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eucalyptol (44.42 %), (1S,4R,5R)-1,3,3-trimethyl-2-oxabicyclo[2.2.2]octen-5-yl acetate (6.47%) wag phenol,
4-(2-propenyl)-, acetate (6.25%) @aunnsfuneuszneldendule nua1s d-limonene (83.77%) uay B-
myrcene (5.39 9%) {ussduszneuvdn thsunonszmeidenduledfivmenisugeiniididunenssimeining
TnefiAn LCy, Wi 9,891.89, 1,840.29, 559.96 way 61.06 LN M8 24, 72, 120 way 168 ¥y, AU
dup1 LCs, YDINTUVNTEMEIA TN 9,264.02, 5.222.98. 3,095.62 Way 2,369.63 MilLEy AudFU KA
nsnaseutlsiiut dhiuveussmedondulouasiniindidnenwiaunduiatusidmivauaudannlifu
aenug C. curvignathus

AdNALY: dstumensyme: 91: dule: Yannldau: Coptotermes curvignathus

ABSTRACT: Use of essential oils from plants has been considered as a safe and effective alternative
method for termite control. The chemical composition and anti-termite activity of essential oil from
Alpinia galanga rhizome and Citrus grandis peel against Coptotermes curvignathus were evaluated. The
main components of essential oil of A. galanga rhizome were eucalyptol (44.42%), (1S,4R,5R)-1,3,3-
Trimethyl-2-oxabicyclo[2.2.2]octen-5-yl acetate (6.47%) and phenol, 4-(2-propenyl)-, acetate (6.25%). D-
Limonene (83.77%) and B-myrcene (5.39%) were major components in essential oil of C. grandis peel.
The essential oil of C. grandis peel had higher feeding toxicity than essential oil of A. galanga rhizome
against C. curvignathus with LCy, values of 9,891.89, 1,840.29, 559.96 and 61.06 ppm at 24, 72, 120 and
168 h, respectively. The LCs, values of essential oil of A. galanga rhizome were 9,264.02, 5,222.98, 3,095.62
and 2,369.63 ppm, respectively. The results revealed that essential oils of C. grandis peel and A. galanga
rhizome have potential to be used as a bio-pesticide to control C. curvignathus.
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Coptotermes curvignathus wuasfnsddgyuesitviasugianatsviln 1iu o1e Urduninau uzaiag niSou
(Saputra et al,, 2018) \flosananssssuvAaInfivaaesndsdiaudasadorouyuduazdunndon e
ﬂalﬂmsaaﬂqwﬁimmml,maq Tauuas Sudsmsiasaivle maaummsmﬂwaumaﬂ (Regnault-Roger et al.,
2012) drifunensemedailansidussddsznoumanivainva 1eviindsfigriauguuias uasdsaieniy
Frunmulédn fregsvenituneussmefiiserugmimuauanaetugdanaliud luagladveu Tuiade
1315Y3 (Roszaini et al, 2013) 1udiu ogslsAnudsnsfianudndudosdumivayulnsviefiviimldiely
viesduniinduq fiflqvsmuauuain C curvignathus WisanUmansldmsinuuadaiulivinveanunsnslu
nspuANUaIn

PuardulefufiviiugnimnmavesUssimelng uasliasmAegifidovseunuusiaidngiy 1y muu
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nousywemUlgnsdugdenisiueimisuay qwﬁlaﬂaaﬂ C. curvignathus (Abdullah et al., 2015) dauthtu
veusvimeiFendulediiwmmssusteuadn C. formosanus (Raina et al., 2007) amn"Lsnmumlumwmuqma
FanmweatsfuneusseiuFenduledavain C curvignathus druthiuvenssimemiindsenuiseqns
FanmseUain C curvienathus lamiglusnsuseing (Abdullah et al., 2015) uadslifisrsnuidelulssnalng
idesndndufivayulnsiimlfie dmdenfulodutudundonninmsuilnadeiswauinnmudiu fadu
n939uadaiidesinvosduszneumaniuazivinansuresinduvenssmenfisisaosiadeuain C
curvignathus Tuanmiiesufdints wleilugruteyathluussyndldeumuuainluaninuasiivgnsoly

An1sAne
mswnzieslain C. curvignathus
iusnfanaaanusnmg 4.9 . Lmsgia‘ué’huLLasieiiﬂmﬂuﬁalﬂum?jaéaﬂaaﬂ Haluanugnansvesnay

