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R
alph Waldo Emerson once wrote, “The earth laughs in flowers.” 
And as humans, we aid in cultivating this earthly laughter 
through gardening, farming, distilling, extracting and replanting 
for the future. The complexity of floral essences is an area of 

ongoing research as analytical tools continue to advance, allowing us to 
discover new compounds in these fragrant botanicals to formulate with more 
innovation for tomorrow. This e-book, sponsored by Berje, features articles 
from Perfumer & Flavorist’s technical archives surrounding discussions on 
floral aroma compounds and essential oils.

Florals’ use in perfumery throughout history is longstanding—from 
Hungary Water for Queen Elizabeth in 1370 to Molinard’s scented cigarettes 
for its brand Habanita in 1921 to the rise of gender fluid fragrances in main-
stream culture in the last five years, florals offer an evocative, sensual and 
earthly experience for all noses. With the rise of the Industrial Revolution in 
the 19th century, perfumery’s accessibility has continued to bloom beyond 
the traditional model rooted in Grasse, France. By 2023, the global perfum-
ery and fragrance market is expected to reach $64.6 billion, growing at a 
CAGR of 6% from 2017-2023, with the demand for natural in the wellness 
movement as a key driver for fine fragrance, aromatherapy, personal care 
and cosmetics.

Beyond beauty and personal care, florals offer unique flavor experiences 
in a variety of food and beverage applications: ice cream, yogurt, desserts, 
tea, confectionery, baked goods, carbonated drinks and spirits. As consumer 
preferences steer towards plant-based products, florals such as honeysuckle, 
neroli, jasmine and rose offer a fresh and sophisticated appeal to flavor 
formulations. According to a Technavio report, floral flavors are expected 
to grow at a CAGR of nearly 10% between 2018 and 2022. As global flavors 
continue to reach new markets, consumers look to flavors for storytelling and 
novel sensory experiences.

We hope that you enjoy this e-book and that the articles you find are only 
the beginning of your “blooming” work. 

Warmly,

Deniz Ataman
Managing editor, Perfumer & Flavorist
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L    
aevo-Rose oxide (FEMA# 3236, CAS# 3033-23-6) is the 
universally used common name of tetrahydro 4-methyl 2(2-
methyl propen-1-yl) pyranone, a very challenging flavor 
ingredient. On one hand, it is clearly unique and irreplaceable, 
but on the other, it is frustratingly difficult to define precisely in 

odor terms. It is ostensibly one of the floral notes, and is a firm favorite 
of mine;  I am often accused of making flavors too floral. It is most 
frequently described as having a rose profile, although, in my opinion, 
the character also has an almost metallic aspect of unripe mangoes and 
might be better described in floral terms as geranium rather than rose. 
It is obviously very important in rose flavor compositions, but the main 
value is in lychee flavors, which would be quite challenging to formulate 
without it. In addition to these rose-related profiles, laevo-rose oxide can 
work well in a wide range of other flavor types, adding complexity and 
elusive realism.

Vol. 39 • January 2014

 BY JOHN WRIGHT 
johnwrightflavorist@gmail.com

laevo-Rose Oxide
This floral note is essential in lychee flavors and adds 
realism to other flavor types.
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Tropical Flavors
Lychee: Lychee flavors are usually dominated by a 
rose note, but this is offset by the drier character of 
laevo-rose oxide to a much greater degree than would 
ever be acceptable in conventional rose flavors. A 
level of 200 ppm is a good place to start to achieve a 
realistic lychee flavor.

Mango: This ingredient has an obvious affinity 
for mango flavors. It can help to achieve a slightly 
unripe, mango skin note but it should not be the 
principal contributor to that note. The best level 
of addition is 100 ppm. At this level, the result is 
greatly enhanced authenticity rather than an obvious 
impression of mango skin.

Passion fruit: The effect of laevorose oxide in 
passion fruit flavors is similar—increased complexity 
and enhanced realism. A level of 50 ppm is a good 
starting level.

Pineapple: Subtler levels are better in pineapple 
flavors, and a pleasant increase in authenticity is 
achieved by a modest addition of only 10 ppm.

Other Fruit Flavors
Peach and apricot: A level of 50 ppm works well in 
both peach and apricot flavors, adding a subtle skin 
character and enhanced authenticity.

Blackcurrant: Blackcurrant flavors also benefit 
greatly from low levels of laevo-rose oxide, around 
20 ppm. This ingredient works especially when if a 
realistic profile is desired, less well if the character is 
strongly buchu-based.

Cranberry: laevo-Rose oxide gives a very helpful 
lift to cranberry flavors and contributes subtly to the 
natural, fresh skin notes. Levels vary depending on 
the profile of the flavor, but 20 ppm is a reasonable 
starting point.

Cherry: The same is true of cherry flavors, 
where a similar level of 20 ppm is ideal. Authentic 
flavor profiles are enhanced by this ingredient, but 
it has little effect in profiles that overemphasize 
benzaldehyde.

Grape: Twenty ppm also works well in many dif-
ferent types of grape flavors. The effect is noticeable 
in Concord grape flavors, but it is even more effective 
in the subtler varieties such as Muscat.

Grapefruit: Small additions of this ingredient can 
help in virtually all citrus flavors, but this is particu-
larly true of grapefruit flavors. Levels around 20 ppm 
work well in most flavor styles, with slightly higher 
levels acceptable in deliberately “pithy” flavors.

