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Abstract

Essential oils are natural products that are utilised extensively in a variety of industries around the world and have assimilated into
daily life. Essential oils are in higher demand, which has led to instances of adulteration. Therefore, authentication is a crucial
issue for both customers and chemical corporations. The chemical makeup of commercial essential oils, their uses, their botanical
origin, allergic contact dermatitis and contact allergies caused by these essential oils are some of the topics covered in this article.
EOs are frequently being used in the food businesses. The adulteration of essential oils is a common practice in the industry,
whereby synthetic or low-quality oils to increase profits. Adulterated oils may not have the same chemical compounds as pure
essential oils, which are responsible for their healing properties. They may also contain chemicals that are harmful to the body,
leading to long-term health problems. Vegetable oils (VOs) must be taken into account among the potential adulterants due to
their qualities and affordability. This in-depth analysis covers known contaminated essential oils and the dangers they pose.
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1. Introduction

Essential oils are natural, volatile, complex
compounds having powerful aroma. These oily liquids are
secondary metabolites produced by several aromatic plants
and are stored in secretory cells in their buds, flowers,
leaves, stems, twigs, seeds, fruits, roots, wood, or bark. EOs
are produced from aromatic plants, which are primarily
found in temperate regions like the Mediterranean, as well
as in tropical regions [1-2]. Due to rising essential oil
demand, there have been instances of adulteration.

Adulteration is the act of contaminating or
polluting a substance by adding an inferior element or
substance, with the intention of reducing its value or quality,
particularly for purposes of sale. This can involve replacing
more valuable components with cheaper or inert ones [3-4].
There have been studies on about 17,500 aromatic plants.
However, there are barely 300 commercial essential oils in
use, and their bulk worth was estimated to be $1 billion in
2013. The majority of the raw materials used to make
commercial essential oils come from cultivated sources [5].

Additionally, a lot of the raw materials aren't
extracted or distilled right where they were cultivated or
gathered. Aromatic plant populations in the wild can be
homogeneous or diverse. The quantitative composition and
essential oil output of different population members can
vary. However, there are more complex variances in oil
composition in commercial oils than what was just
mentioned [6].

To boost revenues or satisfy a specific 1SO
criterion, essential oils are frequently adulterated by the
addition of synthetic and natural substances, both related to
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and unrelated to the composition of the oil [7]. In light of
this, the economic incentive is the root cause of adulteration.
About 60,000 publications about food adulteration are
available on PubMed [8-9].There have been numerous
reports of natural remedies being contaminated with
synthetic medications. The research conducted by Huang et
al. in 1997, demonstrating the patterns of adulteration in
Chinese medicine, discovered that 24% of 2,609 samples
contained at least one sort of adulterant [10-11].

Essential oils (EOs) adulteration is a major issue in
today's worldwide markets, and non-institutional people or
businesses are the ones that commit this illegal and immoral
act by adding lower-quality, less expensive ingredients to
high-value EOs. This dishonest strategy not only poses a
health risk to people who purchase contaminated goods but
also poses substantial economic risks to governments [12-
13].

2. Commonly wused instruments for adulteration
detection and their limitations

Adulteration in essential oils can be found using a

variety of analytical tools [6]. Standard gas chromatography
with flame ionization detection (GC-FID) and gas
chromatography-mass spectrometry (GC-MS) [14], Natural
isotope fractionation NMR at specific locations (SNIF-
NMR) [15], mass spectrometry using gas chromatography
and isotope ratios (GC-IRMS) [16], chiral GC-MS and
components ratio quantification (enantioselective) are
famous techniques for the detection of adulteration [17].
The isotopic ratio measurement method, known as
GC-IRMS, is frequently used to establish the validity of an
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essential oil's place of origin. However, this method has
some drawbacks. The first drawback is that the addition of
14C-labeled molecules can change the 14C activity of
essential oil. Second, GC-IRMS cannot detect synthesized
chemicals based on natural precursors. As a result, GC-
IRMS is not a 100 percent trustworthy source for
authenticating essential oils [18]. As it only applies to chiral
molecules and the enantiomeric ratio of chiral substances
changes from origin to origin, enantioselective or chiral GC-
MS also has special limits [19]. It is not possible to detect
adulteration in essential oils using only a GCMS compound
library search; you must explain why some molecules
emerged while others did not. Since essential oils also
contain sesquiterpenes and diterpenes, SNIF-NMR cannot
be used to identify the origin of tiny molecules (such as
monoterpenes) using the deuterium ratio. This technique
also needs pure separated chemicals [6-20].

Essential oil adulteration may also be indicated by
minor components and their quantities to main components.
Every adulterant, whether artificial or natural, contains some
sort of impurity or marker. A more reliable method of
spotting adulteration in essential oils is to identify the
distinctive characteristics of each adulterant [21] [22]. The
number of studies on biomarkers or synthetic markers that
have been published is currently insufficient to provide tools
for adulteration detection. Additionally, Marco Valussi
notes in his book that using traditional analytical methods,
adulteration of up to 5-10% is undetected [23-24].

