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Title Ovicidal and repellent activities of plant essential oils against american cockroach

(Periplaneta americana L.) and german cockroach (Blattella germanica L.)
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Student ID 59604017
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Thesis Advisor Prof. Dr. Mayura Soonwera
Abstract

Six essential oils (EOs) from clove (Syzygium aromaticum), lemon grass (Cymbopogon
citratus), peppermint (Mentha piperita), eucalyptus (Eucalyptus globulus), bitter orange ( Citrus
aurantium), and cinnamon (Cinnamomum verum) at 10% concentration (v/v) in soybean oil and
ethyl alcohol were evaluated for their repellant and ovicidal activities against american cockroach
(Periplaneta americana L.) and german cockroach (Blattella germanica L.) by filter-paper choice
and topical application methods. The efficacy of each plant essential oil was compared to that of
naphthalene, a common insect repellent and that of 10 % (w/v) X -cypermethrin, a synthetic
insecticide. For repellency test, the highest repellent activity against adult P. americana was
achieved by 10% C. verum EO in soybean oil, with 76.0% repellency at 24 h after treatment, and
the highest repellent activity against B. germanica was achieved by 10% C. aurantium EO in
soybean oil, with 96.0% repellency, while naphthalene showed a repellency rate ranging from
74.0-98%. For ovicidal activity test, 10% M. piperita EO in soybean oil exhibited high toxicity
against the ootheca of both cockroaches with an inhibition rate of 100% at 30 days of incubation,
while 10% (w/v) OL-cypermethrin showed 100% inhibition of hatching rate. In addition, all EO
formulations in soybean oil provided higher repellent and ovicidal activities than those in ethyl
alcohol. Thus, the EOs from C. verum, C. aurantium, and M. piperita should be developed as

natural products for controlling populations of both species of cockroaches.
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N https://en.wikipedia.org/wiki/American cockroach; https://www.researchgate.net.
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e https://www .slideshare.net/prof aarif/animal-types-cockroach.
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https://www.slideshare.net/prof_aarif/animal-types-cockroach
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e https://www.slideshare.net/prof aarif/animal-types-cockroach.
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P. Mowillefert, Arbres
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N https://medthai.com ; https://commons.wikimedia.org.
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MWN 2.21 AN (Citrus aurantium) - 7)-0)1udud ) aendud 9) dAudud uaz 2) nadudh

ERE https://www.alamy.com/stock-photo/citrus-aurantium-1.html
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Soonwera, 2021)
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NN 2.22 DUBIINA (Cinnamomum verum): N)-V) lueusand A-3) ADNOULYULNA AR

1ag 2)-1) ﬁﬁuamﬂmmﬁ
nua https://www.sacrefrancais.fr; https://www.samunpri.com; https://khaolan.redcross.or.th;

https://th.wikipedia .org


https://www.sacrefrancais.fr/
https://www.samunpri.com/
https://khaolan.redcross.or.th/
https://th.wikipedia/
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o % v 9 Qmj) { 9 3’1 |l @
24 %2713 Tasvinfuneusze1donn Inwadnga lunisdudinisdn livesunasiutu
Y
(97.3%) nazddseansainlunisdudenisdnlavesnuasduiiulndifoany
' 9 y ] ) v Y o
10% cypermethrin #egudamsilnlala 100% 32199 Khan (2021) §a51eauaniniuvenseive
a % = a a % g}J
a1 (Azadirachta indica) WaggMAUND (E. camaldulensis) Nilszansamlunisdugimsin
9
1 [ o w ana 4
Tiveauasiu’ld 90.36 uag 89.13% awdrdy uenvinil Asasd naunsada (2556)
2o Y 9 . Y 9 3 o & A
s1euNiiuensziveas Ini1u (C citrams) A1dud 0 10% Tuiiniuouvies
v
?ﬁlﬂiﬂEJ‘UENﬂﬁﬁﬂul"ll‘llfNENﬁWEJ‘]jHu (de. aegypti) uagqqs"wmty (Cx. quinquefasciatus) laa
v H 9
D@ N 18.4% Az 9.8% awday Tuaazianududu 1% uaz 5% uaga1unsnduginis
W lavesgeareri razges gy I 11.4-28.8%
o g/ Yy 9 %’I o A A ) [ o U o o [
auaNuInTuYe sihuensaennnsivinzaud s uian 1Flunmsiiea la
Ty QI o a o o
uagms laduduounasauons Nl LazINaIE LTI Ao ANMTLTY 10%
Y
dmsvsrenuisens lgasalimiauuasary Joguannaresu e1mwu nsanyn
Y] 1 a [ J o w
ougueur aiiulasnw uazaay (2562) 51991171 HAAAMIANTITALLAY 4 gAS
Ao cypermethrin 25% w/v EC, chlorpyrifos 40% w/v EC, fipronil 5% w/v SC 1t81¢ chlorfenapyr
1 o v o & @ = @ an v o
24% wiv SC ADN1SATAAUANTUNAT UL AT UEDTHU A187FMTTURE (surface contact
exposure method) Tag ldunasauAududadsalindovoguuurunszan nallsingan
I P '
HoUNaIEUFUNA A 15090 NT cypermethrin 1Az fipronil tieq 5 u# Nilszansawaiiga
W ldnuasaueesiuday uaza1e 100% 1aslin1 KT, tM10D 4.27 WA uag 3.87 w1
o w v < v A J a @ 4 = J ~ 4 o w
Mud1ay g9 lsnadalisteniunwannusdisnilungulninsess awnsonida
Y o v W =\ o = o Y Y =\
uuase'la 100% nasmsdudaansall 72 2 Tue waglinasi Inuuasauaanla 95% Taol
] 1 ] g‘; 1 4 a o w
1 KTy, 04 10529 6-28 Wil saunsaaaiilunguaaes Inived dwisoidauuasaiy
o 9 S 1 1 v = o Y
15U 1R 100% naziinl KT, 0glusae 34-60 w1fi (griour anulasaw uazamz. 2560)

