-F A i '
(a,B-patchoulene) ~ = % 4 (caryophyllene) ~ a,B,5- & £ » F (a,B,6-guaiene)
f= seychellene % 9 ® i &4 & (Wuetal., 2011): @ £ %~ § F 382~
trefar L4 5 =2+ 4 > FFR EH (Plectlanthus spreng) ~ 4 f 7] £
% (Plectlanthus amboinicus variegata) v+ = # # Bk (Plectlanthus
socotranum) =it & = &5 a-R/4p % (a-thujene) ~ a-+>i § (a-pinene) ~ B-
" 427 F (B-myrcene)~a--k ¥ (a-phellandrene)p-4t & 7= (p-cymene)
D-1& 7% (D-limonene) ~ y-i. &% (y-terpinene) ~ a-i & f% (a-terpineol) ~ a-
e d % (a-terpinolene) ~ i fx (linalool) ~ 4- i & f% (terpinol-4) ~ = gz

v

(decanal) ~ ¢ f& X fin (bornyl acetate) ~ 4= a-* % (a-copaene) ~ B-7 4
(B-caryophyllene) ~ < 124 ¥ % D (germacrene D) B-Ei%ﬁ (B-humulene) ~
a-% FF i % (o-muurolene) ~ a-& & g% (o-farnesene) ~ 4 % ps (carvacrol) -
v-# ¥+ (y-cadinene) f== % *f ¥ i- ¥ (caryophyllene oxide) * i § F 7
(B » 2005) - F A 3 dp I =& 4 E 40 $30 L F S &R (Anopheles

stephensi) =% & & 3 5 7] cha ¥ *  (Senthilkumar and Venkatesalu, 2010) -
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http://apps.webofknowledge.com/OneClickSearch.do?product=UA&search_mode=OneClickSearch&colName=BIOSIS&SID=V1lCdp7fF84JAFIIB2N&field=AU&value=Zeng%20Qing-qian&ut=BIOSIS:PREV200600615105&pos=1

S NP IR AN EN

BRI S s h 2 A SRR LB LA B AH RGN
Re i HdivFha 32 aEpin Rl ibfhias ReFricis
& 3 o 4o Guerrini and Kriticos (1998) 41 * ? fz (methanol) 3 B~&r
B A+ (Azadirachta indica) f&+ p hEr 4 % (azadirachtin) I v Jf **
e o I RS (C. felis (Bouche)) ez > & drd| & Pk % K
B oaeh o F A (Vitex agnus castus) enfE S+ X B g #0304 ey 4
R R ow en# 2w E | 6 ] 7 (Mehlhornetal., 2005) ; # % ¥ 45 (Ca
decurrens) «= 4+ ~ % B4 A (Ch. lawsoniana) ## i ~ #* % & 3R F4 (3
occidentalis) « 44 #F 4 12 2 ¢ £ 2740 F 4. (Chamaecyparis nootkatensis) < 44
A e R B3 (X cheopis) F {%4F edrdi]sz 4 (Dolan et al., 2007; Panella et
al., 2005); st s 3 AR B G @M Oy Ko o€ L L (Old
Estonia) # 24F 2 4p 41 > & & A g # * § 7 (Acorus calamus) ~ = ¥
(Artemisia absinthium) ~ # % (Rhododendron tomentosum) ~ + % j (Urtica
dioica) ~ 7. & (Polygonum cuspidatum) ~ & + @ = m (Dryopteris filix-mas) ~

e

# % (Nicotiana ssp.) ~ fi 4 1 (Salix repens) ~ £ & (Ranunculus acris) ~ &

a—

7= (Menthassp.) ~ ¢ & % ¥ (Trifolium arvense) f=-]- ¥ % (Briza media) *
e F ok SR 4 3 (Pulex irritans) (Soukand et al., 2010) ; Feldmeier et al.

(2006) R & _fefz»r= F LB - BAES (T penetrans) & % chfd 5 p o> 12
&R B 5 Zanzarin® o B 7§ RS 8 (Cocos nucifera) ~ 7 f i (Simmondsia

chinesis) frji § (Aloevera) % = & sf 30§ & B R DRI L ¥ L WHES

B4 [ G o

12



SR CEEE EFY Ly
A (|5 = R+ (amphiphilic block copolymers) #.d £ 5 ¥ 3 2 #
Mens Faaparm & o - A AR RRE ¥ - R AY G ook A

TLEEER LA TIHEBRRENRRY D RARERN M ERAF > S FE

BAF MR TE kB EFIELRE A I AP A p ek (self-assembly) =
- Rkt o gk A e 4R (B - ) (Discher etal., 1999) o #73)
gL B2 ffd A F e L AT o g FRE BRI

