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Comparison of durability of Mentha longifolia (Lamiaceae) essential oil and
its nanoemulsion against Ephestia kuehniella (Lep.: Pyralidae)
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Abstract

In this study, the nanoemulsion containing Mentha longifolia essential oil was produced by using high-pressure homogenization
method and its fumigant toxicity was compared with ordinary M. longifolia essential oil on different stages of Ephestia kuehniella.
Experimental conditions were as follows; 27+1 °C, 70+ 5% relative humidity in total darkness. Concentrations of 111.1-1111.1 and 62.9-
92.6 ul/l air of oil have been used to control larva and eggs, respectively. Nanoemulsion concentrations were studied at 122.2-1111.1 pl/l air
for larvicide experiment and 81.4-114.8 pl/1 air for ovicidal stage. PTso value at 1111.1 pl/l air as a larvicide for nanoemulsion and oil was
estimated about 15.18 and 3.69 days, respectively. This value, at 92.6 ul/l air on egg was 14.44 and 2.58 days, respectively. The relative
median potency parameter (RMP) showed that there was significant difference between PTsy values of essential oil and its nanoemulsion on
both of the two stages of pest. Results showed that nanoemulsion containing M. longifolia oil can release slow properties lead to durability of
fumigant toxicity of oil in the long term. Therefore, this new formulation could be considered as a new and ecofriendly biopesticide in pest
control.
Key words: Ephestia kuehniella, Essential oil, Durability, Mentha longifolia, Nanoemulsion.
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Fig. 1. Transmission microscope images of Mentha longifolia oil nanoemulsion
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Fig. 2. Mean of particle size and distribution of Mentha longifolia oil nanoemulsion
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Table 1. LC50 values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia kuehniella 5th instar larva

Compound LCso (ul/) Chi-square n df Intercept Slope+SE P-value Confidence limit 95 %
Lower Upper
Essential oil 413.69 0.63 250 3 -3.86+0.62 1.47+0.24 0.88 319.7 554.1
Nanoemulsion 427.05 1.06 250 3 -4.04+0.66 1.53£0.25 0.78 334.4 563.7

350 et o35 (555 bl Sl O s 3ol 50 5 gy bl kS Cgons L3l =Y J g

Table 2. LCs, values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia Kuhniella egg

Compound LCso (pl) Chi-square n df Intercept Slope+SE P-value  Confidence limit 95%
Lower Upper
Essential oil 75.03 0.69 250 3 -22.08+3.05 11.77£1.62 0.87 722 77.6
Nanoemulsion 93.98 1.21 250 3 -24.02+3.38 12.17+1.71 0.74 90.6 97.1
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Fig. 3. Probit of mortality of Mentha longifolia oil and its nanoemulsion effects on Ephestia Kuhniella 5" instar larva
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Table 3. Comparison of estimated LCs, for fumigant toxicity of Mentha longifolia oil and

its nanoemulsion on different stages of Ephestia kuehniella at different concentrations

Stages Exposure time (day) LCs (ul1) (NEO?) LCs (ul1) (EO%) RMP! 95% Confidence limits
Larva 1 427.05 413.69 1.03 0.72-1.50
Egg 5 93.98 75.03 1.25 1.15-1.40

1- RMP= Relative Median Potency
2- Nanoemulsion
3- Essential oil
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Table 4. PTs, values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia Kuhniella 5" instar larva
Conc(e;ﬁ};atlon compounds PTs Chi-square n df Intercept slope+SE P-value Confidence limit 95 %
(day)
Lower Upper
11111 15.18 3.00 450 7 2.79+0.37 -2.36+0.33 0.88 13.46 17.70
Nanoemulsion
413.7
11.45 2.86 350 5 2.31+0.41 -2.18+0.40 0.72 9.92 13.62
1111.1 Essential oil 3.69 0.7 200 2 1.65+0.25 -2.94+0.40 0.71 3.13 4.33
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Fig. 5. Durability for fumigant toxicity of Mentha longifolia essential oil and its nanoemulsion

of oil with controls on Ephestia kuehniella larva at LCsy and LCsg
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Fig. 6. Durability for fumigant toxicity of Mentha longifolia essential oil and its nanoemulsion

with controls on Ephestia kuehniella egg at LCsy and LCg
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Table 5. PTs, values for fumigant toxicity of Mentha longifolia oil and its nanoemulsion against Ephestia Kuhniella egg
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Table 6. Comparison of PTs, of fumigant toxicity of Mentha longifolia oil and nanoemulsion of oil on different stages of Ephestia kuehniella