HAZINNITANHIVOA Shafiqur Rahman and Akter (2006) WU ASANAIALNAY cypermethrin
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tanuiluiisgenedauiounasavominy Iaelin1 LD, m1ny 303.04 TuTasniu/dn

Tuaseh asmlimdauuad diazinon IA1 LD,, (AU 511.56 Tulasnsu/en
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3.1 mam3suglnsalumsaniumsive
3.1.1 maniudimasanlufeslfiamsielilumsnageu

3111 uwasauiildlunisnaaes
1) AURN TR TIONI A UMAR uasWAlilY (Periplancta americana L.)
(il 3.00)
2) RNt LI T UIMAR Lavwetilo (Blattella germanica L.)
(AN 3.1 %)

3.1.12 Qﬂﬂiﬂfﬁ1%’114mnwm§mammam“luﬁ'mﬂﬁﬂ’ami el lumsnaaey
1) ﬂﬁﬂﬂléﬁlilmﬁﬂ%ﬁ1 VIR 20 x 27 x 11 IBUAUAT (mwﬁ 3.19)
2) Trau VNAFUAUFUINAN 22.5 IUAIAT 79 34 IUALAT
(m‘wfﬁ' 3.1m)
3) BaoWANEAN VAR U TURUINAN 4.5 URIAT g9 34 IBUAWAST
(m‘w*ﬁ 339)
4) ¥NY19 (mwﬁ 3.2 %)
5) unalal (i 3.1 9)
6) MaAU (MWA 3.2 1)
7) Qeilewns (i 3.3 9)
8) Wloaiit (1M 3.2 9)
9) fei1e (i 3.2)
10) n3zAlnwanadn 3 x 7 uRiuas (Mwd 3.2 n)

3.1.13 gunsalilddmsuldemnsumasenuludesfuicnms
1) uumf?m%“mﬁﬂ (Nestle Bear Brand®) (ﬂ”l‘l/\l‘ﬁ 3.39)
2) omnaad MUY (Pedigree” T1l5Au 21%) (Wil 3.3 )
3) dauuutiu Ganewia®) (i 3.2 9)
4 vty 10% dmsudesinseu tazd iy
(Hale’s Blue Boy®) (ﬂTIN‘ﬁ 3.31)

a ] 4 a {
5) tglj'JEJWﬁ'l’dﬁﬂ muwmﬁjumuguﬂﬂmﬁ 4.5 I UANAT (fl'l“Wﬁ 3.39)
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3.1.2 WrayulwsilFlumsnaaeu
Y a 4
) aonnIuNa uazidurenszivenIung luefiaueanaea uayly

v
o o

1
¥ A ~
UIUUDAUYADI (DINN 3.4 N)

o ¥ Y Y o Y ¥ A %
2) amum”lmmu uazumummzmam"lmumium‘wmmaﬂaﬂa LLE]%GI,L!

%,' v < A -d'
WINUDAKADI (NINN 3.4 V)
sa o o Ja P A s
3) lualdulesiua vaginiuvensamen/inles Jua luenaveansea waz lu
%,' v < A d'
UNUDANADI (NN 3.4 A1)
a @ %’ v a 1Y a 4
4) Tugmaldae uaziiuneusziegniadaaluenaneanaoa uag
%)l Y @ =) ,d'
Tuiiunumane (1w 3.4 9)
A Y 9 Y Y Y a 4
5) aenwadual wagiuveussivedudal luenansanagoa waz lu
so’ @ & A d'
WIUD KA (NINN 3.4 9)
o 9o’ &Y a o
6) nlaenadusuieme uaziniuvenszmeeusma luonaloanaod
ao’ o & A d'
waz Juhduamaes (1w 3.4 9)
dd' =< a A :’ U A a 1l v
3.1.3 gunsanlFlumsAnuilszansmmnve hiiurens s HENNNT T HAMS 9 AD
M3 laMmIAIBINAIVBRISNY HAaZINAIT BT
a 4 a {
1) Julasthaled vuia 100-1000 lulasaas (mwi 3.5 1)
2) NABINAIAANTAIVUIA 20 x 27 x 11 I UANAT
3) Pipette tips (Wheaton) 1@ 200-1000 1u1a58a5 (1WA 3.5 ¥)
o a {
4) A5¥ATYNTO Whatman® 10835 1 Y119 18 x 27 (BUANAT (1NN 3.6 1)
5) BIEWANEAN VAT UATLFUINAN 4.5 HURIIAT G 3 [TUALAT
6) 99.60% (w/w) Naphthalene (fl"l‘Wﬁ 3.59)
A
7) PUDYN
8) eau
9) WMV (NINT 3.6 B)
a 4 an o ® d‘
10) toNaLOaNdda 70 % (AIVYW1") (WA 3.5 9)

