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Plant essential oils (EOs) 

• Synthesized through secondary metabolic pathways of 
plants

• Communication and defense molecules – pollinator 
attraction, defense against pests and pathogens

• Scent and flavor of aromatic plants 

• Medicinal, anti-microbial and pesticidal properties (Gorgi
2009)



Increasing interest in the insecticidal 
and fungicidal activities of EOs
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Why the increasing interest in 
EOs?

• Pesticide residues in food

• Negative effects on non target species

• Development of resistance 

EFSA 2018



EO activity against pests

• Inhibition of P450 cytochromes (CYPs), e.g. piperamides 
from Piper spp. 

• GABA receptors  - thymol from Thymus vulgaris

• Inhibition of cholinergic system (AChE) – S-carvone from 
Mentha spicata 

• Modulation of octopaminergic system  -

a-terpineol from Pinus silvestris 

Pavela and Benelli, 2016
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Advantages of EOs

• Potential effectiveness against range of pests

• Multiple mechanisms of action?

• Low toxicity against humans / other non-target species 
(invertebrates?)

• Simple production processes 

Regnault-Roger et al., 2012



Key challenges 

• Complex and costly authorization process – potential for 
simplification for EOs with proven history of use in the food 
industry / cosmetics or medicine

• Loss of efficiency in the field – need for efficient 
stabilization process 

• Homogeneity of composition of EOs…



PlantSafe – the product
• Product: A mixture of two essential oils – eucalyptus and rosemary

• Demonstrated toxicity against T. urticae in laboratory trials
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PlantSafe – Target Pests

1. Tetranychus urticae

2. Bemisia tabaci

3. Myzus persicae

•Key pests of vegetable crops

•Highly resistant to many active ingredients

•Need for alternatives

bio-bee.com

photo.net 



Evaluation of effects on-target species

•Predatory mite Typhlodromus pyri

•Key predator in agro-ecosystems

•One of two natural enemies included in 
evaluations for registration of new plant 
protection products



Methodology

1. Laboratory trials to 
determine:

• Dose-response curves and LC50

• Sublethal effects (development, 
fecundity, longevity)  

2. Greenhouse trials to determine 
effectiveness

http://calag.ucanr.edu



Expected results

• Baseline data on product effectiveness against the three 
target pests

• Baseline data on product effects on the non-target species 
(T. pyri)

• Develop a strategy for next stage of product 
commercialization 



Comments – Questions?

Menelaos Stavrinides
m.stavrinides@cut.ac.cy

www.sustagric.weebly.edu

mailto:m.stavrinides@cut.ac.cy
http://www.sustagric.weebly.edu/


Χρήση και επίδραση αιθέριων ελαίων στην 
ανάπτυξη των φυτών και στη 

μετασυλλεκτική διαχείριση νωπών 
προϊόντων

Uses and effects of EOs on plant growth and 
postharvest preservat ion of fresh produce

Δρ Νικόλαος Τζωρτζάκης

The project is co-funded by the European Regional Development Fund and the Republic of Cyprus.



Introduction

Nowadays, there is an increasing interest both in industry and

in scientific research for Medicinal and Aromatic Plants (MAP)

due to their strong antioxidant and antimicrobial properties,

which exceed many commonly used natural and synthetic

antioxidants.

These properties are related to the presence of vitamins,

carotenoids, chlorophyll, catechins, minerals, etc. and render

aromatic/medicinal plants and/or their antioxidant components

as food preservatives as well as necessities in

cosmetics/pharmaceuticals applications.



Introduction

EO can be used for fruit and vegetables preservation either

directly by decay reductions or indirectly by enhancing produce

resistance to pathogens.

➢ Fresh biomass

➢ Dry biomass

➢ Essential oils (EO)

➢ Hydrosol

➢ Others



Introduction

Vegetable consumption is increased the last decades, with

great demands in tomato, pepper and eggplant. Perishable

vegetables are characterized by a high water and nutritional

content and nearly neutral pH, which make them an ideal

habitat for microorganisms.