3. The Authentication Problem

Several things might cause essential oils to be
adulterated. Falsification is sometimes characterized by the
use of less expensive synthetic materials or volatiles derived
from other natural sources [25], veggie oils to make you
heavier. Another method of adulteration is the partial or
complete replacement of the original plant with another
plants [26], or the inclusion of items that are not volatile. All
of these adulteration techniques have the potential to reduce
quality, and by introducing one or more synthetic
components, they may also compromise safety or fall short
of the natural grade. As a result, the problem of verification
is crucial for consumer’s safety [27]. To prevent being
identified by common analytical methods, adulterants are
often supplied in low amounts (5-8%) [28-29].

3.1. Common methods of adulterations of essential oils

Standardization of essential oils and control
techniques are intended to verify that essential oils meet
monographs or other quality requirements, even though non-
compliance does not necessarily result in adulteration. As an
illustration, aging, processing or storing can cause chiral
compounds to racemize or terpenoids to polymerize, which
can cause the optical activity values to deviate from
specification without being adulterated [30-31]. Adding
non-volatile components, synthetic or natural substances or
less expensive essential oils are a few examples of known
adulterations. These adulteration techniques may reduce the
oil's quality and have detrimental impacts on customers
[32].

3.1.1.  Addition of other products: oil and solvents
Due to their high volumes and turnover, essential
oils are occasionally diluted by increasing the non-volatile
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component to decrease the cost; including mineral or
vegetable oils due to their affordable price, their simple
accessibility, being nearly as dense as essential oils, and
similar to the oily texture of essential oils [33], [34], [32].
The outcome of this type of adulteration is dilution, which
decreases the essential oil's aroma. This kind of adulteration
just results in dilution, which reduces the aroma of the
essential oil [35-36]. In research on kerosene, coconut oil, or
lemongrass oil was found to be adulterants [37-38].
Sandalwood oil mixed with polyethylene glycol is an
additional illustration of this type of adulteration [37-39].
Triacetin, triethyl citrate, benzyl alcohol, ethyl alcohol, and,
for aromatherapy, plant oils like almond oil, are additional
solvents that could be employed [40-41].

3.1.2. Addition of specific compounds: synthetic and
natural

Essential oil standardization refers to values with
low or high limitations for the number of particular
components. Commercially available essential oils must
adhere to these requirements [42-43]. As a result, instances
of adding a compound natural, artificial, or both—can be
identified. Natural chemicals are created directly from
natural sources through enzymatic, microbiological, or
physical processes [44], [28]. Those specific types of
adulteration might be committed for a variety of reasons.
One reason is to raise the compound composition quality of
the essential oil. The purpose of this type of adulteration is
to boost the utility of essential oils and to satisfy consumer
demand [45-46], [26], [47].

For instance, the Iris oil with 8% iron costs 6200
euros per kilogram, while the cost rises to 9750 euros per kg
at 10% iron and even reaches 101,000 euros per kg for pure
iron. A good incentive for the adulterating oil of iris is the
price differential, especially given that a blend of synthetic -
iron and —iron isomers only costs about 25 €/ml. Linaool,
linalyl acetate and vetiver oil are added to Bergamot and
Lavender oils to improve olfactory essence of these oils [25-
32]. Sometimes essential oils are utilized for their
therapeutic effects [48-49]. Therefore, they are modified by
adding substitute oils that have the appropriate bioactive
component(s), such as chamomile oil, which is utilized for
its -bisabolol content that could be changed with artificial
bisabolol [25-50].

3.1.3. Addition of another essential oil
Olfactory and/or financial considerations may be
the driving forces behind the inclusion of another essential
oil. To achieve this, a lesser-quality essential oil with
comparable olfactory notes may be added [46-51]. This is
especially true when the cost of the two oils differs
significantly. Adding sweet orange essential oil (the least
expensive citrus oil), to citrus essential oils results in
adulteration. Another common example is a lavender
essential oil, which may cost up to 130 euros per kg and can
be combined with essential oils from other Lavendula
species that cost about 20 euros per kg [25-52]. A low-
yielding, highly prized essential oil called lemon-balm
essential oil, with pronounced therapeutic potential, could be
combined with inexpensive citronella oil [53-54].
Adulteration can be done by combining several
essential oils derived from the extraction of various portions
of the same plant. To lessen the number of allergens like
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cinnamaldehyde, cinnamon bark essential oil can be diluted
with leaf cinnamon essential oil. While decreasing the
allergenic effect, this sort of scam can also boost volume
and profit [55-56]. Another well-known adulteration
involving all citrus oils is the inclusion of orange essential
oil [57] [25].

4. Motivating Factors for Adulteration
4.1. High Acceptance

Due to the high level of consumer acceptability of
adulterated essential oils and their constituents, interest in
them is rising. There are about 3000 different essential oils,
300 of which have significant commercial value,
particularly for the medicine, food, sanitary, cosmetic, and
perfume industries [58].

4.2. Low Price

The desire to purchase cheap oils is one of the main
motivators. Since some oils must be produced using
expensive raw materials, a lot of effort, and significant
capital, they will undoubtedly have a price margin. If the
buyer wants to get anything for a bargain, the provider will
undoubtedly have to adulterate in order to stay in business.

4.3. Dishonest Profit

The essential oil business is growing quickly,
bringing in billions of dollars annually, but sadly, this has
led to adulteration for unfair gains.