3 S T ® 4
11) hiununaes (as1egu”) (M 3.5 a)
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3.4 gunsaiillumsanunlszansmmvesiifunewszmennityyfiaaa  de
mstudfamsinliuuasanueni i tazmasauee i
D) luveeunasaIuewms nu (P. americana ) UaLLIAITE LD Y (B. germanica)
(m‘wﬁ 3.6 N-9)
2) NABINAAANTMUUIA 20 x 27 x 11 QALNANIBURLAT
3) TuTasulad vina 100-1000 Tulnsans
4) A VnadUrUgUINA1e 5.5 IFUALAT (MW 3.5 A)
5) Pipette tips (Wheaton) U119 200-1000 TuTasans
6) NaaU
7) WINAILLIA
8) Tlveueda (future board) T (MW 3.6 9)
9) e (Wi 3.6 %)
10) 10% w/v Q-Cypermethrin (ANS08 10") (ANA 3.5 %)
11) geioeg

12) ndodganssAuuUaaes 1o (NIKON®, Type 102) (7117 3.6 1)
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4 A 1 a oA 4 v 3 o
mwii 3.1 gunsain1Flumsmnzidesmasmuludealjiams weldlumsnadeu: n) daduie

a o v 3w @
LLllaﬁﬁ’lUﬂllliﬂulWﬁWj}Lla&WﬁLﬁﬂ (Periplaneta americana L.) %) G]'JmM?ﬂl!ﬂﬁﬂﬁWUlﬂﬁ]iNulWﬁf{j
Y
1 4 a
Llagw\l?ﬂﬁﬂ (Battella germanica L.) f1) Twauﬁ}’aﬁﬂumm ﬂJuTﬂLﬁuWTUﬁUﬂﬂaN 22.5 I UALNAT (3§

Y
34 1 UNNNT ) NADUALUNAITAT VUIA 18 x 27 x 11 IFUAIAT LAY ) L 1oy
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a o v Y ) 9 %’
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v [ 4
mwi 3.3 gunsain lFd msnIemmsuvaseuludesdfiiams: n) thvauanududu 10%
o o 1 (A v 3 o ) [ <
T UIABIAI9DU LAaZANANIY (Hale’s Blue Boy”) ) UNKIG 1M ULAN (Nestle Bear Brand"®)
< o [ o . ® = A Y a 9y
) 1M sAd MUY (Pedigree” 1U5AU 21%) 1) 9aiioens uaz 9) drenarddn vuadu

HILEUEINA1N 4.5 IBUAILAST
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v o A
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4 1 a (X %’ @ a @ a J
M 3.4 (99): ») Tugmadaa naziiuveuszirsgaidalda luenausanaea uay lu

v o A

3 A Y v o Yy 9 A s N
HIUUDUH D fl]) !ﬂﬁ'ﬁ]ﬂWﬁﬁN?ﬂ UASUUNDUISINYTUT Glu!ﬂﬂﬁ!lﬂﬁﬂa@a ua::cluumum

A
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~ sAq Y = a a Y o A a 1
i 3.5 gUnsainlalumsAnulszansamue i uneusLIMENNNTYAA ) HazNs
= 1 ] @ o & 1 A o
naaeufSeuiouaens lasuaude uazdudanmsin lNuvasavewsnu uazuuasay
) a 4 a
wostu : n) Tulastlulad vina 100-1000 1 Tn58AT V) Pipette tips (Wheaton) Y419 200-1000
a Y 1 o a
luTnsaas A) 11uuin Gummz?f'umgfuﬂﬂmq 5.5 1 UANAT 1) 99.60% (w/w) Naphthalene 9)
a o an o %’ o o 1
wNaueanaod 70 % (A3 Uwyv1") ) IEFRITBIMERR (M3199u") oy ¥) 10% wiv O-

Cypermethrin (AN3598 10°)
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9
ae EHJENﬂ”ISﬁﬂlIGUL!?JﬁQﬁ"IU’OLMS DU LASLNIT VDTN N) hhlllllflxiﬁT]J’fJLlliﬂu (P. americana)

] Y . Y 4 o~ ®
V) "lleLl,llanT"I'Ulﬂﬂﬁllu (B. germanica) f) NavYanssf HUVEIADS 10 (NIKON", Type 102)

1) NIZAINNTDI (Whatman” (1935 1) ¥U1A 18 x 27 I¥UALAT ) WDTUOSAAAT R) WIAM
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ad oA a v
3.2 IEMIAUUUNMITIDY
v a2 A £ a wva
3.2.1 Msvengiug saz@easdasany ielilunsnaaeu lures§iams
v J o A ! a oA a
1) M3verewuguuasauauiunsndeal jiian1sngIne D313/1 eimsigm
a = a A = @ = Y
113 Madvuna luTagmanaany auzma lulagnsnyas doiuma lulagnszsonna
@ v 3w a o @
HIUNMITAIANTZT NFUNNUNIUAT TABANAN TOUNASEVOIWT AU HAZINAIT1UIDTIY
1@5unnuewaszInannfuIteInomans a5y NTUANOIMEATNITUNNG
Y
NIENINATITUFY Uunys udrdslfiineynsuisiusuun uagusFyiavesuuasaiy

