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The Potential Use of Natural Essential Oils in the Fumigation of
Stored Agricultural Products
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Abstract; The authors give an overview of the concentrations of essential oils to control insect
pests of stored grain,analyze the current prices of essential oils on the market and the cost of the fumi-
gation ,and discuss the potential of the introduction and the use of essential oil to fumigate stored grain.
As with other groups of insecticides,the potential use of the natural essential oils(EO)in stored grain
insect pest management depends on many barriers. Some of the barriers that may greatly prevent the a-
doption and use of the natural EO in stored grain fumigation are their relatively high concentrations
needed for the effective protection of stored grain,a great difference in the sensitivity of various insect
species , significant effect of different quantity of grain on the effectiveness and the current prices of nat-
ural essential oils on the market. Very high prices of essential oils, considering other characteristics
('scent,sorption , penetration , aeration , etc. ) ,may be really a very serious limiting factor for the appli-
cation of natural essential oils in practice. There are two possible solutions to overcome the mentioned
limiting factor;significant reduction of the prices of natural EO,or the production of the active compo-

nents of natural EO synthetically.
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Introduction

During the past few decades application of
synthetic pesticides to control agricultural pests
has been a standard practice. However, with the
growing evidence regarding detrimental effects
of many of the conventional pesticides on health
and environment , require for safer means of pest
management has become very crucial''’. De-
spite of the numerous and ongoing research that
have been conducted with new grain protecta-
nts, synthetic and natural ones,only a few have
been adopted to be use as grain protectants
( Daglish,2006) %!

The restrictions on the use of fumigants
have posse new global challenges to food and
chemical industry and have resulted in effort to
develop and register new fumigants as an alter-
native , primary to methyl bromide'***’. There are
several new developed fumigants or newer fumi-

gant formulations such as sulfuryl fluoride"**"! |

carbonyl sulphide[“} , propylene oxide! %10 ,

methyl iodide'"" ,0zone' "’ | ethyl formate'"’ | cy-
anogen'"! and ethanDiNitrile***).

The use of botanical pesticides has been e-
merging as one of prime means to protect crops
and their products and the environment from

pesticide pollution, which is a global prob-

lem""*""). When extracted from plants, these

chemicals are referred to collectively as " botan-
icals". Since most of them generally degrade
within a few days, and sometimes within a few
hours , these insecticides must be applied more
often. More frequent application, plus higher
costs of production usually makes botanicals
more expensive to use than synthetic insecti-
cides''®. Among botanicals the plant volatile
essential oils ( EO) are the most frequently
studied as pesticides for pest and diseases mana
gement[ 18,17,19,20,21,22] .

However, the essential oils, beside a large
scale demonstration of their efficacy and pene-
tration ,need a lot of research in order to deter-
mine their toxicological and safety data prior to
the re-registration'”. Also, as with other groups
of insecticides, the potential use of the natural
EO in stored grain insect pest management de-
pends on many factors. Isman (1997 )'*' be-
lieved, in spite of mostly favourable toxicology
and minimal environmental impact and the effi-
cacy, botanicals and other natural insecticides
need to fulfil many other considerations for the
successful commercialization and use and this
group of insecticides may find a place in appli-
cations where there is a greater tolerance for the
presence of insects and a focus is placed on en-
vironmental safety.
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According to Rajendran and Sriranjini
(2008) **' | although in laboratory tests with a-
dult insects some of the plant extracts have
shown significant insect toxicity, their physical
properties such as high boiling point, high mo-
lecular weight and very low vapour pressure are
barriers for application in large-scale fumiga-
tions. The authors believe that plant products
have the potential for small-scale treatments
and space fumigations. Still there is lack of data
for single or multiple components of essential
oils on sorption, tainting and residues in food
commodities. Also,the requirements for the reg-
ist{ra’gion of plant products may be another barri-

24
er” .