Postharvest losses of fresh produce represent a critical

component affecting global food losses and waste.

Mainly fungi, but also bacteria are responsible for postharvest

fresh produce decay, with Botrytis cinerea to be one of the

main postharvest pathogen.



Symptoms of grey mould infection caused by B. cinerea as 

it appears externally on eggplant, cherry tomato and 

pepper fruits.



Introduction

There is a need for:

– Alternative way of food preservation (avoiding chemical 

agents)

– Ensures product quality (reduction of microbial load)

– Improves/preserves the organoleptic characteristics of 

fresh produce



No Compound R.I.b Retention 
time

Percentage (%) 
Composition

1 a-Thujene 930 9.507 0.68
2 a-Pinenea 939 9.746 0.56
3 Sabinene 975 11.253 0.06
4 b-Pinenea 979 11.353 0.10
5 1-Octen-3-ol 979 11.530 0.10
6 b-Myrcene 990 11.933 1.12
7 a-Phellandrene 1002 12.402 0.10
8 a-Terpinene 1017 12.855 1.48
9 p-cymenea 1024 13.163 12.65

10 Limonenea 1029 13.302 0.37
11 g-Terpinenea 1059 14.400 7.11
12 cis-Sabinene hydrate 1070 14.701 0.72
13 Linaloola 1096 15.841 0.54
14 Terpinen-4-ol 1177 18.479 0.29
15 Thymoquinone 1252 20.816 0.19
16 Thymola 1290 22.007 0.11
17 Carvacrola 1299 22.382 70.01
18 a-Cubenene 1348 23.768 0.08
19 a-Copaene 1376 24.565 0.58
20 b-Caryophyllene 1419 25.883 1.39
21 β-Bisabolene 1505 27.302 0.14
22 δ-Cadinene 1523 29.561 0.29
23 Thymohydro quinone 1555 30.761 1.00
24 Caryophyllene oxide 1583 32.548 0.20

Total (%) 99.87
Monoterpene hydrocarbons 24.33
Oxygenated monoterpenes 72.86
Sesquiterpene hydrocarbons

2.68

Dittany (Origanum dictamnus L.) 



EO: Dittany (Origanum dictamnus L.) 
Fresh Produce: eggplant, cherry tomato, pepper
Fungi: B. cinerea
Time: 0-24-48-144 h
Concentrations: 0-50-100-250-500 μL/L –vapour application

Dittany oil for the preservation of fresh produce

Inoculated fruits (eggplants, cherry tomatoes and peppers) placed in the containers.



Dittany oil for the preservation of fresh produce
Sustain effect-SE                                Fruits or PDA media



Dittany oil for the preservation of fresh produce

Memory effect-ME                    Fruits or PDA media



In vitro: Impacts of dittany EO volatiles on B. cinerea

Colony development

a) sustain effect-SE

b) memory effect–ME in exposed PDA to volatiles 



EO

(μL/L)

SE ME

Spore 

production 

(105/mL)

Spore 

production 

(105/mL)

0 22.70 a 33.25 a

50 21.57 a 16.31 b

100 0.00 b 0.00 c

250 0.00 b 0.00 c

In vitro: Impacts of dittany EO volatiles on B. cinerea

Fungal sporulation  

a) sustain effect-SE

b) memory effect–ME in exposed PDA to volatiles 



In vivo: Impacts of dittany EO volatiles on fruits lesion 

area of grey mould (B. cinerea) 7 days post-inoculation. 