Lemon: After grapefruit, this ingredient works 
almost as well in lemon flavors. All that is needed is 
a modest addition of around 10 ppm, but the effects 
are quite noticeable, accentuating the peel character.

Apple: Ten ppm of rose oxide is particularly 
helpful in green apple flavors. It gives a hint of 
unripeness and slightly enhances the skin character.

Watermelon: Many watermelon flavors have 
only a passing resemblance to the real fruit but, 
if a natural profile is desired, laevo-rose oxide can 
brighten and add realism at around 10 ppm.

Pear: Even lower levels, around 5 ppm, work best 
in the subtle profile of pear flavors, adding a pleasant 
hint of pear skin.

Raspberry: Similar additions in the region of 5 
ppm exert a small but beneficial effect in raspberry 
flavors.

Floral Flavors
Rose: As the name would suggest, this ingredient is 
extremely useful in rose flavors. This is not a big flavor 
category in most countries, but the addition of
around 300 ppm of rose oxide can bring a cheap syn-
thetic rose flavor much more sharply into focus. 

Chrysanthemum: One hundred ppm of this 
ingredient is a better level for realistic chrysanthe-
mum flavors, adding lift and floral character in equal 
measure to a flavor category that can often seem too 
earthy and lacking in floral notes.

Jasmine: laevo-Rose oxide may not seem a 
natural fit in jasmine flavors, but the addition of 
around 50 ppm of this chemical does brighten even 
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laevo-Rose Oxide

the most heavy and cloying flavor and help 
bring it to life.

Elderflower: It is also useful in elder-
flower flavors, although at much lower 
levels. Only 20 ppm is required to add 
realism to this ethereal and challenging 
flavor.

Other Flavors
Black tea: laevo-Rose oxide can act as a very 
helpful modifier of the profiles of linalool and 
linalool oxide in black tea flavors, adding a 
more natural level of complexity and extra 
lift. Levels can vary, but 100 ppm is a good 
starting point.

Green tea: Even though the character of 
green tea is quite different from black tea, 
similar levels of rose oxide, around 100 ppm, 
work equally well, brightening the flavor and 
increasing the floral character.

Honey: This chemical works best in honey 
flavors that have a distinct floral character, 
such as lavender honey. Levels of use can 
vary radically depending on the profile of 
the flavor, but 50 ppm is typical.

Mastic: Mastic, with its unusual and 
strongly pine-tinged flavor, is of severely 
restricted popularity outside of a small 
group of countries clustered around the 
Mediterranean sea. About 50 ppm of 
laevo-rose oxide can be very helpful in 
making synthetic mastic flavors much less 
one-dimensional.

Ginger: Ginger flavors are notoriously 
difficult to formulate synthetically, and 
many natural ginger extracts and oils have a 
rather flat “processed” character. The addi-
tion of about 20 ppm of this ingredient adds 
freshness and life. 

Cream soda: Many cream sodas have a 
noticeable element of rose in their overall 
profile, and modest levels of laevo-rose oxide, 
in the region of 20 ppm, can help to add 
realism to this note. In addition, they can help 
brighten a typically heavy flavor category.
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Atypical Jasmines in Perfumery

N
ever in the history of perfumery has a 
flower or family of flowers been as 
important to the perfumer as jasmine. 
For centuries, women in the Far East 
have worn the flowers—mainly of 

Jasminum sambac, Jasminum flexile and Jasminum 
auriculatum—to adorn their hair, necks, wrists and 
ankles, imparting a grace, refinement, charm and 
magical scent. Today, we see a trend in so-called fine 
toiletries to use the name of the flowers. However, 
when thinking of jasmine as a fragrance ingredient, 
perfumers tend to consider only Jasminum 

grandiflorum or J. sambac, while inexplicably 
ignoring the other species of this family.

Jasmines (sometimes referred to as jessamines) 
belong to the genus Jasminum of the olive family 
(Oleaceae). This plant family contains hundreds 
of tropical and subtropical varieties of fragrant, 
flowering and woody shrubs—many of which are yet 
to be explored by the perfume industry. Meanwhile, 
numerous fragrant flowered plants from other 
families—despite not literally belonging to the 
family—are referred to as jasmines: star, or confeder-
ate jasmine (Trachelospermum jasminoides), cape 

by Arcadi Boix Camps, Auram International
Vol. 34 • September 2009

Why aren’t more jasmine types—with their potential to impart new and extraordinarily  
creative accords to fragrances (and even flavors)—being used in the industry?
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Atypical Jasmines in Perfumery

jasmine (Gardenia jasminoides), Madagascar jasmine 
(Stephanotis floribunda), jasmine tobacco (Nicotiana 
alata), Carolina jasmine (Gelsemium sempervirens), 
Chilean jasmine (Mandevilla suaveolens), orange 
jasmine (species of the genus Murraya), night or day 
jasmine (genus of Cestrum) and the non-fragrant 
pandorea jasmine (Pandorea jasminoides). All but 
the last of these are extremely effective in fragrances. 
If so, why aren’t more jasmine types—with their 
potential to impart new and extraordinarily creative 
accords to fragrances (and even flavors)—being used 
in the perfume industry?