NYASANERS 0.98I1e 2.UATAISITNTIY UinaiiiinsvhatsvesUain C. curvignathus Junan 2 ey udiye
ﬂ’umﬂwuﬂa’mmmLaaﬂwaaﬂgummiwammm 25 pernealdua AuaudTuS 90% Tuanniln (Abdullah et
al., 2015) wagliiiesnwemutlingdenisasyiulavesain C cunvienathus
msafandureNszmeaNiYnagay

YhFudumie wesdendulelnedenduiludide siinas 2 nn. wafminsureusymesEIanay
fehfeutiums 3 a. Wunan 4-6 v, FslanananinsurenstveUIina 0.13 way 0.80% mugdy Wily
AnszesUsznoumaniidremaiauialasuninsns il waanlnsimed (GC-MS) wanfiuisumonssvediu
fwdelunwuzdiuas ldludiduiigamad 10 ssmwaiFea tesevaaouduvain C cunignathus sely
NNINAFDUNENIINITAY

THRAUNSYIARBILUUANALYTE] ST 4 51 nadeuie TR UAY (force feeding method) faulasainis

994 Sharma and Raina (1998) Tagthivensymeaniiamageuis 2 wdnusunns 1,2, 4, 8. 16, 20 w8z 30 uAa.
avangluiyazatvedlauuiuing 2. AnduaAanu 500, 1,000, 2,000, 4,000, 8,000, 10,000 kag 15,000 Wi
La:u AWEU WdMERENsaTaNEuBIL S UMeL ST USRS 1 YA, AIUUNTTATUNTDIVUINLUNTUAUENAI 9 .
ilanszaensesusts Tanszaunseduaumiside wdieuannuieanusiuau 20 & mmumiammmimu
181 3 Y. AYUUNTEABNTBY ﬁmmmmaﬂivm‘tmaawammammavmaav%‘[mmwmasmmsn uammﬂauaq
IumumumawmmmwamumaLLaummUﬂmUimm 200 uAR.NNTU Wielrruduudvann thaumnededsl
Umnnnageuiuluiiiln Tufinnanismevesainiivian 24, 72, 120 uaz 168 wa.MAINsNAERY AMuaUasidud
nsaevesainmuizues Niber (1994) uazduanAinudufivvenisunensse (LCy) Tneld probit
analysis (Finney 1971)

AINNYVDILUAS (%) = (a‘hmuuumﬁmEJ/aTmauLLmaW'?wm) x 100
nsaAseideya

rdeyanesiduinisnearauvesainuninszianuuandmnEifinuwsunsnaaesiaeiusunsy
SPSS (V.20) waziUSsuiieuandsvesdmaansfisziuanandeiu 99% 1ae3s Duncan’s New Multiple Range
Test (DMRT) wagauauai LCs, laeld probit analysis sglusinsa SPSS (V.20)
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namsiAsEesdUsEneumaaiivesueNsTmenmi1n wuansilussiUseneusuau 110
w170 laoase vd uesa Usznounanlaun eucalyptol (44.42%), (15,4R5R)!1,3,3-trimethyl-2-
oxabicyclo[2.2.2]octen-5-yl acetate (6.47%), phenol, 4-(2-propenyl)-, acetate (6.25%), phenol, 2-methoxy-
4-(2-propenyl)-, acetate (4.18 %) uag cis-B-famesene (3.78 %) druthsfuneuszmeanaendule wuansi
Wueshuszneundniiuau 4 vdia lawn D-limonene (83.77 %), B-myrcene (5.39 %), bicyclo[3.1.1]heptane,
6,6-dimethyl-2-methylene-(15)- (2.91%) uay B-pinene (1.82%) (Table 1)

Table 1 Main chemical compositions of essential oils of A galanga rhizome and C .grandis peel .

