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Repellent Effects of Peppermint Oil Against Pochazia shantungensis

(Hemiptera: Ricaniidae)
Tae Hee Ryu, Hye Ri Kwon, Yong Man Yu and Young Nam Youn*
Department of Agricultural Biology, Chungnam National University, Daejeon 34134, Korea

ABSTRACT: In order to identify a new control measure for a sporadic insect pest, Pochazia shantungensis, 23 types of essential oils were
screened for their repellent effects, with an olfactory test using a Y-tube olfactometer. Results indicated that 21 essential oils, except
lemongrass oil and peppermint oil, did not show repellent activity against P. shantungensis. The repellent effect of peppermint oil was over
80%. When 0.1, 0.5, and 1 ul of peppermint oil were used, the rate of repelling of P. shantungensis gradually increased, and was as high
as 76.5% when 10 ul was used. The main components of peppermint oil were 1,8-cineole, iso-menthyl acetate, menthone, and menthol,
at4.7, 8.0, 23.8 and 53.7%, respectively. When the three main components were mixed using a Y-tube olfactometer, a strong repellent
effect (76.2%) was observed when 5 ul was used. Peppermint oil showed a repellent and ovipositional repellent effect against P.
shantungensis in the field. However, this activity persists only for a short period, and high concentrations can lead to phytotoxicity.
Therefore, it is necessary to develop ideal formulations.
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Fig. 1. Photography of Pochazia shantungensis. A: Egg in branches, B: Nymph, C: Damage by spawning P. shantungensis, D: Damage by

adults.
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Table 1. List of 23 essential oils used in this study
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Majoram-2 Charabot (France), Basil sweet, Bergamot, Clary

Plant-derived natural
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Source Plant

Familly Source

products
Basil sweet [BE=s Ocimum basilicum Labiata Aromaland (USA)
Bergamot Citrus bergamia Rutaceae Aromaland (USA)
Black pepper et Piper nigrum Piperaceae JinArome (USA)
Cajeput tree Melaleuca leucadendra Myrtaceae La drome (France)
Caraway seed Carum carvi Umbelliferae JinArome (USA)
Cedarwood AR Cedrus atlantica Pinaceae La drome (France)
Cinnamon bark A7 Cinnamomum cassia Lauraceae JinArome (USA)
Citronella Cymbopogon nardus Gramineae JinArome (USA)
Clary sage Salvia sclarea Labiatae Aromaland (USA)
Eucalyptus LU Eucalyptus globulus Myrtaceae JinArome (USA)
Geranium oFol2- Pelargonium roseum asperum Geraniaceae La drome (France)
Ginger A Zingiber officinalis Zingiberaceae La drome (France)
Lavender Lavendula offisinalis Labiatae JinArome (USA)
Lemongrass E|RaS Cymbopogon citatus Gramineae Charabot (France)
Majoram Origanum vulgare Labiatae Charabot (France)
Orange califonia 2d1%] Citrus sinensis Rutaceae Aromaland (USA)
Peppermint Mentha piperita Labiatae JinArome (USA)
Pine needle %9l Pinus sylvestris Pinaceae Aromaland (USA)
Rosemary Rosmarinus officinalis Labiatae JinArome (USA)
Sandalwood L= Santalum spicatum Santalaceae La drome (France)
Spearmint Mentha spicata Lamiaceae JinArome (USA)
Tea tree Melaleuca alternifolia Myrtaceae JinArome (USA)
Thyme white R Thymus vulgaris Lamiaceae La drome (France)
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sage, Orange califonia, Pine needle> Aromaland (USA), Black
pepper, Caraway seed, Cinnamon bark, Citronella, Eucalyptus,
Lavender, Peppermint, Rosemary, Spearmint, Tea tree+=JinArome
(USA), Cajeput tree, Cedarwood, Geranium, Ginger, Sandalwood,
Thyme white+= La drome (France) 2] A|&-2 15k ARE-5}
St} Monoterpene 21 menthol (98%)2} menthon (98%)+= Alfa
Aesar®] A&, 1,8-cineole Aldrich®] A& U5t A
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Fig. 2. Schematic of the Y-tube olfactometer. AC: air compressor,
BL: Bubblers, CF: carbon filter, FM: airflow meters, TB: teflon
tubes, OD: odor source tube (ID: 4 cm; length: 21 cm), EB: electric
bulb, BC: black acrylic cage. Air delivery accessory components
and Y-tube arm (ID: 4 cm; length: 27.5 cm; angle between arms:
90°) are connected to a teflon tubes (2 4 mm) (Above); Glassware
of odor source tube (up) and Y-tube (down) (Bottom).
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B Treatment  Non-Treatment