Commonly Used Jasmines
The common jasmine—or poet’s jasmine (J. gran-
diflorum)— plant is native to many countries, 
including Spain, France, India, Egypt, Greece, 
Turkey, Italy, Morocco, Iran and several southern 
Mediterranean countries. It has fragrant white 
flowers that are the source of jasmine absolute, 

make jasmine tea in the Arabian Peninsula, India, 
Thailand, Cambodia, Laos, Myanmar, Vietnam and  
the Philippines.

Atypical Jasmines
Three jasmine varieties not yet widely used in per-
fumery are: J. auriculatum, J. sambac sepale (English: 
sepal) and J. flexile. 

Jasminum auriculatum: The yield from the 
white flowers of J. auriculatum varies from 0.2–0.4%, 
depending on the nature, time and place of their 
extraction. Jasminum auriculatum—often referred 
to as chameli, vasane mallige, juhi, hadagali mallige 
or mogra—blends well with oriental fragrances, 
imparting a scent that mixes extraordinarily well 
with osmathus absolute, orris absolute and Indian 
rose oil. Likewise, adding J. auriculatum, osman-
thus absolute, orris absolute, Indian rose oil and 
agarwood oils to vanilla, benzoin, opoponax, myrhh, 
ambregris accords, tolu oil colorless DM, mulacro 
oil, benzyl phenylacetate, ambroxan, styrax absolute, 
saffron attar, cinnamyl phenylacetate or phenyl-
ethyl phenylacetate create beautiful accords. These 
accords change drastically when J. auriculatum 
absolute is replaced by J. grandiflorum. Jasminum 
auriculatuma is one of my preferred absolutes 
because it is the one that best blends with oriental 
fragrances, imparting an indescribable scent that 
blends extraordinarily well with osmathus absolute, 
orris absolute, and Indian rose oil. This latter mate-
rial may be the best of the rose oils. It is not distilled 

aAuram produces this absolute exclusively for its own internal use.

Jasminum auriculatum 
blends well with oriental 
fragrances, imparting a 

scent that mixes extraor-
dinarily well with osmathus 
absolute, orris absolute and 

Indian rose oil.

which is most commonly used in perfumery—either 
in its natural form or otherwise. While the effects 
of J. grandiflorum are many and widely known, 
jasmine as a plant family is not restricted to this 
species alone.

The best varieties of jasmine that this author uses 
for perfumery are J. grandiflorum and J. sambac. 
While the latter is a relatively recent addition to 
Western perfumery, it has been used in India for 
centuries, either as an absolute or attar (also called 
motia). Originally, attars were prepared by co-
distillation of jasmine with natural sandalwood oil. 
Today, however, it is co-distilled either in synthetic 
sandalwood bases or in dioctyl phthalate (DOP). 
In addition, dried J. sambac flowers are used to 
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from Rosa damascena, but from Rosa bourboniana. 
It has been used to create mysterious and mythi-
cal accords with several agarwood oils: Manipuri 
Agarwood Oil 10491-4/D, Bhutan agarwood oil 
10956/D, Arunachal Pradesh agarwood oil 10955/D 
(a delicately more smoky, but extremely long-lasting 
quality) and West Tibet agarwood oil 10958/D (a 
product imparting a royal quality with moving 
effects). Those natural essential oils (ex Aquilaria 
agallocha) are standardized products of extremely 
high quality that have been just slightly stabilized in 
order to avoid crystallization of their many natu-
rally occurring acids. In addition to these accords, 
J. auriculatum, osmanthus absolute, orris absolute, 
Indian rose oil and agarwood oils, when mixed with 
vanillas, benzoin, opoponax, myrhh, ambergris 
accords, tolu oil colorless MD, mulacro oil, benzyl 
phenylacetate, styrax absolute, and saffron attar, 
create unbelievable accords. Just by replacing J. 
grandiflorum with J. auriculatum absolute one is able 
to smell the accords like night and day. This author 
uses more and more J. auriculatum in his oriental 
fragrances, thus making them unique and almost 
impossible to copy.

Jasminum sambac: This variety is the national 
flower of the Philippines and Indonesia. In 
Indonesia, according to the New World Encyclopedia, 
the flower symbolizes purity, eternal love, nobility 
and female beauty. In Hawaii and South India, the 
flowers are used to make fragrant leis or are worn in 
the hair. It is known by a number of names around 
the world, including pikaki (Hawaii), mogra (Hindi), 
kampupot, melati (Malaysia and Indonesia), sam-
paguita (Tagalog) and mallipu (Tamil). Jasminum 
sambac plays a large part in the spiritual and cultural 
lives of numerous nations. In South India, for 
instance, jasmines are strung into thick strands and 
worn as a hair adornment, while dried flowers—par-
ticularly those of J. sambac—are used to produce 
jasmine tea. This product often has green tea, and 
sometimes oolong, as its base. In China, jasmine 
flower tea is also consumed.

Jasmine sambac absolute is a green and indolic 
extract, the chemical composition of which differs 
largely from J. grandiflorum. This absolute contains 
methyl oleate (8–10%), cis-3-hexenyl acetate (2%), 
small quantities of cis-3-hexenol, trans-2-hexenyl 
acetate, cis-3-hexenyl butyrate, trans-2-hexenol, 
hexyl acetate, several pyrazines and almost 5.5% of 
cis-3-hexenyl benzoate (which enhances the green-
ness of the acetate). Moreover, it contains only 
around 13.5% of benzyl acetate, compared to 30% in 
J. grandiflorum. Jasmine sambac absolute generally 
contains the same level of pure indole as that of J. 
grandiflorum, though it sometimes contains levels 
that are as much as 10 times higher (13–16%).

