L) Al jagal) 4 501 ) 4y ) sgeand)
DEMOCRATIC AND POPULAR ALGERIAN REPUBLIC
alad) il g Mad) anlal) 5039
MINISTRY OF HIGHER EDUCATION AND SCIENTIFIC RESEARCH
@8l il daa wgdd) Aaals
ECHAHID HAMMA LAKHDAR UNIVERSITY OF EL-OUED
Blaad) g dapdal) o glal) 44l
FACULTY OF NATURAL LIFE AND SCIENCES
dadudl) aud
DEPARTMENT OF Agronomy

Waistor s Thesis

In order to obtain a diploma of an Academic Master In agricultural sciences
Major: Plant Production
And obtaining a diploma of a mini-institution under Ministerial Decree No. 1275

Improving natural formulations to combat the Tribellium castaneum

insect

Presented by:

ABSSI Fatma Zohra

Jury Members:

President: ALLALI Ahmed MCA El-Oued University
Examiner: ALIA Zaid MCA El-Oued University
Supervisor: BABAOUSMAILMAHFOUD MCA El-Oued University
Economic partner: MIHI LAZHAR

The representative of the university incubator: GHARBI Laid EI-Oued University

University year: 2024/2025




% o
A\ 2
4l iy 'é

7lgda" e

Aeialeele bl

S B g ensl Tl Tt s | e 01

b gl L S Lmgladh
e sV AL ) f Ay
4y 331(a8) gl sl Vet
e@laeeld)
«Blmalgl sl aae
I A il ol i )5}
3l i EES i iz,
|gaaTysini o sl Ly ool o)
(s GUrbldal)
A e Mgl s poallnanisll oo 5o Sl
el bld ) i ol ol al
J&gnalaslsalelainslllangllundion ) ana

P INERIE

62



b

‘“‘w&h,

claols Aale 268 ) ploally Sall ST o1 )1 il JNeM e ae
58 Al st Sl 43U gy ) Logiet o) bl ol sl Al
e jad (sl glae oy e s Ll SUET el 3 shae) dory (3 35 slT sl
S8 Y sl sy o dany

s 34 Sl e glape Bl ) sy S e 20 ol d e 1S
el Ve (3 dag il (Lol L

bl iy Al anzmsd o plaay Sl g o Sl ozt Lol B Y1 ),
bl in ol 52 g 33l ) o B Al ST GBS

Sl ) ol i gl ) S Bmeld) el £l sl Sldly Sl asl 3
a b Al o) el lis Dol o (3 5yl £3587 a7 L gl dla) &y
Ao 3l Jeall Vn (3 13108 gl 3Ly Solis o) gyl & shasy G

gl ol )5 Al wlalid ol Gl Jold) 3wt el (s 88 oo sl TV e YIS
Aaolodl KU e L) e 55l oda (3 Aula fuj\d\ﬂ\

S o po 1y il Glae o 35 0 sel ) STl o3l Gl i e )
Sl ol Cloy 3w bstd il 2 S Ky sl o il 1 K8, il
A Kooy o K55 o day 5o Sl Tl el e 4 3l 3 oLy :éj A&7y daeld)
gwgﬂéﬁ*“”u&‘u)“ | g e



Abstract

This research explored the potential of enhancing essential oil formulations as eco-
friendly alternatives to conventional pesticides, addressing the growing need for sustainable
pest management. The study investigated the insecticidal properties of essential oils,
particularly peppermint oil, in addition to environmentally friendly synthetic compounds.

The methodology involved conducting toxicity bioassays on Tribolium castaneum larvae
to assess the effectiveness of peppermint oil formulations and the synthetic compounds with
adjuvants including xanthan gum, citric acid, and glycerol,. Phytotoxicity tests were also
performed on lettuce leaves to evaluate the safety of these formulations for plants.

Key findings revealed that peppermint oil (NF1) demonstrated significant insecticidal
activity with a 76% mortality rate, which was enhanced to 85.71% by the addition of xanthan
gum (NF2). Environmentally friendly synthetic compounds also showed high toxicity to the
target pest. Importantly, neither the essential oil formulations nor the synthetic compounds
exhibited phytotoxicity to lettuce seedlings. Furthermore, the contact angle measurements for
the oil formulations ranged from 22° to 32°, indicating favorable spreading potential on
surfaces.

This research provides evidence supporting the potential of both enhanced essential oil
formulations and environmentally friendly synthetic compounds as effective and safe
alternatives to conventional pesticides, offering valuable insights for developing sustainable
pest control strategies.The study identified two promising paths for environmentally friendly
pest control. First, a peppermint oil formulation enhanced with xanthan gum (NF2)
demonstrated superior insecticidal efficacy against Tribolium castaneum larvae, achieving a
mortality rate of approximately 85.71%. Second, environmentally friendly synthetic
compounds proved highly effective, with mortality rates reaching 100%. The best formulation
was the xanthan gum (SF2) enhanced formulation, which demonstrated high efficacy and better
dispersal, demonstrating its strong potential as an alternative to conventional insecticides.

Keywords:

Mentha piperita , Tribolium castaneum,Essential oils , Botanical pesticides
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Introduction

Introduction

Ensuring sustainable global food production is a critical challenge exacerbated by the
need to feed a continuously expanding global population. A significant impediment to
achieving this sustainability is the substantial loss in potential agricultural yield attributed to
pre-harvest pests (Popp et al., 2013). This places immense pressure on current agricultural
practices, often leading to the extensive use of conventional synthetic pesticides. However, the
widespread reliance on these chemicals has raised serious concerns due to their documented
environmental and health repercussions, including food contamination, environmental
pollution, and the alarming development of pesticide resistance in pest populations (Tilman et
al., 2002; Aktar et al., 2009). These adverse effects necessitate an urgent paradigm shift in pest

management strategies towards more sustainable and environmentally benign alternatives.

In response, there is growing interest in natural pesticides, particularly those derived from
plants. Among these, essential oils stand out due to their complex chemical composition and
diverse biological activities, presenting a promising avenue for developing eco-friendly pest
control solutions (Isman, 2000). These oils exert various insecticidal effects, including
repellency, disruption of neurotransmitter systems, and interference with key physiological
processes in insects (Regnault-Roger et al., 2012). Our research focuses on enhancing the
efficacy of essential oil-based formulations, with a particular emphasis on peppermint oil, to
develop effective and sustainable insecticidal products. Furthermore, this study also evaluates
certain environmentally friendly synthetic compounds as potential alternatives to conventional

pesticides, contributing to a broader understanding of sustainable pest management solutions.
The key questions that we seek to answer in these studies are:

-1What is the insecticidal effectiveness of peppermint oil-based formulations against

Tribolium castaneum larvae?

-2 How do specific formulation adjuvants cofurmulatns influence the insecticidal activity

of peppermint oil?

-3How effective are environmentally friendly synthetic formulations in controlling

Tribolium castaneum larvae?

-4How do specific adjuvants in the formulation affect the insecticidal activity of

environmentally friendly synthetic compounds?
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-5Do peppermint oil formulations and selected environmentally friendly synthetic

compounds exhibit phytotoxic effects on plantleaves?
The main objectives of our research are:

o To evaluate the toxicity of peppermint oil formulations against Tribolium castaneum

larvae.

o To study the effect of formulation additives (xanthan gum, citric acid, glycerin) on the

insecticidal activity of peppermint oil and environmentally friendly synthetic

compounds.

e To evaluate the phytotoxicity of peppermint oil formulations and environmentally

friendly synthetic compounds on lettuce leaves.

Through this research, we aim to provide valuable data and insights that will contribute

to the development of more sustainable and environmentally responsible pest control strategies.
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1. The importance of combating agricultural pests and their impact on agricultural

production:

Due to increasing global population and changing diets in developing countries towards
meat and milk products, demand for food production is projected to increase by 70 % (FAO
2009).Globally, an average of 35 % of potential crop yield is lost to pre-harvest pests (Oerke
2005). In addition to the pre-harvest losses, food chain losses are also relatively high (IWMI
2007). An increased yield potential of crops, however, is often associated with higher
vulnerability to pest attack leading to increasing absolute losses and loss rates (Oerke et al.
1994). An average of 35 % of potential crop yield is lost to pre-harvest pests worldwide (Oerke
2005). In addition to reduce crop losses due to pests, avoiding waste along the whole length of
the food chain is also a key (Popp 2011).Evolutionary interactions between pests and farmers
predate conventional pesticides by thousands of years. Various loss levels may be
differentiated, e.g. direct and indirect losses or primary and secondary losses, indicating that
pests not only endanger crop productivity and reduce the farmer's net income but may also
affect the supply of food and feed as well as the economies of rural areas and even countries
(Zadoks and Schein 1979).According to German authorities in 1929, animal pests and fungal
pathogens each caused a 10 % loss of cereal yield. In potato, pathogens and animal pests
reduced production by 25 % and 5 %, respectively; while in sugar beet, production was reduced
by 5 % and 10 % due to pathogens and animal pests, respectively (Morstatt 1929). In the USA,
in the early 1900s, pre-harvest losses caused by insect pests were estimated at seldom less than
10 % (Marlatt 1904).However, the loss data became outdated due to significant changes in area

harvested, production systems and intensity, control options and product prices.
2. Health and environmental risks of conventional pesticides:

Under the general term pesticides, a wide range of compounds with very different actions
can be found (such as herbicides, insecticides, nematicides, rodenticides, avicides, algicides,
fungicides, bactericides, and others) (Aktar MW et al , 2009).Excessive and uncontrolled
pesticide use resulted in food contamination as well as environmental, agricultural, and aquatic
pollution (R. Cech et al , 2023) .The worldwide usage of synthetic pesticides has presented the
research community with the rise of several issues, such as the continuous development of
pesticide resistance. This can be attributed to a misuse of the pesticides, meaning that the
shortcoming of specific substances for certain pests will increase their adaptability and make
the resistance traits to be passed on to the next pest generations (Miller AL et al, 2010).0One of

the biggest concerns regarding the effects of synthetic pesticides is the influence upon human

5
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and animal health. Several studies have linked a higher occurrence of cancer within the farmers’
communities that have been exposed to pesticides. Ochoa-Acuiia and Carbajo have pointed out
the connection between birth defects, such as prematurity and congenital abnormalities, and the
extensive use of pesticides (Ochoa-Acuna H et al,2009). According to a WHO and United
Nations Environment Program (UNEP) report, worldwide, three million people are poisoned
and 200,000 die due to exposure to pesticides, mostly in developing countries (W. Boedeker et
al ,2020).

