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1. ABSTRACT

When we talk about oregano, we often think of its aroma, but its chemistry is
much richer. Two substances, carvacrol and thymol, explain a large part of
the plant's profile and the differences between oregano varieties. Carvacrol is
among the most studied compounds and is a phenolic monoterpene (an
aromatic molecule produced by plants). Its chemical form can change how it
acts in biological systems. Thymol completes this picture and can modify the
effects of carvacrol. To understand the data, one must distinguish between
the spice, the essential oil, and concentrated extracts. These products differ
in composition and potency. In this article, we will look at these molecules,
their variety, and the phytocomplex (the set of substances in the plant). We
will also see how much the form of consumption matters. In summary, here
are the key points we will explore:

* Carvacrol and thymol define a large part of oregano's chemical profile.

* Spice, essential oil, and extracts are different products.

* Composition changes with species, harvest, and processing method.

® The phytocomplex matters more than a single molecule taken in isolation.
* Caution and a clear context are needed to interpret the data correctly.
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MISSION

LIFE Science Hub - Journal of Science was founded
with the aim of making scientific knowledge
accessible without giving up methodological rigour,
quality of sources and authoritativeness of content.
The journal promotes the dissemination of knowledge
in the health, nutrition, medical and longevity
sciences, building a bridge between the world of
research and society.

Through articles, reviews, in-depth analyses and
expert contributions, the Journal champions
evidence-based medicine and science, fostering a
correct interpretation of scientific data and
countering misinformation. Every piece of content is
developed with the aim of translating the complexity
of research into understandable, useful and
applicable information, while keeping intact the
principles of accuracy, transparency and scientific
independence.

Free from political, industrial and commercial
influence, the journal stands as an authoritative and
independent editorial space, dedicated to promoting
scientific culture, professional development and the
growth of health awareness among the public.
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2. CARVACROL AND THYMOL: WHAT THEY
ARE AND WHY THEY CHANGE THE
IDENTITY OF OREGANO

In oregano, carvacrol and thymol define much of the
plant's aroma and biological profile. These are
phenolic monoterpenes (small aromatic plant
molecules), which are therefore fragrant and highly
reactive compounds. These substances can influence
the scent and the way the phytocomplex—which
includes all the substances naturally present in the
plant—behaves. For this reason, oregano should not
be viewed as a spice that is always the same.Discussing
oregano carvacrol therefore means starting with two
key molecules and their ratio. This balance matters
more than just the presence of the plant itself. In fact,
it can change how oregano is perceived and studied as
a source of active ingredients. In the next step, this
same pair of compounds must be evaluated in
different forms: spice, extract, and essential oil. Before
distinguishing between the various products, it is

useful to establish a few essential points:

* Carvacrol and thymol are phenolic compounds
found in oregano.

* Their presence influences the aroma and sensory
identity.

* The composition varies between different types of
oregano and among various processing methods.

* The phytocomplex allows for the evaluation of
multiple active ingredients together.

To understand the chemical identity of oregano, one
must first know its guiding molecules. The following
sections describe the two most typical compounds and
their roles. Their quantities, in fact, are not fixed and
can vary significantly.

2.1 What are carvacrol and thymol in
oregano

These two key compounds are phenolic
monoterpenes (small aromatic molecules of plant
origin). Their structure significantly influences the
chemical profile of oregano. Within the plant, they
contribute to its scent and the perception of its
intensity. For this reason, they are among the most
characteristic active ingredients of the Origanum
genus. However, their significance also depends on
their ratio to other substances in the phytocomplex,
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which provides a useful criterion for describing an
individual chemical profile with greater precision.
Studies and technical reports indicate that these
quantities vary based on species, botanical origin, and
processing [1][2]. A 2011 analysis examined an oregano
essential oil. Carvacrol was at 36.46%, thymol at
29.74%, and p-cymene at 24.31% [3]. A 2018 review then
described the former as a monoterpenoid phenolic
typical of the plant. The same source notes that
human evidence remains incomplete [4]. These data
therefore describe specific profiles, not every oregano
in absolute terms.

2.2 Why the chemical profile of oregano is
not always the same

The profile of oregano changes because there is no
single composition that applies to all plants, all
and all
essential oil composition and the spice's content

seasons, processing methods. Oregano
depend on botanical and environmental factors, as
well as harvesting, drying, and storage. This is why
two products sold under the same name may show
different levels of carvacrol, thymol, and other minor
constituents. A 2024 review on Lamiaceae confirmed
that these two compounds are among the dominant
ones in most matrices, but not with the same
distribution everywhere [5]. The useful takeaway is
practical: variability does not disprove the role of
oregano's phenolic compounds, but it requires that
every extract be interpreted within its own context.
The limitation, here too, is that summary data cannot
replace the analysis of an individual sample.