We believe that the other of factors that
may greatly prevent the adaptation and use of
the natural EO in stored grain fumigation are
their relatively high concentrations needed for
the effective protection of stored grain against
insect pests,a great difference in the sensitivity
of various insect species and the current prices
of natural essential oils on the market.

The objectives of this review paper are;

(a)to give an overview of the concentra-
tions of essential oils to control insect pests of
stored grain,

(b)to analyze the current prices of essen-
tial oils on the market and the cost of the fumi-
gation ,and

(c¢) to discuss the potential of the intro-
duction and the use of essential oil to fumigate
stored grain.

Overview of Concentrations of Essential

Oils to Control Stored Grain Insect

The concentrations of natural EO and its
active components needed for effective fumiga-
tion have been studied by many researchers. In
order to enable the comparison of toxicity data
we analyzed only the reports that presented the
doses of EO in the volume, mostly in pg/L or
pL/L,published during the last 10 years.

Shaaya et al. (1997 )" were assessed the
fumigant activities of a large number of essen-
tial oils extracted from various spices and herb
plants against Tribolium castaneum ( Herbst )
Sitophilus oryzae ( L. ), Rhyzopertha dominica
(F.) and Oryzaephilus suanamenSLs(L ). The
highly active Labiatae sp. oil ZP51,in a con-
centration of 1.4 -4.5 pL/L air and exposure
time of 24 h caused 90% kill of all the insects
in space tests. However,in columns 70% filled
with wheat,a concentration of 50 wL/L and 7 d
exposure were needed to obtain 94% - 100%
kill of the insects.

512

Liu and Ho(1999) *’ evaluated the fumi-
gant activities of the essential oil extracted from
Evodia rutaecarpa Hook f. et Thomas, against
Sitophilus zeamais( Motsch. ) adults and T. cas-
taneum larvae and adults. S. zeamaisl.Cy, was
41 pg/L air and T. castaneum LCy, was 11.7
pe/L air.

Rahman and Schmidt(1999) ") examined
the toxic effects of vapors of essential oils of
Acorus calamus ( L. ) rhizomes obtained from
three countries; India, Russia, and Former Yu-
goslavia on the adults and eggs of Callosobru-
chus phaseoli ( Gyllenhal ) reared on seeds of
Lablab purpureus ( Medik. ). Significant reduc-
tion of oviposition was found in oils vapors at 5
and 10 pL oil per 400 mL jar(12.5 to 25 pL
oil per 1000 ml jar) after 24 h exposure. New-
ly-laid eggs were more susceptible than older
ones.

Tun et al. (2000)"?" tested the ovicidal
activity of essential oil vapors distilled from an-
ise Pimpinella anisum ( L. ), cumin Cuminum
cyminum( L. ) ,eucalyptus Eucalyptus camaldu-
lensis ( Dehnh. ) , oregano Origanum syriacum
(L. ) var. bevarii and rosemary Rosmarinus of-
ficinalis( L. ) against the confused flour beetle
Tribolium confusum ( du Val. ), and the Medi-
terranean flour moth, Ephestia kuehniella
(Zeller) . The exposure to vapours of essential
oils from anise and cumin resulted in 100%
mortality of the eggs. At a concentration of 98. 5
pL/L of anise essential oil the LTy, values were
60.9 and 253.0 hours for E. kuehniella and T.
confusum ,respectively. For the same concentra-
tion of the essential oil of cumin,the LTy, value
for E. kuehniella was 127.0 h.

Sanchez-Ramos and Castafiera ( 2000 )
found out that the vapor of natural monoterpe-
nes pulegone, eucalyptol, linalool, fenchone,
menthone, @ — terpinene and y — terpinene at
the concentration of 14 wL/L or below genera-
ted 90% mortality of mobile stages of Tyropha-
gus putrescentiae ( Schrank ).