Jasmine sambac absolute also contains 
cis-jasmone—but in lesser quantities than J. grandi-
florum—several acids (linoleic, linolenic, oleic, etc.), 
p-cresol, and a surprisingly large amount of benzyl 
cyanide—around 0.35%. Jasmine sambac absolute 
contains large quantities of farnesenes—mainly 
a-farnesene—along with many other sesquiterpene 
hydrocarbons, methyl anthranilate, a very “sensitive” 
(-)-germacra-1,6-dien-5-ol, (+)-(Z)-3,4-epoxyhexanyl 
acetate and benzoate. Geranyl linalool is also present 
in J. sambac absolute 10596/D. The mixture of 
natural or well-reconstituted absolute with san-
dalwood oil and sandalwood chemicals imparts 
extraordinary effects; the accords are equally impres-
sive when J. sambac absolute is combined with 
Javanol, hindianol (in combination with Javanol and 
Firsantol), Ebanol, Firsantol, ethyl laitone DA (not 
to be confused with methyl laitone), Fleursandol or 
Polysantol.b Excellent perfumes can be created using 
even just 10% of J. sambac absolute, or its scientific 
reconstruction, Jasmine Sampac Absolute 10596/D, 
when the sandalwood oil or sandalwood chemicals 
are balanced as previously described. According to 
my experience, Firsantol and hindianol are best; an 
attar codistilling J. sambac flowers with Firsantol, 
hindianol, nirvanol and Sandalwood 10698/D 

Replacing Jasminum  
grandiflorum absolute with 
Jasminum flexile absolute 
could open doors to totally 

new accords.

bJavanol is a trademark of Givaudan; Firsantol is a trademark of Firmenich; 
Ebanol is a trademark of Givaudan; Fleursandol is a trademark of Symrise; 
Polysantol is a trademark of Firmenich. 
c Fleursandol is a trademark of Symrise. 

with traces of mysoral and Fleursandol would 
be wonderful.c The same thing can be done with 
Javanol, though mysoral would no longer be neces-
sary since Firsantol is fruitier than Javanol. However, 
while Javanol itself does not require mysoral, it may 
need a bit of Fleursandol. While J. sambac notes are 
used in minute amounts, their beauty is unsurpass-
able with the sandalwood notes described above, 
exemplified in Sandalwood 10698/D, the extremely 
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powerful Sandalauram 10262/D and the masterpiece 
of sandal harmony, Sandalwood 10646-3/D.

In addition, extraordinary accords can be 
created with natural J. sambac or Jasmine Sambac 
10596/D combined with big amounts of Habanolide, 
Serenolive, laevo-Muscone, Helvetolide, sandalwood 
chemicals and, in the case of J. auriculatum, vanilla 
notes accorded with lots of heliotropine, dextro nor 
limbanol, nor limbanol, Ambrocenide, cedroxide, 
Amber Xtreme, firascone, Trisamber, boisanol, 
amber ketal and Trimofix.d These accords are 
supreme when florlized with Lyral, 2,3-laevodihydro-
farnesol and Phenoxanol.e

Simple accords of J. sambac absolute with methyl 
epijasmonate, Paradisone and laevo-muscone, 
with touches of a fruity Sichuan pepper absolute, 
cassis bud absolute or curry leaf absolute with hints 
of labienoxime, isospirene or neocaspirene are 
extraordinary.f In this case, however, the use of J. 
sambac sepale or, especially, the bright and amazing 
J. flexile (nittymallige; the best of all the jasmines this 
author uses) are better.

A particular Jasminum sambac “sepale” absolute, 
a specialty of a French company from Grasse, is an 
extraordinarily creative product.g Its production 
process is said to remove the indolic aspect of typical 
J. sambac absolute, while retaining just the green 
and slightly fruity and floral notes. A deeper study of 

this absolute shows it to be an excellent substitute to J. 
sambac absolute in almost all accords. For this author, 
J. flexile absolute ranks first for Western and crystal-
line perfumery accords, followed by J. sambac “sepale” 
and J. auriculatum, which is also the second best for 
oriental perfumery.

Jasminum flexile: Jasminum flexile, also known as 
nittymallige, is a creeper plant widely planted in home 
gardens for its scented flowers, which it bears through-
out the year, though they only appear in abundance 
during winter and early spring. The smell of J. flexile 
is extremely soft, floral, clean and delicate, possessing 
delightful notes of Night Queen absolute (Selenicereus 
grandiflorus), champaca absolute, cassis absolute, fran-
gipani absolute, tiare absolute (Tahitian gardenia) and 
tuberose. Jasminum flexile absolute creates beautiful 
accords with methyl jasmonate, methyl epi-jasmonate, 
Paradisone, mimosa absolute, Hedione, cedrat oil, 
yuzu oil, isospirene, oxane and other great sulfur 
chemicals such as 3-thiohexyl acetate and isovalerate, 
passiflora acetate, myrrhone and laevo-muscone.