IR G o PR G AP AR GFFL P Ed LSS
Kad oo al@* tfgrdpeXrnd ez i HpEEFTEL S22 (o

2004) -

PEG-PCL-PEG copolymer Honokiol

o) 0
u _(('o\/\c}'l‘(/\/\o)m'uw'H;p,,xm'()((wo}*(\,o}CH3+
3 Y X XY Direct dissolution
assisted with ultrasonication

Bl- ~ F5d Bie 5 485 p & % Honokiol #c% Bl 142 - (Gong et al., 2010)

Fig. 1. Preparation scheme of honokiol-micelles by amphiphilic block copolymers
self-assembly.

iR E i PR e 70 AR ERARE GOk AE FroR B P T S
FrRoR R g BT prE oo @ ER AR T R TR R o B2 e B
CAHFRY AR kMBI EY A FT AR A wE T AR PR
(poly ¢ -caprolactone, PCL) » .-k k3%~ F € & * R e - fF (poly
ethylene glycol, PEG) » #-ig & 4114t % & PEG-PCL-PEG ¢ triblock 3¢
& £ 73 PEG-PCL srdiblock S« % * *" A fp #F4 fFapr > 17 X
IS T R R S RERH R FERE AR
SRR

FEEMre A KRR REBES 2 2R FE A TR

13



EEATIEY T > F P ¥ PEG-PCL ehilc® % & §— & Fovh s chiF &

v 4. P-glycoprotein enid gl > @ ¥ 04 fhdmre N % ff # p 3 o * (Diao et

al., 2011) -

14



3~ HRE R

R FE R AT 1900 ERAENT 5 B F LS
e ol ST SN TN TS AN WwE N s A Y R B R A A 'ﬂﬁ“ﬁ—&

3~

]

L)
HE

FHREF Ao RN IAFR L ARG ERFER S ) DL o
Lg% 75 x 60 x 60cm A 4w Y o & P KAk E Z FR 2 o
B RS e T TR A A R ek S F PR RA R R

AR 0 A EER R Y 20-27°C o AP ¥R AR M3 90% o kipHp 12D : 12L -

\Ew
-

BEFERFORE KA L s F oy i P Flpor g d b i
et E X R T 75 x 60cm 4EE o ] MG UG PERER

RERP AR - REEZRAAESFF o2 R EPFEAE T 5.5Cm

i

PR A Y o HegE AE LR L a2 R iR e -
T b W AR (0 2000) 2 R E R Ee TR him ) 0 2
PR o 3 AT 27TC P HIBRA T5% 24 K fa¢ o B

50 Btz A wREFINFELY S BT EHL Tk o

HETR A AR R HE Beng P g 2025 AT ET LA
PR LERBREFr S HOEFFHL LR CEORE I B3~ HE (flea separator -
% J.R.Georgi %3 FleaData = 7 4 &2 A 1 4k B4R kB2 ML KHF)

L 3 ppas B (BlZ)e SR ] L A r e r R4 dp

FRERAT FF S oNRA 3R o TV RPIAIB AT > BER
EREE - ERFETEIIRMET IS HEy - o AR5 R
EBFREvd RFDE R AL R4 5 - F7 AL VR Beor E
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B 55 S AR BN (A) B3 A HE(B) B Rt € 5000:(C) 7
clsﬁfvlﬁ’»ﬁLi’-Q i 5 8P 5 (D) # 30 g-ézn?ﬂ.f%%%éﬁ%i%%@ﬁgﬁ% ]

Fig. 2. The collection process of adult fleas. (A) flea separator; (B) open the dish to
allow the adult flea to jump out; (C) suction tube to collect appropriate
number of fleas; (D) transfer 30 adult fleas into the long test tube for
testing.

o RERP R EES 2
(=) o F eip S iE R
Pe3E R ERASA TS B E L loms £ L 8cm dypAiE o F - R

AiFehE# e d 1mm hHBELAEY o FAMFRPFHIFF - R

SEMEFTPT I L G b gl 30 A B e

ok
F‘_‘*
E}’B‘r
‘:ﬁ:
B
&

A (Blz) e
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1mm Treated side

v

Untreated side

W=~ edre ¥ aipKiERE2T AR -

Fig. 3. The diagram of tested method of the filter paper strip in a centrifuge tube.

(=) P ABIYZF g iR EE

Hedpes p TS LD AREFEE (F 25emy g r 4L 1l4cm) ok
HERY EpAiE (B 9cm F 0.7cm) i b F PR KiE - e TS -
Bz 7 URA FRAHLEZE H? BT LERLA - HERE%
HEAE (-) Ak (Re)e 22880 A BRIFFD 2L o LR
2 2% (World Health Organization, WHO) 337 eh[f] & & g M A i% 2
(WHO, 1981) % R4 jm K & @A RIEZ o A I % F b d =3 2 pld = A&
RIPe > 2B T5% HiFpE o~ P E LR RpER (3 R RS AP R
HARFEES S T FEPRF S FTR I PP K FRH SR B
*BEE S R R S A M 4 33 k) % g (OFF! 3§ 15% ¢ DEET) -