L
N

Basil sweet _ n.s
Bergamot _ ns
Black pepper _ ns
Cajetput _ n.s
Caraway seed _ ns
Cedarwood _ ns
Cinnamon bark _ n.s
Citronella _ n.s
Clary sage _ ns
Eucalyptus _ ns
Geranium _ ns
Ginger _ n.s
Lavender _ ns
Lemongrass _ *
Mejoram I s
Orange california _ n.s
Peppermint - -
Pine needle _ ns
Rosemary _ n.s
Sandalwood _ ns
Spearmint _ ns
Teatree _ ns
Thyme white _ n.s
100.00 50100 0.00 50.00 100‘.00

Fig. 3. Olfactory response of Pochazia 5hantungen5/5 to 23
essential oils in a Y-tube olfactometer for 10 min."” OIfactor;/
response (%): Treatment/(Treatment + Non Treatment)x100;”
Data were analyzed using Non-parametric chi-squared Test in
SPSS (IBM SPSS version 21.0), n =30; * p <0.050, ** p < 0.010, n.s.
(not significant).
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Fig. 4. Average of the first time (seconds) taken for the choice of
treatment by Pochazia shantungensisadults in a Y-tube olfactometer.
Choice checked when moving more than 6 cm from the Y-arm
ends. Quadrangle: maximum time, Triangle: median time, White
circle: minimum time.
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Table 2. Repellent rate of each dose of the peppermint oil against Pochazia shantungensis, when used for 5 minutes, using a Y-tube

olfactometer

Number of P. shantungensis

Dose (11l/cm?) — R(%)” p?
Treatment Non-treatment No choice
10.0 8 26 16 76.5 0.002***
1.0 12 27 11 69.2 0.016*
0.5 13 18 19 58.1 0.369™*
0.1 13 17 20 56.7 0.165"

"Number of ~. shantungensisindividuals that did not choose either of the Y-arms (treatment or non-treatment).
2)Repellent rate (%): Non-Treatment/(Treatment + Non Treatment) X 100
¥The data were analyzed using Non-parametric chi-squared Test in SPSS (IBM SPSS version 21.0), n = 50, * p<0.050, ** p<0.010, *** p

<0.005, n.s. (not significant).
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Fig. 5. Total ion chromatograms (TIC) of peppermint oil by GC-MS (gas chromatography-mass spectrometry).”

Retention time is (min)

shown using the capillary HP-FFAP (ID 0.25 mm x 30 m Length, 0.25 um) column under 50°C (6 min), 190°C (5 min, 3°C/min elevated

temperature), and He gas (flow 1 ml/min) conditions.

treatment©] Y-arm-2- 3l o] 55}A] QFokom, 242} 7] 9] &2
52.6% (X°=0.053, df=1, p<0.819), 57.9% (X*=0.474, df=1, p
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(X’=5.762, df=1, p<0.016) ] =2 7|78 Ho|n] 5] <]
Z}o| & 8H015} A THTable 4).

