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Introduction

Essential oils are complex mixtures of volatile
organic compounds naturally synthesized by plants
as part of their secondary metabolism. They are
typically obtained through steam distillation,
hydrodistillation, cold expression in the case of
citrus peels, or other mechanical extraction
processes. The resulting products are generally
hydrophobic liquids, partially or completely
insoluble in water, characterized by high volatility
and a distinctive, intense aroma.

The term essential refers to their function as the
essence of the plant, meaning the fraction
responsible for its characteristic fragrance and
biological activity. From a biological perspective,
essential oils play multiple roles in plant physiology.
They contribute to defense mechanisms against
herbivores and pathogenic microorganisms, support
protection against environmental stress factors,
participate in inter-plant communication processes,
and attract pollinators.

Chemical Composition

Essential oils are composed predominantly of
terpenoid compounds, along with smaller fractions
of phenylpropanoids and other aromatic molecules.
Terpenes represent the major class and are
constructed from isoprene units, each containing
five carbon atoms. Terpenes are classified based on
the number of such units: hemiterpenes (1 isoprene
unit, 5 carbon atoms), monoterpenes (2 units, 10
carbon atoms), sesquiterpenes (3 units), diterpenes
(4 units) up to 8 units.

Monoterpenes are generally the most abundant
constituents in essential oils and are responsible for
their high volatility. Sesquiterpenes and diterpenes,
which have higher molecular weight, contribute to
stronger and more persistent aromatic notes. The
relative proportion of low and high molecular
weight terpenes determines whether a plant
secretion behaves as a volatile essential oil or as a
semi-solid resin. Essential oils remain liquid at
room temperature due to the predominance of low
molecular weight volatile compounds. Many
terpenoid compounds exhibit documented
biological activity, including antimicrobial, antiviral,
anti-inflammatory and antioxidant effects. Examples
include essential oils derived from pine, lemon,
rosemary and tea tree.

Properties and Uses
Essential oils exhibit a broad spectrum of biological
activities that are directly related to their chemically

diverse composition, which includes terpenes,
phenols, alcohols and other volatile compounds.
Their lipophilic nature facilitates interaction with
biological membranes, contributing to
antimicrobial, antiviral, anti-inflammatory and
antioxidant effects, as well as smooth muscle
relaxation activity. Beyond their biological activity,
essential oils are widely used in cosmetic and
personal care formulations, natural preservation
systems, environmental fragrancing and household
sanitation products, due to both their functional
properties and characteristic aromas. In topical
applications they are generally used in diluted form,
since several essential oils may cause irritation or
sensitization if applied undiluted, while certain
citrus-derived oils may induce photosensitivity
because of furanocoumarin content. In
aromatherapy, inhalation through diffusion or steam
systems stimulates olfactory pathways that can
influence emotional and autonomic responses, with
reported effects including stress reduction, sleep
modulation, mood improvement and mild analgesic
or antiemetic support.

Oxidation Mechanisms in Essential Oils
Although essential oils are often associated with
antioxidant properties, their chemical composition
makes them intrinsically susceptible to oxidative
degradation. Unlike vegetable oils, which are lipid
matrices composed mainly of triglycerides and
unsaturated fatty acids, essential oils are not lipid
systems. They are complex mixtures of volatile, low
molecular weight compounds, predominantly
unsaturated monoterpenes and sesquiterpenes.

In vegetable oils, oxidation primarily involves
unsaturated fatty acids and follows classical lipid
autoxidation pathways, leading to the formation of
lipid hydroperoxides and secondary aldehydic
compounds. In contrast, oxidation in essential oils
mainly concerns terpene molecules, which can
readily react with atmospheric oxygen through
radical-mediated autoxidation mechanisms.
Monoterpenes such as limonene, linalool and a-
pinene are particularly prone to oxidation. During
storage and exposure to light, heat or oxygen, these
compounds can form: terpene hydroperoxides,
epoxides, aldehydes and ketones, secondary
rearrangement products. For example, limonene can
be converted into limonene hydroperoxides, linalool
into linalool oxides, and pinene into pinene oxides.
These oxidation products are not only responsible
for changes in aroma profile, with the development
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of off-notes and loss of freshness, but may also
increase the sensitization potential of the oil.

From a regulatory perspective, oxidized terpenes
are of particular concern in the fragrance and
cosmetic sectors. Several oxidation products have
been identified as potential skin sensitizers and are
subject to attention under IFRA standards and
cosmetic safety assessments. Therefore, the
monitoring of primary oxidation products is not
only a matter of organoleptic quality but also of
toxicological relevance.