o

Y
a o v 4
DININU (Periplaneta americana) VQZHNONTURIDINY (Battella germanica) AREIGINL YIINUT
Y

a 4 o v % g‘u
uwasa vz ldgangiies 30-35 esrimaiFod ANUFUAUINS 70-80% FaTlTuABUNTIALY
9
HUAEY A9l (Takawirapat et al. 2021)
o v o Aa o 1 Y dy 9 1 4
n) haaaudguyatdauewsnu TaluInaunadesuaavinad uruguana 22.5
Aa a 1 v I 1Y% @ U 1 ' [
IUAAT g9 30 1 UANAT daududnTonuasmuwe iy TdluTvaududousu@oany
1 a A o v 1 1 A g 1 9 =
Taguuaimuuaaz ¥iaa I T1UIU 20 69 AONADIYI0 Ivatass Uasamay uaziwenie 1u
[ 1 U A dy
9731 1:1 ADNADINIO IHAIRYd
g’/ 1 1 3 @ Y o 1 I (%
v) 1niulassliunasain 19l vazdniludieeu nesdrsauas lawiuda
<3 o = A v A a a A (= ~] o
AN Fuwasarnemsnuiliszeznatlumsaigdu Tadszaw 8 heu (lideduauie
Tdarlsgana 8 o) tuasauwesiulyszoznan lunsnsyanTa Usgana 2 1ou
1 " A I { ] A 1
Taupe lumoduiivausou 1hn Tnamarenadu uaztladaerhillsszuieeinis
Y
) MIDBWVAIEIVIEDINU Laguuadauomsny 1z 1dunme 5 niu 19o1ms gy
0o =} o g Y 9 A aa g}/ 90‘
du3ag)) (QUsau 21%) 5 03N ezl mNUANWITNTU 10% (40 Taaans) N30T LAY
1 a ] 4 a Aa 1 1
Taasludrewaradn vinaduruguina1s 4.5 SUALAT g9 3 FUALLAT ADLNAIEILLAAE
¥HA A1UITA1TUBI Sittichok ez al. (2013a) 1A Sittichok ef al. (2013b) 1as 191113
90} @ 4 3’;
wazihddanviag 3 Ase
3.2.2 M3ASETNNUYONTLHEN NN
y o o2 - :
uniuvenszmennisnlFlunsnaass Inanua 6 stia Taun n1ung (Syzvgium
d A 4 a @
aromaticum) az'lasiu (Cymbopogon citratus) V1o UUA (Mentha piperita) Q?ﬂaﬂ@ﬁ
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o Y a oA a A 2\// Y F) a ~
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FINAa0IN 1 11 HUHDNTZININTUNG 10% ‘]Jﬁ$ﬂ@ﬂﬁ?ﬂﬂ1ﬂl&ﬁ@uﬁ$!ﬂﬂﬂ1uwg 10
aa [ a J a aa
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7

i
Y 4
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AINAaIN 2
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4 Y
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Aa aa @ a 14 A aa
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2 A 3 o ) Yy 3 o vy
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fanaaeaii 7 1§1ﬁ’uwam$magm§ﬂﬁﬁ 10% ﬂizﬂauﬁaﬂﬁﬁuwamzmﬂgﬂwaﬂﬁﬁ
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v
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@
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Fanaaon 11 WiiuronssmeoUsang 10% ﬂi%ﬂﬂﬂﬁaﬂuWNuﬂﬂiJiZLﬁEJEJ‘]JLGI)'EJmﬁ

a A

10 103303 HANALONAUDANDIDE 90 UAdAAT
Y

e
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FanAandi 12 T nUReNSHINERUIENA 10% U5 NoUAIen MUHOUIZ MBS
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323 msnageutszanEmwvesinunenszimennivsiiama 9 A0N5 Iaf AN
WUNAIAVBININY HAZUNAIAVIBD TN

Mmsnageulszansamvesifuneuszimonniiraenisla (Repellency test)
duduTonuasauesfu nazuyasauee iy luwesl§1ian134203315 filter-paper
choice method MNITN5VD4 Sittichok ef al. (2013a) ttay Takawirapat ef al. (2021) Taeiin13119
HHUMTNABBIUUGNANYTD! (Completely Randomized Design : CRD) 31 14 Aanaaed uAaza
nAaeddl s 9 uazienaaes TR SouLaE e i uazIAIE LRI 5 67 A 1 91