Composition variations: It should be noted that 
the chemical composition of J. flexile, J. auriculatum 
and J. sambac differ significantly from the composi-
tion of J. grandiflorum absolute. Analysis of J. flexile 
absolute revealed benzyl salicylate as one of the 
main ingredients, along with ethyl linoleate, lino-
lenate, oleate, elaidate (methyl cis-13-octadecenoate), 
palmitate, palmitoleate, stearate, the correspond-
ing acids, (E),(E)-farnesol, (E),(E)-farnesyl acetate, 
benzyl benzoate, cis-3-hexenyl benzoate, cinnamic 
alcohol, isoeugenol 1-nitro-2-phenylethane (C8H9NO2; 
MW 151.06), methyl salycilate, benzyl alcohol, 
p-cresol, benzyl acetate, b-hydroxypropionaldehyde 

d Habanolide is a trademark of Firmenich; Serenolide is a trademark of 
Givaudan; Helvetolide is a trademark of Firmenich; Ambrocenide is a 
trademark of Symrise; Trisamber and Trimofix are trademarks of IFF. 
eLyral and Phenoxanol are trademarks of IFF. 
fParadisone is a trademark of Firmenich. 
gThe author has chosen not to name the source of this particular material.

Atypical Jasmines in Perfumery
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diethylacetal 
(C9H20O3; MW 
176.14), methyl 
benzoate, phenyl-
ethyl alcohol, linalool, 
indol, benzaldehyde, cis-
jasmone, cis-3-hexenol and 
(E)-b-farnesene, and more.

However, after benzyl salicylate, 
this author found two peaks with ions 
91—just as with benzyl salycilate—but 
with MW 244; one of them was extremely 
small but perfectly ionized, while the other 
was present in a considerable quantity. Since 
benzyl salicylate is C14H12O3, this author believes 
that the molecular formula would be C14H12O4, the 
exact MW of which is 244.07. In addition, having 
smelled this much brighter component through 
a GC, the author deduced that benzyl salicylate 
undergoes enzymatic hydroxylation on one of the 
aromatic rings marked A or B to give one of two 
possible products (actually, both could be formed 
in very different ratios). However, where exactly the 
hydroxyl attacks the nuclear position is difficult to 
tell. Nevertheless, by looking at the fragmentation 
pattern, a simple benzyl fragment (m/e = 91.05) 
could be observed, meaning the molecule was benzyl 
2,5-dihydroxybenzoate (the biggest peak), or a 
hydroxybenzyl fragment (m/e 107.5), meaning the 
molecule was 2-hydroxybenzyl 2-hydroxybenzoate. 
This author has yet to synthesize these two chemi-
cals, but is certain that these are the key elements in 
the nittymallige absolute, which imparts a fresh, oily 
and metallic odor several days after dipping it on a 
smelling strip.

This shows that replacing J. grandiflorum absolute 
with J. flexile absolute could open doors to totally 
new accords. For instance, by making a Chanel Nº5 
(Chanel) or a Joy (Jean Patou) with two jasmines, 
one could sense the rich nuances of J. flexile.

Jasminum flexile Compositions
Jasminum flexile absolute can be enhanced not 
only by methyl epi-jasmonate and Paradisone, but 
can also give wonderful effects if combined with 
extremely clean musks such as laevo-muscone, 
ambrettone, Aurelione and hexadecanolide. The 
same is true when small quantities of Muscenone, 
Exaltenone and, to a lesser extent, Cosmone, are 
added to give warmth and body.h (Although Cosmone 
and muscenone are both great chemicals that 
impart body and a strong nitromusk nuance, this 
author personally prefers muscenone.) Other great 
accords of nittymallige absolute include the previ-
ously mentioned methyl epi-jasmonate—a chemical 
that is a thousand times better than regular methyl 

jasmonate—Paradisone, laevo-muscone, 2,3-laevo-
dihydrofarnesol, gardenia 10808-3/D, magnolia 
grandiflorum 10614/D and phenylacetaldehyde
oxime methyl ether. These accords, with touches 
of natural farnesene and bisabolene ex lemon, are 
totally unique, and set a trend for the future, because 
of their exquisiteness, delicacy, elegance and dif-
fusion. These accords are not unique, but when 
blended with aquatic chemicals like Calone, Aldolone 
or Transluzone and the revolutionary dihydro-a-
vetivone and some sweetie oil, all of it harmonized 
by firascone, one creates something unique with an 
extremely rich, floral, musky, radiant citrus, light 
woody explosion that is very homophonic and long-
lasting.i Auram’s Tiare 22776/D, with Paradisone, 
firascone, Tranzluzone, dihydro-a-vetivone, dihydro 
nootkatone, Hedione, Muscenone, laevo muscone 
and Nebulone, and a noticeable shade of J. flexile 
absolute results in an extremely beautiful fragrance 
that is entirely new, containing unbelievable floral, 
citrus, musky and woody diffusion.j

Other Jasmines for the Future
There are several additional jasmines worth con-
sidering, including winter jasmine (Jasminum 
nudiflorum), a Chinese species with solitary yellow 
flowers that is mainly used as a cover plant on hill-
sides; primrose jasmine (Jasminum mesnyi), which 
is a similar plant with larger flowers that bloom 
during the winter; and Italian jasmine (Jasminum 
humile), a vinelike shrub with yellow flowers that 
has many cultivated varieties. To date, although this 
author has been using these jasmine species to make 
absolutes, their usage has been restricted to tentative 
internal tests.

hCosmone is a trademark of Givaudan; Aurelione is a trademark of Symrise; 
Vulcanolide is a trademark of Firmenich; both Vulcanolide and vulcano 
nitrile can be used to enhance the metallic notes of Aurelione and Cosmone; 
Exaltenone and Muscenone are trademarks of Firmenich. 
i Calone was originally discovered by Pfizer; Aldolone is a trademark of 
Firmenich; Transluzone is a trademark of Firmenich. 
i Hedione is a trademark of Firmenich; Nebulone is a trademark of IFF.
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a-gurjunene (4.6%)
b-caryophyllene (0.4%)
thujopsene† (0.9%)
cuparene† (0.1%)
myristicin† (0.2%)
cedrol† (0.9%)
benzyl salicylate (12.9%)
benzyl benzoate (33.6%)

adoes not occur naturally
balso known as p-methyl anisole
†incorrect identification

It should be noted that the occur-
rence of dihydrolinalool in this oil 
indicates that the commercial oil was 
adulterated with synthetic linalool.