Compounds Percent composition
A galanga C grandis

Eucalyptol 44.42
)1S,4R,5R(1,3,3- Trimethyl-2-oxabicyclo12.2 2[octen-5-yl acetate 6.47
Phenol, 4)-2-propenyl-, acetate 6.25
Phenol, 2-methoxy-&-2-propenyl«, acetate 418
ciszfFamesene 378 -
D-Limonene - 83.77
BfMyrcene - 5.39
Bicycloi3.1.1theptane, 6,6-dimethyl-2-methylene-, )15« - 291
B-Pinene 107 182

NEN19NIAY

HaNINAFRUNUANLUANGsegaTitud @ (P<0.01) Msadfsewinsdmaansudarnanafinagey
ImlLU@%L%wﬁmsmaﬂuaqﬂmﬂﬁﬁuagﬁ’mﬁm AU niumeNsEIY warsEEEainadey hiue
seewngIndudy 15,000 fifay fivasgn ibivasn C curvignathus ane 95% a1elu 24 . 10913
ngeu waziiiudu 100% fian 72 9. dauanuidudu 8,000 -10,000 fifEy SRwililainae 100% nely
a1 120 v, luvefianududu 500- 2,000 AifiSy dfiwdoUaine (2.50-06.39%) dmsutnsuneusimey
Waenduleanudutu 10,000-15,000 Aifidy ffwiunarsiliuainaie 51.91-65.72% 711781 24 v, uaz
iy 1009 fan 120 w41, dauAnandadiu 4,000-8,000 fifidy fiwvilruainaesmusluia 168 v.aea
msneaeu luvaefinnududu 500-2,000 Aidy dRwsevaindiluga 72 w8 vesnisnaaey waviiiandu
90.56-98.61% Tuian 168 val. (Table 2)
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Table 2 Cumulative mortality of C.curvignathus treated with essential oil of A galanga rhizome and

Citrus grandis peel by force feeding method

Plant

Concentration

% Mortality (mean+SE)!

(ppm) 24 h 72h 120 h 168 h

500 0.000.00" 1.25+1.25¢ 2.50+2.50" 2.50+2.50°

1,000 0.00+0.00" 1.25+1.25¢ 10.70+6.05"  1208+7.37°
2,000 0.000.00" 10.39+5.69" 2625+10.28°  46.39+16.78°

Alpinia galanga 4,000 0.000.00" 21.60+7.47% 6167+441 74864705
8,000 24.01+9.41° 96.05+2.52° 100.00+0.00*  100.00+0.00°
10,000 68.16+7.84° 96.12+2.51° 100.00£0.00°  100.00+0.00°
15,000 95.00+2.04° 100.00+0.00° 100.00+0.00*  100.00+0.00°
500 6.25+2.39" 29.47+324% 5375+330°  90.56+281%

1,000 20.13+341" 42.24+2.80% 69.72+4.24°  96.11+2.42°

2,000 18.88+3.65" 49.87+3.75° 7597+407°  9861+139°
Citrus grandlis 4,000 34.15+2.21° 64.08+2.11° 90.42+4.79%™  100.000.00°
8,000 4309+1.85% 71.60+559° 9861+1.39°  100.00+0.00°
10,000 51.91+3.13% 89.80+3.63° 100.00£0.00*  100.00+0.00°
15,000 65.72+2.86 98.69+1.32° 100.00+0.00*  100.00+0.00°

Control 0.00+0.00" 0.000.00° 0.00+0.00" 0.000.00°

! /Mortality within a column followed by the same letter are not significantly different at P < 0.01 by DMRT

idlofiansanarnuluie (LC,) menisiuvestisiuvensswmena 2 4dn ﬁﬁsiaﬂmﬂmﬁuawﬁuﬁ‘ C
curvignathus WU umwamumaLﬂaaﬂauiauwwaqmwmuwamumammm TaediAn LCs, wnm 24,72,
120 uag 168 valwiriu 9,891.89, 1,840.29, 559.96 uay 61.06 NLON MNEIRU mumwmﬂuwwaqmmwau
seelnilugIaIfina Ay 9, 264.02, 5,222.98, 3,095.62 ua 2,369.63 TIH ALY waziile
fvsannisdouriufuresdn CL vee L ., veatnsiumanssmesa 2 vdn HaUTIN93A7 L s maaumwamum&
LﬂaaﬂauIaLLaVmesumnm 24 w31 lalunnananeadin winuaILAnNAERReIAn LCy, Yasiniunenstive
%4 2 viln Anan 72,120 uay 168 vy. (Table 3)

Table 3 LG, values of essential oils of A .galanga rhizome and C .grandis peel against C.curvignathus.