4.4. Aroma

Adulteration is also performed to enhance the aroma of
essential oils. To create a genuine scent, several synthetic
fragrances are applied in very small amounts. Many
essential oils are utilised to enhance the aroma, for instance,
galaxolide, ethyl vanillin, cyclamen aldehyde, etc.

5. Risks associated with Adulterated Essential Oils
5.1. Lavender oil

Lavender (Lavandula angustifolia) plant is the
source of lavender essential oil. Lavender oil is regarded as
having carminative, ataraxy, antianxiety, antiseptic,
antimycotic, aphrodisiac, hypnotic, anesthetic, and other
beneficial qualities in traditional herbal medicine [59]. The
chemical composition of lavender essential oil is as follows
(Table 1);

5.1.1. The Allergens in Lavender Qil

Research on allergies associated with lavender oil
is lacking. In numerous case studies, the patients with
lavender oil allergy have shown +ve patch test for linalool (a
component of lavender oil) and is the major allergen in
lavender oil. Caryophyllene is another lavender oil
component that can occasionally induce allergic responses
[60].
5.1.2. Dermatitis from Allergic Contact

Oil of fresh lavender probably has very little
allergenic potential. Linalool, the main component of
lavender oil, and linalyl acetate lack natural protection
against oxidation, and when exposed to air, powerful contact
allergens, including hydroperoxides of linalool are created
[61]. In the past, Japanese women's pigmented cosmetic
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dermatitis was frequently triggered by lavender oil [62].
There have been a few isolated reports of lavender oil photo
contact allergies [63].

5.1.3.  Reports of Lavender Oil Sensitivity

After using lavender oil in cosmetics, medications,
and other products [60] 24 instances of contact
hypersensitivity in Belgium were found in the reports of
lavender oil sensitivity to topical medicine formulations
[64]. In 2 instances, an allergy to lavender oil resulted in
topical antihistamines causing allergic contact dermatitis
[60] [65].

"A patient who was allergic to lavender oil and two
additional goods (jasmine absolute and rosewood oil), which
are released into the air as an aerosol by aromatherapy
lamps, also experienced airborne contact dermatitis.
Linalool, an essential component of all three oils, also
caused the patient to respond negatively. Lavender oil have
been linked to allergic contact dermatitis in five
aromatherapists [66-67]. There have been three instances of
allergic contact dermatitis among massage therapists,
physiotherapists, and reflexologists due to occupational
allergies to lavender oil [68]. Having occupational hand
contact dermatitis, a hairdresser acquired a contact allergy to
a workplace shampoo that contained lavender oil [69].

5.2. Peppermint oil

The flowering aerial parts and leaves of the
peppermint plants are used to make peppermint oil, also
known as peppermint essential oil. In Europe, Mentha
piperita oil is known by the INCI name, whereas in the US,
M. piperita (peppermint) oil is known by the INCI name.
Europe as a whole, except the Scandinavian countries,
Canada, and the US, has adopted peppermint as a native
plant, including the Azores, Australia, New Zealand, and
Siberia. The herb Mentha piperita is frequently employed in
medicine. It is known by the specific name "piperita"
because it possesses a strong, peppery, poignant smell.
Peppermint is frequently used to relieve or cure
gastrointestinal symptoms such as nausea, vomiting,
indigestion, bloating, and abdominal discomfort [70-71].

There are several medicinal uses for peppermint
essential oil. It is one of the most principal oils used
externally to treat muscular spasms, discomfort, neuralgia,
headaches, and toothaches because of its vasoconstrictive
and cooling qualities. Additionally, it is frequently taken
orally to treat intestinal problems, nausea, and upset
stomach. Additionally, popular uses for peppermint and its
oil include perfumes, other cosmetic items, the tobacco
industry, chewing gum, cough drops, sweets, alcoholic
beverages, toothpaste, and mouthwash [72].

5.2.1. Chemical Composition of Commercial
Peppermint Oils
Gas chromatography/mass spectrometry (GC/MS)
analysis of 157 samples of peppermint essential oil from
various nations was performed between 1998 and 2013 by
one of us (E.S.). The following 10 compounds were found to

have the highest possible concentrations [60].

5.2.2. Chemotypes

Menthol, menthone, and/or related compounds,
such as iso-menthone, predominate in nearly all peppermint
oils. However, up to 60% linalool or up to 72% linalyl
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acetate been identified in significant proportions containing
menthol or menthone in small or absent amounts in some
studies [73]. It is currently unknown whether this is a
particular chemotype or an error (incorrect identification of
a plant), such as the fact that the plant under investigation
was Menthacitrata rather than M. piperita (bergamot mint,
which is reported to be abundant in linalyl acetate and
linalool), even though their smells should be very different.
We tend to think that this is a botanic misidentification.

5.2.2.  Allergens present in the Peppermint Oil

As the major element in commercial oils with
doses of 23% to 48% is likely menthol, which interacts in 13
patients with peppermint oil. 5 Other potential allergens that
may be present in amounts greater than 5% and have
demonstrated interactions with peppermint oil include >-
pinene, limonene, caryophyllene, piperine, and pulegone
[60].