3. Modern trends towards the use of pesticides of natural origin:

Phytotherapy is a word of Greek origin: "phyto” which means plant and therapeutia”
which means to treat, in other words in the etymological sense: it is a "therapeutic treatment by
plants"”; it uses all parts of plants or forms immediately derived from plants (Hmamouchi, 1999;
Gazengel and Orecchioni, 2013). Aromatic plants form all plants capable of giving aromas and
secreting essential oils that can be extracted from different organs such as: leaves, stems, bulbs,

roots, seeds, flowers, bark, etc. (Hmamouchi, 1999).

Already, 40,000 years BC, the aborigines of Australia used aromatic plants to treat
infections by fumigation or poultices (Zhiri, 2006). Egyptians of the Pharaonic era, 3150-1085
BC, used aromatic plants to embalm the dead (mummification) (Abrassart, 1997; Franchomme
etal., 1990).

Weedkillers can be considered pesticides and are used to kill unwanted plants in order to
leave the desired crop relatively intact and well-supplied with nutrients, leading to a more
profitable harvest (Okwute, S.K, 2012).
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1. Essential oils
1.1 The importance of essential oils :

the environmental problems caused by overuse of pesticides have been the matter of
concern for both scientists and public in recent years.Natural products are an excellent
alternative to synthetic pesticides as a means to reduce negative impacts to human health and

the environment.

Essential oils are defined as any volatile oil(s) that have strong aromatic components and

that give distinctive odour, flavour or scent to a plant.

Essential oils are found in glandular hairs or secretory cavities of plant-cell wall and are
present as droplets of fluid in the leaves, stems, bark, flowers, roots and/or fruits in different
plants.

The aromatic characteristics of essential oils provide various functions for the plants

including :
(i) attracting or repelling insects.
(i) protecting themselves from heat or cold.

(iii) utilizing chemical components in the oil as defense materials.
(Koul, O., ., Walia, 2008).
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Figure 1:Equipment used during the hydrodistillation of essential oil (Niessen, 2007)
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2.Mechanism of Action of Essential Oils as Insecticides:

Several EOs and their components have been studied regarding their biocide and repellent
properties against insects, arthropods, nematodes, larvae, and other plagues, with promising
results (Franzios, Get al,1997; Ben El Hadj Aliet al , 2015). Although the biocidal mechanism
of essential oils and their components is still unclear, the rapid action of EOs on insects and
behavioral patterns observed in treated individuals have pointed to a neurotoxic effect (Enan,
E. 2001).

2.1 Repellency :

The repellent properties of EOs against arthropods of public health importance have been
widely reported, and the use of these products represents an effective and safe alternative

against disease vector organisms worldwide (Lee, K.H.et al , 2019; Haris, A.etal , 2023).

Among sesquiterpenes, B-caryophyllene is most cited as a strong repellent against A.
aegypti (Gillij et al., 2008).

Lacotte and colleagues (2023) (Lacotte, V.,Rey, 2023)evaluated the repellent activity of
forty plant essential oils against the pea aphid (Acyrthosiphon pusim). Peppermint oil showed
the highest activity; these results coincide with the effect shown on Aphis craccivora( Saifi,
R.etal, 2023).

EOs from fruits from the genus Zanthoxylu, as well as the Brazilian pepper fruit(Schinus
terebinthifolius), display repellency against the whitefly Bemisia tabaci ( Husseinet al , 2017 ;
Costaet al , 2017)

ome monoterpenes such as a-pinene, cineole, eugenol, limonene, terpinolene, citronellol,
citronellal, camphor and thymol are common constituents of a number of EO described in the
literature, as presenting mosquito repellent activity (Ibrahim and Zaki, 1998; Jaenson et al.,
2006; Park et al., 2005; Yang et al, 2004).

2.2 Modification of GABA Receptors :

Abdelgaleil and colleagues (Abdelgaleilet al, 2019)evaluated six natural monoterpenes
(1,8-cineole, (—)-citronellal, limonene, a-pinene, pulegone, and 4-terpineol) against GABA-T,
with limonene displaying the highest activity, with an 1C50 of 11.37 mg/L. In an in silico
evaluation conducted by Toledo and colleagues (Toledoet al, 2020), the main components of
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clove essential oil, eugenol, and B-caryophyllene were found to bind to three molecular targets,

including the GABA receptors in the phytophagous aphid Rhopalosiphum maidis.
2.3 Inhibition of Enzyme Acetylcholinesterase (AChE) :

Several studies have been conducted to determine the potential of EOs as AChE inhibitors
(AChEI); Czerniewicz and colleagues (2018) (Czerniewicz, Pet al ,2018) reported an in vitro
reduction in AChE activity after the individual application of EOs from the Asteraceae family,
particularly the EOs from Santolina have exhibited AChEI activity include those from the
Anthriscus nemerosa root (Karakaya, S.; Y1lmaz2019 ), the Citrus aurantium peel (Zarrad, K.
et al , 2015 ), the Citrus sinensis peel (Oyedeji, A.Oet al, 2020), Echinacea purpurea, Thymus
praecox (Orhan, | et al,2009), Ocimum tenuiflorum (Bhavya, M.Let al,2018), Salvia
lavanduleifolia (Perry, N.S.L.et al,2002 ), and Rosmarinus officinalis (Perry, N.S.Let al,2015).

Peppermint oil :

Peppermint is native to the Middle East and probably Asia. In In fact, it is found on all
continents and adapts to all climates except the most extreme. It likes cool, clayey and
calcareous soils (Zybak, 2000). The plant is a perennial glabrous herb with a strong, pepper-
like, pungent odour and hence the specific name ‘piperita’. Peppermint oil is a colourless, pale
yellow liquid with a strong agreeable odour and a powerful aromatic taste. Menthol is the major
constituent of this oil. Peppermint oil is the most popular and widely used essential oil employed
in flavouring, pharmaceuticals, confectionery and medicines. The Wealth of India, 1962, (
Chaudhry et al., 1957),The four The main producing countries of peppermint essential oil are:

India, Italy, Argentina and Australia.
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Tablel: The list of the most abundant mint species and theirFunctions

(Oktemer T, et al., C 2015)

Species

Usag

Mentha spicata I.

Medicine

Mentha suaveolens

Ornamental consumption

Mentha requienii benth

Ornamental consumption

Mentha pulegium | .

Medicine

Mentha piperita I.

commercial.

Medicine, Ornamental consumption,

Mentha citrate ehrh

Medicine

Mentha longifolia I.

Medicine, commercial.

Mentha cardiaca Medicine
Mentha arvensis Medicine
Mentha canadensis weed

Table2: The most abundant active compounds of Mentha spp(Rohloff J .,1999) .

commpounds Lupac name Percentage
limonene 1-methyl -4-(1-methylethenyl)-cyclohexene 1to5
cineole 1,3,3-trimethyl-2-oxabicyclo[2,2,2]octane 3.5t014
menthone (25,5r)-2-Isopropyl-5-methylyclohexanone 14 to 32
menthofuran 3,6-dimethyl-4,5,6,7-tetrahydro-1-benzofuran 1t09
Isomentho (2r,5r)-5-methyl-2-propan-2-ylcyclohexan-1-one 1,5t0 10
Menthyl Acitec acid[(1r,2s,5r) 2,810 10
acetate -2-icopropyl-5-methylcyclohexyl]ester
Isopulegol -5-methyl-2-prop-1-en-2-ylcyclohexanol 0.2
menthol (1r,2s,5r)-2-1sopropyl-5-methylcyclohexanol 30to 55
pulegone p-menth-4-(8)-en-3-one 4
carvone 2-methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one 1
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Botanical description:

Mentha x piperita is a hybrid resulting from a spontaneous cross between Mentha aquatica
(water mint) and Mentha spicata (spearmint), it is for this reason that a small cross separates
the genus name (Mentha) from the name of the hybrid resulting from the cross (piperita)
(Baudoux, 2002). It owes its Latin name (piperita) to its very characteristic odor strongly
peppery and cold, due to the essential oil contained in its leaves. It is a wild, perennial
herbaceous plant, which belongs to the Lamiaceae family, a large family of plants often
producing essential oils widely distributed throughout the world. It is creeping, with
quadrangular, ascending stems, which can reach 1.20 m high, its leaves are opposite, oval, sharp
and toothed, generally of a beautiful green color, often wrinkled, sometimes downy, from which
a strong, easily recognizable characteristic odor is released. The flowers, which grow in clusters

in the axils of the leaves, are pink, the stems are purple (Morigane, 2007).