R AT RE NS L o IR N &

z?““

I‘"§£ Fé?}'%“’ﬁo

0.7cm 1 mm
9cm
e = e
1cm | S/
Bl ~ AR ARF R Dig IEFREFZ T LW -

Fig. 4. The diagram of tested method of the filter paper strip in a round bottom glass
tube.
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T AR o R
(=) # g

AR LA FEHRRTTRE FREL H R 10 4
pAEd o Bt g EES G A A 0 4 u G p HAEA] (cinnamaldehyde
type) % P A fE Al (linalool type)» & %~ & & A 8 k4 X g X fFHRE
TERAEIHRBE LFEI LRI RS A ERG TR ERERE
2RAER TN £ 14f8 (A- ) d FRF AT EHRERETRY f 5
R EOEFESEY KRE ZE D N o e o
T 122 TEU P E

Table 1. The plant species and parts of fourteen essential oils used in this study

Plant family Plant species Part
Rutaceae = 4 #* Clausena excavate i .l % Leaf
Citrus tachibana +} Leaf
Citrus taiwanica = 2 Leaf
Taxodiaceae 1 #* Taiwania cryptomerioides & %4~ Heartwood
Cunninghamia konishii % 1 Wood
Cryptomeria japonica 4> Leaf
Lauraceae #-#* Cinnamomum brevipedunculatum -|- ¥ - Leaf
Cinnamomum osmophloeum 2 ¢ & Leaf
(Cinnamaldehyde Type) (Linalool Type)
Cuculidae 1+ fg#* Gaultheria cumingiana v kAt Leaf
Chenopodiaceae # 41  Chenopodium formosanum = %7 Leaf
Labiatae /& =) - #* Plectranthus amboinicus = &+ % Leaf

Lavender & # % 022238/022298

(=) %%

*FEk AT * ahe fig (ethanol » 95%) A A -~ & ¥R e * g DEET
(N,N-diethyl-meta-toluamide - 97%) * 7 2 4 f=¢"pE % A Sigma (St. Louis, U.
S.A) - 99% ¢h trans-cinnamaldehyde P2 d & %<~ & A BB EFTRE L

FORE PR R R
18



@A A G o0 P F 3% E % F 2 trans-cinnamaldehyde % thymol % 4
FAERLr3pErzagFmparhRh Ll ERRER e Bafkit o e me
## 5 PEG-PCL é:—ﬁim diblock > @ i = » k& & ik REHK TS kR ™

EERR B BRI Y ERAT B R ISR kARG R

=i
)‘\
3
D7

=hg
&

i TP 3t 4°C 2 k4s o Fi@ * diblock @ 223 R
g”ﬁ?ﬁi)ﬁiiﬁa@"';ﬁ'” ’it;éf%%'@%'i% %/li’i/’}#’:‘fﬁ” '3‘/\:/131/&5{
FARECAREITRE G 3 A 4C 2 M ERBET LA TR RN FE%K
YLE RN F oA A 2 4T o F1& s & 4 e diblock JEA 3 10 mg/mL o
P e BRI A FEE Y gl i 10mg/mL A ¢ 22 iz @ 4 7 o diblock

L o

1:»

/ /

(z) # 40 K& 45 ¥ % & & <_ (gas chromatography-mass spectrometry » GC-MS)
g BEEA el AL R R E IR A EF MR 0 L 9%
AL 0.01% F1* FARAAT FHREF S A LI REAITIHF L4070
L wktrg 5 DB-BMS(p /2 0.25mm:- £ 30m: p & q‘i“ﬁ 0.25 mm h
(5%-phenyl)-methylpolysiloxane) ~ & &1 % & 5 1uL~ /i & v B & 250C ~
FH AR EE AR R B0C - EHH 34 & nE L 10C PR A

%3 250C & #FE 3 &4 Zogid 5 o 48 1.5mbLo A gt

w“v
—i“t

(splitratio) = 1:10~4& & % % 3+ 5 @ B &k (ion trap mass
spetrometer)- transfer line g & = 300C-~p & 73 #F 4 & B = 50~650 m/z -
Ridigd Wiley7.0 FHEWHLSITHE TS A o

TR HED hF AT TS RETA LD LR EHRETETRE
IPek P AR EF TR 0 A TR 2 Ao

AN L 2 24741 * Thermo = 22 Trace GC # 40 k&
17 ke & PoLarisQMSD Fi# ke FHE L - F AR LT HF U oD e @&



o o frfE (1%) B iR isit » § 4p K 47 ko #Ti¢ ¥ 2 A 4 F 45 DB-5MS (30
m % 0.25 mm x 0.25 um) » 43 §F M F F vk 5 F S48 1.5mL o L sat g
B 270C g+ - £ & 70eV> T ## 4 (massrange) m/z = 50-650 a.m.u.-
AcdiE R S0C ¥R 244 5% - K2 EnEods 3C i 23831 200
Cis > #HE 1 o4 - FKLENELE 10C hE 5233 250C1H >
FE 544 o = A F T @ % National Institute of Standards and Technology
(NIST) 2.0 = Wiley 7 FA B F v > £ @& * L8 B 7 £ /1 5
(co-injection) & T 2. °
(1) fFfE=