Lee et al. (2001)"*! examined the fumi-
gant toxicity of different essential oils towards
the rice weevil ,S. oryzae. The essential oil from
eucalyptus contained 1,8 — cineole (81. 1% ) ,
limonene (7.6% ) and a — pinene (4. 0% ).
The oil generated LDy, =28.9 L/L air. 1,8 -

cineole was more active( LDy, =23. SpL/L air)
than limenone anda — pinene. Benzaldehyde
(LDs, =8.65uL/L air) occurring in peach and
almond kernels had also a potent fumigant tox-
icity towards the rice weevils.
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Papachristos and Stamopoulos ( 2002 ) 1*/

assessed the toxicity of vapours of the essential
oils from Lavandula hybrida ( Reverch. ) ,R. of-
ficinalis and Eucalyptus globulus( Lab. ) against
the larvae and pupae of Acanthoscelides obtectus
(Say. ). The essential oil vapours were toxic to
all immature stages tested with LCy, values ran-
ging between 0.6 and 76 pwL/L air, depending
on oil and development stages.

Lee et al. (2003) " evaluated the fumi-
gant toxicity of twenty naturally occurring
monoterpenoids against S. oryzae, T. castaneum ,
O. surinamensis ,the house fly, Musca domestica
L., and the German cockroach, Blattella ger-
manica L. Cineole, [ — fenchone, and pulegone
at SOpg/mL air caused 100% mortality in all
five species tested.

Lee et al. (2004)"" studied the potent
fumigant toxicity of 42 essential oils and found
out that six of them extracted form Eucalyptus
nicholi ( Maiden & Blakely ), E. codonocarpa
( Blakely & McKie), E. blakely ( Maiden)
Callistemon sieberi (F. Muell. ) , Melaleuca ful-
gens( R. Br. ) and M. armillary ( R. Br. ) were
toxic to S. oryzae, R. dominica and T. castane-
um. The LD 50 and LD 95 against the adults of
S. oryzae were between 19.0 to 30.6 and 43.6
to 56. 0 pwg/mL air, respectively. The LD95 of
1,8 — cineole was for S. oryzae 47. 9, for R.
dominica 30.4 and for T. castaneum 21.0 g/
mL air. The fumigant toxicity of five oils in the
space 50% filled up with wheat was 3 to 5
times lower in 50% filled up the space than in
an empty space and in a case of EO extracted
from E. codonocarpa in 50% filled up the space
with wheat,even 9 times less toxic.

Prajapati et al. (2005) " were evaluated
the insecticidal , repellent and oviposition — de-
terrent activity of essential oils extracted from
10 medicinal plants against Anopheles stephensi
(Liston) ,Aedes aegypti (L. ) and Culex quin-
quefasciatus( Say. ). The essential oil of Pimp-
inella anisum (L. ) showed toxicity against 4th
instar larvae of A. stephensi and A. aegypti with
equivalent LDys values of 115.7wg/mL, where-
as it was 149. 7pg/mL against C. quinquefascia-
tus larvae. Essential oils of Zingiber officinale
and Rosmarinus officinalis were found to be ovi-
cidal and repellent, respectively towards the
three mosquito species.

Ketoh et al. (2005) "' studied the effec-
tiveness of the essential oil extracted from Cym-
bopogon schoenanthus ( L. ) against all develop-
ment studies of Callosobruchus maculatus

(Fab. ). At the highest concentration tested
(33.3 pl/L) all adults of C. maculatus were
killed within 24 h of exposure to the oil and the
development of newly laid eggs and neonate lar-
vae was also inhibited.

Ketoh et al. (2006)"*! assessed the in-
secticidal activity of crude essential oil extrac-
ted from Cymbopogon schoenanthus( L. ) and of
its main constituent, piperitone ,on different de-
velopmental stages of C. maculatus. Piperitone
was more toxic to adults with a LCy,value of

1.6uL/L vs. 2.7 wL/L obtained with the crude
extract.