Kaiser (2006) reported that 
cananga flowers are grown for 
ceremonial purposes and cananga 
oil production by special com-
munities in the villages of 
Purwodadi and 
Serengat near 
Malang (Eastern 
Java). The trees are 

grown using a mixed culture system 
where they are integrated with fruit 
trees and cocoa and coffee shrubs. 
The headspace analysis of the living 
flowers of C. odorata flowers obtained 
from Lakekamu Basin, Papua New 
Guinea was determined by Kaiser 
(2006).The constituents characterized 
in this headspace were as follows:

methyl 2-methylbutyrate (0.1%)
isobutyl acetate (0.1%)
a-pinene (0.2%)
butyl acetate (0.2%)

Ylang Ylang and 
Cananga oil

Reproduction in English or any other language of all or part of this article is strictly prohibited. © 2019 Allured Business Media.
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A 
survey of the literature 
reveals that Jacobsen et 
al. (1987) determined that 
a-copaene, which was 
found as a constituent in 

ylang ylang oil, existed exclusively in 
the levorotatory form.

Sacchetti et al. (2005) obtained a 
number of commercial essential oils 
in Italy that were screened for their 
antioxidant, anti-radical and anti-
microbial activities. Among the oils 
screened was cananga oil. Its compo-
sition was determined by GC-FID and 
GC/MS to be as follows:

a-pinene (0.4%)
sabinene (0.6%)
myrcene (0.1%)
p-cresyl methyl ether (0.8%)
p-cymene (0.1%)
limonene (0.1%)
1,8-cineole (0.1%)
benzyl alcohol (1.9%)
g-terpinene (0.2%)
methyl benzoate (1.5%)
linalool (24.5%)
dihydrolinaloola (0.5%)
benzyl acetate (9.8%)
terpinen-4-ol (0.2%)
methyl salicylate (2.8%)
g-terpineola (0.4%)

Vol. 41 • November 2016
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b-pinene (0.3%)
sabinene (0.4%)
isoamyl acetate (0.1%)
myrcene (0.6%)
limonene (0.2%)
isoprenyl acetate (0.4%)
isoprenol (0.1%)
(Z)-b-ocimene (1.1%)
(E)-b-ocimene (2.2%)
prenyl acetate (1.7%)
(E)-4,8-dimethylnona-1,3,7-triene (0.1%)
(Z)-3-hexenyl acetate (0.2%)
prenol (0.2%)
hexanol (0.1%)
nonanal (0.1%)
p-methyl anisole (4.2%)
a-cubebene (0.1%)
a-copaene (1.0%)
(E)+(Z)-isovaleraldehyde oxime (0.1%)
benzaldehyde (0.1%)
cis-sabinene hydrate (0.1%)
linalool (24.0%)
b-copaene (0.1%)
b-caryophyllene (7.0%)
methyl benzoate (1.2%)
a-humulene (1.0%)
methyl chavicol (0.2%)
germacrene D (21.0%)
benzyl acetate (6.8%)
(Z, E)-a-farnesene (0.1%)
(E, E)-a-farnesene (12.2%)
geranyl acetate (0.4%)
(E)-anethole (0.1%)
geraniol (0.3%)
benzyl alcohol (0.8%)
jasmone* (0.2%)
cubebol (0.1%)
creosol (0.1%)
caryophyllene oxide (0.1%)
methyl eugenol (0.1%)
germacrene D-4-ol (0.1%)
(E)-nerolidol (0.1%)
prenyl benzoate (0.1%)
(E)-cinnamyl acetate (0.1%)
1-nitro-2-phenylethane (0.7%)
(Z)-3-hexenyl benzoate (0.1%)
eugenol (0.1%)
(Z,E)-farnesal (0.1%)
elemicin (0.1%)
(E,E)-farnesal (0.4%)

(E,E)-farnesal acetate (0.1%)
3-phenylacetaldehyde oxime (0.2%)
methyl trans-(Z)-jasmonate (0.2%)
isoeugenol* (0.1%)
(E,E)-farnesol (0.3%)
benzyl benzoate (0.2%)

*correct isomer not identified

In addition, trace amounts 
(<0.05%) of a-thujene, 3-methyl-
1-nitrobutene, (Z)-3-hexenol, 
(E)-2-hexenol, 1-octen-3-ol and methyl 
cis-(Z)-jasmonate were characterized 
in this ylang ylang flower headspace.

Furthermore Kaisar noted that this 

unique cananga possessed a lower 
level p-methyl anisole than found in 
other cananga flower selections. In 
addition, comparatively high levels of 
jasmone and methyl cis-(Z)-jasmonate 
were also found. He remarked that 
although this was the first time that 
these jasmonoid compounds had been 
found as constituents, their presence 
in the flower fragrance gave it an 
appealing softness.