95% Confidence

Stages PTs (day) (EO?) PTs (day) (NEO?) RMP! limits
Larva 3.69 4.04 2.56-7.74
egg 2.58 5.10 2.82-12.73

1- RMP= Relative Median Potency
2- Essential oil
3- Nanoemulsion

3,8 Gl sl s 5y il S s sladle s

Ao sl s Ol e 4 05,5 S 50 SlacsesS
3 ALS sl bl s, Ses 55 S 02 OV e b
o= 55 (Majeed et al., 2015) Coul ol slowl LS 5 s
S eslial b g lal ol dmy3 O 0 spd gl 56 anlllae
o133 5 e 65 O 1 5 3 W5 s 2y, SO
o fsn ool Ol am g plel S ) g el
=l A5 3 By DS ol jen slse 5 GMS (0 g o 3
Ol (81 5 035 HE5Le s s b Ko oS 5
4 4> L . (Anandharamakrishnan, 2014) L5l o b o
P 5 S gyl e e 0 e
351 o ped slaess 5 LY a5 (b JB kS oo
SN e 55 el 551 5 LCsp Ol e 515 OLES 555
ol Gl Qs 5ol 56 5 sems Gl S eslinal
SEWWPAL 1l e a5 S S 4 b
by e clale o SV g s 2 25 S YYV0
IV dslss s alin oS 5 95 o (gl o ol s

e O S Sl A e e a1y s Ses

O 50l 50 5 sy il 3l eslinal 5550 glaclale

SLCs=Y0/+ Y slae 3l 055 al 1o 6l O 5 0l a5
528 UKL e g s ) s a5 S LCumaT/5
cble g3 a3 GhlbasT il 5o iS e bl
el O ged 50l 50 asu;ﬁl)'\.)@ur;'dﬂn);ff L
LiS Jsb oS Gl e g ed J S bl (b
B 53 e 5 S e deo 3 O 4 Osemd ol U 1 e
Al s s VEFY i e 1) 2 Sl Y/
Rl 0225 530 YIOA L 2l el cnl Jsane (piled )
32Ul Jmol s S s Ol G5l g o
PTsp Ol e AiS sdalie lol 090 O sod 50l 50
VWP Ay od A S VOIY e 3 & g ol 5L
ool s Jseme bl O and ol 56 OO s 55 S,
ol O‘Hj))@wﬁj‘w)bﬁ plss BL Ll
Olge ol (0 Jshor) dory o 4 351 0 i (Slagss
3 o=l PTsp sl de Ol sls D23 o Coe
5 SN Jle 53 2 sl Rl b O e ol U