Tapondjou et al. (2005)"* investigated
the toxicity of cymol and essential oils of Cupre-
ssus sempervirens ( L. ) and FEucalyptus saligna
(Sm. ) against S. zeamais and T. confusum. Eu-
calyptus oil was more toxic than Cupressus oil to

both insect species( LDy, =0.36wl/cm” for S.

zeamais and 0. 48uL/cm® for T. confusum) on
filter paper discs,and was more toxic to S. zea-
mais on maize ( LDy, = 38. O5uL per 40g
grain) .

Wang et al. (2006 ) investigated repel-
lent and fumigant activity of essential oil from
mugwort Artemisia vulgaris (L. ) to T. castane-
um. At 8. OpL/mL, mortality of adults reached
100% ,but with 12 — |14 — and 16 - day lar-
vae , mortalities were 49% ,53% and 52% , re-
spectively. At dosages of 10,15 and 20 L/L air
and a 96 h exposure period, mortality of eggs
reached 100% . No larvae, pupae and adults
were observed following a 60 L/L dosage.

Choi Won-Sik et al. (2006 )" deter-
mined the toxicity of volatile components of
thyme , sage , eucalyptus, and clove bud against
the mushroom sciarid, Lycoriella mali ( Fitch. )
o — Pinene was the most toxic fumigant com-
pound found in thyme essential oil (LDg, =9. 85
wL/L air) followed by B — pinene ( LDy, =11.
85wL/L air) and linalool (LD, =21. 15uL/L

air) . The mixture of o — and B — pinene exhibi-
ted stronger fumigant toxicity than o — or 8 — pi-
nene itself against the mushroom fly adults.
Negahban et al. (2007) """ determined the
content of essential oil extracted form Artemisia
siebert ( Besser ). The oil contained camphor
(54.7% ) , camphene (11. 7% ) ,1,8 — cineol
(9.9% ) ,B - thujone (5.6% ) and a - pinene
(2.5% ). The mortality of 7 days old adults of
C. maculatus, S. oryzae, and T. castaneum in-
creased with concentration from 37 to 926 pwL/L
and with exposure time from 3 to 24 h. A con-
centration of 37 pL/L and an exposure time of
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24 h were sufficient to obtain 100% kill of the
insects. C. maculatus was significantly more
susceptible than S. oryzae and T. castaneum.

Rozman et al. (2007 ) *! investigated the
toxicity of 1,8 — cineole, camphor, eugenol,
linalool , carvacrol , thymol , borneol , bornyl ace-
tate and linalyl acetate against adults of S.
oryzae, R. dominica and T. castaneum. The
most sensitive species was S. oryzae ,followed by
R. dominica. T. castaneum was highly tolerant of
the tested compounds. 1,8 — cineole, borneol
and thymol were highly effective against S.
oryzae when applied for 24 h at the lowest dose
(0. 14 pL/L). For R. dominica camphor and
linalool were highly effective and produced
100% mortality in the same conditions. Against
T. castaneum no oil compounds achieved more
than 20% mortality after exposure for 24 h,e-
ven with the highest dose(139 pL/L). Howev-
er, after 7 days exposure, 1,8 — cineole pro-
duced 92.5% mortality, followed by camphor
(77.5% ) and linalool (70.0% ).

Stamopoulos et al. (2007) ") were tested
vapor form of monoterpenoids terpinen —4 — ol
1,8 - cineole, linalool, R — ( + ) — limonene
and geraniol against different stages of T. confu-
sum. The LCy, values ranging between 1.1 and
109.4 pwL/L air) for terpinen —4 - 01, from 4
and 278 wlL/L air for(R) — ( + ) — limonene
(with LCs, and from 1,8 — cineole 3.5 and 466

L/L air were the most toxic to all stages test-
ed, followed by linalool ( with LC, values ran-
ging between 8.6 and 183.5 plL/L air) while
the least toxic monoterpenoid tested was gerani-
ol with LC,, values ranging between 607 and
1627 wL/L air.