Figure 2:Aerial part of M. piperita (Anonymous, 2013)
Position systématique :
According to Cronquist (1981), the systematics of peppermint are as follows:

» Kingdom: Plantae

e Phylum: Cormophytes

» Subphylum: Angiosperms
» Class: Magnoliopsidae

» Subclass: Asteridae

* Order: Lamiales

e Family: Lamiaceae
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e Genus: Mentha

e Species: Mentha x piperita L. 1753

CH
CHy e CH, 2
4 (-
[®]
CHg
HaC CH, o -pinene HzC CHs
Piperitone 1,8, cineole
CHs CHg
T OH ; =0 ‘ \
ch/\CH3 HaC CH, o
Menthofuran
Menthol Pulegone
CH3
CH; H
i:\L | Z
HsC
: © ]
Py /
HaGC CHs HaC CHg CH
- -form
Fmenthone o Caryophylline
Cadinine

CH3
CH . COOCH
Methyl acetate
HsC CH»

limonene CHs CH /
2

H,C CHs,
% S
CH, 3 CHo

o -pinene Carvone

O Isocaryophyllin

Figure 3: various chemical constituents of peppermint oil. (Alankar, S. 2009).
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Botanical pesticides

1. Advantagesand disadvantages of using natural pesticides compared to chemical

pesticides:
1.1 Natural pesticides:

Natural pesticides are derived from natural sources including living organisms such as
animals, plants and microorganisms and have the capability to control plants damaging pests
through their nontoxic and eco-friendly mode of action (EPA 2021)Natural pesticides have
some distinct advantages including non-generation of harmful residues in food (EPA 2021).
Farmers and gardeners do not have to worry about poisoning themselves, their families, or pets
when treating their crops or plants. Biopesticides are highly specific and exhibit selective
toxicity due to their ability to target specific pests and leave the beneficial ones intact (EPA
2021). Another advantage of biopesticides is that they are often effective in low quantity
therefore leading to lower exposure which could prevent pollution to the environment (EPA
2021).Biopesticides do not give off dangerous vapours, accumulate in the soil, or collect in

water.

These pesticides are naturally occurring and have a range of bioactive chemicals inherent
(Magierowicz, K. et al., 2020). Essential oils and other extracts from plants exhibit a wide range
of actions against insects, these actions are however dependent on a number of factors including
the physiological characteristics of insect species as well as the type of plant. While some of
these extracts can act as repellents, attractants, or antifeedants; some others may inhibit
respiration, hamper the identification of host plants by insects, inhibit oviposition and decrease
adult emergence through ovicidal and larvicidal effects (Ali. et al., 2017; Halder. et al., 2013)
Compatibility of Neem Oil and Different Entomopathogens for the Management of Major
Vegetable Sucking Pests. Natl. Acad. Sci. Lett., 36, 19-25., Tripathi, A.K.; Upadhyay, S.;
Bhuiyan, M.; Bhattacharya, P.R (2009).

A challenge in the formulation of these pesticides, additionally for pesticides to be
produced from a plant; there is a need to extract the active They can be cheaper than chemical
pesticides when locally produced especially for small scale agricultural use or for domestic pest
management and can be more effective than synthetic pesticides in the long-term(Freemark, K.
, 1995). The rationale for the development and deployment of biopesticides or pest controls for
pest management is their environmental safety, specificity, and biodegradability. (Lacey L. A
and Siegel J. P.(2000).
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Another challenge that comes with the production of natural pesticides is that a single
plant could have many active substances therefore leading to a challenge in the formulation of
these pesticides, additionally for pesticides to be produced from a plant; there is a need to extract
the active ingredient from the plant using organic solvents which may pollute the environment.
Though the biodegradability of biopesticides is an advantage to the environment, it also entails
a short shelf life(Essiedu, J.Aet al, 2020) The efficacy of microbial pesticides may also be
affected byenvironmental factors such as UV light and desiccation (Essiedu, J.Aet al, 2020).

1.2 Conventional/Synthetic pesticides :

Synthetic pesticides are known to eliminate beneficial species of interest. Following the
application of synthetic pesticides to food crops, residues of pesticides may remain in food and
may be hazardous to the body if available at elevated levels. Synthetic pesticides have also been
known to eliminate natural enemies of pests such as predators and parasites, leading to increase
in population of pests (Ukoroije B.Ret al,2018).

The use of the same synthetic pesticides for many years has led to the development of
immunity to the pesticides among targeted species. Most synthetic pesticides are hazardous and
poisonous and may have toxic effects on infants, children and adults if they come in contact
with the body.

Synthetic pesticides can easily enter the soil, rivers, and lakes and contaminate the ground
water (WHO1990).

These pesticides can break out from the field where they are applied and trickle into
aquatic environments or may also be carried off by wind to other fields, grazing areas, human
settlements and undeveloped areas, potentially affecting other species (Singh B and Mandal K
2013).

These pesticides can break out from the field where they are applied and trickle into
aquatic environments or may also be carried off by wind to other fields, grazing areas, human
settlements and undeveloped areas, potentially affecting other species (Singh B and Mandal K
2013).
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2. Biopesticides:

Biopesticides are environmentally friendly pesticides (Hubbard et al., 2014), are certain
types of pesticides derived from microorganisms, natural sources, genetically modified plants,
and certain minerals (US Environmental Protection Agency, Pesticides, 2008).Biopesticides

and their by-products are widely used for the control of varieties of pests (Mazid et al., 2011).

2.1 Advantages of Biopesticides :

1. Biopesticides are mainly designed to affect on target species only and non toxic to beneficial
insects.

2. Biopesticides are ecofriendly biodegradable. They decompose rapidly into small residues and
do not show any negatively impact on groundwater and surface water.

3. Biopesticides are effective in minute quantities which eliminates various environment
pollutions.

4. Biopesticides have low-residue, highperformance and less poisonous side effects.

5. Difficult for insects to develop resistance.

6. Biopesticides are usually inherently less toxic as compared to chemical pesticides.(Prabha, S et
al ,2016)

3. Botanical pesticides:

These are a subgroup of biopesticides produced from plants used as alternatives of
synthetic pesticides in integrated pest management (IPM). Also known as Botanicals. Botanical
pesticides are naturally present in plants as secondary metabolites (phytochemicals) which are
used as repellants, anti-feeders, in pest management. These can be extracted from various plant
species and different parts of plant. The feature of botanicals like less bioaccumulation and lack
of residues in plant and environment, selective to pests, and low toxicity to humans and other
organisms (Grdisa and Grsic, 2013) led to the discovery and study of different botanical
pesticides from different plant species and parts. They are safer thanconventional chemical
pesticides to environment, humans and other organisms (Dimetry, 2014).For a long time before
chemical pesticides were produced many botanical products have been used by farmers as crop
protectants and pest repellants from various insect pests. Many phytochemicals and secondary
metabolites in plants having pesticidal properties these are discovered and reported as botanical
pesticides, such as essential oils, terpenes, alkaloids etc. (Copping and Duke, 2007). (Okonkwo
and Okoye 1996) reported that organic farming and biological methods are the most successful

achievements in agriculture and also several methods of using organic methods, in that the most
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important one is botanical pesticides which can give good health, rich source of plants and

became really important in to-daysfarming (Anupam et al , 2012).
4. Some commercially available botanical pesticides:
4.1 Pyrethrum:

Pyrethrum is a botanical pesticide used globally whichis extracted from Chrysanthemum
flowers (El-Wakeil, 2013).The pyrethrum is chemically present in all parts of the plantbut
higher concentration in flowers (Sola et al., 2014). (Grdisa and Grsic. 2013) Pyrethrum has
been reported tobe a blend of six potent active ingredients consisting ofpyrethrin 1 and I,
jasmolin I and 11, cinerin I and II.

4.2 Neem based Pesticides :

These are the chemicals obtained from the extracts of Azardirachta indica (neem tree), a
member of the Meliaceae family (Campos et al., 2016). Neem tree extract contains a number
of potent active ingredients like azadirachtin, nimbin, meliantriol, desacetylnimbin, nimbidin,
salannin and desacetylsalannin. Azadirachtin is proved to be the most potent active compounds
among other compounds in the neem tree extract, which is chemically a tetranortriterpenoid
limonoid, [Mordue (Luntz) and Blackwell, 1993].

5. Ecofriendly pesticides compounds:

Monoterpenes play a crucial role in plant defense due to their diverse mechanisms of
action. Primarily, they serve as direct deterrents to herbivores and pathogens (M. Lerdau, M.
Litvak, R. Monson (1994).Certain monoterpenes possess potent aromas and toxic
characteristics, capable of repellingor incapacitating herbivores and inhibiting the proliferation
of bacterial and fungal pathogens (P. Kumaret al,2011) Furthermore, certain monoterpenes
serve as natural pesticides and herbicides due to their efficacy in repellinginsects and stunting

plant growth.