BoA®H pipette =P 392 ul < 95% o fE M- 8 ul hiE A A AR
*HHERAER 2% BHFL Y 95% ¢ ﬁ?fz‘iﬁ-ﬁrﬁ%\; 1%-0.5%~0.25% %
0.125% =)k /& 14 i 3# % o trans-cinnamaldehyde fffd > 2 4R tp ke - o
+ thymol % 2 &k EM > %A S 0979g/cm® a4 815 Lglem®s gd # 2
ER AT B (5B 8mgr Ft Y 392l 4 95% ¢ fE - 8 mg
 thymol FREFMHEFT » kR 2% ¥ L * 05% 2 m ik i+ 1%
0.5% -~ 0.25% 2 0.125% %= @ kR - # i1 = & 2 diblock 3% &
@A E 4T pipette P ATF R TR o

SR H L A LR
() H B sz s R%
1. b & #F 5 R 3R

SEWFERER T FRAHEY LS R N PR g N ERIEE L R
AT 3R BTG PR Bl A REKR Y P TR DR S i 3PP
g BRFRTHEAPERFI L AR SN R AR RE Y Y

(PR o MELTE g g bl el MOE A B9kt - 3E X 15 em h X Fl Ak

+ oo ¥ 0 pipette B~ 80 pl AR kb (8 0 T 3E T IR i dhg ME

Gof R > R LT $ R 05% g rirdle s Th ke
20



P SR FEBhO5% V- $AFEmha 2 mir 30 A4
FoRs P RAARE R R EF T P Y FHAUP L LR EL
FoRAAH AEE P o R MEF RE N 27CHA £ B F 30 A41E e

é‘j— la

T A A, E - I E A 3% o

F_‘.

2. 4 A A E WS M R

i s e trans-cinnamaldehyde ¥2 thymol GBIz = /2 &2 0 Bl R £ 4p
W e e - e $fPRR e DEET - & $fpe 23 L& 50puL 2 97% DEET 1
273 ul 7 95% o AR S TE A kR 15% £ - k4R S 7.5% -
3.75% ~ 1.875% % 0.9375% % 7 kR > P E N H S R Lk B F o
ER CERERIHRER Y FEEBIPRER LS TH Y3 BRSE
EHRP - A AE AR ERERSF TR E L L P S F R
Faes 10 A4E Biegesh & - AJLE4 3% -
3. A A FH LR MERR

FAME HmF 24 DEET » S @ +MHEF kR 2%-05%
¥ 15% ff R > 2 & b mw%%%“%ﬁ? e F R 42 12 pipette =P~ 80 plo
TIDF 6 Fa B apAiE o BRI EF S E € 95% ¢ fE o0 2
(A WENT R 27C 2547 NEX T FOFRFHE EFLUMR
5 30 A4~ 1 | pFE~2 | BFE N4 ) PFEN6 ] PFE 8 LB BEmic- B
Pogphdamdl#apgAibso o2 s 30 £ 3 ppoha g oo
MG E T S 27TC A &£ E2F 10 A0 A s BpA L
AR & - BB E 3 = o
(Z) B 2 5 DS FFPRRK

BAMP R AR ETENE0E N EE 3PP AE 0 TN 2F
microcell » 4 ¥ # microcell 2z » & * F PRI A F 8 - F B w7 R
WL o PR R eh L HIHE A 7 00 ] i€ microcell e B 3
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W (BI)e &3 24 ) pFisE % microcell B~ » * g A 3 Bex
P40 A G 0 TR 2AFMARBEE Y KRRV F R

B3P R ARE A5 408 > Tiun 2 A FMAREEY ¢ L EE L 2

* R BRGRE o

BT ~m&rFokE B (A) % microcell z_ % < ; (B) microcell ; (C) #-#

7;'! i\‘n ‘}v/\ 3‘\‘3”.'6’ J o

Fig. 5. Installation picture of vest. (A) the vest installed with microcell; (B)
microcell; (C) the cat was wearing the vest.

WEP W SRAF ~ kAR 2% trans-cinnamaldehyde % 0.5% thymol -
i 12 15% DEET f s & 4R e ff &Rl > 4ok 3 6 ST o
(2) #3812 EFERER

#¥-& miE kR 10%-5%-2%~0.5% trans-cinnamaldehyde ¥ 5%-2% -
0.5% thymol =7 diblock ;3% > » %2 pipette s B 80 uL 33 jF F e d® ¥
iR A E FASE S > Pl B M ER AF Y 10mg/mL B R > ¥ & ¢
Boix @Rl F o diblock § (FEArdlE o 20 R b g B F ¢
mg/mL k& & ¢ K = @Ry F o diblock o 44 B A R 0 R
diblock #f=3 &7 3 5 -2 mic 30 A &L #a Foaigage o
4030 B3 MAREREE F N E AL B 27TC L E @Y EF
10 Adl o 2 s Bdpiedhra 3 ARl A F fa) .