gy o & 4
FINVUAOU IUMTNADDIAIY (91N 3.7)
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N) INFENNADINAADITAIVUIA 20 x 27 x 11 1FUANAT NNFaunUsnaulInnang
4 o -
otlosnumsvaunilve i aaL
@ 4 a 1 v
V) AANTLAIHNTOI Whatman®™ 1093 1 YU1A 18 x 27 KYUANAT HUIATINTEATHATD
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e
Y
[ Y] a @ 1 a o Y] [ v g [
D) HAINUY 5 7T AAEDNUNAIALLAAZFHATIUIU 5 @1 udr)dosdndudy
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y @ 2 Y v A ' v
) 3INUUINIMIIZUUVHUNHI HAZUIHNUANUTUTY 10% NVTIF0g 11D
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2) TUANTIIUAUANITUNAIAIU NG IUNTZMBNTOWAAZTIN HAINITNAAD
24 92 T4
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Y
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= 1 1 %/ L% g}l =\ 1 a W
A58l A1 RI= Hoen 1 ¥uede Wiiuveuszmeiuinalums lauasauemsnumse
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1 1 %’ @ g’; a o
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a d 1 Jd I o 1 S I o =
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v @ o Aa o Y o
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NS
< 3 J [
nlosisudmsla PR)= 1- —— x 100
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- o =S
ofidudalunsasga (PA) = 100-PR
o v 1% a o A @ g/} til - 1 ~
Tag NS = SuUAUANBHNaIa B A UNI DT UNIMUA TuNuNATzAmBaIUN 1
(MeaEI)
o v Y] Aa o A o gl.: dy ~ 1 ~
NC = $1UAIAN oL ase U N Ui oo s unavue Tuiunnszayaiun 2
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(NeAUINTDY)
a o 1 @ 1 1 % 1
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v o ™ Ao Y ax "
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2 ¢ 3 = v 3 o o
A1 PA (Percentage Attractancy) = nJaimmmiumim@ﬂmmmmmmmmfmmu

v
4 o A @ T 3 o @
Y81 RI (Repellency Index) = v iams ladauau Souuasenueesaiu
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siiaTunenszve 9a318uM3 la (RR) 9n31dIUMIAGA (AR)
MUNY (S. aromaticum) 1.14 0.61
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Naphthalene (positive control) - -
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1 g}J 1 % o a QJ g}J
index : IRI) ﬁl’élﬁlﬂ’ﬂ 1 HURWIPANUN UINUNBUTSINYNNTUA Inmandalunsgudinsin

q

1 1 % BDI % { % g}/ 1
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q
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P > v P-value
DAINNYATT ﬂ’)EJ“I/lUlllViﬂﬂﬁﬁ (% Inhibition rate)
MUNg 96.0+4.5" 146.0+5.5 34.5 0.021
(S. aromaticum)
azladihu 114.0+4.9 148.0+5.5 23.0 0.067
(C. citratus)
wnlesiiug 18.0+1.9" 144.0+5.5 87.5 0.003
(M. piperita)
ga1ailda 88.0+4.3" 138.0+5.4 36.2 0.026
(E. globulus)
dudh 145.0+5.5 154.0+5.7 5.8 0.095
(C. aurantium)
DUHYNSA 110.0+4.8 142.045.4 225 0.091
(C. verum)
dhifugumdes 135.045.3 139.0+5.4 2.9 0.666
(negative control)
Ol-cypermethrin 0 141.0+5.8 100 0.002

( positive control)

v . v ’ ° ] F ] v
HAAIANUUANANINIADA NTTAUANUABIUT AL 95 (P<0.05) 321195 umatanunin luiiuinszaunseanvien

o o < i S Y an .
3 Musuuasenuida luiunnszaynsoan lureaas a1e35ms Paired-Sample t-test
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q
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v %/ - a a d 1 o %‘J
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mmu“lmmmﬁmmﬁﬂ (1/\]’0\‘1) +SD % @@i?ﬂﬂﬂﬂﬂﬁﬁﬂllm

yiiaiiuvouszmo A mY W P-value
DIYNHYATT ﬂ’JEJ‘VIULJJ?ifJﬂﬁ1i (% Inhibition rate)

MUY 67.0+4.0° 144.0+5.5 53.5 0.002

(S. aromaticum)

az lngrhu 62.043.6 142.0+5.4 56.3 0.000

(C. citratus)
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Abstract Six essential oils (EOs) from Cinnamomum cassia, Citrus sinensis, Mentha piperita,
Syzvgium aromaticum, Zingiber cussumunar, and Zingiber officinale at 10% in soybean oil
were evaluated for their repellent activities against Periplaneta americana L. and Blattella
germanica L. adults and compared to that of naphthalene (1 g of sublimating ground powder), a
common insect repellent. All six EOs exhibited a significantly higher effective repellency
against 8. germanica than against P. americana. Among all FOs tested, C. cassia EO exhibited
the highest repellent activity against adult B. germanica (90.0%) and adult P. americana
(76.0%). Naphthalene, on the other hand, showed 88% repellency against B. germanica and
98% against P. americana. 1t can repel P. americana better but repel B, germanica worse than
C. cassia EO. C. cassia EO has a good potential to be developed into an effective, and safe
insect repellent for controlling P. americana and B. germanica populations.

Keywords: Cinnamomum cassia, Periplaneta  americana L., Blattella germanica L.,
Repellency

Introduction

In Thailand, American cockroach (Periplaneta americana 1.) and
German cockroach (Blattella germanica 1.) are two common insect pests in
residential buildings (Dingha et /., 2016; Ubulom et af., 2021). They are one
of the major sources of potent allergens agaimnst sensitive populations,
especially children. In addition, they carry pathogens of cholera, diarrhea, and
dysentery (Etim et al., 2013; Chang ef af., 2017, Lee et al., 2017). Cockroach
allergens and pathogens found throughout a house, such as in the kitchen, are
associated with the saliva, feces, secretions, and fragments of their body parts
(Chang ef al., 2017). These pathogens are some of the most serious global
public health problems (Dingha et al., 2016). To control American and German
cockroaches, several repellents and contact synthetic insecticides, such as
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pyrethroids, carbamates, and organophosphates, have been used. However,
these insecticides have many serious side effects to human health, cause
environmental pollution, and are susceptible to insect resistance after an
extended use (Chang et al., 2017, Lee et al., 2017). Therefore, safe and
effective cockroach control agents have been continuously developed.