Monoterpenes play vital roles in plants, fulfilling functions such as enhancing
thermotolerance (B.N. Paulinoet al, 2022), acting as signaling moleculesto bolster plant
resilience against stressors like high temperatures (C. Xu et al ,2022 ). and contributing to
antioxidant activities by scavenging freeradicals and reducing metal ions such as Cu(ll) and
Fe(Il) (K.A. Wojtunik-Kulesza, R. Wi sniewska,2022). These compounds constitute essential
constituents of essential oils,imparting aroma and flavor to both plants and processed foods
(J.F.R. de Alvarenga, B. Genaro, 2023).
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Monoterpenes play a crucial role in plant defense by acting as inducible volatiles that
trigger innate immune responses. These volatile compounds contribute to systemic acquired
resistance (SAR), abroad-spectrum immune response in plants, by inducing the expression of
defense-related genes and promoting resistance to pathogenic fungal infections (Y. Jianget
al,2022;M. Wenig, A. Ghirardo,2019).

Monoterpenes are widely used in various industries due to their aromatic properties and
biological activities.Moreover, the pleasing fragrances of monoterpenes deem them
indispensable components in perfumes, lotions, and various personal care formulations(E.
Guzmanet al,2021).Additionally, monoterpenes serve as flavoring agents within the food and
beverage sector(C. Ravichandran,2018).
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Table3:List of monoterpenes for pesticidal activities.(Qasim, et al ,2024)

Monoterpene |

Targetinsects

Monoterpenes as fumigants

Callosobrunchus maculatus, Culex pipiens, Culex quinquefasciatus, Plodia interpunctella,

1.8-cineole Reticulitermes dabieshanensis, Sitophilus granarius, Sitophilus oryzae, Tribolium confusum
Borneol Callosobruchus chinensis
Camphor IAphis nerii, Culex pipiens, Callosobruchus chinensis, Thrips palmi, Tuta absoluta
carvacrol An_aph_othrips obscurus, Bemisia tabaci, M_usca domestica, Plutella xylostella, Sitophilus granarius,
Tribolium castaneum, Trogoderma granarium
Bemisia tabaci, Callosobrunchus maculatus, Culex quinquefasciatus, Plutella xylostella, Reticulitermes
Citral flaviceps,
Sitophilus oryzae, Sitophilus zeamais
IAnopheles gambiae, Bemisia tabaci, Culex pipiens, Drosophila suzukii, Plodia interpunctella, Plutella
Citronellal xylostella, Reticulitermes dabieshanensis, Reticulitermes flaviceps, Sitophilus oryzae, Tribolium
castaneum
Carvone Culex pipiens, Reticulitermes dabieshanensis, Tenebrio molitor, Tribolium castaneum

Cinnamaldehyd
e

Culex pipiens

Cuminaldehyde

Aphis nerii, Plutella xylostella

Estragole Callosobrunchus maculatus, Drosophila melanogaster
Eucalyptol Callosobruchus chinensis
Eugenol Bemisia tabac_i, Bradysia pro<_:era, Cimgx Ief:tula_rius, Halyomorpha halys, Musca domestica, Plutella
xylostella, Reticulitermes dabieshanensis, Sitophilus oryzae, Tuta absoluta
Geranial Drosophila suzukii
Callosobrunchus maculatus, Culex quinquefasciatus, Reticulitermes flaviceps, Sitophilus oryzae,
Geraniol Sitophilus zeamais,
Tribolium castaneum
Aedes albopictus, Bemisia tabaci, Callosobrunchus maculatus, Drosophila melanogaster, Halyomorpha
Limonene halys, Plodia interpunctella, Reticulitermes dabieshanensis, Sitophilus zeamais, Sitophilus oryzae,
Tribolium confusum
Linalool F:allosobrunchus: macylatus, Culgx pipiens,.Culex quir.lquefa?;ciatus, Prosophila melanogaster, Plodia
interpunctella, Sitophilus granarius, Sitophilus zeamais, Thrips palmi
Menthol IAphis nerii, Halyomorpha halys, Reticulitermes dabieshanensis, Sitophilus oryzae
Menthone Sitophilus granarius, Sitophilus oryzae, Thrips palmi
Callosobrunchus maculatus, Drosophila melanogaster, Lasioderma serricorne, Liposcelis
Myrcene . . . . . S -
bostrychophila, Sitophilus oryzae, Tenebrio molitor, Tribolium castaneum, Tribolium confusum
p-cymene Lasioderma serricorne, Liposcelis bostrychophila, Tribolium castaneum, Trogoderma granarium
Terpinen-4-ol  Bemisia tabaci, Sitophilus granaries, Sitophilus oryzae, Sitophilus zeamais, Tenebrio molitor
Thymol Bemisia tabaci, Lasioderma serricorne, Liposcelis bostrychophila, Plutella xylostella, Musca

domestica, Reticulitermes dabieshanensis, Tribolium castaneum, Trogoderma granarium

a-phellandrene

Callosobruchus chinensis, Callosobrunchus maculatus

Callosobruchus chinensis, Callosobrunchus maculatus, Culex pipiens, Drosophila melanogaster,
Lasioderma serricorne, Liposcelis bostrychophila, Sitophilus oryzae, Sitophilus zeamais, Thrips palmi,

o-pinene Tribolium castaneum,
Tribolium confusum

o-terpineol Bemisia t_abaci_, Callosob_runchl_Js maculfitus, Halyomorpha halys, Sitophilus granarius, Sitophilus
oryzae, Sitophilus zeamais, Thrips palmi

B-ionol Bemisia tabaci

[-ionone Bemisia tabaci

B-pinene Lasioderma serricorne, Thrips palmi, Tribolium castaneum

. Callosobrunchus maculatus, Sitophilus oryzae, Tribolium confusum

y-terpinene . -
Monoterpenes as contact insecticides

1.8-cineole Chrysomia megacephala, Helicoverpa armigera, Musca domestica, Pediculus humanus capitis,

Poratrioza sinica
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Camphor Anopheles stephensi, Aphis nerii, Musca domestica

Carvacrol )Aedes albopictus, Culex pipiens, Sitophilus zeamais, Tribolium castaneum, Trogoderma granarium
Carvone Musca domestica, Poratrioza sinica, Sitophilus oryzae

Citral Bemisia tabaci, Culex quinquefasciatus

Citronellal Musca domestica, Drosophila suzukii, Sitophilus oryzae

Cuminaldehyde

Musca domestica, Poratrioza sinica, Sitophilus oryzae

IAedes albopictus, Blattella germanica, Musca domestica, Pediculus humanus capitis, Periplaneta

Eugenol .
americana

Geranial Drosophila suzukii

Geraniol Culex quinquefasciatus, Culex pipiens, Tribolium castaneum

Guaiol Aedes albopictus

Limonene Aedes albopictus, Culex pipiens molestus, Helicoverpa armigera, Poratrioza sinica, Sitophilus oryzae,
Tribolium castaneum

Linalool Aedes aegypti, Aedes albopictus, Chrysomia megacephala, Culex quinquefasciatus, Culex pipiens,
Pediculus humanus capitis, Sitophilus oryzae

Menthol Aphis nerii, Musca domestica

Menthone Sitophilus oryzae

Myrcene Aedes aegpri, Aedes albop!ctus, CLIJIex.quinquefasciatus, Lasioderma serricorne, Liposcelis
bostrychophila, Myzus persicae, Tribolium castaneum
Culex quinquefasciatus, Lasioderma serricorne, Liposcelis bostrychophila, Musca

p-cymene domestica, Sitophilus oryzae, Tribolium castaneum,
'Trogoderma granarium

Terpinen-4-ol  |Anopheles stephensi, Chrysomia megacephala, Helicoverpa armigera
Aedes albopictus, Culex pipiens, Lasioderma serricorne, Liposcelis bostrychophila, Pediculus humanus

Thymol capitis, Tribolium castaneum, Trogoderma
granarium

Monoterpene  [Target insects

a-cedrol Culex quinquefasciatus

-

phellandrene

Culex pipiens, Lucilia cuprina

Aedes aegypti, Aedes albopictus, Culex pipiens, Culex quinquefasciatus, Incisitermes
minor,Lasioderma serricorne, Liposcelis bostrychophila, Musca domestica, Poratrioza sinica,

o-pinene Rhyzopertha dominica, Sitophilus granaries, Sitophilus oryzae, Sitophilus zeamais, Tribolium
castaneum, Tribolium confusum

a-terpinene IAedes albopictus, Musca domestica

o-terpineol Aed.es albopictus,.BIatteIIa germanica, Camponotus pennsylvanicus, Culex quinquefasciatus,
Periplaneta americana

8-pinene Aedes gegypj[i,_Aedes a_Ibop_ictus, Inci_siter_mes_ minor, Lasioderma serricorne, Mythimna separate,
Poratrioza sinica, Semiaphis heraclei, Tribolium castaneum

5-3-Carene Culex pipiens, Culex quinquefasciatus

y-terpinene )Aedes albopictus, Anopheles stephensi, Helicoverpa armigera
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The red flour beetle (T. castaneum):

1-The red flour beetle (T. castaneum):

The red flour beetle (T. castaneum) is one of the most common and destructive pests
worldwide, found in large numbers in granaries, mills, warehouses, and stored grains. The
presence of this pest in stored products causes contamination and economic damage, and
reduces their nutritional value (Burkholder and Faustini, 1991). Red flour beetles (Tribolium
castaneum), of the order Coleoptera, are considered an ideal model of higher diploid animals
(Kumar, Het al, 2018). The adult insect has a lifespan of about 3 years, and this beetle
reproduces prolifically after one month of life, producing an average of 200-500 eggs in a single
biological cycle. The optimum temperature for their development is about 27°C. Newly hatched
larvae are small, worm-like, slender, cylindrical, and wiry. The adult larva is about 0.95 cm
long and pale yellow in color. Its sex can be determined at the pupal stage, not at the larval
stage, to separate males from females. This insect infests stored food and grains, although
before the advent of grain storage, fungal infections were thought to be its habitat (Hunt et al ,
2007). The red flour beetle not only affects the quality and quantity of grain, but also attacks
the germinal or embryonic part of it (Mondal, 1994).