The high volatility and chemical reactivity of
terpene-rich matrices further complicate stability
control. Oxidation may be accelerated by improper
storage conditions, including exposure to oxygen,
elevated temperatures and ultraviolet radiation.
Packaging in dark glass containers, reduced
headspace oxygen and controlled storage
temperatures are commonly recommended to limit
oxidative degradation.

For these reasons, the evaluation of oxidative
stability represents a critical step in essential oil
quality control and provides the scientific basis for
the determination of analytical parameters such as
Peroxide Value.

Official Methods for Chemical Analysis

The key parameters for monitoring essential oil
quality are Peroxide Value and Free Fatty Acids
Value, which provide information on oxidative
degradation and chemical stability. Industry
guidance is supported by organizations such as the
International Fragrance Association (IFRA) and
the European Federation of Essential Oils, which
define analytical and safety frameworks for
commercial applications.

The determination of Peroxide Value is commonly
performed according to the IFRA Analytical
Method for Peroxide Value, based on iodometric
titration. The method quantifies hydroperoxides
formed during the early stages of oxidation and
expresses results as milliequivalents of active
oxygen per kilogram (meq 0,/kg) or alternatively
as millimoles of peroxide per liter (mmol/L). The
analysis is conducted in an acidic organic medium,
typically a glacial acetic acid and isooctane mixture,
followed by titration of liberated iodine with
standardized sodium thiosulfate. Due to the
volatility and reactivity of terpene-rich matrices,
strict control of light exposure, reagent
standardization and blank correction is required to
ensure reproducibility.

The determination of Free Fatty Acids Value is
performed according to ISO 1242, which defines an
acid-base titration method for the quantification of
free acidic constituents in volatile oils. The sample is
dissolved in neutralized alcoholic solvent and

titrated with standardized potassium hydroxide,
with results expressed as mg KOH per gram of
sample (mg KOH/g). Elevated acidity may indicate
hydrolytic or oxidative degradation and poor
storage conditions. The method requires careful
handling of flammable solvents and alkaline
reagents, and attention to evaporation losses due to
the volatile nature of essential oils.

Given the high chemical reactivity of terpene-rich
systems, minimizing oxidative exposure during
storage and processing is essential. At the same
time, quality control protocols should aim to reduce
sample manipulation and analysis time while
ensuring accurate and reliable monitoring of
oxidative stability.

An alternative approach to analysis: CDR
FoodLab® system

In contrast to conventional iodometric and acid-
base titration methods, which require significant
solvent volumes, glassware, controlled laboratory
conditions and trained personnel, CDR FoodLab®
provides a rapid and simplified alternative for the
determination of key oxidative parameters: Free
Fatty Acids Value and Peroxide Value.

Based on photometric analysis with ready-to-use
reagents, the system delivers results within
minutes, enabling immediate quality control at raw
material receiving, during storage, or directly in
production environments. The method requires
only microquantities of sample, an important
advantage when analyzing essential oils with
intense intrinsic coloration, as the minimal sample
volume prevents color interference and ensures
reliable optical measurement. The absence of toxic
organic solvents significantly improves operator
safety and reduces environmental impact compared
to classical titration techniques. The system does
not require highly specialized personnel, making
analytical control accessible even to small and
medium-sized manufacturing operations. Its
versatility allows application to both liquid oils and
solid fats, covering a broad range of raw materials.
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Comparison of Analytical Methods for Essential Oils

Traditional Official Methods

ISO 1242 (Free Fatty Acids Value).

®
Feature (Titration) CDR FoodLab® System
Titration Iodometric titration Photometric Analvsis
Methodology (Peroxide Value) or Acid-base titration y

Spectrophotometric reading.

Reagents & Solvents

Complex & Hazardous Requires toxic

organic solvents (e.g., glacial acetic acid,

isooctane), flammable solvents, and
alkaline reagents (KOH).

Ready-to-use & Safer Pre-filled
reagents. No toxic organic solvents are
required.

Analysis Time

Lengthy Requires preparation,
standardization of reagents, and blank
correction.

Rapid Delivers results within minutes.

Sample Volume

Standard Requires significant solvent

volumes and standard sample amounts.

Microquantities Requires only a very
small amount of sample.

Risk of Color Interference Intense
intrinsic coloration of essential oils can

No Interference Minimal sample

trained personnel.

Interference . . . - ope volume prevents color interference,
make titration endpoints difficult to . . .
see ensuring reliable optical measurement.
Specialized Requires glassware, Simplified Does not require glassware
Equipment & Skill controlled laboratory conditions, and or highly specialized personnel. Can be

used in production environments.

Safety & Environment

Lower Safety Involves handling of
hazardous chemicals and flammable
solvents.

High Safety Significantly improves
operator safety and reduces
environmental impact.
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