Table 3. Relative contents of peppermint oil for each retention
time peak

Retention time Chemical Area Relative )
(RY) contents (%)
8.62 19372676 1.5
8.91 1,8-cineole 59339788 4.7
17.50 2813629 0.2
19.92 menthone 304453824 23.8
21.03 55434528 43
24.07 102728408 8.0
25.52 41526116 3.2
27.28 menthol 685707904 53.7
29.20 5708844 0.5

VYRelative contents (%) = Area of retention time (Rt)/total area x100.

ofe]of A =}
1E%!°ﬂ

S, 14.7oFel7} 31 5158ch o)) ol A2l F ALk
W5}o] 3 577.3%9] 2 22 99 A& folS

o, 59 356.7%, 72 B 36.4%2] Wro A AT} ALS
E| QI tH(Table 5).

=

argty|ol o

oo

ofe]of|A] Hlek-of thgt ZAgrlulu]E-2] sket 7| a) a3t
£ 313t A1KTable 6), 34 T ZAI7lufju]Z=2- ethanol 7t
ARk 5719 7HA] 5 Bt 17112] U7 HA] of] AbekE: skgl e

SH2) 7 200%) Ag-S BTk whlo] Hskeg A

1__
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Table 4. Repellent rate of each component of the peppermint oil against Pochazia shantungensis, when used for 5 minutes, using a Y-tube
olfactometer

Relative contents Number of P. shantungensis

Component R (%)3) pY
(%) Treatment Non-treatment No choice”
1,8-cineol 5.65 9 10 11 52.6 0.819™
Menthone 29.01 8 11 11 57.9 0.491™*
Menthol 65.34 4 9 17 69.2 0.166"*
Mix" 5 16 9 76.2 0.016*

"Mixture= 1,8-cineol (5.65%): Menthone (29.01%): Menthol (65.34%)

“Number of P. shantungensisthat did not choose in the Y-arms (treatment or non-treatment).

3)Repellent rate (%): Non-Treatment/ (Treatment + Non Treatment)*100.

“The data was analyzed using Non-parametric chi-squared Test in SPSS(IBM SPSS version 21.0), n= 30, * p <0.050, n.s. (not significant).

Table 5. Average number of Pochazia shantungensisindividuals after repelling agent treatment for 3, 5, and 7 days as opposed to yellow
sticky trap in apple orchards

Number of Pochazia shantungensis + SD )
Repellent agent P
3 days 5 days 7 days
Peppermint oil 1.7+0.6" 43+2.1 93+1.5 0.002%%**
Control 73+0.6 10.0+2.0 147+1.5 0.003***
IR(%)” 773 56.7 36.4
P 0.000 0.027 0.013

"Values represent by mean+SD

Inhibition rate of attraction (%) = [1-(Treatment/control)]*100

?The data was analyzed using Completely randomized one-way analysis of variance, ANOVA, Post Hoc Test by Duncan in SPSS(IBM SPSS
version 21.0); * p <0.050, ** p <0.010, *** p < 0.005, n.s. (not significant).

Table 6. Average number of oviposition branches after treatment with repelling agent for 3, 5, and 7 days in apple orchards

Number of oviposition branches+SD Oviposition rate (%)3)

Repellent agent P?
3 days 5 days 7 days 3 days 5 days 7 days
Peppermint oil 0.0 +0.0" 2.0+0.0 23406 0.000%** 0.0 40.0 46.7
Control 1.0£1.0 27+£12 40£1.0 0.036* 20.0 53.3 80.0
P 0.158"° 0.374"* 0.067"*

"Values represent by mean+SD

“The data was analyzed using completely randomized one-way analysis of variance, ANOVA, Post Hoc Test by Duncan in SPSS(IBM SPSS
version 21.0); * p <0.050, ** p <0.010, *** p < 0.005, n.s. (not significant).

3)Oviposition rate (%) = number of oviposition branches /5 branches*100.