2- Classification :
Table4: Classification of the Tribolium castaneum

Regne Animalia
Sous-régne Bilateria
Infra-regne Protostomia
Super-embr. Ecdysozoa
Embranchement Arthropoda
Sous-embr. Hexapoda
Classe Insecta
Sous-classe Pterygota
Infra-classe Neoptera
Super-ordre Holometabola
Ordre Coleoptera
Sous-ordre Polyphaga
Infra-ordre Cucujiformia
Super-famille Tenebrionoidea
Famille Tenebrionidae
Genre Tribolium (Tenebrionidae)

e Colydium castaneum Herbst, 1797

Espéce

Tribolium castaneum

(Herbst, 1797)
Synonymes
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The red flour beetle (T. castaneum):

\

Figure 4:Tribolium castaneum adult( Herbst, 1797)
3- Lifecycle:

As a typical holometabolous insect, T. castaneum develops through several larval stages
(usually 7, but 5 or6 when starved (Chafno Set al , 2019 ; Sokolof A 1974), and up to 11 instars
based on some anecdotal accounts) followed by metamorphosis . Its embryonic developmental
comfort zone is between 22 and 32 °C, lasting 7 days at 25 °C and 3 days at 32 °C (Sokolof A
1974).

4- Taxonomical characteristics of different life stages of Tribolium castaneum:
4.1.Eggs

Eqggs are grayish-yellowish, cylindrical in shape and tiny. The egg's surface is sticky; and
food particles can stick to its surface. The tiny eggs hatch in approximately four days under the
laboratory conditions. The egg was averagely 2.9mm in length and 0.7mm in width.(Soomro et
al , 2023).

4.2. Larval instars

It was observed that as beetles passes from instars to instars, its width of head increases
and movement of instars become slow when it’s going to moult. The larvae are slender,
cylindrical and are a cream or yellow color with brown heads. Each larva has six legs with two
pointed structure at the back. The larvae feed hungrily and eventually grow to the size of rice

grains. The larval period lasts from 15 to more days.(Soomro et al , 2023).
4.3. 1st instar

It was observed that as beetles passes from instars to instars, its width of head increases

and movement of instars become slow when it’s going to moult The color of body is cream
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white translucent with light brown head, dark brown eye and six leg and hair like appendages
were appeared. The Size was approximately 5Smm in length and 2.1mm in width(Soomro et al
, 2023). The last abdominal segment waswholly or partly hides ventral with a pair of

pseudopods, The duration of the first instar ranged from 17 to 18 days(Shameema, S et al ,2021).
4.4. 2nd instar

The body colour is yellowish white, cylindrical coated with hairs, hair like appendages,
the colour of head is light brown, and has six legs and the last three abdominal segments have
two dark pointed structures. This instar approximately 6.3 mm in length and 2.3 mm in width
(Soomro et al , 2023).

4.5. 3rd instar

The body colour is yellowish Its size is larger than second instar, approximately 8.2mm
in length and2.6mm in width movement is fast but slower than second instar the characteristics
are similar to the second instar and the last three abdominal segments have dark spots (Soomro
etal , 2023).

4.6. 4th instar

It is also similar to the third instar but increases in size and weight (thick) the head is
enlarged dark brown in colour, last three segments are also dark in colour and at the end of the
segments pointed structure is present that is known as cerci, the main function of cerci are
sensation. On the abdomen of many species of insect Paired like appendages are present and
the last three abdominal segments are darker in colour. Its size was approximately 9.5mm in
length and 2.7mm in width (Shameema, S et al ,2021).

4.7. 5th instar

It is also similar but different in size approximately 10mm in length and 3.2mm in width
and colors, has It is also similar but different in size approximately 10mm in length and 3.2mm
in width and colors, has dark pointed 3-ends segments of the abdomen, it has a pair of cerci at
the end. The body is pointed and head is enlarged and curved. Each Instar has 12 segments and
2 antennae, segmented hair like body(Shameema, S et al ,2021).
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The red flour beetle (T. castaneum):

4.7. 6th instar

The duration is ranged from 4 tol2 the size of sixth instar is increased and thick in
structure and head is enlarged and have wings, immobile and crescent shaped. Before
transformed into pupal stage, the feeding was being stopped by last larval instar. The average
minimum, maximum and humidity were300C-360C and 42-67%respectively(Soomro et al ,
2023).

4.8. Pupa

The resting and starvation stage is pupal stage. The larval instar covers itself in a pupal
case it is a thin cover called the pupal cuticle. Before converting into pupation the pupa have
dark wings, legs and well developed eyes and its dorsal side had covered with hair (Soomro et
al , 2023). At this stage, the insect was dormant and not intake. The male and female pupal
period ranged from 4-7 days for males and 7-9 days for females. The length of the male pupa
was 3.79+£0.03mm, and the width was 1.05£0.03 mm. The length and width of the female pupa
were 4.14+0.01 mm and 1.17+0.02 mm, respectively.(Soomro et al , 2023).

4.9. Adult

The adult beetles had a reddish-brown color, and their bodies were flat and curved on the
sides. The thorax had slightly curved sides, and the head bears antennae, six legs, and biting
mouth parts. The head was visible from above and did not a beak. Their antennae are capitate,
and the last three segments are wider than the preceding segments. The fore femur's posterior
side is covered in a setiferous patch on males, but not on females. Size approximately 17.2 mm
in length and 4 mm in width. A female beetle can produce 300 to 400 eggs in her lifetime, and
an adult can live up to three years. produce 300 to 400 eggs in her lifetime, and an adult can

live up to three years.(Soomroet al, 2023).
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<Y1 \ 4
' v .,‘\ :;.
Tnbollum :
life cycle
EE at 32 °C ﬂ

Figure 5:Life cycle sketch by Benjamin Schwarz (Klingler, M., & Bucher, G. 2022).
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Materials and Methods

1. Material
1.1. Laboratory Materials:

e Plastic Petri dishes (9 cm) for toxicity and phytotoxicity tests.
e Glass bottles (25 ml, 125 ml).

e Spray bottle (50 ml, one for each formulation).

¢ Micropipette (volume 100 pL) for preparing concentrations.
e Camera (to document visual effects).

e Light microscope.

1.2. Biological Materials
1.2.1. Red Flour Beetle

The study was conducted on larvae of Tribolium castaneum, a species that is a pest of
stored food.
1.2.2. Essential Oils

In this study, four essential oil formulations (peppermint oil) were tested to evaluate their
effectiveness, with the goal of selecting the most effective formulation in controlling the red
flour beetle (Tribolium castaneum). These essential oils were obtained locally.

1.3. Natural Chemicals

In this study, four menthol formulations were tested to evaluate their effectiveness, with
the goal of selecting the most effective formulation against the red flour beetle (Tribolium
castaneum). This substance was obtained locally.

Glass bottles Micropipette
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Glass bottles125 ml Glass bottles25 mi

Figure 6: Laboratory Materials (original, 2025)

2.2.Preparation natural formulations of peppermint oil:

Zero (control)(NFO0) Polysorbate 6 ml
) ) Peppermint oil 3ml
First formulation(NF1)
Polysorbate 3ml
Peppermint oil 3ml
Second formulation(NF2) Polysorbate 3ml
Xanthan gum 19
Peppermint oil 3ml
Third formulation(NF3) Polysorbate 3mi
Cetricacid 1.6659
Peppermint oil 3ml
. Polysorbate 3ml
Fourth formulation(NF4) )
Glycerine 1ml
Conservateur agent iml

This table shows five different formulations of essential oil (EO) preparations. Each
formulation consists of peppermint oil and polysorbates, with various additional ingredients.
The amounts of each ingredient are given in milliliters (ml) or grams (g).
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1.4Preparation of eco-friendly synthetic compoundsformulations:

Zero formulation Propylen glycol -
(SF0)

First formulation(SF1) Menthol 2ml
Propylene Glycol 8ml

Menthol 2ml

Secondformulation(SF2) Propylene Glycol 7ml
Conservateur agent 0.2ml

Menthol 2ml

Third formulation(SF3) Propylene Glycol 7.5ml
Xanthan gum 0.1g

Menthol 2ml

Forth formulation(SF4) Propylene Glycol 7ml

Citric acid 1mlis 1.669

This table shows fivedifferent formulations of natural chemical preparations. Each
formulation consists of menthol and propylene glycol, with various additional ingredients. The
amounts of each ingredient are given in milliliters (ml) or grams (g).