Plant Time (h) LCs, (ppm) 95 oCL" Slope+SE X Adf
A galanga 24 9,264.02 6,951.60-11,576.91 6.79+0.70 31.60(5)
C .grandis 24 9,891.89 7,972.93.12,992.93 1332015 6.52(5)
A galanga 72 5,222.98 4,127.06-6,182.08 752+0.70 17.23(5)
C .grandis 72 1,840.29 89093.2,982.28 1.40+0.12 21.05(5)
A galanga 120 3,095.62 2,310673,793.74 4.68+0.48 13.97(5)
C .grandis 120 559.96 303.12.816.40 169+0.16 8.60(5)
A galanga 168 2,369.63 1,939.94.2,82502 3.98+0.32 9.19(5)
C grandis 168 61.06 344.161.26 1424037 0.71(5)

ICL denotes confidence limit.

2¥2 = chi square, df = degrees of freedom.
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UniurenseivelUfondulanazinitindienienisnunetain C curvignathus @enAResiu Raina et
al. (2007) 5789747 ﬁwﬁwam“LmaLﬂﬁaﬂﬁmﬁﬁwwﬂﬁiu fwnsduda wardgvddudinsasaiomaiuves
Uannanestug C formosanus wenanil Ssaenadesiu Abdullah et al. (2015) aguliih dsuneussimemnt
mquﬁaummsﬂummiLLa“mmﬁlaUmﬂ C. curvignathus

NamIIATIEeRUsznoumaaiivesifuneusseaniensdewia wui umwamvmmm
Waendulewuans limonene 1ussdusznaundn 83.77% aenandadiu Othman et al. (2016) finu limonene
Duesiuszneundnveninfuneussmeanidondulowuiululsun 81.6 -96.9 % dmsutiuneusive
PNWININUENT eucalyptol LussRUsEnoundn @enadeaiun1Iseany Wu et al. (2014) Faarinitunes
sumeannilagisndudieloth waznuans eucalyptol Lﬂuaaﬁﬂivﬂawé’ﬂuﬂ%mm 22.63% INNANT
naaouAlTiui uinuans imonene v3e eucalyptol Juesrusznoundnuesinsiumenssmeanianagey
WULABINUTIENUITURINE1ILA? meumﬂuﬂsmmwmaﬂu fmmmLummﬂmmLLmﬂmwmamWLL’maaﬂu
NS LAvlaveINYy a1 Wy WugHY w3835 n15at auTunoussine (Ozcan and Chalchat, 2006) @13
limonene Waz eucalyptol Lﬂuaqcﬁﬂﬁsﬂaumwﬁwﬁummsmﬂuﬁwm'&Jﬁjﬁﬂ%ﬁiﬂﬂﬁﬁﬂﬁgﬁﬂ%ﬂyLLaJaq
Tnefifivneduda Awvnanissy uwazilgnslaunas Raina et al. (2007) 1eeuifianfind imonene Sfiwnnanis
susiauadn C formosanus @31 Abdullah et al. (2015) Wui1 eucalyptol ﬁqwéﬁusjgamiﬁummmavﬁqwcﬁgld
Uann C. curvignathus amﬂ,iﬂmu Wang et al. (2014) 518971791 limonene T sdudadoifuiovesen
LLﬁjﬂﬂ\‘lﬂ’M eucalyptol Fapn LCs suaﬂmi‘maaawummaLLmaqmﬂanm’m‘U 14.97 uay 18.83 uAn./fLiude
Aud1Ru daufivn1an1ssunudi eucalyptol fifiwasndy limonene lnefidaruduiivwiniu 5.47 un/a.e1me
@7u limonene ummwmﬂuwmmﬂu 6.21 Un./a.91n14 muumiwmmummvLMSLﬂaaﬂauIamwwwNmmu
siovain C curvignathus mmmmwamvmammw gnalounannisesngnivesans limonene denu
ﬂimmmrﬂuumummvmeﬂLUaaﬂaﬂ,ﬂa

Gl

ihifuveszmeidendulouazminddnennlunmsianliidumadenvesnsmuaudanldduans
Wug C curvignathus Lﬁmmﬂﬁﬁwwmiﬁuﬁaﬂamm ﬂﬁﬁmﬂm%ﬁﬂu%gaﬁmﬁu AN AN RLAL
qmmmwhmuammﬂmﬂmUwuﬁmﬂm'g gnsdis9 wayiinmsUszgndlitiiuneusemeifiomuaudainty
amWLLUmUaﬂwﬂmﬂmﬂi $ANSNN mmwﬂuimwuLﬂumEJawa,mEJEJmumwamuLM&JLﬂJﬂiﬂiuimmUaaﬂmaU
e winhlinanldluusnilau et dalmnlaay ¢ curvignathus
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