5.2.3. Contact Allergy/Allergic Contact Dermatitis

Peppermint oil in toothpaste has been linked to
stomatitis and cheilitis. It has been noted that contact
allergies to peppermint oil in candies, a mouthwash, and a
disinfectant spray employed in dentistry can cause swelling
of the tongue, lips, and gingival mucosa. Those with
allergies to Myroxylon pereirae and propolis [74] .

5.2.4. Cases of Pepermint Oil Contact Dermatitis

Occupational allergy reports leading to contact
dermatitis and allergies to peppermint oil, reports on contact
dermatitis from other cosmetics, reports of peppermint oil
contact dermatitis in other items, and more. Toothpaste
containing peppermint oil has been linked to stomatitis and
cheilitis [75]. Due to a contact allergy to peppermint oil
included in dental antiseptic spray, mouthwash, and sweets,
swelling of the tongue, lips, and gingival mucosa has been
noticed [76]. Patients with lichenoid mucosal reactions (n =
2), recurrent oral ulcers (n = 2), and burning mouth
syndrome (n = 2) were found in six cases of allergic
reactions to peppermint oil; patients responded to menthol
as well. Although the root reasons for the peppermint oil
reactions were not found, they were thought to be important
[77].Due to peppermint oil in a lip balm, four individuals
experienced allergic contact dermatitis of the lips (allergic
contact cheilitis) and the perioral area [60]; A skin care
product containing peppermint oil exposed one patient to it.
[78]. One in depilatory products, and another [79].
Peppermint oil has been linked to occupational allergic
contact dermatitis in two aroma therapists and food handlers
[60].

5.3. Ylang-ylang oil

Ylang-ylang tree produces the essential oil known
as ylang-ylang oil. Its INCI designations are Cananga
odorata flower oil in the EU and the US. Not to be mistaken
ylang-ylang oil is cananga oil, which is produced from the
macrophylla form of C. odorata (Lam.). These oils are
frequently used improperly as synonyms and were formerly
believed to be identical. Especially in early scientific
publications, there is a chance that the oils of ylang-ylang
and cananga have been combined. For the creation of
expensive scents, the first fractions are the most valuable
[60].
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Its blossoms are incredibly fragrant and bloom all
year long Malaysia and Indonesia are Canada's original
countries, although it has since become a part of northern
Australia, Thailand, and Vietnam [60]. Oil of ylang-ylang is
utilized in numerous cosmetic products, including soaps,
lotions, and detergents, in addition to exquisite (floral)
perfumes. Additionally, the oil can be used to flavor baked
items, ice cream, candy, and chewing gum. According to
claims, ylang-ylang oil can be used in aromatherapy to treat
depression, respiratory issues, and hypertension in addition
to being utilized as an aphrodisiac. The oil is used in folk
medicine as a sedative and antidepressant, as well as a cure
for a variety of diseases as skin disorders, insect bites and
high blood pressure as well as other ailments [60].

5.3.1. Chemical Composition of Commercial Ylang-
Ylang Oils
Between 1998 and 2013, GC/MS was used to
examine 127 samples having different grades of ylang-ylang
essential oil. The following 12 compounds (concentration
ranges indicated) had the highest possible concentrations
[60].

5.3.2.  The Allergens in Ylang-Ylang Qil

Nothing has happened enough research done on the
potential allergens in ylang-ylang oil. Caryophyllene and
linalool might have been the allergen [66]. In earlier
Japanese research [80] [81] Patients with ylang-ylang oil
contact allergies frequently demonstrated core activity to
benzyl salicylate both to geraniol, which can be found in
such oils in quantities as high as 2.0% and which is present
in ylang-ylang oil products in amounts as high as 4.7% [60].

5.3.3.  Contact Allergy/Allergic Contact Dermatitis

In Japan, cosmetic dermatitis with pigmentation
brought on by ylang-ylang oil was once a widely used
sensitizer. The eradication of dihydro isoeugenol, this oil's
primary sensitizer, in the 1990s is thought to be the cause of
the decrease in the frequency of allergies to this oil [82].

Yet incidences of ylang-ylang oil-related
pigmented cosmetic dermatitis are still being documented
nowadays [83]. Coreactivity with carangoid occurs
frequently, likely because of similarities in their
compositions [84]. Additionally, ylang-ylang oil has been
linked to numerous instances of favorable patch test results,
typically in people who had previously reacted negatively
compared to other perfumes and essential oils.

5.3.4. Reports of Allergic Contact by Ylang-Ylang Oil
Case studies or reports of allergic contact
dermatitis brought on by vylang-ylang oil of which
occupational exposure to the oil was the cause in 11 cases: 8
in masseurs/aroma therapists [84] [85]), 2 more people work
in the cosmetics sector [86] [87] and one in a beauty parlour
[88]. Ylang-ylang oil in topical pharmacological
formulations sensitized two individuals, [60] and the
perfume in an eye ointment caused allergic contact
dermatitis in one individual. She reacted to 11 different
substances, including ylang-ylang oil in the perfume after
being patch tested with all 94 of its ingredients [89].
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Table 1. Chemical composition of lavender essential oil [60].