(9 J)J}) b)‘b S )‘JL;J.A S| CJT in's{"’d




b)] a,lg.,.&&:iﬁdi Q_,?‘J}a‘ju_’ﬁx aL_S/ u—JLu‘ r“ga 4.4_\&: Zf)')&m&j‘j}

53 R officinalis sd_i &) S 5 Ko (il il (Ao s
<L pls> (Passino et al., 2004) Sl 0313 SN Jsb
Ocimum americanum (L.)s_S 4w el O gomd 50l 53U
a_Je Zizanioides Vetiveria (L.) s Citronella nardus (L.)
J5# (Nuchuchua er al., 2009) Aedes aegypti L. L
Sitophilus granarius L. (’J‘_g il 64, C. copitum Sl
Tribolium ~ confusum Jacquelin du  Val 3,1 i 5
ool b 8l se SV b (o Bl 5 (Ziace er al., 2014)
Plodia interpunctella (Hiibner) (gd=s o 2 ale Ol
O sV go 3 .l ol 2 i (Allahvaisi ef al., 2017)
sl el pled o 135 il Bl ol O god sl 5L
oy 039, VNY o ,Y ale Zataria multiflora 3 o
Oy cpdi>s ol (Emamjomeh ef al., 2017) Cowl o 3]
e s 3 e ol LS ol 035 oy 4 s S
SYob 53 01 5 5 eacs sl edes J 28 )50 40 ise
R PRGNy S| E W CL:LAS;ydA bi> Sla
oS bl O s 5ol U il 0L 55 0L 5 OBl 5
Sl bl e gaedes 452 YO (gles 55 (neem oil) 2 o
Gets €55 gt O3 55, 40 Sde w50 VL (SO
o AJ)M’:S)JL} Ll (Choupanian er al., 2017) Ll b
Li- y ooyl Jula, Eel 55 Rosmarinus officinalis
53 T. castaneum 3,1 il ade palal ads ool
Shils s 5 oS (Khoobdeli et al., 2017) di ds Y 4b
G N S V- S| (B 2 e B W e Y g
(SAES 53 (S es Al oLS bl L3S ke
CUT S35 O3S kS S 5 S p25p55 S H,135L
Shakarami ez al., 2010; Akrami ) Cwl ods 5158 jaliss
= O ¢S U (et al., 2011; Saeidi and Moharramipour, 2013
S35 01 Al 5 Sy il O g0 b a5 655 lanlllan
Ogmd sl 56l Jpd BB 31l o2 ploh 35T 0y
A5 OLSGl Wil o 5T 0t e 110 J 28 (55,

s b IS sk ol ol 21 0seeVge b opl ol

WY

OV PRSIV ORI SO B UPSROR] WSV It St VY g
Or Olps S35 al e 3 LS L | 5550 [0S
cble s bl 5lesla ¢l_<.u= o= Sl Sl s s
i S (e o o s S VOIY) s s iy
55 el cmwsas (a2 5 1)y Ss AF/AA) O sad sl i
Loy o QLA aS 5yl ey el Oladlas alaily ol
G Jyame il a0 G 00 S 5L sl
355 3 GalasT 51 ey sl DLy 3 (5,50 kS
SV S Cpar OS5 0L s e OLES
Celw YY Ol e 3 1 aeys WSl (LCsp= 3.78 ppm)
ol 4l S BU il i e bl el 1
A S GiulS el ey o e ade (LCso= 11 ppm)
ey e 5 (6 505 Slalllas 5 (Negahban, 2012)
il el s,y Carum copitum sd_i dypS $L sl
9(Jamal et al., 2012) Sithophilus oryzae (L.) ‘CJ‘
ol et 65,5 0L eiloal doale (sl 055 6
lsa_3L (Khademi, 2012) Tribolium castaneum (H.)
23 e S1 ol laasl bl el Cowsay gl
Qg gl by od (Jane lal oSS Ol ke
ey S8 L bl g (65 i Caaw Shls uilul (gl
el ad yo b il 4 o pone il (SS Ol
oD Ol ol 5L ST ol (2L S iy el
el oS ey ol 53 il e coale bas
Ogmd ol U s O plgs 5 LBk e s LB 2l 3l
3t Sl W5 e sl aalllas iy Gib ok A 5
Gl 33 e GY3b 3 Gl ol ke s 5 Sas
oS 5 Jss L, Negahban (2012) ol (glaasl L
P T I R P P N St
Al (plggin V0D waps ok iy 0 Sl (W e
ol 5 sy Jana bl alss CBle (pl s s S
A el 550V 5L ol s C S el S 6L

VO) Ol e oy 5 o Lls OLES 01K 5 Ol (e



Y

S5 3l enlinad Lol la T 02 Ol ol ply s
Sis Sl L ol bl leslizal uaes 5 50
3 ol 5 3505 pladl bl e J 28 cgr o3 VL

S ade SBTJ xS s ulud 5l eslizal glacys sisw

References

ABBOTT, W. S. 1925. A method for computing the
effectiveness of an insecticide. Journal of Economic
Entomology, 18: 265-267.

AKRAMI, H., S. MOHARRAMIPOUR and S. IMANI,
2011. Comparative effect of Thymus kotschyanus and
Mentha longifolia essential oils on oviposition
deterrence and repellency of Callosobruchus maculates
F. Iranian Journal of Medicinal and Aromatic Plants,
27: 2-10.

ALLAHVAISI, S., K. TALEBI JAHROMI, S. IMANI and
M. KHANIJANI, 2017. Efficacy of electrospun
bionanofibers as fumigant pesticides in foodstuff
storage. Journal of Plant Protection Research, 57: 72-
80.