AFEFHE%R S 0 #F 2 15% DEET ~ 2% trans-cinnamaldehyde %

¢ 12 %% 4o 2% trans-cinnamaldehyde 1 diblock & 323 % 2. Jf XK & &
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WENA R 27C LAY AL R hf kT R RFA M 4 )
PE 8 [ 12 [ PR~ 24 [ PR~ 4B L pER T2 L PEE 6 B A
G- BEER ATl RS 2 8%~ 30 £ 3 B

NER d o L EE AT B EN 27TC A K HY 2F 10 A4 A sRpr

F_‘-
a}g‘;

M mER & - BT E4 3 % ¥ 15% 2 DEET bt # o
(2) & 35 4 i

Wa AL @S L 258 PR(%) =[(NC-NT)/(NC+NT)] x 100
%3+ E SPRELZZEREAF P NCHEAAPFedpat s ol » NT
N B IR e s K 3 ik £ (Caballero-Gallardo et al., 2011) - & 5% #7

@enF gy R-2.12.0 42542 7 ANOVA (Analysis of variance) i3 2 4

F7 oo FEu| L & IE 2 £ B E_F B F P &2 Scheffe’s S method # | -
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-~ RERIE S GE 2

LR A GE S 2R Bty 20 SRR T EA 3 o EkE Sk
B2 if (treat) ~ 4740 (control) 12 2 &3 (B) i d S8 Aok = o 478
RS I RAIERRRZRALESE SR ET 0 RS DR BT A
s E KRR A R FARIPEE R AAINGR R EE T EF S o gt
BAERGFET FHLEMEN R R AL ERT AT NI ARBFE 5 F

SR ik fLiE o

%\‘: N Z‘\‘f’_é, ,EQEE"’;*T?'JTJ_‘"/‘E'J: 7 ;J.% B IJ“ %\ ]%? f;ﬁ? ]%;:Kmﬁ—bfl g.% Rep IJ“ %\
T AF B - Ave. & T35

Table 2. Pretest results of cat flea repellents. B means the number of cat flea stayed on
the bottom of test tube. Rep. means replicate. Ave. means average

75% ethanol A Bl R B xR OFF! (15% deet)
Rep. Treat  Control B Treat Control B Treat  Control B
Centrifugal tube test (flat bottom)
(1) 6 10 4 3 9 8 0 13 7
(2) 10 8 2 3 10 7 0 8 12
3) 11 6 3 0 16 4 0 19 1
Ave. 9 8 3 2 11.6 6.3 0 13.3 6.6
SD 2.6 2 1 1.7 3.7 2 0 5.5 5.5
Glass tube test (round bottom)
(1) 8 10 2 3 15 2 0 19 1
(2) 9 9 2 2 17 1 0 18 2
(3) 11 9 0 1 19 0 2 15 3
Ave. 9.3 9.3 1.3 2 17 1 0.6 17.3 2
SD 1.5 0.5 1.1 1 2 1 1.1 2 1

FIL i B RN 0 WA R F U A FERGEE T ORI L T
B3 A AR 2 B F R 1 750 SEE A Bk (OFF), 15% DEET) ey
FTEFIOXEARPITHI R A A LE R ET M - FHRE S0 Z 0 T5%
HERILT AR S LI W R TR 08 & A R
SURILE A I i R T4 NG 03 B4 19 & o B &R & T5%
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TP R ] —g- a2 A o RE A RS Bk TEHp T AR
ZEE= R S ifu{ LI G R BE RSN R 10 EAFip g S o
E} l}L ?é“:%??ﬁ B ’ l’( ,F]%jﬁ‘;%\?é? /}%& "*I?JFé/z 1E:]'T 5\3 -8 ‘ﬁ&@rl?nﬁéﬁv%% :%"—‘i’

A (s R R & R Fs? ORI rﬁl@ﬂiﬁi F?L? e A TERIRE T o

Lz AR FRNEREE L ERHREE 0B S A BT AEF ANS
B gk

Table 3. The stability test result of glass tube of round bottom with filter paper
strip tested method. B means the number of cat flea stayed on the bottom of

test tube
. 75% ethanol OFF ! (15% deet)
Replicate

Treat Control B Treat Control B
(1) 9 10 1 0 20 0
(2) 8 12 0 0 20 0
(3) 10 9 1 1 17 2
(4) 13 6 1 0 19 1
(5) 9 11 0 0 19 1
(6) 8 12 0 1 19 0
(7) 9 11 0 0 19 1
(8) 13 ¥ 0 0 19 1
(9) 12 7 1 0 19 1
(10) 7 13 0 1 19 0