Compound Concentration
Terpinen-4-ol 0.07-5.9%

(2)-A-ocimene 0.3-7.3%
Linalool 26.0-44.8%
Linalyl acetate 26.1-43.3%
A-Cyropyllene 1.8-5.9%
Lavandula acetate 0.4-6.3%
(E)-A-ocimene 0.7%

Table 2. Chemical Composition of Commercial Peppermint Qils

Compound Concentration
Menthol 23.0-47.9%
Menthone 10.6-38.5%
Limonene 0.3-18.5%

Iso menthone 2.2-10.6%
1,8-cineole 0.3-9.9%
Alpha-pinene 0.06-9.7%
Menthyl acetate 0.5-7.7%

Table 3. Chemical Composition of Commercial Ylang-Ylang Oils

Compound Concentration
Geracrene D 11.7-26.4%
A-carophyllene 3.6-18.8%
Benzyl acetat 0.3-16.95
Benzyl benzoate 2.7-14.0%
Linalool 0.1-13.5%
Geranyl acetat 0.8-11.8%
p-cresyl methyl ether 3.5-11.4%
Methyl benzoate 0.8-6.05
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Table 4. Concentration ranges

Compound Concentration

Geranial 41.8-46.3%

Neral 30.3-33.3%

Geraniol 3.0-7.9%

Limonene 0.4-5.0%

Geranyl acetate 1.0-4.3%
A-caryophyllene 0.4-3.0%

Citronellal 0.2-1.9%

Table 5. Chemical composition of commercial TTOs

Compound Concentration

p-cymene 0.3-19.45

Cis-sabinene 19.4%

1,8-cineole 0.5-18.3%

Terpinene 2.3-11.7%

Table 6. Chemical Composition of Commercial Australian Sandalwood Oils

Component New Caledonian Oils Australian Oils East Indian Oils
(2)-trans->-Bergamotol 5.0-8.6 1.0-8.9 4.5-8.6
Beta-Bisabol 0.6-2.9
A-Bisabolo 0.2-11 0.4-1.2
(E,E)-Farneso 0.9-1.7 1.4-18.4
(2)-Lanceol 5.0-15.2 0.8-10.8
(E)-Nucifero 0.6-2.6 3.9-91 0.3-2.9
(E)-Nucifero 0.6-10.7
(2)-alpha-santalol 38.6-46.6 17.0-42.9 43.4-53.3
(2)-beta-Santalol 0.2-0.9 0.2-1.3 0.5-2.0
(2)-beta-santalol 13.2-19.2 6.4-17.7 15.6-23.6
epi-beta-Santalol 2.2-4.4 2.0-3.7 3.2-6.6
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Table 7. Chemical Composition of Commercial Jasmine Absolutes

Component CAS Concentration range

Jasminum Grandiflorum Absolute [Jasminum Sambac Absolute
Benzy! acetate 140-11-4 9.5%-32.9% (1) 10.5%-21.0% (2)
Bezyl benzoate 120-51-4 7.5%-25.6% (2) 0.5%-1.9%
(E)-Phytol 150-86-7 4.1%-16.9% (3) 0.08%-0.3% (phytol)
(2)-Phytol 5492-30-8 0.2%-13.3% (4) 0.08%-0.3% (phytol)
Isophytol 505-32-8 0.4%-11.3% (5)
Phytyl acetate 10236-16-5 1.4%-11.0% (6)
Geranyllinalool 77368-82-2 1.1.%-10.2% (7) 0.8%4.4%
Linalool 78-70-6 0.06%-8.1% (10) 11.5%-34.2% (1)
Squalene 2,3-oxide 7200-26-2 0.8%-3.3%
Methyl benzoate 93-58-3 0.8%-2.3% 0.2%-0.7%
(E,E)-alpha-Farnesene 502-61-4 0.2%-3.7% 10.6%-17.1% (3)
(2)-3-Hexenyl benzoate 25152-85-6 1.7%-5.3% 3.9%-14.9% (4)
1 H-Indole 120-72-9 0.9%-12.2% (5)
Methyl linolenate 301-00-60 0.4%-8.6%(6)
[1(10)E,5E]- 207221-31-6 0.5%-3.7% 0.9%-7.6% (7)
Germacradien_4alpha-ol
Methyl anthranilate 134-20-3 0.5%-7.6% (8)
Benzyl alcohol 100-51-6 1.2%-6.3% (9)
Tricosene 56924-46-0 0.2%-5.4% (10)

5.4. Lemongrass oil

The Cymbopogon family has two species of
lemongrass that are used to make the two main lemongrass
oils; East Indian lemongrass oil is made from Cymbopogon
flexuosus and West Indian lemongrass oil is made from
Cymbopogon citratus. In addition to being farmed in most
tropical nations including South America, Africa, and
Indochina. Lemongrass is an indigenous plant to Indonesia
and India. Oriental cuisine makes use of fresh bulbous stems
and leaves because of their distinctive lemon flavor. The
herb is used as a remedy for the flu, fever, stomachaches,
headaches, diarrhea, and several other illnesses. It is also
regarded as a diuretic, tonic, antibacterial, and stimulant.