Korunic and Rozman (2008 )" carried
out three different experiments with 1,8 — cine-
ole and found out that the space occupied with
different quantity of grain had a significant
effect on the effectiveness of cineole against S.
oryzae , R. dominica, T. castaneum and Crypto-
lestes ferrugineus( Steph. ). The space occupied
with more grain significantly reduced the effica-
cy of cineole against test insects.

The results of Shaaya et al. (1997) '
Lee et al. (2004 )" and Korunic and Rozman
(2008 ) ¥ demonstrated the significant effect
of different quantity of wheat grain in the same
volume on the effectiveness of EO against stored
grain insect pests. In a space filled with grains
for the successful control several times higher
concentrations has to be applied in the compari-
son with concentrations applied in an empty
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space. This may be one of a very important lim-
ited factor for wider use of EO in grain fumiga-
tion.

Current Price of Essential Oils on the
Market and the Cost of the Fumigation

Currently, EO are sold in different packa-
ges containing 5 ml, 14.75 ¢(1/2 oz) up to
907.2 g(32 o0z) and 3780 ml( US gallon). The
prices depend on the type of the essential oil,
technology of the extraction, the size of the
package and on producers, as well. The prices
of EO sold by different producers, generally
speaking,, may be significantly different ( Table
1). The size of the package greatly affects the
cost of EO. One gram of Citronella EO in the
package of 14. 175 g(1/2 oz) costs US § 0.
49 but in a gallon (3789 ml) 1 mL. costs US
$0.065; 1g of Lavandin organic EO in the
package of 14.175¢g costs US § 0.69 costs but
in a gallon 1 mL costs US $0.16;1 g of Lav-
ender Provence — Organic EO in a package of
14.175 g costs US $1.28 but in a gallon 1 mL
costs US $0.46,etc. Also,the prices of various
EO are significantly different. For example, in
the package of 14.175 g(1/2 oz) 1 g of differ-
ent oils costs from US $ 0. 49 ( Citronella) to
US $ 1.3 (Juniperus Berry). In the package of
907.2 ¢(32 oz) 1 g costs from US $0. 32
(myrtle) to US $5.54(Jasmine Absolute). In
the package of 3789 ml ( US gallon) 1 mL of
different essential oils costs from US $0. 064
( Citronella) to US $0.47( Oregano) ( the pro-
ducer Dreaming Earth Botanicals, LLC, Ashen-
will,NC,USA).

Potential of the Introduction and the
Use of Essential Oil to Fumigate Stored
Grain

Analyzing the prices of EO produced by
numerous producers by searching data available
on internet, by direct contact with the producers
and by analyzing the results of the effectiveness
of EO published by numerous authors, it is ob-
vious that the prices may be the limited factor
for the adoption and its wider use( Table 2). It
is a great difference in approximate concentra-
tions of phosphine , methyl bromide and EO 1.8
— cineole to give 95% and higher mortality of
S. oryzae with 24 h exposure. According to
Champ and Dyte(1976) ™" and re — calculated
from Ct based on 20 h exposure, the approxi-
mate concentration of phosphine is 0.03 g/m’;
the approximate concentration of methyl bro-
mide , from Ct based on 5 h exposure,is 1 g/
m’. Lee et al. (2004) """ determined the con-

centration of 42 g/m’ of 1,8 — cineole to give
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95% mortality of S. oryzae. Korunic and
Rozman (2008 ) ' determined that 50 g/m’ of
cineole in an empty space and 48 h exposure
caused 100% mortality of S. oryzae,in a space
50% filled with wheat grain the mortality was
57% and in a space filled up 95% with wheat
grain the mortality was 34% only. Shaaya et al.
(1997) """ found out that the highly active La-
biatae sp. oil ZP51 ,in a concentration of 1.4 -
4.5 wL/L air and exposure time of 24 h caused
90% killed T. castaneum ,S. oryzae ,R. dominica

and O. surtnamensis. However, in columns 70%
filled up with wheat,a concentration of 50 L/
L and 7 d exposure were needed to obtain 94
100% kill of the insects. Lee et al. (2004 )"
found out that EO extracted form Eucalyptus ni-
cholit, E. codonocarpa, E. blakelyi, Callistemon
sieberi ,Malaleuca fulgens and M. armillary were
3 to 5 times less toxic to S. oryzae, R. dominica
and T. castaneum in a space 50% filled up with
wheat in comparison with the toxicity in an
empty space.