U7 ol = ARRES A3 8] (Rdth A 2] 5 F ethanol Nk

ok 4 2] 3k 5702) 71A] F Wt 2.7702) VR R o AlEkS B

53.3%2] AlHE-S 1.9 om, ulsli-5 A 2jgh 5712 UETHA| 27 e 52 230l =EEA] 2 G E AR
of| = g4t 2.070 2] Y7 FA] o AlgkE: 31o] 40.0% 2 ethanol TF Al Falgo] dA 3] Wolx|H, 1A 1At At AiARS:0]
A 8]3-S wje} v]segh Alehe-S Bt 7Y 3 ethanol T A o A, AU ARSA| 54 Aot 52 aLesto] Aol F
23t 5712 7HA] F Hat 4.0702) US7HA o) AlkE Bl Q3 uff of 2] x|S0l A Afsto] 52|51 A, Y-tube olfactometer
80.0%2] AltE-S R eltt. Helt-5 Aejgh W7k olA= £ o]g-3to] 2352 Wpakf-o] $2g-S A Sk L F )
46.7%2] A2 1 o] ethanol Tt #]2]5}9-S Wk Tt W 597} 83.3%2 7|uukSo] 744 =gkt ulsH Mentha
AFehee Bt piperitay= BETNLabiatac)o] £3H= A1 Bo|ui, o] BE3}
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AEe 5ol tiste] A, 719, 14l AAA s 59 el g
A A7} o] R oA ko m(Jeong et al., 2010), 1 = B3}
(Mentha spp.) | W= Ft, TR, AFSPA], Al254d
5 1k BhAo)| tslo] X arE|o]Qlth(Jeong et al., 2010; McKay
and Blumberg, 2006; Yadegarinia et al., 2006). 2}5}-3-2] 7] 1]
ATH SSET ARAES FHOR F2 ATEl] gt
(Ignatowicz, 1997; Padin et al., 2000). WA H Y| Q] L AdZ0]
EELO U 1 pl A2 A] 7|98 BYom, 1 5 k=
0.1 ul Aol = Wk3heha okl ATk(Hori, 2003). 2 720
A A7 e u) Z-2 WSk 1 ul F 10 plof|Af 7] ih-g-2 &
%o, 0.5 ul, 0.1 pl ofjA] 7]w]dk-g-o] wropxuf 9] Ho] 7} 1]
s3] A ejeol whet 7] 8 Eolx SEoEHgl AT}
2 urethgict.

R R A 30 thate] A5 Wol7|atolut
TE| 7% A, Ak 5 ofe] MaHoR EE AR
SLAgo ofRital A Ith(Visser, 1986). whehA]
=9 Foll web e o] gebd 4= Qlth Peppermint=
Spearmint (Mentha spicata)?} Watermint (Mentha aguatica)
9] W30 W, spearmint 0il- peppermint 2} TR R 2 HE
3} ksl i)k, 2 QTR A7) Zojo)o] 43 of
S dFolle FAENE HA 20, spearmint oil o] T2/
¢l carvoneo| -1 A VS UEh = 24 41Q JESethar 2
1%t Moon, 2011).

ol T3 22 TH(Family) L < Genus) o] <3¢ 4122 {3
Frete 0] 2L Sl AR o] Sadke o 4 Atk
wpebA 2 Aol AR Beht] AdES 7l AR rE L
3/ ZFFEA7](Gas chromatographer-mass spectrometer, GC-MS)
£ o] g&5}o] BA3t 2 NIST Mass Spectrometry Data Center
(MS search v2.0)2] X} = ¢} H| W5t Blohi= dubdoz
3 AF menthol (33-60%), menthone (15-32%), 1,8-cineole
(eucalyptol) (5-13%), iso-menthyl acetate (2-11%) 522 o]
F0]A] @It Clark and Menary, 1981; Dimandja et al., 2000;
McKay and Blumberg, 2006; Pittler and Ernst, 1998; Sang,
1982). 3 9170l AT 9Fs}-0] A8 24 Ak 1] Fela}
Zo] 1,8-cineole (4.65%), menthone (23.84%), iso-menthyl acetate
(8.04%), menthol (53.69%)5-0] H9-5]0f 9100, ula}-g-0]
T8 /J&-52 monoterpene 2HlEE o] Foi7l A& S5k
T} 215 o Aol A 2ol 719 avkE vrEhdtiar ozl
u1518-9] Af| 7}A] monoterpene®] t3}te] Y-tube olfactometer
£ olgslol 72 AL UASYAL, 22 a5 o e}
= dlofl &2 7|9 5 UehiAl = skt 18y 052