2.3 Oregano phytocomplex: why it
matters more than the individual
compound

The phytocomplex includes all the substances
naturally present in a plant. Together, these molecules
form its final profile. In oregano, this concept avoids
reducing everything to a single compound. This holds
true even when carvacrol and thymol are present in
higher quantities. Aroma, stability, and part of the
biological activity may depend on the ratios between
multiple substances, rather than an isolated molecule.
A 2016 review studied the ethanolic extract of
Origanum vulgare. The extract showed cytotoxic
(harmful to cells), antioxidants, and antibacterial
activity. The authors linked these effects primarily to
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the two lead compounds [6]. The active ingredients of
oregano should therefore be viewed as a system, not as
separate parts. However, tests on laboratory extracts
do not directly describe the spice or oils on the market.
Bioavailability (the portion used by the body) and the
extraction method can, in fact, change the picture.

3. FROM SPICE TO ESSENTIAL OIL: HOW
COMPOSITION AND CONCENTRATION
CHANGE

When moving from the kitchen to concentrated
products, the quantity, form, and use change. The
composition of oregano essential oil does not match
that of the spice. In concentrates, the phenolic
compounds of oregano are present in higher doses.
Among these are phenolic monoterpenes, small

widely
incorrect

aromatic molecules that have been
studied.This
comparisons between dietary use and concentrated

distinction prevents
preparations. The portion of active ingredients
absorbable by the body may also change.
Consequently, the value of the results obtained in
experiments changes.An effect observed in an extract
or an oil does not automatically apply to the spice. The
following paragraphs explain how to interpret extracts
and why the various forms are not interchangeable
[713]. In the spice, however, the phytocomplex (the set
of substances in the plant) remains diluted in the food.
Therefore, carvacrol and thymol can have different
proportions in the various forms. Before reading
scientific data, it is necessary to distinguish between
form, extraction method, and declared composition:

* The culinary spice is a complex and diluted
mixture.

* Essential oil concentrates volatile compounds and
phenols.

¢ Extracts vary based on the method used to obtain
them.

* Labels help to understand the declared composition
of the product.

Before examining the studies, it is useful to distinguish
between the forms of oregano cited in the research.
The same plant, in fact, can provide products that are
very different in terms of composition, dose, and use.
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3.1 Spice, essential oil, and extracts: three
non-equivalent products

Culinary oregano, essential oil, and commercial
extracts are not equivalent products. The spice
contains limited amounts of the most studied
compounds. Essential oil, on the other hand, is a
concentrated part obtained through extraction (the
separation of certain substances). Extracts can vary in
purity, dosage, and the ratio between molecules.
Standardization—the guaranteed presence of a
specific quantity—can also vary. These parameters
determine how much of the studied substance is
actually present in the sample analyzed in the
laboratory. This difference matters because the effect
of carvacrol and thymol depends on the actual dose
and the form used. A 2024 systematic review evaluated
38 articles on the two compounds. The studies
reported antibiofilm (against layers of adherent
microbes) and antimicrobial activity. There were also
68 synergistic combinations, with enhanced effects, or
additive ones, with summed effects [8]. However, this
data refers to preparations used in experiments, not
the household spice. Distinguishing between these
forms therefore avoids overly broad conclusions.

3.2 How to read oregano extract labels

Labels may indicate the standardization of the extract
and the amount of its main compounds. Not all
products, however, report the same data or present it
with equal clarity. A complete label distinguishes a
simple reference to the plant from a concentrate with
a declared composition. This information helps to
understand which product is being used and in what
dose. Without these details, the name oregano alone
does not accurately describe the content. This data is
essential for comparing different products without
immediately assuming they are equivalent. In 2020, a
thymol chemotype essential oil (a variant rich in this
substance) was described as potentially suitable for
selective herbicidal use on monocotyledonous species
[9]. The result shows that the chemotype can
significantly change the oil's properties. However, this
concerns a possible herbicidal use, not a health effect.
The chemical label therefore guides interpretation,
but it does not make oil and spice comparable.
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3.3 When spice and essential oil cannot be
compared