Stavropoulou et al., 2014

(μL/L)



In vivo: Impacts of dittany EO volatiles on lesion area of grey 

mould (B. cinerea), in pre-exposed fruits to volatiles, 7 days post-

inoculation

Stavropoulou et al., 2014



In vivo: Impacts of dittany EO volatiles on spore production of grey 

mould (B. cinerea), in pre-exposed fruits to volatiles, 7 days post-

inoculation

Stavropoulou et al., 2014



In vivo: Impacts of dittany EO volatiles on quality related attributes 

on eggplant fruit exposed to DIT volatiles 

Stavropoulou et al., 2014



Application of essential oils and extracts 
on fresh produce



Effect of mint EO, mint hydrosol and pomegranate 
juice against E. coli and L. monocytogenes
(Shredded carrot)

Water
Mint Hydrosol

1:10
Mint EO
1:1000

Pomogranate
Juice 1:10

Analysis (Day 0, 3 and 6)

• E. coli ATCC 11775
• L. monocytogenes NCTC 7973

Pomegranate                 
(Punica granatum L.) (Xylia et al., 2017a)

Aqueous solution application

Mint                 
(Mentha piperita L.)

Shredded carrot 
(Daucus carota L.)

Solution removal and storage at 4 oC



Effect of spearmint and lavender EO against food 
borne pathogens (Endive)

Aqueous solution application

Water 0.001%
Chlorine

(300 ppm)
0.01% 0.1%

Solution removal and storage at 4 oC

Analysis (Day 0, 2 and 4)

• E. coli ATCC 11775
• L. monocytogenes NCTC 7973
• S. aureus ATCC 6538
• S. Enteritidis NCTC 5188

Spearmint
(Mentha spicata)

Lavender          
(Lanadula angustifolia)

Mixture
(50:50)

(Xylia et al., 2017b)

Endive leaves 
(Cichorium endivia L.)



Take-home message :

➢ EO strong biocidal (antimicrobial, antioxidant etc) activities can be

explored further, with promising applications.

➢ Coating fruits with plant volatiles and/or modified atmosphere

packaging on a wider range of fresh produce must also be studied.

➢ Dose responses (time * concentration) needed to be consider as

well.



Effects of EOs on plant growth. Any stimulatory effect:

➢ Can we apply EOs during plant growth?

➢ Any stimulatory effects/induced resistance?

is working to that direction



Thank you for your attention

https://web.cut.ac.cy/hydro-aromatic-plants/
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Use of pesticides

The use of pesticides often relies on the fact that 
levels used to kill insects are generally low enough 

not to affect humans

Impact of use:

• On the environment: Over 98% of sprayed pesticides reach a 
destination other than their target species, including non-
target species, air, water and soil.

• On humans: Due to their wide variety in common use, they 
affect a broad cross section of people differently



https://panap.net/2016/10/vicious-cycle-pesticides/

https://panap.net/2016/10/vicious-cycle-pesticides/


Acute toxicity hazard categories of pesticides

* World Health Organization (WHO), The WHO Recommended Classification of Pesticides by Hazard And Guidelines to Classification, 2010.

The Lethal Dose 50% (LD50) value is a statistical estimate of the number of mg of
toxicant per kg of bodyweight required to kill 50% of a large population of test animals



Biopesticides

• Biopesticides (biological pesticides): derived from natural sources / 
materials such as animals, plants, bacteria and certain minerals

• Biopesticides have attracted attention in pest management in recent 
decades, and have long been promoted as prospective alternatives 
to conventional synthetic/chemical pesticides.

Considered as reduced risk pesticides

(Cosimi et al. 2009; Qin et al., 2010; Pitasawat et al., 2007; Isman B., 2006)



Essential oil-based biopesticides

Among eco-pesticides, botanical ones are experiencing a revival due to their 
eco-toxicological properties:

• Essential oils are among the best-known substances tested against insects 

• Broad activity due to their multiple modes and site of action: act as 
fumigants, contact insecticides, repellents and may affect some biological 
parameters such as growth rate, life span and reproduction

• Effective in small quantities, resulting in lower operator exposure

• Decompose quickly

• Less likely to have resistance issues

• Often less toxic to mammals. The LD50 for rats were 800-3000 mg/kg for 
pure compounds and ≥5000 mg/kg for formulating insecticides