Table 1. The approximate prices of essential oils( EO)

Cost of package Cost of 1 g or 1 mL

Essential oil Producer Size of package * (US $) (US §)
Lavender Provence  Dreaming earth botanicals, 3 780 mL 173. 00 0.045
Oganic ( France) LLC, Ashenville, NC,USA  (US galloon) ) :
Bulgarian OLavender Snowdrift Farm, Inc. 2268¢2(80 oz) 285.00 0.125
. . Dreaming earth botanicals, 3780 mL
Lavandin Organic 77 o s fenville, NC,USA (US galloon) 623.00 0.164
Rosemary ( Maroccan ) Snowdrift Farm, Inc. 22682(80 oz) 154.95 0.068
. Dreaming earth botanicals, 3780 mL
Rosemary (Spanish) ' 1 " Jenville NC,USA (US gallon) 528.00 0.139
Thyme linalool ~ ©reaming earth boanieals. 97 2,3 o) 408. 00 0.449
. Dreaming earth botanicals, 3789 mL
Bay ( Laurus nobilis) LLC , Ashenville, NC , USA (US gallon) 1214.00 0.320
Dreaming earth botanicals, 3789 mL
Pepper, black LIC, Ashenville,NC,SA_ (US gallon) 752.00 0.198
Dreaming earth botanicals,
Bergamot LLC , Ashenville, NC , USA 907.2g(32 oz) 338.00 0.372
T Dreaming earth botanicals, 3789 mL
Patchouli LIC, Ashenville,NC,USA  (US gallon) 731.00 0.192
. Dreaming earth botanicals,
Jasmin Obsolute LLC, Ashenville, NC , USA 850.5¢(30 oz) 4717.00 5.546
. Dreaming earth botanicals, 3789 mL
Basil LLC, Ashenville,NC,USA  (US gallon) 647.00 0-170
Oregano Dreaming earth botanicals, 3789 mlL 1806. 00 0.476

LLC, Ashenville, NC, USA

(US gallon)

* The largest package available ;smaller packages are significantly more expensive.

One( 1) kg of phosphine pellets costs about
US $41.00 US,whilst 1 kg of cineole in pack-
ages of 100g reaches about US $236. 00.
When the highest dosage of phosphine pellets is
applied (30 pellets t ') with 1 kg of phosphine
it is possible to fumigate approximately 55 tons
of grain. It means the cost of phosphine to fumi-
gate one tone of grain is about US $0.74. With
1 kg of 1,8 — cineole it is possible to fumigate 4
tons ( Korunic and Rozman, 2008[39'; 95%
space filled up with wheat) to about 23 tons of
grain( Lee et al. 2004"*'';50% space filled up
with wheat) . It means the cost of 1,8 — cineole
to fumigate one ton of grain is from approxi-

mately US $10.00 to US $59.00. The great

effect of grain on the reduction of the effective-
ness of EO may greatly increase the cost of the
grain fumigation with EO and make them too
expensive to be adopted for grain fumigation
use.

Conclusion

Besides of different barriers under the
process of the registration, we find such a high
price for cineole, and for other essential oils as
well, considering other characteristics ( scent,
sorption , penetration , aeration etc. ) , as a seri-
ous limiting factor for the application of natural
essential oils in practice. We believe that there
are two solutions to overcome the mentioned
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barriers ; significant reduction of the prices of
natural EO,or if possible,to produce the active
components of natural EO synthetically.
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