Comparing a spice and an essential oil as equivalent
products can lead to incorrect conclusions. Spices are
used in small doses and consumed along with other
foods. Their compounds are therefore much more
diluted compared to those in a concentrated product.
An essential oil, on the other hand, collects volatile
substances and is intended for different uses. Even
with the same plant, the dosage, bioavailability (the
portion absorbable by the body), and method of use
change. A comparison therefore requires considering
concentration, the context of use, and the specific
product studied together. Effects observed in a
laboratory or with concentrated products do not
automatically apply to cooking. In 2021, a systematic
review examined the anti-tumor effects of carvacrol
and thymol. The authors reiterated that these are
preclinical data, obtained before human studies, and
should be interpreted with caution [10]. These
premises help explain why one of the two compounds
receives so much attention in research.

4. WHAT MAKES CARVACROL
INTERESTING FROM A BIOLOGICAL
PERSPECTIVE

Carvacrol is a phenolic monoterpene (a small plant
molecule with a phenolic group). In study models, it
can act on multiple biological targets. Tests evaluate
both its action on microbes and its effects on
membranes and oxidative stress. The latter occurs
when too many reactive substances form within the
cell.The composition of oregano essential oil also
matters, as it can vary significantly. The phytocomplex
(the set of substances in the plant) changes based on
the raw material and the extraction method. The ratio
between the phenolic compounds in oregano also
varies. Carvacrol is therefore an important part of a
larger system. Its role is clearly visible in tests, but
caution is required when discussing food or human
use. These data explain why the compound is useful
for studying the biological activity of oregano.
However, they do not directly demonstrate a clinical
benefit. To better understand the topic, it is helpful to
start with three questions that will guide the next
steps:
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* Why carvacrol has become the most studied

compound in oregano.

* How carvacrol can act on cell membranes.
* Why results change when moving from the

molecule to the plant.

Carvacrol helps explain why oregano generates so
much interest in biological research. The following
sections show its role, how it acts, and the limitations
of comparing it to the whole plant.

4.1 Why carvacrol is the most studied
molecule in oregano

Carvacrol is widely studied because it shows various
easily measurable effects in tests. It is a phenolic
monoterpene (a small plant molecule with a phenolic
group). Its structure allows it to act on multiple parts
of the cell, rather than having a single effect.
Furthermore, certain chemotypes (plant types with
different chemical compositions) contain higher
amounts of it. This is why researchers often use it to
carefully study the active ingredients of oregano. This
choice allows for linking the molecule's structure to
the effects observed in various tests.A 2018 review
summarized these data and the biological role of the
compound. However, it clarified that human trials
(studies conducted on people) are still lacking [4]. Its
interest therefore remains primarily biological and
related to testing, rather than clinical treatment. The
strength of the results depends on the model used.
Tests help to understand the mechanisms, but they
are not sufficient to define a therapeutic use in
humans. One of the first effects studied concerns cell
membranes.

4.2 Carvacrol and cell membranes: the
first level of action

Carvacrol is also being studied for how it interacts
with cell membranes. The molecule is lipophilic (it
binds well to fats) and can enter their lipid bilayer. It
can thus partially change the shape, fluidity, and order
of the membrane. In some microbes, this can reduce
their stability and alter exchanges with the outside
environment. This is a physical and chemical effect
observed in tests, not proof of a clinical effect.An in
vitro study (conducted in a laboratory) examined
Pseudomonas aeruginosa and Staphylococcus aureus.
Researchers tested oregano essential oil and its main
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components. They then measured the minimum
amount capable of stopping bacterial growth [11]. The
result shows that the effect on the membrane can
produce measurable biological activity. However, the
evidence does not indicate the effect in humans. It also
within  the
phytocomplex, where other substances may increase

does not clarify what happens

or reduce the action.

4.3 Why comparing an isolated molecule
to the plant is complicated

Studying carvacrol on its own is useful, but it is not
enough to understand what really happens when
using oregano. In the plant, in fact, the compound
coexists with other constituents that can modify its
stability, absorption, and overall biological response.
These constituents do not remain inert: they can
strengthen an effect or attenuate it, depending on the
quantities involved. For this reason, the comparison
between an isolated molecule and a plant matrix is
always delicate. A pure substance helps to clarify the
mechanism with precision, isolating one variable at a
time. The spice or oil, on the other hand, describes a
more complex and less linear system, made up of
many molecules acting together.In 2025, a review also
described synergistic antimicrobial activities between
carvacrol and thymol against bacteria and Candida
[12]. Synergy refers to a combined effect that is
stronger than the sum of the individual effects. This
data reinforces the idea that oregano should be viewed
as a system of molecules, not as a single isolated active
ingredient. However, the limitation remains
interpretive: these data support a relevant biological
role, but they do not allow for the direct transfer of
results from the isolated molecule to the use of the
whole plant. Caution is therefore needed when
laboratory to real-world

moving from the

consumption.