ANANDHARAMAKRISHNAN, C. 2014. Techniques for
Nanoencapsulation of Food Ingredients. Springer
Briefs in Food, Health, and Nutrition pp. 1-69.

BOYER, S., H. ZHANG and G. LEMPERIERE, 2012. A
review of control methods and resistance mechanisms
in stored-product insects. Bulletin of Entomological
Research, 102: 212-229.

BRINDLEY, T. A. 1930. The growth and development of
Ephestia kuehniella Zeller (Lepidoptera) and Tribolium
confusum Duval (Coleoptera) under controlled
conditions of temperature and relative humidity.
Annals of Entomological Society of America, 23: 741-
757.

CHOUPANIAN, M., D. OMAR, M. BASRI and N. ASIB,
2017. Preparation and characterization of neem oil
nanoemulsion formulations against Sitophilus oryzae
and Tribolium castaneum adults. Journal of Pesticide
Science, 42: 158-165.

DONSI, F., M. SESSA, H. MEDIOUNI, A. MGAIDI and
G. FERRARI, 2011. Encapsulation of bioactive

compounds in nanoemulsion based delivery systems.

WAV g 65 ) oyled AF W 1 alS glasslew 5 ST

ot et (S SRS Cpolt ol W L s chle

O 30l 56 Sy o a0 O 058 &g 3 Ll sl axils 5]
IR 5 1 0T pls bl (Sats 3 bads L ol 5

Procedia Food Science, 1: 1666-1671.

EMAMJOMEH, L., S. IMANI, KH. TALEBI, S.
MOHARRAMIPOUR and K. LARIJANI, 2017.
Preparation of nanoemulsion formulation of essential
oil of Zataria multiflora and comparison of contact
toxicity with pure essential oil on Ephestia kuehniella.
Entomology and Phytopathology, 85: 181-190.

GUPTA, A, H. B. ERAL, T. A. HATTON and P. S.
DOYLE, 2016. Nanoemulsions: formation, properties
and applications. Royal Society of Chemistry, 12:
2826-2841.

HILL, D. S. 2002. Pests: class insecta. p. 135-316. In: “Pests
of Stored Foodstuffs and Their Control”. Kluwer
Academic Publishers, Springer, Malaysia, 453 pp.

ISMAN, M. B. 2000. Plant essential oils for pest and disease
management. Crop Protection, 19 (8-10): 603-608.

JAMAL, M., S. MOHARRAMIPOUR, M. ZANDI and M.
NEGAHBAN, 2012. Efficacy of nanoencapsulated
formulation of essential oil from Carum copticum
seeds on feeding behavior of Plutella xylostella (Lep:
Plutellidae). Journal of Entomological Society of Iran,
33:23-31.

JEMAA, J. M., N. TERSIM and E. BOUSHIH, 2013.
Fumigant control of the mediterranean flour moth
Ephestia kuehniella with the noble laurel Laurus
nobilis essential oils. Tunisian Journal of Plant
Protection, 8: 33-44.

KAVADIA, M. R, M. G. YADAV, A. A. ODANETH and
A. M. LALI 2017. Production of glycerol
monostearate by immobilized Candida antarctica
B lipase in organic media. Journal of Applied
Biotechnology and Bioengineering, 2: 1-7.

KHOOBDELI M., M. AHSAEI and M. FARZANEH, 2017.
Insecticidal activity of polycaprolactone nanocapsules

loaded with Rosmarinus officinalis essential oil in



b)] a,lg,-&@ﬁdi f)_,:.uj}a‘ju_’ﬁx aL_S/ u—JLu‘ r“ga 4.-«4_\:%& Zf)')&m&j‘j})

Tribolium castaneum (Herbst): Insecticidal activity of
nanocapsules. Entomological Research, 47: 175-184.
LAL F., S. A. WISSING, R. H. MULLER and A. M.
FODDA, 2006. Artemisia arborescens L. essential oil-
loaded solid lipid nanoparticles for potential
agricultural

application: preparation and

characterization. American Association of
Pharmaceutical Scientists, 7: 1-9.

MAIJEED, H., Y. Y. BIAN, B. ALI, A. JAMIL, U. MAJEED,
Q. FARID, K. J. IQBAL, C. F. SHOEMAKER and
ZH. FANG, 2015. Essential Oil Encapsulations: Uses,
Procedures, and Trends. The Royal Society of
Chemistry, 5: 58449-58463.