Average 9.8 9.8 0.4 0.3 19 0.7

SD 2.14 2.44 0.51 0.48 0.81 0.67

S MR R S A BERY

RHE T Z BEFAES SR P o p A2 HE SR
B rADEEREP RS G Fu A 2% 2 1% EASDLHESFT UL
] 97.5% 2 97.7% > ¥ b 05% kAR MFERTF 68.6% i@k = fE
PREFHD LBV CHER TR AP E R AR FR A
2% kRO WESFV BiE 89.6%;: A 2 BEAFES MY - BE X T H
YRR N BRI IR E IS A 2% kR

WY Ra 2 AP EFT FE 838%:d M BET i 2 HEHHN D
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LW EEFRA A P oA B 2% 2 T kR
o BT RTR S AR RS ETE

B Cinnamomum osmophloeum # ¢ % (Cinnamaldehyde type 1% & f%3])
Cinnamomum osmophloeum 2 ¢ 4% (Linalool type -+ fif 4])

100 - Cinnamomum brevipedunculatum -] ¥ #- a a
= 801
S
>, 60 -
2 a
2 o0 b
[«5]
? 20 - be ab b b b

T T I
0 '_l£l- T Uj T
207 o9 0.13% 0.25% 0.50% 1% 2%
Concentration
B Taiwania cryptomerioides 4 ;%45
Cryptomeria japonica v+~ a

100 - Cunninghamia konishii %
—_ 80 -
e\o’ 60
= _
2
& 40
:’.)_ 20 - T
o 0 TI%—‘L ; ..T

X
-20
0% 0.13% 0.25% 0.50% 1% 2%

Concentration

B Citrus taiwanica & & ¥
Citrus tachibana 14 #
100 - Clausena excavata i .l %

Repellency (%)

o_liﬁ*é%ﬁ.mﬁl.T
. 0% 0.13% 0.25% 0.50% 1% 2%

Concentration
Bl 9 0 S A wia

Fig. 6. Repellent activities of plant essential oils against adult cat fleas. Columns within

each treatment with different letters are significantly different at P < 0.05.
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Fig. 6. Repellent activities of plant essential oils against adult cat fleas. Columns within
each treatment with different letters are significantly different at P < 0.05.
(continued)
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Fig. 7. Gas chromatography of trans-cinnamaldehyde type leaf essential oil from
Cinnamomum osmophloeum.
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Fig. 8. Gas chromatography of leaf essential oil from Plectranthus amboinicus.
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Fig. 9. Gas chromatography of heartwood essential oil from Taiwania cryptomerioides
(supplied by Prof. Shang-Tzen Chang in School of Forestry and Resource
Conservation, National Taiwan University).
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Table 4. Identified main components of essential oils from leave of Cinnamomum
osmophloeum (trans-cinnamaldehyde type), Plectranthus amboinicus and
heartwood of Taiwania cryptomerioides

NO RT Compounds Area, %
Cinnamomum osmophloeum (cinnamaldehyde type)

1 9.37 trans-cinnamaldehyde 87.06
2 7.76 3-phenylpropionaldehyde 1.76
3 8.28 trans-anethole 1.14
4 9.51 isobornyl acetate 1.11
5 10.40 eugenol 1.08
Plectranthus amboinicus

1 9.65 thymol 58.08
2 5.74 eugenol 14.58
3 11.41 caryophyllene 6.01
4 9.51 r-terpinene 3.53
5 10.40 o-longipinene 1.58
Taiwania cryptomerioides

1 39.84 a-cadinol 27.81
2 39.40 T-muurolol 12.80
3 38.00 cedrol 12.21
4 39.33 T-cadinal 11.00
5 34.48 0-cadinene 7.82

(G

LA RN A S b o B RS - S
(- )DEET # &% = fihi @i fd

4oB - o7 0 15% kR 2 DEET #*t 3 = A chi @k v § i
100% > m 7.5% 22 3.75% kARt #F»chks ¥ 1 FiE 95.2% %2 90.8% -
e 7.5% ¥ 3.75% kA 2 DEET eh & #»c% % & 100% k& 2 DEET
B0 2 f v pedpd 150 DEET $%03% 5 fiix— 7 h b L @onk & A
Foot 2@k &k edF (Frances, 2007) » F] gt @ 43 15% ¢ DEET § v 4