2. Methods

2.1. Preparation of Treatment Concentrations:

For testing, the compounds were diluted in a 0.01% aqueous solution (13 pL of

compounds in 40 mL of water) to produce a dilution of the five compounds.
2.2. Bioassays on Tribolium castaneum larvae during the 6th larval stage.
1. Toxicity Test:

1.1. This experiment consisted of studying the effect of four essential oils on Tribolium

castaneum larvae by spraying:
We followed the following protocol:

» Preparation of Essential Oil Formulations

» We prepared 0.01% essential oil solutions diluted in 40 ml of distilled water.
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We transferred 50 ml of each formulation to a hand sprayer equipped with a fine mist
nozzle.

Preparation of the Bioassay

We placed 10 Tribolium larvae in each Petri dish.

We held the hand sprayer 20-30 cm above the test matrix and sprayed two equal sprays
(approximately 1 ml per dish).

We allowed the drops to settle, then closed the Petri dishes.

The experiment was repeated three times for each formulation.

Dead insects were counted after the following exposure period: 48 hours.

We monitored insect behavior and signs of poisoning (decreased movement).

1.2. Toxicity Testing of the TO Formulation at Different Concentrations on Tribolium
Castaneum Larvae (0.01%0, 0.5%, 0.2%, or 2%):

We followed the following protocol:

We prepared solutions of the formulation at different concentrations (0.01%, 0.5%,
0.2%, or 2%) and diluted them in 100 ml of ethyl alcohol.

We transferred 50 ml of each formulation to a hand sprayer equipped with a fine mist
nozzle.

We prepared the bioassay.

We placed 10 Tribolium larvae in each Petri dish.

We held the hand sprayer 20-30 cm above the test matrix and sprayed one or two equal
sprays (approximately 1 ml per dish).

We allowed the droplets to settle, then tightly sealed the Petri dishes.

Dead individuals were counted after the following exposure period: 48 hours

Monitor insect behavior and note signs of toxicity (decreased movement).

Figure7:the tO composition at different concentrations on Tribolium castaneum larvae

(0.01%, 0.5%, 0.2%, or 2%) (original, 2025)
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We then prepared a 0.1% solution of the synthetic formulations at a concentration of
0.1%, following the previous protocol.

We also prepared all the formulations (SF1, SF2, SF3, and SF4) at a concentration of
0.1%, diluted them with 100 ml of ethyl alcohol, and applied them to Tribolium castaneum

larvae, observing them for two days (48 hours).

Figure8:Environmentally friendly synthetic compounds (SF1, SF2, SF3, and SF4) at a
concentration of 0.1 % (original, 2025)

2. Phytotoxicity Test:

2.1. To study the effect of these oil formulations on lettuce leaves, we used four
different oil formulations at a fixed concentration of 0.01%, diluted in 40 ml of distilled
water. The effects on lettuce leaves were observed over two days.

Oil formulations:

(NF1): 0.01%

(NF2): 0.01%

(NF3): 0.01%

(NF4): 0.01%

Lettuce leaves were placed in Petri dishes, and | sprayed them with the four oil
formulations (NF1, NF2,NF3 , NF4). They were then placed in a temperature-controlled room
at 30°C and monitored for two days.

2.2. To study the effect of these environmentally friendly chemical formulations on lettuce
leaves, the four synthetic formulations were used at a concentration of 0.1% and diluted
in 100 ml of ethyl alcohol. The results were recorded on lettuce leaves over two days.

Environmentally Friendly Chemical Formulations:
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SF1:0.1%
SF2:0.1%
SF3:0.1%
SF4:0.1%
Lettuce leaves were placed in Petri dishes and sprayed with four different concentrations (SF1,
SF2, SF3, SF4). They were then placed in a temperature-controlled room at 30°C and monitored

for two days.

Figure9: A picture of the study of the effect of oil formulations (1, 2, 3, 4) on lettuce leaves

at a fixed concentration of 0.01%. (original, 2025)
3. PhysicalProperties:
3.1. Contact Angle Measurement:

Objective: To measure the spread of droplets of different insecticide formulations
(environmentally friendly synthetic compounds and natural peppermint oil formulations) on a
microscope slide, while demonstrating the effectiveness of the spreading agent in each

formulation.
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Procedure:
e A clean microscope slide was prepared.

e A 10-pL droplet of each insecticide formulation (environmentally friendly synthetic
compounds and natural peppermint oil formulations) was carefully placed on separate

microscope slides.

e The camera was positioned perpendicular to the surface of the slide, and close-up images

of each droplet were taken.
e The images were uploaded to ImageJ.

e A line was drawn tangent to the edges of each droplet, and the contact angle was

measured. Smaller angles indicate better spread.
3.2. Droplet Size and Spread Area:
Objective: To determine the effect of adjuvants on spray droplet size and coverage.
Procedure:
e 10 pL droplets of each formulation were placed on separate glass slides.
e ImageJ software was used to measure droplet diameter.
e The images were uploaded to ImageJ.
e The perimeter of each droplet was plotted to calculate the spread area.
e Alarger droplet size and larger spread area generally indicate good coverage.
e Smaller droplets may indicate less spreadingcapacity.
ImageJ:

ImageJ is a free, public domain, Java-based image processing program developed at the
National Institutes of Health (NIH). It's widely used in scientific research across fields like

biology, medicine, and materials science.
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Key Features and Uses:
¢ Image Analysis: Measures parameters like area, length, angle, and pixel intensity.

e Image Processing: Performs operations such as brightness/contrast adjustment,

filtering, and image type conversion.
e Counting: Enables counting of cells, particles, or other objects within images.

e Visualization: Creates graphs and plots from image data.
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Figure 10: How to calculate the area of the environmentally friendly chemical compound
(NF2)
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1.Results :
1.1Toxicity results :
1.2 Results of a study on the effect of four essential oils on Tribolium castaneum larvae
by spraying:
Table 5:Mortality rate of Tribolium castaneum larvae treated with 0.01% essential oil
sprays.

Concentration: 0.01%

natug::)fr;()e:rrr;?rl]?t;(i)lns of Total Dead Morta(lli/(tjy)/ Rate
NFO 35 0 0
NF1 25 19 76
NF2 35 30 85.71
NF3 35 22 62.86
NF4 35 28 80

The results revealed varying mortality rates across the different formulations.
Formulation NF2 demonstrated the highest mortality at approximately 85.71%. Following this,
NF4 showed a substantial mortality rate of 80%, and NF1 exhibited a high mortality rate of
76%. Formulation NF3 also demonstrated considerable mortality at 62.86%. In contrast,

Formulation NFO exhibited no mortality (0%)..

1.3 Toxicity results of TO formulation at different concentrations on Tribolium

castaneum larvae (0.01%, 0.5%, 0.2%, or 2%0):

Table 6: Mortality rate of Tribolium castaneum larvae treated with an environmentally
friendly synthetic compound (t0) spray at different rates (0.01%, 0.5%, 0.2%, or 2%).

Mortality

Concentration (%) Total Dead Rate(%0)
SF1(0,01) 10 8 80
SF1(0.2) 10 10 100
SF1(0,5) 10 10 100
SF1(2) 10 10 100
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At the lowest concentration tested (0.01%), the synthetic compound achieved a high

mortality rate of 80%.

As the concentration of the synthetic compound increased to 0.2%, 0.5%, and 2%, the

mortality rate reached 100%, indicating that all treated larvae died at these concentrations.

1.4Toxicity results of environmentally friendly synthetic compounds (SF1, SF2, SF3, and

SF4) on Tribolium castaneumlarvae sprayed at a concentration of 0.1%:

Table 7: the results of an experiment that investigated the effectiveness of environmentally
friendly synthetic compounds (SF1, SF2, SF3, and SF4) in causing mortality of Tribolium
castaneum larvae. The larvae were treated with the four compounds sprayed at a constant

concentration of 0.1%.

Concentration : 0.1%

Mortality
Rate (%)
Total Dead
0
SFO 10 0
100
SF1 10 10
100
SF2 10 10
100
SF3 10 10
100
SF4 10 10

The results show that exposure to a 0.1% concentration of environmentally friendly

synthetic compounds used by Tribolium castaneum larvae results in 100% mortality.
2.Phytotoxicityresults :

2.1.Results of the study of the effect of oil formulations (NF1, NF2, NF3, and NF4) on

lettuce leaves.

We used four different oil formulations at a fixed concentration of 0.01%, with two-day

monitoring :

The application of four different formulations of natural oils (NF1, NF2, NF3, and NF4),
each at a concentration of 0.01% in 40 ml of distilled water, to lettuce leaves did not produce

any phytotoxic effects or significant damage during a two-day observation period at controlled
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temperature of 30°C. leaves treated with all four formulations appeared healthy and showed

no signs of stress or adverse effects.

2.2.Results of a study on the effect of environmentally friendly chemical compounds
(SF1, SF2, SF3, SF4) on lettuce leaves.

The four synthetic compounds were used at a concentration of 0.1%. The results were

recorded on lettuce leaves over two days :

The application of four different environmentally friendly chemical formulations (SF1,
SF2, SF3, and SF4), each at a concentration of 0.1% diluted in 100 ml of ethyl alcohol, showed
no adverse effects on lettuce leaves. Over the two-day monitoring period in a temperature-
controlled room at 30°C, the treated leaves remained healthy and exhibited no signs of

phytotoxicity or damage.