MOHARRAMIPOUR, S. and M. NEGAHBAN, 2014. Basic
and applied aspects of biopesticides. Plant Essential Oil
and Pest Management. In: Sahayaraj, K. (eds) Basic
and Applied Aspects of Biopesticides. Springer, New
Delhi, India, 384 pp.

MORETTI, M. D. L, G. SANNA-PASSINO, S.
DEMONTIS and E. BAZZONI, 2002. Essential oil
formulations useful as a new tool for the insect pest
control. American Association of Pharmaceutical
Scientists, 3: 1-11.

NEGAHBAN, M. 2012. Insecticidal properties of
nanocapsulated essential oil of Artemisia sieberi Besser
on Plutella xylostella and Tribolium castaneum. Ph.D.
thesis, Faculty of Agriculture, Tarbiat Modares
University. 173 pp.

NEGAHBAN, M., S. MOHARRAMIPOUR and F.
SEFIDKON, 2007. Fumigant toxicity of essential oil
from Artemisia sieberi Besser against three stored-
product insects. Journal of Stored Products Research,
43: 123-128.

NEGAHBAN, M., S. MOHARRAMIPOUR, M. ZANDI and
S. A, HASHEMI 2013a.  Efficiency of
nanoencapsulated essential oil of Artemisia sieberi
Besser on nutritional indices of Plutella xylostella.
Iranian Journal of Medicinal and Aromatic Plants, 29:
692-708.

NEGAHBAN, M., S. MOHARRAMIPOUR, M. ZANDI and
S. A. HASHEMI 2013b. Repellent activity of
nanoencapsulated essential oil of Artemisia sieberi

Besser on Plutella xylostella L. larvae. Iranian Journal

Y

of Medicinal and Aromatic Plants, 29: 909-924.

NUCHUCHUA, O., S. USAWADEE, N. UAWONGYART, S.
PUTTIPIPATKHACHORN, A. SOOTTITANTAWAT
and U. RUKTANONCHAI, 2009. In vitro
characterization and mosquito (Aedes aegypti)
repellent activity of essential-oils-loaded

nanoemulsions. American Association of
Pharmaceutical Scientists, 10: 1234-1242.

PASSINO, G. S., E. BAZZONI and M. D. L. MORETTI,
2004. Microcapsulated essential oils active against
Indian meal moth. Boletin de Sanidad Vegetal Plagas,
30: 125-132.

SAEIDI, M. and S. MOHARRAMIPOUR, 2013. Insecticidal
and repellent activities of Artemisia khorassanica,
Rosmarinus officinalis and Mentha longifolia essential
oils on Tribolium confusum. Journal of Crop
Protection, 2: 23-31.

SEVEG, D., N. NITZAN, D. CHAIMOVITSH, A. ESHEL,
and N. DUDAI, 2012. Chemical and morphological
diversity in wild populations of Mentha longifolia in
Israel. Chemistry and Biodiversity, 9: 577-587.

SHAKARAMI, J., M. FALAHZADEH and S. ALMAS]I,
2010. Fumigation toxicity and oviposition deterrency
of four plant essential oils on cowpea beetle. Plant
Protection Journal, 2: 265-276.

SHAKARAMI, J., L. POURHOSSEINI, R. VAFAEI-
SHOUSHTARI and S. GOLDASTEH, 2008. Ovicidal
effect of three plant essential oils on Callosobruchus
maculatus  F. (Col.,, Bruchidae). Journal of
Entomological Research, 3: 221-228.

SPSS, 2007. SPSS 16 for Windows User’s Guide Release,
Spss Inc, Chicago.

TOPUZ, O. K., E. B. OZVURAL, Q. ZHAO, Q. HUANG,
M. CHIKINDAS and M. GULUKCU, 2016. Physical
and antimicrobial properties of anise oil loaded
nanoemulsions on the survival of foodborne pathogens.
Food Chemistry, 203: 117-123.

ZIAEE, M. S. MOHARRAMIPOUR and A.
MOHSENIFAR, 2014. Toxicity of Carum copitum
essential oil-loaded nanogel against Sitophilus
granarius and Tribolium confusum. Journal of Applied
Entomology, 138, 763:771.