T OREKR LT HRE
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Fig. 10. Repellent activities of different concentrations of DEET against adult cat fleas.
Columns with different letters are significantly different at P < 0.05.
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# 3] 90.6% > @ kA ET 0.250% P L@ RN F 43.2%; @ 4 #tie
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Fig. 11. Repellent activities of trans-cinnamaldehyde against adult cat fleas. Columns
with different letters are significantly different at P < 0.05.
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Fig. 12. Repellent activities of thymol against adult cat fleas. Columns with different
letters are significantly different at P < 0.05.
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Fig. 13. Repellent activities of a-cadinol and T-muurolol against adult cat fleas.
Columns with different letters are significantly different at P < 0.05.
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Fig. 14. Persistent repellent activities of trans-cinnamaldehyde against adult cat fleas.
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Fig. 15. Persistent repellent activities of thymol against adult cat fleas. Columns within

each treatment with different letters are significantly different at P < 0.05.
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Fig. 16. Repellent activities of 2% trnas-cinnamaldehyde, 0.5% thymol and 15% DEET
against fed and un-fed adult cat fleas.
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Fig. 17. The repellent activity of diblock solution, deionized distilled water and no
treatment to adult cat fleas.
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Fig. 18. The repellent activity of diblock-encapsulated thymol against adult cat fleas.
Columns with different letters are significantly different at P < 0.05.
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Fig. 19. The repellent effect of diblock-encapsulated trans-cinnamaldehyde and thymol
against adult cat fleas. N.D.: not determined. Columns with different letters are
significantly different at P < 0.05.
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Fig. 20. The effect of diblock encapsulation on the repllent activity of
trans-cinnamaldehyde against adult cat fleas. Columns within each treatment
with different letters are significantly different at P < 0.05.
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(B)
Bl- - - ~diblock & 2w i = & g937% > (A) ¢ 2 thymol  diblock ;2% ;
(B) ¢ 2 trans-cinnamaldehyde & diblock %% °

Fig. 21. The diblock-encapsulated solution. (A) the diblock solution of thymol; (B) the
diblock solution of trans-cinnamaldehyde.
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RT: 4.95 - 39.35
11.20 NL:

Time (mi)
RT Compound MF MW Area, %
6.26 a-Pinene CioHis 136 0.49
7.46 B-Pinene CioHi6 136 0.15
8.95 Limonene CioH1s 136 0.44
9.43 Salicyladehyde C;HgO2 122 0.14
10.26 cis-Linalool oxide C10H1802 170 0.07
10.78 trans-Linalool oxide C10H1502 170 0.21
11.2 Linalool C10H180 154 95.72
13.77 unknown 0.29
14.45 a-Terpineol C10H180 154 0.22
14.55 4-Allylanisole C1oH120 148 0.31
17.05 trans-Cinnamaldehyde CyHgO 132 0.93
21.92 trans-p-Caryophyllene CisHos 204 0.42
22.36 Coumarin CoHsO- 146 0.26
24.97 Cubebol CisH260 222 0.09
26.75 Spathulenol CisH240 220 0.15
26.9 Caryophyllene oxide C1sH240 220 0.12
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RT: 5.00 - 50.00
26.94 NL:
] 2367 3.89E5
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350000 /NEREEECB
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100000
50000 1130
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A N L L1 NI i L B
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Time (min)
RT Compounds MF MW Area, %
8.34 a-Pinene CioH1s6 136 0.43
11.30 a-Phellandrene CioHa6 136 417
12.10 p-Cymene CioH14 134 1.94
14.84 Terpinolene CioHis 136 0.43
26.94 Eugenol C10H120; 164 43.93
28.63 B-Elemene CisHa4 204 0.25
29.10 Methyl eugenol C11H140, 178 0.21
29.83 trans-p-Caryophyllene CisH2s 204 2.73
31.33 a-Humulene CisHy4 204 0.27
33.02 B-Selinene CisHa4 204 1.25
33.87 Eugenol acetate C1oH1403 206 42.86
36.24 Spathulenol C15H240 220 0.27
38.80 T-Cadinol CisH260 222 0.37
39.30 a-Cadinol CisH260 222 0.89
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RT: 0.00 - 47.01