Among natural plant products, plant essential oils (EOs) and their
constituents are good candidates for centrolling cockroaches (Chooluck ef al.,
2019; Lee ef al., 2017; Yeom et af., 2015). They are eco-friendly and potent
insecticides and repellents. Moreover, insect pests are not likely to develop
resistance against them as easily as against synthetic insecticides (Pavela and
Benelli, 2016). Good repellency activities against P. americana and B.
germanica of several EOs and constituents from Arethum graveolena, Citrus
hystrix, Cymbopogon citratus, Cymbopogon winterianus, Eucalyptus globulus,
Cyperus rotundus, Rosmarinus officinalis, and Trachyspermum ammi have
been reported (Zibaee ef al., 2016; Chang ef al., 2017; Lee ef al., 2017,
Chooluck ef al., 2019).

All six EOs (Cinnamomum cassia, Citrus sinensis, Mentha piperita,
Syzygium aromaticum, Zingiber cussumunar, and Zingiber officinale) in this
study have been reported previously to exhibit insecticidal activity against
cockroaches and other insect pests. Namely, C. cassia exhibited an adulticidal
activity against dedes aegypti and Ae. albopictus (Aungtikun and Soonwera,
2021). C. sinensis EO exhibited a strong oviposition deterrent activity against
Musca domestica (Sinthusiri and Soonwera, 2014). M. piperita and Z. officinale
EOs showed a strong insecticidal activity against B. germanica (Sittichok ef al.,
2013b). S. aromaticum EQO showed a repellency activity against P. americana
adults (Sittichok et al., 2013a). Z. cussumunar EO exhibited a strong
insecticidal activity against M. domestica (Sinthusiri and Soonwera, 2014). In
addition, these EOs have been used as medicine for humans, with the following
activities: antioxidant, anti-bacterial, and anti-flammatory (Sinthusiri and
Soonwera, 2014; Pavela and Benelli, 2016; Aungtikun and Soonwera, 2021).

The objective of this study was to determine the repellent activities of
six EOs from C. cassia, C. sinensis, M. piperita, S. aromaticum, Z.
cussumunar, and Z. officinale against P. americana and B. germanica adults
under laboratory conditions.

Materials and methods
Plant materials

Dried barks of C. cassia and dried fruits of S. aromaticum purchased
from Nguan Soon pharmacy, 156-158 Soi Charoen krung 16, Samphantawong,
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Bangkok 10100, Thailand. Fresh fruits of C. sinensis and fresh leaves of M.
piperita were collected from an organic farm in Nakhon Ratchasima province,
Thailand. Fresh rhizomes of Z. cussumunar and Z. officinale were collected
from an organic farm in Chumphon province, Thailand. All parts of plani
species were collected during September 2019 to June 2020. They were
positively identified by a plant scientist at the Faculty of Agricultural
Technology, King Mongkut’s Institute of Technology Ladkrabang (KMITL).
Parts of these plants were cleaned and cut into small pieces. Then, they were
extracted by a water distillation method for 5-8 h. At the end of that time, the
EOs were collected and stored at 4°C. Each EO was diluted to a 10% solution
in soybean oil and kept under general laboratory conditions (25.5+£3.0°C and
76.5+3.5%RH) for later uses.

Chemicals

The positive and negative controls in this study were 99.60% (w/w)
naphthalene, a2 common insecticide, and soybean oil. Naphthalene was
manufactured by Power Melan Co., Ltd., Soi Chokchai 4, 72, Lat phrao,
Bangkok 10230, Thailand, while soybean oil was manufactured by Thai
Vegetable Oil Public Co., Ltd., 149 Ratchadapisek Rd (Thapra-Taksin),
Thonburi, Bangkok 10600, Thailand,

Adult cockroach rearing

Nymphs and adults of P. americana and B. germanica were obtained
fromm The National Institute of Health, Department of Medical Sciences,
Ministry of Public Health, Thailand. The cockroaches were reared in a
laboratory under the environmental conditions of 31.5+2°C and 64.544% RH,
with a photoperiod cycle of 12-h light:12-h-dark, at the Department of Plant
Production Technology, Faculty of Agricultural Technology, KMITL. Nymphs
and adults of P. americana and B. germanica were fed with 50 g of dog pellets
and 50 g of powdered milk in glass jars (22.5 cm diameter % 35 cm) for food as
well as 10% glucose solution soaked in cotton sheets for drink. Eight-month-
old P. americana and two-month-old B. germanica adults, were used in a
subsequent repellent bioassay.