3. Physical properties results:
3.1.Contact angle measurement results :
3.1.1.0il formulations :

Table 8: Contact angle measurement results for the four oil formulations(NF1, NF2, NF3,

and NF4).
oil NF1 NF2 NF3 NF4
formulations
The corner 22 23 29 32

The table above shows contact angle measurements for four different oil formulations (NF1,
NF2, NF3, and NF4) on a specified surface. The values listed refer to the measured contact
angle for each oil formulation. NF1 showed the smallest contact angle at 22°, followed by NF2

at 23°. NF3 had a contact angle of 29°, and NF4 exhibited the largest contact angle at 32°.
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3.1.2. environmentally friendly chemical compound:

Table 9: Contact angle measurement results on the four environmentally friendly
formulations(SF1, SF2, SF3, SF4).

environmentally friendly chemical compounds SF1 SF2 SF3 | SF4

The corner 14 16 19 15

The table details the contact angle measurements of four environmentally friendly chemical
compounds (SF1, SF2, SF3, SF4) on a specific surface. The recorded contact angles for each
compound are as follows: SF1 exhibited the smallest contact angle at 14°, followed by SF4 at

15°, then SF2 at 16°, and SF3 showed the largest contact angle at 19°.
3.2 Droplet size and spreading area test results:

3.2.1 oil formulations:

Table 10: Results of droplet size and spreading area tests on the four oil formulations(NFL1,
NF2, NF3, and NF4).

oil formulations NF1 NF2 NF3 NF4
Area(cm?2) 1,219 1,507 1,397 1,081

This table shows the measured area covered by four different oil formulations (NF1, NF2,
NF3, and NF4) on a given surface. The recorded areas are as follows: NF2 covered the largest
area at 1,507 cm?, followed by NF3 which covered 1,397 cm?2 NF1 covered 1,219 cm?, and
NF4 covered the smallest area at 1,081 cm?.

3.2.2. Environmentally friendly chemical compounds:

Table 11: Results of droplet size and spreading area tests on the four environmentally
friendly formulations (SF1, SF2, SF3, SF4).

environmentally friendly chemical compounds SF1 SF2 SF3 SF4

Area(cm2) 1,332 1,868 | 1,909 | 1,273
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This table shows the measured area covered by four environmentally friendly chemical
compounds (SF1, SF2, SF3, SF4) on a specific surface. The recorded areas are as follows:
Compound SF3 covered the largest area at 1,909 cm?, followed by SF2 which covered 1,868

cm?. SF1 covered an area of 1,332 cm?, and SF4 covered the smallest area at 1,273 cm?.
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Discussion :
1. Toxicity effects on larvae :
1.1 Toxicity of 0.01% Essential Oil Formulations:

The 0% mortality rate in the control group (NFO) confirms the absence of any underlying
lethal factors in the experiment itself, validating the mortality rate observed in the treated

groups.

The 76% mortality rate using peppermint oil (NF1) strongly suggests its ability to kill
Tribolium castaneum larvae. This suggests that the bioactive compounds in peppermint oil,

such as menthol, have toxic effects on the larvae.

Based on previous research, the main components of plant essential oils are several
monoterpenoids, such as d-limonene, terpineol, myrcene, pulegone, and linalool, which
negatively affect many insect pests such as the German cockroach and housefly (Coates et al.,
1991; Ahn et al., 1998). Citrus essential oils, including monoterpenes, sesquiterpenes, and their
oxidized derivatives, have potent inhibitory effects against harmful bacteria, suggesting their
potential uses as flavoring agents, antioxidants, and food preservatives (Bhavanaramiya et al.,
2019). Essential oils are highly valuable botanicals and can be used as fumigants, insecticides,
repellents, and antifeedants (Arun KT et al., 2009).

The highest mortality rate (85.71%) was observed in formulation (NF2) with the addition
of xanthan gum. This suggests that xanthan gum enhances the insecticidal activity of
peppermint oil. This improved efficacy can be attributed to increased adhesion of the
formulation to the insect cuticle and improved penetration of the active compounds in the oil.
The observed insecticidal activity of peppermint oil (NF1) against Tribolium castaneum larvae,
coupled with increased mortality rates with xanthan gum (NF2), is consistent with previous
research demonstrating the insecticidal efficacy of plant essential oils. Studies by Coates et al.
(1991) and Ahn et al. (1998) have shown that monoterpenoids, major components of essential
oils such as peppermint oil (rich in menthol), have detrimental effects on various insect pests.
The synergistic increase in mortality rates with xanthan gum (NF2) may be attributed to
improved adhesion and penetration, a mechanism supported by the enhanced efficacy observed
with some adjuvants in previous studies (Holka et al., 2023). While citric acid appears to reduce
the effectiveness of( NF3), the compatibility of glycerol and preservatives with the activity of
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the oil (NF4) supports its potential use in stabilized formulations, in line with the broader

applications of essential oils as fumigant and insecticide, as noted by Arun KT et al. 20009.

The 80% mortality rate with( NF4) demonstrates that this combination significantly
improves the insecticidal effect of the oil compared to (NF1). This is important for formulation
development because it indicates that these additives, used for stabilization and preservation,

are compatible with the biological activity of the oil.

The lowest mortality rate (62.86%) was found with NF3 with the addition of citric acid.
This suggests that citric acid may be interfering with the activity of the oil. It may also be the
result of a chemical reaction that reduces the volatility of the oil or affects its ability to penetrate

the insect system.

1.2.Toxicity of the environmentally friendly synthetic compound (TO) at different
concentrations (2%, 0.01%, 0.2%, 0.5%):

The high mortality rate (80%) at the low concentration (0.01%) indicates the extreme
toxicity of the TO formulation. This demonstrates the high efficacy of the active ingredients in

this formulation against T. castaneum larvae.

Achieving 100% mortality at higher concentrations (0.2%, 0.5%, and 2%) confirms a
dose-dependent response. This is a common phenomenon in toxicology, where increasing
exposure leads to a greater effect. This also means that the larvae are highly susceptible to this
formulation, and even slight increases in concentration above 0.01% result in complete

mortality.
1.3. Toxicity of environmentally friendly synthetic compounds at 0.1%:

The 0% mortality rate using propylene glycol (SFO) proves that this solvent or primary
ingredient is non-toxic to the larvae. This is crucial because it isolates the effect from the

compounds added in other formulations.

The 100% mortality rate for SF1, SF2, SF3, and SF4 indicates that these synthetic
compounds are highly toxic to T. castaneum larvae at the tested concentration. This similarity

in mortality rate suggests that each compound possesses potent insecticidal properties.

In general, and based on previous studies, monoterpenes are compounds found in many

plant parts, such as essential oils, that cause larval deformities and disrupt reproductive cycles
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(Shaaya et al., 1991; Konstantopoulou et al., 1992), or cause bentonite inhalation toxicity in
adults (Regnaud-Roger et al., 1993).

The observed high toxicity of the environmentally friendly synthetic compounds (SF1-
SF4), even at a low concentration for TO, is consistent with prior research highlighting the
insecticidal potential of various natural and synthetic compounds. While the provided
background focuses on monoterpenes causing larval deformities and reproductive disruption
(Shaaya et al., 1991; Konstantopoulou et al., 1992), the 100% mortality achieved by SF1-SF4
at 0.1% suggests the presence of highly effective active ingredients in these formulations. The
dose-dependent response observed with TO further corroborates established toxicological
principles where increased concentration leads to greater mortality. The non-toxicity of
propylene glycol (SF0) as a base solvent is also a crucial finding for formulation development,

ensuring that the observed insecticidal effects are solely attributed to the active compounds.

2.Phytotoxicity Results :

Oil formulations (NF1, NF2, NF3, NF4):

The study used four different oil formulations at a fixed concentration of 0.01%.
No phytotoxic effects were observed on lettuce leaves when using these formulations.

Environmentally friendly chemical compounds (SF1, SF2, SF3, SF4):

The study also examined four environmentally friendly chemical compounds at a

concentration of 0.1%.

As with the oil formulations, these compounds showed no adverse effects on lettuce

leaves.

The results indicate that at the tested concentrations, neither the oil formulations (0.01%)
nor the environmentally friendly chemical compounds (0.1%) caused any phytotoxicity to

lettuce leaves.

Based on previous studies, biopesticides are a sustainable alternative to conventional
pesticides, as they can maintain agricultural productivity while protecting the environment. The
use of biopesticides has expanded as a result of improvements in application techniques,
environmentally friendly alternatives, and lower-cost options for many formulations.
(Chowdhury, et al., 2024).
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The findings of no observed phytotoxicity on lettuce leaves with both the oil formulations
and environmentally friendly chemical compounds at the tested concentrations align with the
growing trend towards sustainable pest management alternatives. As highlighted by
Chowdhury et al. (2024), biopesticides are increasingly adopted as environmentally friendly
substitutes for conventional pesticides, driven by advancements in application techniques and
cost-effective options. The safety of the tested formulations on lettuce suggests the potential for
developing pest control agents based on these materials while minimizing risks to non-target

crops, thus supporting the broader adoption of eco-friendly alternatives in agriculture.
3.Physical Properties:
1. Oil Formulations (NF1, NF2, NF3, NF4) :
1.1. Contact Angle Measurements:
The contact angles for the oil formulations ranged from 22° to 32°.
NF1 had a contact angle of 22°, NF2 at 23°, NF3 at 29°, and NF4 at 32°.