5. HOW TO INTERPRET THE ROLE OF
THYMOL IN OREGANO

Context is necessary to understand the role of thymol
in oregano and its weight within the mixture. Thymol
contributes to the plant's properties, but it does not
explain its value on its own. It must be interpreted
alongside the other active ingredients, because the
final profile depends on the entire phytocomplex.This
method avoids overly simplistic interpretations of the
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composition of oregano essential oil. It also explains
why different samples may have aromas and functions
that are not entirely identical.Thymol remains
important, but it describes the plant better when
compared with other phenolic monoterpenes.
Furthermore, harvesting, processing, and the method
used to extract the substances also matter. To interpret

the data correctly, it is useful to follow four steps:

¢ Evaluate thymol as part of the total composition.

* Study the ratio with carvacrol in the phytocomplex.

* Distinguish the composition of the oil from the
biological response.

* Consider how extraction changes the proportion of
the compounds.

Thymol is a phenolic monoterpene (an aromatic
terpene molecule with a phenolic group). It should be
viewed as part of the chemical profile of oregano, not
as an independent substance.

5.1 The role of thymol in the biological
profile of oregano

Thymol contributes to the oregano profile as one of
the main phenolic compounds, but its significance
must always be considered in relation to the rest of the
matrix. In practice, it describes a portion of the
aromatic signature and potential biological activity,
without encompassing the entire function of the plant.
The reference review [7] shows that the concentration
of thymol can range from trace amounts to over 60%
of the essential oil, depending on the subspecies and
geographical origin. This wide range explains why two
oregano samples can have very different sensory and
biological profiles. The collected data also indicate
that thymol shows antimicrobial activity in vitro, but
the observed potency varies based on the total
composition of the oil. The limitation of this
interpretation is clear: the work synthesizes literature
data and does not measure a single sample, so while it
provides a good general overview, it does not allow for
attributing a universal or identical effect to thymol
across every botanical origin.

5.2 Carvacrol and thymol: how the ratio
between varieties changes

The ratio between carvacrol and thymol is useful
because it describes how the composition of oregano
changes from one chemotype to another. In some
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cases, carvacrol prevails, while in others, thymol is
more prominent, and this difference affects both the
scent and the overall biological profile. The studies
collected in the review [7] document chemotypes with
a carvacrol/thymol ratio greater than 10 to I in some
variants of Origanum vulgare, while in others, thymol
dominates with a ratio of less than 1 to 2. These
imbalances are not minor details: they influence the
antioxidant capacity measured with the DPPH assay
and modify the spectrum of action against
Gram-positive and Gram-negative bacteria. For this
reason, talking about only one of the two molecules
risks oversimplifying a variable chemical reality. The
limitation remains that of descriptive and preclinical
research: they indicate real differences, but they are
not enough on their own to predict the practical effect
of a specific product.

5.3 Why thymol should not be interpreted

Isolating thymol can be useful for studying its

6. QUADRO COMPARATIVO E SINTESI DELLE EVIDENZE

properties, but within the plant, its significance

emerges primarily in conjunction with other
constituents. In the oregano phytocomplex, the
interactions between molecules, their relative

abundance, and the way the matrix is obtained are
what truly matter. The review [7] cites evidence of
synergy between thymol and carvacrol, where the
mixture of the two compounds shows antimicrobial
activity superior to that of the individual components
tested at the same concentration. This combined effect
is lost when evaluating a molecule isolated from its
natural context. This also applies when comparing the
the
changes

spice, extract, and essential oil, because
bioavailability  of the
significantly between the different forms. The data
show a genuine interest in this combined action, but
they entirely preclinical, with

inconsistent results across models. The most solid

components

remain almost
takeaway is therefore interpretative: thymol should
not be viewed as an absolute indicator, but as part of a
broader chemical network.

This summary synthesizes the previously cited literature. It connects the composition, the variety of products, and the activities observed in

laboratory tests.