Repellency test

An 18.5x26x10.5 cm, open-top, plastic box was used as a cockroach
cage for the repellent test called filter-paper choice assay (Chang ef al., 2017,
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Sittichok et al., 2013a). All four walls of the box were pasted with a layer of
greasy Vaseline to prevent cockroach escaping. A piece of filter paper
(Whatman® No.1, 18.5x26 cm) that filled the whole area of the base of the box
was placed at the bottom of the box. It was divided into 2 equal areas, a
treatment area and a control area. The treatment area was dropped onto with
two ml of the treatment EQ, while the confrol area was dropped onto with two
mli of distilled water. For the positive control treatment, since naphthalene was
a solid substance at room temperature and exerted its action through its
sublimated vapor at room temperature, it was ground into powder, and one
gram of the powder was placed on the treatment area on the filter paper. Food
and drink for the cockroaches, available for all time in the cage, were placed in
containers. Each of two identical sets of food and drink containers was placed
in the treatment area and the control area to ensure that none of the cockroaches
would die from starvation. For each treatment, five adults of P. americana or B.
germanica of both sexes were released at the middle of the filter paper in the
box. Repellency was observed and recorded as the number of cockroaches that
situated away from the treatment area, or in other words, the number of
cockroaches situated on the control area of the filter paper, while attractancy
was observed and recorded as the number of cockroaches that situated on the
treatment area, compared to the number of cockroaches that situated on the
control area. After 24 hours, the outcomes of the repellency test were observed
and recorded. Each experiment was repeated ten times. The outcomes were
converted into repellency indices (RI) by formula (1) (Thavara et al, 2007;
Sittichok et al., 2013a) below,

RI = (NS-NC)/(NS+NC), (1)

where NS was the total number of insects situated in the treatment area on the
filter paper at the time of observation, and NC was the total number of insects
situated in the control area. In general, RI ranges from -1 to +1. A positive RI
indicates that the treatment (or control) was an attractant, and conversely, a
negative RI indicates that the treatment (or control) was a repellent, while a
zero value indicates a neutral response.

The percentage repellency (PR%) (i.¢., percentage of insects situated in
the control area on the filter paper) for each essential oil was calculated by the
following formula (2},

PR = [1- (NS)/(NS+NC)] x 100%, 2)
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where NS was the total number of insects situated in the treatment area on the
filter paper at the time of observation, and NC was the total number of insects
situated in the control area,

The percentage attractant (PA%) (i.e., percentage of insects situated in
the treatment area on the filter paper) for each essential oil was calculated by
following formula (3),

PA =100% - PR. (3)
Statistical analysis

A paired ttest (in SPSS software for Windows, version 16.0) was used
to analyze the significant difference at p<0.05 in the mean numbers of
cockroaches in the treatment and control areas.

Results

All ‘six plant EOs exhibited a significantly higher percentage of
effective repellency (PR) against B. germanica than against P. americana
adults (Figure 1). The repellency activity of six plant EOs at 10% in soybean oil
and 1 g of sublimating ground powder of naphthalene against P. americana
adults are presented in Table 1. C. cassia EO showed the highest percentage of
effective repellency (PR) against P. americana at 76.0%, with repellency index
(RI} of -0.52. On the other hand, EOs from C. sinensis and Z. cussumunar
showed a lowest PR against P. americana at 52.0%, with an RI of -0.04,
Moreover, all EOs showed a lower PR% against P. americana than that of
naphthalene, a positive control (PR = 98.0% and RI = -0.96).

The repellency activity of six plant EOs at 10% in soybean oil and | g
of sublimating ground powder of naphthalene against B. germanica adults are
presented in Table 2. C. cassia BEO and Z. officinale EO showed excellent
repellency against B. germanica adults at the highest PR of 90.0% and an RI of
-0.80. On top of that, they also showed a higher percentage repellency than that
of a common synthetic repellent naphthalene against B. germanica adults (PR =
88.0% and RI = -0.76). At the other end of the spectrum, S. aromaticum EQO
showed the lowest PR against B. germanica adults at 78.0%, with an RI of -
0.56.

To conclude, ranked according to their PR values against P. americana
and B. germanica adults, the six plant EOs can be ranked as follows: C. cassia
EO> Z. officinale EO> M. piperita EO> C. sinensis TO> Z. cussumunar EO> §.
aromaticum EO.
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Table 1. Repellency activity against P. americana adults of six plant EOs at
10% in soybean oil and naphthalene

Treatment Number of cockroaches +SD  PR% PA% RI'
Treatment Control

C. cassia EO 12+0.7 38420 76.0 240 052
C. sinensis EO 2.4+0.5" 2.6+0.5 520 480  -0.04
M. piperita EO 22404 2.8+0.4 56.0 440  -0.12
S. aromaticum BEO 1.7+1.8 33413 60.0 400 -0.21
Z. cussumunar EO 2.4+0.5" 2.640.5 52.0 480  -0.04
Z. officinale EO 22404 2.840.4 560 440  -0.12
Naphthalene (1 g of sublimating ~ 0.5403" 45411 0980 20 0.96
ground powder; positive control)

Soyhean oil {negative control) 48405 0.240.5 4.0 96.0 092

" Significant difference between the treatment and the control by paired r~test (P< 0.05).

" RI ranges from -1 to +1. A positive RI indicates that the treatment (or control) was an
attractant, and conversely, a negative Rl indicates that the treatment {or control) was a
repellent, while a zero value indicates a neutral response.

PR% = Percentage repellency; PA% = Percentage attractancy.