These values indicate the wettability of the oil on the surface. Lower contact angles (like
those of NF1 and NF2) suggest better spreading and wetting of the surface, which is important
for contact insecticides to effectively cover the target pest. Higher contact angles (like NF4)
indicate less spreading and a tendency for the liquid to form droplets.

Comparative Analysis of Contact Angles:

NF1 and NF2 exhibit the lowest contact angles, indicating superior wettability compared
to NF3 and NF4. The difference of only 1 degree between NF1 and NF2 suggests that the
addition of xanthan gum in NF2 does not significantly alter the initial wetting properties

compared to the base formulation (NF1).

NF3 shows a moderate contact angle, suggesting a reduction in wettability compared to

NF1 and NF2, which could be attributed to the inclusion of citric acid.

NF4 has the highest contact angle, implying the least favorable spreading characteristics.
The combination of glycerine and the preservative agent appears to increase the surface tension

of the formulation, causing it to bead up more on the surface.
1.2 Droplet Size and Spreading Area:

The spreading areas for the oil formulations varied from 1,081 cm2to 1,507 cmz2,
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NF1 covered 1,219 cm?, NF2 covered 1,507 cm?, NF3 covered 1,397 cm?, and NF4

covered 1,081 cm2.

These measurements also reflect the spreadability of the formulations. A larger spreading
area means the formulation can cover a greater surface area, which can be advantageous for

pest control by increasing contact with the insect.

Comparative Analysis of Spreading Area:

NF2 demonstrates the largest spreading area, significantly outperforming the other
formulations. This suggests that the addition of xanthan gum not only maintained good

wettability (as seen in the contact angle) but also enhanced the formulation's ability to spread.

NF3 also shows a substantial spreading area, although slightly less than NF2, indicating
that citric acid does not drastically hinder the spreading capability.

NF1 has a moderate spreading area, confirming that the base formulation provides

reasonable coverage.

NF4 exhibits the smallest spreading area, correlating with its higher contact angle. This
reinforces the idea that the glycerine and preservative combination reduces the formulation's
ability to spread effectively.

Integrated Analysis of Contact Angle and Spreading Area:
The overall effectiveness of a contact insecticide depends on a balance between

wettability and spreadability.

NF2 appears to have the most favorable combination of these properties: excellent
wettability (low contact angle) and the largest spreading area. This suggests it would provide

the best coverage of the target insect.

NF1, while having the best wettability, has a smaller spreading area than NF2 and NF3,
which might limit its overall effectiveness compared to NF2.

NF3 shows a trade-off, with reduced wettability but still a large spreading area.

NF4 shows the least desirable characteristics, with poor wettability and the smallest

spreading area, potentially reducing its contact with the insect.
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Compared to previous studies, it is noteworthy that the oils act as insecticides, effectively
targeting a range of soft-bodied insect pests, such as mites, aphids, whiteflies, thrips,
mealybugs, and scale insects. They can effectively target the egg stage of insects by either
disrupting the normal gas exchange across the egg surface or interfering with the integrity of
the egg structure. When used against other insect stages, oils have the potential to obstruct the
respiratory system, leading to suffocation or disintegration of the insect's cuticle (Duran-Lara
et al, 2020). These adjuvants contribute to improved solubility of active ingredients, increased
solubility of the plant wax layer and pests, and improved adhesion of plant protection products.
Furthermore, oil adjuvants effectively delay the drying process of the applied materials on the
treated surface, facilitating deeper penetration of the active ingredients into pest cells (Holka ,
et al, 2023).

My current results are consistent with previous research highlighting the importance of
wetting and spreading properties for the effectiveness of oil-based insecticides. The results
indicating superior wetting and spreading properties of the NF2 formulation underscore the
importance of selecting an appropriate formulation that balances these properties to ensure
optimal coverage of the target pest, in line with established principles for improving the

performance of oil-based insecticides.

4. Environmentally Friendly Chemical Compounds (SF1, SF2, SF3, SF4):

4.1. Contact Angle Measurements:
The contact angles for these compounds were generally lower, ranging from 14° to 19°.
SF1 had a contact angle of 14°, SF2 at 16°, SF3 at 19°, and SF4 at 15°.

These lower contact angles, compared to the oil formulations, suggest a greater affinity
for the surface and better spreading. This enhanced wettability can be critical for the

effectiveness of these compounds in reaching and interacting with the target.
Comparative Analysis of Contact Angles:

SF1 exhibits the lowest contact angle, indicating the best wettability among this group of

compounds. This suggests that SF1 has the strongest tendency to spread and cover the surface.

SF4 has a slightly higher contact angle than SF1, but it is still very low, indicating
excellent wetting properties.
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SF2 shows a slightly higher contact angle than SF4, suggesting a minor reduction in

wettability, but it remains within the range of good spreading.

SF3 has the highest contact angle within this group, indicating the least wettability,

although it is still considered good compared to the oil formulations.
4.2. Droplet Size and Spreading Area:

The spreading areas for the environmentally friendly chemical compounds ranged from
1,273 cm? to 1,909 cm?2.

Compound SF1 covered an area of 1,332 cm?, SF2 covered 1,868 cmz2, SF3 covered 1,909

cm?, and SF4 covered 1,273 cm?2.

Similar to the oil formulations, these values indicate how well the compounds spread on

the surface, with larger areas suggesting better coverage.
Comparative Analysis of Spreading Area:

SF3 demonstrates the largest spreading area, indicating the best coverage capability

among these compounds.
SF2 has a slightly smaller spreading area than SF3, but it still shows excellent spreading.

SF1 and SF4 exhibit the smallest spreading areas, suggesting a slightly less effective

coverage compared to SF2 and SF3, but still within a reasonable range.
Integrated Analysis of Contact Angle and Spreading Area:

Overall, the environmentally friendly chemical compounds show superior wettability
(lower contact angles) compared to the oil formulations. This suggests they have a greater

tendency to spread on the insect's cuticle, which could enhance their effectiveness.

SF3 appears to have the most favorable combination of properties: good wettability

(although not the best) and the largest spreading area, indicating excellent coverage.
SF2 also shows a good balance of wettability and spreading area.

SF1 and SF4, while having excellent wettability, have smaller spreading areas. This
suggests they might concentrate more on the initial contact point, but still provide good

coverage.
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By adding this comparative analysis, you provide a more detailed interpretation of the
results for the environmentally friendly chemical compounds, highlighting the differences
between them and discussing their implications for pest control.

Based on previous studies, sedimenting agents, or labels, are used to reduce product loss
from target plants due to evaporation of droplets from their surfaces, or their formation into
droplets and shedding. Sedimenting agents, such as guar gum, can reduce surface tension while
increasing the viscoelasticity of the droplets (Bergeron et al., 2000).Therefore, they resist

washing away from rain or shedding upon physical contact (Hazen, 2000).

Film-forming plant gels, waxes, and water-soluble polymers can be used as labels (Witt,
2001). Fatty acids (technically known as anionic surfactants) are widely used as labels, and
although they are "naturally derived" and generally considered safe, they can have a significant
contact effect (Hazen, 2000).

The observed lower contact angles and increased spreading areas for the environmentally
friendly chemical compounds align with previous research emphasizing the importance of these
properties in enhancing pesticide efficacy. As noted by Bergeron et al. (2000) and Hazen
(2000), the use of deposition agents like guar gum reduces product loss and increases droplet
viscoelasticity, improving surface retention and resistance to wash-off. Furthermore, the
compounds exhibiting good spreading capabilities, such as SF3 and SF2, can enhance coverage
and increase interaction with the target pest, consistent with the role of fatty acids and water-
soluble polymers as stickers and adhesion enhancers (Witt, 2001; Hazen, 2000), thereby
supporting the notion that improved spreading and wetting characteristics significantly

contribute to overall pest control performance.
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Conclusion

This research successfully explored the potential of enhancing essential oil formulations
and utilizing environmentally friendly synthetic compounds as viable alternatives to
conventional pesticides, addressing the critical need for sustainable pest management strategies.
The findings clearly indicate that peppermint oil, particularly when enhanced with xanthan
gum, demonstrates significant insecticidal activity against Tribolium castaneum larvae.
Furthermore, the study confirmed the high toxicity of certain environmentally friendly synthetic
compounds towards the same pest, highlighting their potential as effective pest control agents.
A crucial outcome of this work is the observation that neither the enhanced oil formulations nor
the synthetic compounds exhibited phytotoxic effects on lettuce seedlings, suggesting their

safety for non-target plants.

Based on the promising results obtained, it is recommended that further research and
development focus on optimizing the formulations of peppermint oil with xanthan gum to
enhance its stability, longevity, and field applicability. Additionally, comprehensive studies
should be conducted to evaluate the environmental fate and non-target effects of the identified
environmentally friendly synthetic compounds to ensure their overall sustainability and safety.
Field trials are essential to validate the efficacy of these alternative pest control solutions under

real-world agricultural conditions.

Perspectives:

The outcomes of this research pave the way for future investigations into the development
of integrated pest management (IPM) strategies that incorporate both enhanced essential oil
formulations and environmentally friendly synthetic compounds. Future work could also
explore the potential synergistic effects of combining these two types of alternative pest control
agents to achieve broader spectrum activity and reduce the reliance on single-agent treatments.
Furthermore, investigating cost-effective and scalable production methods for these eco-

friendly pest control solutions is crucial for their widespread adoption and commercialization.
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