Numerous applications in the fragrance, cosmetics,
and medicinal industries exist for the volatile essential oil
extracted from the leaves of lemongrass in addition to
flavoring curries, beverages, herbal teas and wines, herbal
teas. It can be found in insecticides, detergents, polishes, and
waxes. Citral is usually extracted from lemongrass oil. As
lemongrass oil contains biological properties that include
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anticancer, antibacterial, antifungal, and mosquito-repelling
actions, according to certain sources. The usage of the oil is
thought to be beneficial for a variety of medical ailments,
including scabies, athlete's foot more sweating, flatulence,
acne and muscle aches. There is the use of lemongrass oil in
aromatherapy to enhance muscular tone, skin, and blood
flow [60].

5.4.1. Chemical Composition of Commercial
Lemongrass Oils
As 32 samples of essential lemongrass oils
manufactured in China, Java, Guinea, and Haiti were
examined using GC/MS between 1999 and 2013 [60].

5.4.2.  Allergens in Lemongrass Oil

There hasn't been enough research done
on the sensitizers in lemongrass oil. However, citral, which
is made up of neral and geranial, the two main components
of lemongrass oil, demonstrated a 51% response rate in a
sizable group of people with dermatitis thought to be
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brought on by scent exposure and reacting to lemongrass oil
[90].

5.4.3. Contact Allergy/Allergic Contact Dermatitis
Strongly irritating and potentially sensitizing,
undiluted lemongrass oil [91].

5.4.4. Cases of Lemongrass Oil-Related Allergic Contact

Dermatitis

Reports of lemongrass oil-related allergic contact
dermatitis are primarily the result of occupational exposure
5.5. Tea Tree Oil

The tea tree leaf oil from M. alternifolia is used to
make the volatile oil known as tea tree oil. In the EU and the
US tea tree leaf oil from M. alternifolia is designated by
INCI, respectively. TTO is frequently used undiluted and is
seen by many to be a beneficial treatment for a variety of
skin disorders. Several biological activities, including
analgesic, insecticidal, antibacterial, fungicide, non-steroidal
anti-inflammatory drugs, antineoplastic, and acaricide
activity, have been linked to tea tree oil, which is made by
steam distilling the leaves and terminal branchlets [95] [96]
[97] [98] [99].

Many people believe it to be a remedy for several
skin issues, like dandruff, warts, herpes simplex, and other
skin infections as well as acne and eczema [100] likewise
nail fungi [101]. It is promoted as a "natural" topical
antibacterial and anti-inflammatory agent, and its
antimicrobial activities are extensively proven [102]. TTO
was approved for the treatment of mild oral mucosal
inflammation, Little boils, superficial cuts, bug bites,
athlete's foot cases with itching and irritation, and small
boils. The ingredient can be found in a variety of forms,
such as pure oil, creams, wart paint, [103], topical
treatments for acne [104] [105] and household products
including cleaners, detergents, and fabric softeners [102]
[106] [107]. Additionally, a variety of cosmetic items
employ the oil [102] [102] and diseases of the skin,
respiratory system (including asthma, bronchitis, sinusitis,
TB, and whooping cough), and genitourinary system are
treated with aromatherapy (genital pruritus, vaginitis, and
cystitis), fever, and infectious conditions like colds, the flu,
and chickenpox [108].

5.5.1. Chemical composition of commercial TTOs

Between 1998 and 2013, 97 samples of Chinese,
Vietnamese, and Australian tea tree essential oil (n = 1)
underwent gas chromatography/mass  spectrometry
examination [109].Only one sample from China had a
relatively high terpinolene concentration of 45.7%; the
average value of terpinolene across 3.1% of all oils. The ten
compounds with the highest maximum concentrations,

55.2.  The allergensin TTO

There has been extensive research done on TTO.
Studies on both humans and animals have shown that it can
sensitize. New TTO is a poor [110] [111] to a modicum
[111] [112] [113] [114] However, oxidation increases the
sensitizer's potency [110]. Skin sensitivity may rise along
with irritability. Oil ages because it is stored in bottles that
have been opened at least once. Peroxides, endoperoxides,
and epoxides, which are normally present in very minute
concentrations and modify the constituents, are produced as
a result of terpinen-4-ol and -terpinene oxidation [115].
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to aromatherapists and other practitioners of professional
massage who use essential oils [85] [92]. Four men
underwent patch tests since there were no samples of the oil
itself, pine wood was contaminated with lemongrass oil and
all of them responded negatively to pinewood that wasn't.
This was due to the thirty men working on the boat having
eight cases of dermatitis, which was brought on by the oil
that had leaked [93]. Due to citral in lip balm, one patient
experienced allergy-induced cheilitis and responded
favorably to lemongrass oil in a patch test [94].

These substances have powerful sensitizing effects [116]
[110] [117] Knight and Hausen evaluated allergic
individuals with various oil components in 1994 to find the
sensitizers in TTO [111].

Patch tests for limonene were positive for seven
allergic people [111]. Since then, researchers from Germany
have examined numerous people with TTO allergies using a
single ingredient, a small number of chemicals, or a variety
of its components to determine the principal sensitizers.