As part of a screening program for 
the antioxidant activity of commer-
cially available essential oils, Wei and 
Shibamoto (2007) determined that the 

T-1. Comparative percentage composition of ylang ylang Extra and Grade III oils.

Compound Extra Oil Grade III oil

isoprenyl acetate 0.7 –

prenyl acetate 1.6 –

p-cresyl methyl ether 7.5 t

methyl benzoate 4.4 t

linalool 8.4 0.3

benzyl acetate 11.8 0.8

a-copaene 0.6 1.5

isoeugenol* 0.7 t

(E)-cinnamyl acetate 4.1 1.1

b-caryophyllene 3.1 4.5

a-humulene 1.6 2.3

g-muurolene 0.6 2.1

germacrene D 14.6 27.7

bicyclogermacrene 0.4 t

(E,E)-a-farnesene 7.9 25.6

g-cadinene 0.4 t

d-cadinene 1.3 3.0

T-muurolol t 0.8

T-cadinol – 1.2

a-cadinol 1.1 1.8

(E,E)-farnesol 1.3 1.6

benzyl benzoate 5.7 5.8

(E, E)-farnesyl acetate 2.4 4.4

benzyl salicylate 2.9 3.2

*correct isomer not identified t = trace (<0.05%)
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major constituents found in a sample 
of ylang ylang oil were:

p-methyl anisole (1.6%)
linalyl acetate (8.3%)
b-caryophyllene (11.1%)
a-humulene (3.6%)
germacrene D (19.1%)
a-farnesene* (12.4%)
(E,E)-a-farnesene (12.6%)
nerol (1.5%)
cinnamyl acetate (4.8%)
a-cadinol (1.0%)
(E,E)-farnesyl acetate (1.7%)
(E,E)-farnesol (1.0%)

Williams (2008) reported the results 
of the analyses of ylang ylang oil III 
and Extra as can be seen in T-1. In 
addition, trace (<0.05%) amounts 

of butyl acetate, isoamyl acetate, 
2-methylbutyl acetate, a-pinene, 
b-pinene, (Z)-3-hexenyl acetate, hexyl 
acetate, p-cresyl acetate, ethyl benzo-
ate, methyl salicylate, a-terpineol, 
2-phenethyl acetate, geraniol and 
a-ylangene were also characterized in 
the Extra oil. Only, a-cubebene was 
found as a trace constituent of Grade 
III oil, while b-ylangene was found as 
a trace constituent of both Extra and 
Grade III oils.

Hellivan (2008) reviewed the 
production, perfumery uses and com-
mented on the composition of various 
grades of ylang ylang oil. Although it 
is well known, Hellivan reported that 
the grades of ylang ylang oil are as 
follows:

1. Ylang ylang Extra superior: oil 
produced after the initial 30 mins 
of distillation (SG: >0.965).

2. Ylang ylang Extra: oil produced 
after the next 60 mins of distillation 
(SG: 0.955–0.965).

3. Ylang ylang 1st (or 1): oil obtained 
after the third hour of distillation 
(SG: 0.945–0.955).

4. Ylang ylang 2nd (or 2): oil obtained 
after the fourth hour of distillation 
(SG: 0.932–0.940).

5. Ylang ylang 3rd (or 3): oil obtained 
after the sixth hour of distillation 
(SG: 0.905–0.910).

The constituents reported in ylang 
ylang oils were: prenyl acetate, p-cre-
sol methyl ether, methyl benzoate, 

T-2. Percentage range of specific ylang ylang constituents according to AFNOR

Compound 1 2 3 4 5 6 7 8 9

prenyl acetate 1.5–3.2 1.0–2.3 0.6–2.2 0.3–1.8 0.2–1.0 0.2–0.9 0.1–0.5 0.1–0.2 t–0.2

p-cresyl methyl 
ether

7.0–13.0 5.0–13.0 7.0–16.0 3.0–8.5 5.0–10.0 2.0–5.0 1.0–4.6 0.1–1.0 0.1–1.4

methyl 
benzoate

4.5–8.0 4.0–6.5 4.5–9.0 1.5–5.5 3.0–5.0 1.0–3.5 1.0–3.0 0.1–0.8 0.1–0.9

linalool 8.0–13.0 7.0–12.0 15.0–24.0 3.0–10.0 1.9–12.0 2.0–6.0 4.0–9.5 0.1–2.0 0.6–4.0

benzyl acetate 14.0–20.0 11.0–17.5 5.5–14.0 6.0–14.0 2.8–10.0 4.0–8.8 0.5–5.0 0.5–3.0 0.1–2.2

geraniol 0.1–0.7 0.1–0.5 1.3–3.0 0.1–0.3 1.6–2.6 0.1–0.3 0.7–2.4 t-0.1 0.2–0.8

geranyl acetate 2.0–6.0 2.5–6.0 7.0–14.0 2.0–5.0 8.0–15.0 1.7–6.0 5.6–12.0 0.4–3.0 1.0–6.6