(Choi et al., 2006; Henrique da Silva et al., 2016; Tang et al., 2007; Çakır et al., 2016; Islam et al., 2009; Keshwar et al., 2016; Nathan et 
al., 2008; Isikber et al., 2006)



Toxicity of essential oil compounds to 
experimental animals

* Abdel-Tawab H. Mossa,  Samia M.M. Mohafrash and Natarajan Chandrasekaran. Review Article. Safety of Natural Insecticides: Toxic Effects 
on Experimental Animals. BioMed Research International Volume 2018, Article ID 4308054. 

major 

compound 
found in 

rosemary 
and 

eucalyptus



Biopesticides and the
EU regulatory process

• Differences exist between conventional and low 
risk plant protection products after the low risk 
status of an active ingredient is confirmed.

• The regulatory approach in Europe, according to 
EU plant protection Regulation 1107/2009, does 
not recognize biopesticides as a regulatory 
category of plant protection.

• In the lack of an unequivocal regulation, in many 
cases decisions are made on a case-to-case basis

• The evaluation is mainly based on already existing 
evaluations for a substance, regarding possible 
effects on human or animal health or the 
environment.

• Low risk substances have to fulfill certain criteria 
such as being not carcinogenic, mutagenic or 
toxic to reproduction.

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32009R1107

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32009R1107


Work Package 5:

Evaluation of possible side-effects of the product 
on mammals 

Task 5.1:
Side effects of the product 

on mammalian cell lines 

Task 5.2: 
Side effects of the product 

on mammals

Biomechanics and Living Systems 
Analysis (BioLISYS) lab





Determine the viability of cultured 
cells following administration of 

the formula

• HEK 293 (human embryonic 
kidney) cells

• Cell viability assessed using the 
MTT assay

• Escalating concentrations of the 
formula (3-5%)

• Four time points (day 0, 2, 4, 7)

Objective Methods

Task 5.1:
Side effects of the product
on mammalian cell lines 



o Widely adopted method, suitable for high throughput screening 
o Viable cells with active metabolism convert MTT into a purple colored formazan product 

(tetrazolium reduction assay) 
o The color change (with an absorbance maximum near 570 nm) can be read on a 

microplate reader equipped with a spectrophotometer
o The generated signal is proportional to the number of viable cells present
o The amount of viable cells is represented as a fraction based on the ratio of color 

generation in the sample wells to the color found in positive control wells

Cell Viability – MTT assay



Objective Methods

Nonclinical safety 
evaluation to detect 

toxic or adverse events 
that may possibly occur 
following exposure to 

the formula

• Systemic tolerance following oral administration 
in specific pathogen-free CD1 mice

• 3 different concentrations of the formula in the 
drinking water supply (n=8 mice for each 
concentration, 4 for each sex)

• Small volumes of blood samples (~10µl) will be 
obtained from each mouse (once weekly for 5 
weeks) via tail vein nick

• Hemolysis tests will be performed using blood 
samples from the 3 groups of mice as well as 
from an additional control group

Task 5.2: 
Side effects of the product on mammals



o Quick, reliable method for determining total hemoglobin concentration in a variety

of biological samples, including blood

o The in vitro hemolysis assay evaluates hemoglobin release in the plasma (as an

indicator of red blood cell lysis) following test agent exposure

o Drug-induced hemolysis is a toxicity liability. Serum free hemoglobin causes

damage to various vital organs such as the liver, kidney and heart

o Analysis method: spectrophotometry at 575 nm

Hemoglobin Colorimetric Assay Kit



Expected Key Results

• Important for obtaining baseline data in order to support the registration 
of the products as an eco-pesticide. 

• No data currently exist for potential effects of essential oils of rosemary 
and eucalyptus in mammalian cells → the research conducted in WP5 will 
reveal such effects and will yield novel scientific results.

In vitro assays will provide a dose-dependent measure of the cytotoxic 
potency of the formulated developing compound

In vivo tests will identify clinical signs of toxicity and discomfort/pain



THANK YOU
Biomechanics and Living Systems Analysis (BioLISYS) lab