Ascaridone, terpinolene, and —terpinene (and its
oxidation products), limonene, 1,2,4-trihydroxymenthane,
and -phellandrene are the three sensitizers that seem to react
in TTO the most frequently [117]. Other substances that
may contribute to TTO allergies include myrcene,
aromadendrene, D-carvone, L-carvone, terpinen-4-ol,
viridiflorene, and, sporadically (5%), sabinene, 1, 8-cineole,
and p-cymene. However, they are more infrequently (16%)
present in the environment. The components of TTO, -
pinene, -terpinene, and -terpineol, although they haven't
been classified as sensitizers yet. Except -for pinene, it
should be highlighted that only a limited percentage of
individuals who were allergic to TTO had their levels of
these chemicals evaluated. Most sensitizers detected in
commercial TTOs were found to be present in low amounts
or not at all; for some (such as ascaridole, which is
synthesized in). This can be accounted for by the freshness
of the oil samples since TTO oxidizes and 1,2,4-
trihydroxymenthane is formed throughout the aging process
[118].

5.5.3. Clinical picture of allergic contact dermatitis
caused by TTO

Pure oil use, usually for therapeutic purposes, is the
primary cause of contact dermatitis due to allergies in a
greater number of sensitization cases. This causes localized
allergies by skin touch at the application site, which is
frequently weeping and blistering [119]. It may spread
widely or remain contained, occasionally [66]. The product
being utilized determines the clinical profile of TTO
reactions in cosmetics.

Due to reduced allergen concentrations in cosmetic
products and application to undamaged skin, dermatitis is
typically not as severe. Examples include shampoo, soap,
and cream-induced periorbital/eyelid dermatitis [120-121]
Skin irritation in the beard region brought on by shaving oil
[120], Face dermatitis brought on by face cream [122] and
hand lotion-induced dermatitis of the face and hands [122].
Contact allergy to TTO in toothpaste has led to stomatitis
[123]. Numerous cases of allergic contact dermatitis brought
on by workplace exposure have been reported, such as in
aroma therapists a beautician or beauty therapists [66] [124-
125] [126] alternative therapists [125] [92] a pedicurist
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[126]. For the most part, the affected areas were the hands
and/or forearms [125] [92] [124] [126].

Dermatitis is due to an allergic encounter that
resembles folliculitis barbae [120], contact dermatitis that
resembles erythema multiform [127] and after oral
administration, systemic contact dermatitis [128] has been
recorded infrequently. There have been reports of allergic
contact dermatitis spread through the air due to inhaling
TTO aqueous solution [129]. This could be anticipated when
using aromatherapy lamps. Contact allergy brought on by
using only pure oil on a penetrating wound caused linear
IgA illness in one patient [130]. Women made up nearly all
patients with TTO-induced dermatitis from contact allergies.

5.5.4.  Cases relative to Allergies caused by TTO

Details are available in numerous reports and series
of cases with allergies by skin touch brought on by TTO.
There have been reports of 90 allergic patients at least.
About two-thirds of the cases in which the allergen-causing
items were identified involved pure TTO used
therapeutically treating a variety of skin conditions,
including mycosis, lump, herpes, scab, suntan, and acne of
any origin. Additionally, some cases were brought on by
TTO-containing topical medicinal preparations.

TTO was responsible for occupational dermatitis
from allergic contact in six patients, including two aroma
therapists, a complementary therapist, two pedicurists, and a
beautician. As a result, the use of undiluted oil or products
with high concentrations, which are typically applied to
injured skin, is to blame in about three-quarters of all cases.
Only 25% of all cases of tea tree allergic contact dermatitis
are brought on by cosmetics [122] [131].

Products with low TTO concentrations don't seem
to regularly cause contact allergies or allergic responses. All
27 cases of contact dermatitis brought on by TTO-
containing items that the Swedish Medicinal Products
Agency received had a TTO content of 2% or more.
However, those who have already developed a sensitivity to
TTO may develop eyelid dermatitis from using shampoos
that include it [121].

5.6. Sandalwood oil

Three types of sandalwood oil exist: Santalum
album L. wood was used to create the East Indian
sandalwood oil, Wood from Santalum spicatum (R. Br.) was
used to create the Australian sandalwood oil, and Santalum
austrocaledonicum Vieill wood was used to create the New
Caledonian sandalwood oil. Since S. album is prohibited
from being exported by Indian law, the East Indian variety
of sandalwood oil hasn't been available on the market since
2008. The International Union for the Conservation of
Nature has designated sandalwood as an endangered species
[132].

An Australian sandalwood species yields an
essential oil known as the essential oil of Australian
sandalwood. West Australia is its natural habitat. Santalum
spicatum is mostly used to make essential oil, though it is
also used to make furniture. Australian sandalwood oil is
produced through the distillation of the roots, stem wood,
and stump wood. This oil serves both medicinal and
cosmetic functions and is used to make products like soap,
powder, and lotions [133]. In aromatherapy, sandalwood
oils are frequently employed.
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5.6.1. Chemical Composition of Commercial Australian
Sandalwood Oils
Gas chromatography/mass spectrometry (GC/MS)
analysis of 23 commercial Australian sandalwood essential
oil samples was performed between 1998 and 2013. The
main components are listed as follows, with comparisons to
other sandalwood oils: [60].

5.6.2. The Allergens in Sandalwood Qils

There hasn't been enough research done on
allergies to sandalwood oils. One patient's allergy to
sandalwood oil may have been caused by santol.