A e EEste] elth 2, 76.2% ] # 7|9es

4

12t} o] monoterpene SfgHEof Oigt A|YR| &I} A1LE
At EY ghal A AR Uk tidled tymol®} trans-anethole,
citronellal ¥} a-terpineol-> =0 2 42|31 2o} &3
stof A2stglS ul AFE/d o] 45H It Hummelbrunner
and Isman, 2001). Myrcene} terpinolene ‘5 monoterpene
T=0 2 AYskS vt EtetiS wf S R(Den-
droctonus ponderosae Hopkins)7} E{o] © F2lE it
(Borden et al., 2008). whebA] ZA G 7fuljn]5-of tih Hiah-5-2]
Al 7FA] monoterpene 252 T4 0= 7|9 S of7| 5}
7| Hth= S AIUA BT} Q1S Aofeh FHE o Al
7}A] monoterpene ©]9] iso-menthyl acetate & oJ&] FAAEE
2 o] FolA Q= Hskt Z2A g vlu| ol 7]ulE of7|st
© A8712kl disiA= d71e s 44 5 eV 2
Q3}c}

oeloll A urahe] BRE Aa}] Slstol St Bl A}
k1o A =15k WA filter papero] Whok32
BB o] RN F 2o u| 0] Feeke At
w2 23, 39 oFRAE 5] o £
uJs}o] ufs}e-5 A5k Eglel] Eelako] o 29Ik o]z s
$©] ¥ monoterpene 33H0] SHikElo] 24N o]
= 7197 Aoz AZHET 77.3%2] EF -9l AsleS 1
R} SHAIRE S o] AUaL LA = E7Y 191 Aslleo] WobAl

o, B3 A LER7EA o 9SG Bt 2 B Rsto] 24
S vl 39 5 2
=]

il
N

o
>

S

Sl Akt 7)) A
] 52 A 2| 7ol ulef Al 213 5H4 el o
shero] Alek AshE-2 39 T 100%S MR A2 79 &

41.7%= 431k

=

gul = o = = il j=

YR L BEE AR AHHe A A §4 $FET} 71
2 uo} OF}E F S Gk whebd e 93 B4 W S
S ZHe W0 TS uekstel 491 K8l 9
QPPHo] 4T AF S Teisjo} Gk o ke

al
powderJ it silicas ©]-8-5to] A|zxsto] Shg=ihi(plodia
interpunctella) 330 gt 3% 719 & S7HA 7= A+ E B
N E| cH(Park, 2014).
T2 ek A5 AR AEC] 22 thAKEEEA 3
ol st AZFaa}, A= Ask JAA, 719, {2l
A5 R SRS AL glo] aiFHAIE 1% A
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E2 2 7k Qlc(Isman, 1999; Jilani et al., 1988; Ngoh et
al., 1998; Regnault-Roger and Hamrouni, 1995; Shaaya et al.,
1991). sHAI ek 4 9 f-8AE0 e 932 vE
7| ol Theket A=A BHdE 2 kel 28 712
of gt AAIgE 2AME F3ll T H target mechanisms< 717
g I g Ao] QItRegnault-Roger et al., 2012; Sedlakova et
al., 2003). A/F 7L 53 715 A4S G5 2 gk
7ol et o e cepst she] 7)nkE TS o &
=8k 4= Qlrkar A, o] 2jof| = fQ12HE TS 55 push-
pull BH-E(Cook et al., 2006) ZATICHH gy o2 Zhad
Zuu| o] WAl He Aoz Abr
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