0 130E7
dow
24.35
10.17 26.31
26.81
17.55
|| 14.49
1 ” lh . 2343 27.11 34.59 | 36.36 4156 43.70
10 154" 20 805 ‘30 35 40 a5
Time (min)
RT Compounds Area, %
7.30 a-Thujene 0.46
7.49 a-Pinene 8.54
7.90 Camphene 3.36
8.58 Sabinene 3.80
9.07 B-Myrcene 1.55
9.63 3-Carene 1.50
9.81 a-Terpinene 0.91
10.17 Limonene 6.81
11.04 y-Terpinene 1.36
11.91 Terpinolene 0.62
12.21 Linalool 0.39
14.49 (-)-Terpinen-4-ol 2.01
14.86 a-Terpineol 0.23
17.55 Bornyl acetate 3.84
23.73 d-Cadinene 041
24.35 B-Elemol 18.29
26.31 y-Eudesmol 8.23
26.50 Cubenol 0.92
26.74 B-Eudesmol 4.84
26.81 a-Eudesmol 6.50
34.80 ent-Kaur-16-ene 23.29
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RT Compounds MW MF Area, %
8.16 a-Pinene CioH1s6 136 15.50
8.79 Camphene CioH1s 136 1.43
11.90 p-Cymene CioH14 134 0.48
12.09 (+)-Limonene CioHis 136 491
13.40 y-Terpinene CioH16 136 0.42
14.60 Terpinolene CioH1s 136 493
15.34 Linalool CioH1s6 136 0.35
16.15 endo-Fenchol C1oH180 154 5.10
17.42 L-(-)-Camphor C1oH160 152 1.49
18.59 Borneol C1oH180 154 8.99
19.00 (-)-Terpinen-4-ol C10H150 154 1.37
19.69 a-Terpineol C1oH10 154 26.89
21.21 Citronellol C1oH200 156 0.84
26.49 a-Terpinyl acetate C12H2002 196 0.70
32.84 a-Muurolene CisHys 204 2.28
33.40 Cuparene CisHo 202 3.43
33.63 y-Cadinene CisHos 204 10.06
38.48 T-Cadinol Ci5H560 222 4.10
38.98 o-Cadinol Ci5H560 222 2.59
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8.48 a-Pinene CioHi1s 136 1.90
10.04 Sabinene CioH1s6 136 2.62
10.23 B-Pinene CioH1s6 136 18.99
10.76 B-Myrcene CioH1s 136 1.15
11.54 3-Carene CioH16 136 8.06
12.24 p-Cymene CioH14 134 1.03
12.46 (-)-Limonene CioH1s6 136 46.63
15.71 Linalool C1oH180 154 0.60
18.14 L-Citronellal Ci1oH10 154 0.69
19.40 (-)-Terpinen-4-ol C10H180 154 0.75
20.08 a-Terpineol CioH150 154 0.89
22.07 Z-Citral C1oH160 152 3.51
22.66 Geraniol C10H180 154 0.36
23.43 E-Citral C1oH160 152 4.52
26.42 6-Elemene CisHaa 204 0.35
28.38 Geranyl acetate C1oH20, 196 4.28
29.99 trans-p-Caryophyllene CisHo 204 0.76
35.95 (-)-Nerolidol C1sH260 222 0.52
36.60 Spathulenol Ci5H260 222 0.27
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RT Compounds MF MW Area, %
8.63 a-Pinene CioH1s6 136 2.03
10.21 Sabinene CioH1s6 136 4.22
10.40 B-Pinene CioHss 136 20.32
10.93 B-Myrcene CioH1s 136 0.75
12.43 p-Cymene CioH14 134 1.15
12.63 (-)-Limonene CioH1s 136 47.51
12.76 1,8-Cineole C1oH10 154 5.83
12.98 cis-p-Ocimene CioH1s 136 0.26
13.45 trans-p-Ocimene CioH1s6 136 1.18
13.95 y-Terpinene CioH1s 136 0.4
15.90 Linalool C10H180 154 0.61
17.37 cis-Limonene oxide C10H160 152 0.37
18.34 L-Citronellal Ci1oH10 154 8.67
19.60 Terpinen-4-ol C10H180 154 1.21
20.28 a-Terpineol C1oH150 154 1.47
22.28 Z-Citral C1oH160 152 0.71
23.63 E-Citral C1oH160 152 0.91
27.34 Citronellyl acetate C12H2202 198 0.25
30.21 trans-p-Caryophyllene CisHa 204 0.55
36.81 Caryophyllene oxide C15H240 220 0.27
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L h ES MR

RT: 3.00 - 30.00

65000000 1048 gl.IE:;:SE7
60000000 -(EII(E:L'(:DZ—MMS
55000000
50000000
45000000
40000000
35000000
30000000 13.62
25000000
20000000
15000000
10000000
5000000
o ;e 1|5.b:7 .17/'.71. 2|0/.§3 |22'||96 I’2§.84 26.42 |
15 20 30
Time (min)
RT Compounds MW MF Area, %
3.54 Unknown - - 0.94
8.92 a-Pinene CioH16 136 0.44
10.66 B-Myrcene CioH1s 136 0.64
11.04 a-Phellandrene CioH1s 136 0.63
11.23 3-Carene CioH16 136 1.90
11.42 a-Terpinene CioH1s 136 1.09
11.79 (+)-Limonene CioH1s 136 0.53
12.71 y-Terpinene CioH1s 136 0.26
13.62 Terpinolene CioH16 136 19.73
19.43 Safrole C10H1002 162 72.63
22.96 B-Caryophyllene CisHos 204 1.21
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RT: 5.00 - 50.00
19.73 NL:
1 7.90E5
. TICF: MS
700000 BEBIET
i CCL002
600000
500000
400000
300000
200000
100000
1596 843 11.16 1746 || 2059 2513 27.20 32.35 38.78 46,57 49.93
O e e L L s e s
5 10 15 20 25 30 35 40 45 50
Time (min)
RT Compound MF MW %Area
19.73 Methyl salicylate CgHsOs 152 100
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