5.6.3. Contact Allergy/Allergic Contact Dermatitis

More than 30 papers have documented incidences
of contact reactions and allergic dermatitis to sandalwood
oil (rarely citing the botanical source). Sandalwood oil-
induced pigmented cosmetic dermatitis The 1960s and
1970s saw a lot of Japanese ladies with this condition [62].

Since sandalwood has long been a component of
photo patch test trays, there have also been several reports of
photo contact allergies to the substance. However, the
significance of such responses was nearly never clear [60] .

5.6.4. Reports

A patch test on a patient who was sensitive to
sandalwood oil and assumed to be allergic to insence
revealed the essence of incense with 8% santol content the
primary component in sandalwood oil. In a research by the
North American Contact Dermatitis Group, conducted in the
US from 1977 to 1983, sandalwood oil was found to be the
allergen in a cosmetic (photo) allergy that occurred in 3 out
of 399 instances [134].

5.7. Jasmine absolute

The jasmine flower's volatile compounds are highly
prized in the cosmetic and fragrance industries.
Conventional steam distillation, which is how the majority
of essential oils are made, is typically thought to be
unsuitable for processing these flowers because it causes the
heat deterioration of many of the chemicals they contain. To
extract the aromatic compounds, supercritical fluids like
CO2 or the typical solvent hexane are utilized.

Jasmine absolute, a product used in the fragrance
industry, is made by first extracting the ethyl alcohol from
the flower and then vacuum distilling the resulting solution
to concentrate it [60]. The primary sources of Any
Jasminum species' blooms that can be used to make jasmine
absolutes are Jasmine grandiflorum L. and Jasminum
sambac (L.). India mostly uses the Jasminum sambac
flowers it harvests for garlands, jewelry, and ceremonial
offerings. To get absolute values, just about 5% is used [60].

It is an occasional naturalized species in the tropics
and thrives in Africa, France, Italy, France and India. Its
leaves and petals are extensively used in India as a herbal
Ayurvedic medication for ailments such as loose teeth,
otorrhea, ear pain, ulcers, sores, corns, ulcerative stomatitis,
leprosy, and skin disorders. Both the perfume industry and
aromatherapy make extensive use of jasmine absolute [60].

5.7.1. Chemical Composition of Commercial Jasmine
Absolutes
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Between 2001 and 2013, the used GC/MS to
examine 41 commercial Jasminum grandiflorum absolute
samples. The top 10 compounds by maximum
concentrations (concentration ranges given) are displayed;

5.7.2.  The Allergens in Jasmine Absolute

Jasmine absolute's allergens have not been properly
investigated. In two case studies, eugenol and linalool [135-
136]. Allergens may have been found in jasmine absolute. A
patch test on 183 people suspected of having cosmetic
dermatitis revealed that 44 (24.0%) of them responded well
to jasmine in an early Japanese study (test

material and concentration ununknown) [80]. Commercial
jasmine absolutes may include the chemical benzyl
salicylate, however the highest amounts so far only
sometimes exceeded 0.6% [60].

5.7.3. Contact Allergy/Allergic Contact Dermatitis

Due to contact dermatitis to jasmine, in the 1960s
and 1970s, many women in Japan acquired colored cosmetic
dermatitis [62].

5.7.4. Reports

Research and reports on people who have had
severe contact allergies to jasmine. An aroma therapist who
developed occupational contact dermatitis after reacting to
the Egyptian fragrance line's jasmine absolute was thought
to have been harmed by a contact allergy to several different
essential oils [137]. Jasmine oil and two additional essential
oils used in aromatherapy lamps have been linked to one
instance of airborne contact dermatitis, the patient also had
an adverse reaction to linalool, a key component of both the
oils and the pure jasmine [135].

Undiluted essential oil mixture called lovage oil,
that included jasmine absolute, caused allergic contact
dermatitis in one case [136]. In one instance, an allergic
cosmetic dermatitis was brought on by a face lotion
containing J. officinale [138]. According to a NACDG
investigation conducted in the US between 1977 and 1983
when the underlying allergen for 399 occurrences of allergic
reaction to cosmetic photos was identified, jasmine absolute
was to fault [134].

6. Conclusion

Adulteration is a topic that is gaining more
attention, especially when it comes to essential oils. Despite
this, there are just a few hundred articles that discuss this
significant problem with implications for the economy and a
challenge for analytical chemists. Due to their high price,
growing popularity, and in some cases, Their lack, in
contrast to the rising need, essential oils are occasionally
falsified. The findings discussed in this article are meant to
draw researchers' attention to adulteration and encourage
them to look into the dangers of using adulterated essential
oils.

Essential oils are typically considered to be safe,
but because they are diverse combinations of chemicals,
which include several that are well-known skin sensitizers
and allergens, they must be disclosed on the labels of
cosmetics, particularly for customers with skin conditions
that have existed in the past, such as sensitive, allergic skin
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who may choose to before utilizing items containing them,
have a patch test. The scientific research that is now
available suggests that the adulteration of essential oils and
related constituents may have a significant allergy risk. The
focus of this review is on the adverse reactions and allergic
contact dermatitis brought on by tainted essential oils.
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