Sintesi delle evidenze scientifiche

Area studied

Publication year

What the studies indicate

2001 antimicrobial mechanism of action

2011 chemical composition of an oregano chemotype

2016 ethanolic extract of Origanum vulgare and main
components

2018 biological interest in carvacrol

2020 guideline on oregano essential oil

2023

cultivation
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variability of composition based on species and

in vitro effects were observed on Pseudomonas
aeruginosa and Staphylococcus aureus with
essential oil, thymol, and carvacrol [11]

in the analyzed sample, 36.46% carvacrol,
29.74% thymol, and 24.31% p-cymene were
measured [3]

evidence attributes much of the antioxidant and
antibacterial activity to carvacrol and thymol [6]

studies indicate broad interest in testing, but
clinical data on humans remain incomplete [4]

evidence indicates that the essential oil is a
defined mixture, different from the spice and
rich in carvacrol and thymol [7]

studies suggest that carvacrol and thymol levels
vary significantly with botanical origin and
growing conditions [1]

Volume 3, October 2026 6


https://lifesciencehub.info

LIFE Science Hub

JOURNAL OF SCIENCE
EXPANDING KNOWLEDGE ABOUT NUTRITION AND HEALTH

@

Carvacrol in oregano: the key compound and
the role of thymol in the plant

2024 antibacterial and antibiofilm activity of

carvacrol and thymol

2025 antimicrobial synergy between carvacrol and

thymol

7. SINTESI EDITORIALE E CONCLUSIONI

EDITORIAL INTERPRETATION OF THE EVIDENCE

In the studies I reviewed for this article, I found one
point on which the literature converges. Carvacrol and
thymol are reliable markers for studying oregano. I
observed that the composition changes significantly
between chemotypes, and products.
highly

dependent on the dose and the matrix. In laboratory

species,

Furthermore, the observed effects are
tests, these compounds show activity against certain

microbes and other biological actions.

The main limitation I encountered is the gap between
laboratory tests and real-world use. Much of the data
comes from reviews or in vitro trials (outside of a
living organism). I noted that samples, extraction
methods, and analysis techniques vary between
studies. Moreover, the spice, essential oil, and extracts
are not equivalent products. To interpret the results, I
therefore believe it is essential to clearly define the
form, dose, and context.

FINAL CRITICAL NOTE

The overview I have outlined describes the chemistry
of oregano well, but provides fewer answers regarding
its practical use. The studies I have examined confirm
the central role of carvacrol and thymol and the great
variety in composition. However, many comparable
data on humans are still missing. Therefore, a gap
remains between what we know about the chemistry
and what happens in real-world use.Comparing the
studies also proved difficult for me. Indeed, the
species, extraction methods, dosages, and test models
vary. The most accurate interpretation I can offer
remains cautious: the topic has a solid foundation, but
more data are still needed.
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38 articles were evaluated, with mean minimum
inhibitory concentrations of 475.46 and 279.26
ug/mL and 68 synergistic or additive
combinations [8]

data indicate a combined action against
bacteria and Candida, but these are still derived
from preclinical studies [12]

CONCLUSIONS AND EDITORIAL SUMMARY

From the studies gathered here, I have come to the
conviction that carvacrol and thymol help in studying
oregano with care, as they define much of its chemical
identity. They also explain many differences between
samples, chemotypes (chemical variants of the same
species), and products. I have observed that these
compounds do not act alone. The matrix, the
phytocomplex, and the actual dose also matter. For
this reason, the spice, essential oil, and extracts are not
equivalent.The tests help me understand the potential
biological role of oregano. However, laboratory data
do not apply directly to everyday life. Studying
aromatic plants remains useful in nutrition because it
links quality, natural variety, and the careful use of
food. Oregano therefore offers a good model for
evaluating the bioactive compounds (substances that
act within biological systems) of plants.

Aggiornato al 22/10/2026. Questo contenuto riflette una sintesi divulgativa

delle evidenze scientifiche al momento della pubblicazione e non
sostituisce il parere medico.

8. TRANSPARENCY AND SCIENTIFIC
RESPONSIBILITY

Artificial Intelligence was used solely as a tool for editorial and
documentary  support. All  content, interpretations,
bibliographic citations and conclusions have been verified,
reviewed and approved by the author, who assumes full
scientific responsibility for them.

The manuscript was also subjected to independent peer
review prior to publication.

To ensure the greatest transparency, the complete history of
the article, including the dates of submission, revision,
acceptance and publication, as well as information on the peer
review process, is available on the dedicated Article History

page.
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