Table 2. Repellency activity against B, germanica adults of six plant EOs at
10% in soybean oil and naphthalene

Treatment Number of cockroaches £SD  PR% PA% RI'
Treatment Control

C, cassin EQ 0.5+1.3 4.5£1.3 900 100 -080
C. sinensis EO 0.9+1.4" 4.1+1.4 32.0 18.0 -0.64
M. piperita EO L0419 4.0+1.9 80.00 200  -0.60
S. aromaticum EQ 1.1£19° 39119 78.0 22.0 -0.56
Z. cussumunar EO 1.0£1.9 4.0+1.9 80.0 200 -0.60
Z. officinale EOQ 05+1.3 4.5£1.3 90.0 10.0 -0.80
Naphthalene (1 g of sublimating 0.6+0.7" 4.4+0.7 88.0 12.0 -0.76

ground powder; positive control)
Soybean oil {negative control) 4.8+0.5" 0.2+0.5 4.0 96.0 092

" Significant difference between the treatment and the control by paired #-test (P< 0.05).

"RI ranges from -1 to +1. A positive Ri indicates that the treatment {or control) was an
attractant, and conversely, a negative RI indicates that the treatment (or control) was a
repellent, while a zero value indicates a neutral response.

PR% = Percentage repellency; PA% = Percentage attractancy.
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Figure 1. Percentage repellency activity of six plant EOs against P. americana
and B. germanica

Discussion

C. cassia EO exhibtted a better-than-positive-control repellency activity
against P. americana and B. germanica adult, as compared to the other EOs.
Findings from Chang et of. (2006) support our findings. They reported a good
repellency activity of C. cassia EO against aduits of de. aegypri. Five percent
of C. eassia EO in ethyl alcohol showed a high adulticidal activity against de.
aegypti and Ae. albopictus, with a KTsy of 8.6-9.6 min (Aungtikun and
Soonwera, 2021). Our results are also supported by a study by Khan (2021),
which reported that C. cassia EO exhibited a strong insecticidal activity against
one-day-old pupac of M. domestica, with an 1.Csq of 298 ppm. Chang ef al.
(2006) and Aungtikun and Sconwera (2021) reported that their GC-MS
analysis of C. cassia EO indicated that cinnamaldehyde was its major
constituent. They also reported its strong adulticidal and repellency activities
against de. aegypti. Against insect pests, the mode of action of C. cassia EO
was permeability inhibition of cell membrane and disruption of intracellular
enzymes (Aungtikun and Soonwera, 2021; Benelli et afl., 2018). For
Cinnamaldehyde, the mode of action against insect pests was respiratory
system inhibition caused by inhibition of enzymes involved in cytokinesis. Tt
also reduced cell membrane’s ATPase activity (Aungtikun and Soconwera,
2021). Furthermore, it causes loss of membrane integrity and membrane
depolarization (Benelli et a/., 2018). Historically, C. cassia EO has been widely
used as an insecticidal, antifungal, and anti-bacterial agent, as a treatment for
stomach disorders and for controlling glucose in the blood (Jyoti et al., 2019).
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In this study, naphthalene was able to repel P. americana better but
repel B. germanica worse than C. cassia EO. Regarding its toxicity and side
effects, it has been reported to have an acute oral LDsg of 2649 mg/kg against
male and female rats and an inhalation LCsg of > 0.4 mg/L (77 ppm) against
albino rats (USA EPA, 2008). Long time exposure to naphthalene by
mhalation, ingestion, or dermal contact may result in hemolytic anemia, liver
toxicity, and neurological damage in infants (Thavara et al., 2007; Zibaee et al.,
2016). Furthermore, naphthalene is highly toxic to soil organisms as well as
other terrestrial and aquatic animals (USA FPA, 2008). In contrast, EOs are
quickly degraded i the environment and relatively harmless to non-target
organisms. They are also non-persistence and non-mobile in soil (Benelli and
Duggan, 2018).

As demonstrated by the findings in this study, the potential of C. cassia
EO as a commercial green repellent and adulticide against P, americana and B.
germanica is great. A Turther study on its long-term toxicity and a development
into a spray-formulation repellent are strongly recommended.
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bivefficacy of ap entomopathogenic fungus in conwolling fall armyworm. A parive AMewrkiziion rifnd was succescRully
izolated fropy pamrally infecteal §, fragnperda larvee collacted o comm fields in Lucena, Queron Proveace m e Philippines.
Latotatany bioassay: were conducted ta elucidare the vimlsare sfAL sz 1o different life sages of 5. frugiperds. Bazed
on t-resk, M. riles 856 0o evicidal activicy, The larval metars of 5. fuziperda were susceptible to A, riloy with Sigher
monalities 0 eady lostars. Myzosed larvae were covared st ovitsre Asegnl grownl asd lighe ofive zreen ronidia. Theanean
timie to Jarend death moged frows 5,10 10 8.67 davs dapending on conidial conceniration while lothal conreciration (LT 50}
was computed fromn T30 5 105 to 3.31 x 1013 copidia‘al, Based o& t-iest, reduced pupation and adulr emerpecce were
observed in famgal treated prepupa Howewvesr, thers vms oo effect on the adunir emergence of fingal rrearsd puga.
Susceprbiliry of 8. frugipesda to AL rileys implies i potential use and mbapmtion i the Imteprarad Post Macagemenr for
5. fruginerda i the Phifippines.

Erywords: bioronwel, pes; managemext, fall amyworms
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