(E)-cinnamyl 
acetate

4.0–6.0 3.0–6.5 0.5–3.0 2.2–5.0 0.5–2.0 2.0–4.8 0.4–2.2 0.5–2.5 0.1–2.0

b-caryophyllene 2.0–6.0 2.5–8.0 2.5–8.5 4.0–10.0 5.5–12.0 4.8–14.0 10.0–17.0 5.0–15.0 12.0–19.0

germacrene D 9.0–15.0 14.0–20.0 6.0–15.0 10.0–24.0 9.5–18.0 16.0–28.0 13.0–28.0 20.0–35.0 15.0–34.0

(E, E)-a-
farnesene

2.0–6.0 6.5–15.0 1.0–5.0 7.0–18.0 3.0–8.0 14.0–21.0 5.0–11.5 12.0–29.0 9.0–25.0

(E, E)-farnesol 0.8–1.5 0.8–1.6 0.5–3.0 0.8–2.0 0.1–2.5 0.8–3.0 1.2–3.5 0.8–3.0 1.2–4.0

benzyl benzoate 3.0–6.0 4.0–6.0 3.5–8.0 4.2–9.2 4.5–8.0 4.5–7.8 6.0–10.0 4.0–8.0 4.8–8.5

(E)-cinnamyl 
acetate

1.0–3.0 1.0–3.0 0.5–3.0 1.0–4.0 1.0–2.0 1.0–3.5 1.2–3.5 1.5–5.0 1.7–5.0

benzyl 
salicylate

1.5–3.5 2.0–3.8 1.2–4.0 2.0–4.0 1.6–4.0 2.0–4.0 1.8–4.0 2.5–4.8 2.0–5.0

1 - Extra superior oil (Comoros and Mayotte)    2 - Extra oil (Comoros and Mayotte)   3 - Extra oil (Madagascar)   4 - 1st fraction oil (Comoros and Mayotte)   5 - 1st fraction oil (Madagascar)
6 - 2nd fraction oil (Comoros and Mayotte)   7 - 2nd fraction oil (Madagascar)   8 - 3rd fraction oil (Comoros and Mayotte)   9 - 3rd fraction oil (Madagascar)
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(Continued on Page 18)

linalool, linalool, benzyl alcohol, gera-
niol, geranyl acetate, b-caryophyllene, 
(E)-cinnamyl acetate, a-humulene, 
germacrene D, (E,E)-a-farnesene, 
d-cadinene, (E,E)-farnesol, benzyl 
benzoate, (E,E)-farnesyl acetate and 
benzyl salicylate. Unfortunately, the 
author did not report any quantitative 
data. Finally, the production level of 
ylang ylang oil in 2008 was reported as 
being Anjouan: 45–50 metric tonnes, 
Grande Comore (Comore islands): <2 
mt., Moheli (Comore islands): 3 mt., 
Mayotte (France): 3–4mt., Nosi Bé 
(Madagascar): 17–20 mt and Ambanja 
(Madagascar): 3.5 mt.

 Benini et al. (2010) reviewed the 
production of ylang ylang oil from 
the Indian ocean islands. They also 
reported the AFNOR (2005) data for 
the various quality oils, the data of 
which can be seen summarized in T-2.

Ranade (2011) reported that the 
main constituents of ylang ylang oil 
Extra were as follows:

a-pinene (0.3%)
linalool (10.3%)
linalyl acetate (0.2%)
b-caryophyllene (9.9%)
a-terpineol (0.1%)
farnesene* (18.0%)
p-methyl anisole (8.4%)
benzyl acetate (12.6%)
methyl anthranilate (0.1%)
geranyl acetate (4.0%)
cadinenes* (10.9%)
benzyl alcohol (0.5%)
geraniol (0.2%)
methyl salicylate (0.1%)
methyl benzoate (4.0%)
farnesols* (0.9%)
safrole (0.3%)
isoeugenol* (0.2%)
eugenol (0.2%)
p-cresol (0.1%)
benzyl benzoate (4.3%)
benzyl salicylate (1.9%)

*collect isomer not identified

Benini et al. (2012a) collected 
(between 7–8 am) mature ylang ylang 

flowers in July, August and September 
from trees growing on Grand Comore, 
Mayotte, Nossi Bé and Ambanja. After 
subjecting separate hydrodistillations 
for each flower source, the resultant 
oils were collected in four separate 
fractions. These fractions were 
analyzed using GC-FID and GC/MS. 
The combined results obtained results 
obtained from the numerous analyses 
are shown in T-3 through T-6.

The data presentation in T-3 and T-4 
are presented in two decimal places 
and have been included in the tables 
if a single constituent was found in 
an amount of 0.05% or greater. This 
was done because of the variations 
observed between the various fractions.

In addition, trace amounts 
(<.05%) of 3-methyl-3-butenol, 
3-methyl-butenol, hexanol, 3-hexanol, 
(E)-2-hexanol, hexanol, isoamyl 
acetate, 2-methylbutyl acetate, 
heptanal, 6-methyl-5-hepten-2-one, 
a-thujene, m-cresol, cis-linalool oxide 

T-3. Comparative percentage composition of fraction of ylang ylang oil from few different origins

Component Neroli 1 Neroli 2 Grapefruit1 Grapefruit2

3-methyl-3-butenyl acetate 0.44 0.79 0.05 0.11

3-methyl-2-butenyl acetate 1.31 2.15 0.07 0.42

benzaldehyde 0.03 0.05 0.08 0.06

a-pinene 0.03 0.03 0.09 0.08

b-pinene 0.03 t 0.04 0.05

myrcene 0.03 t 0.06 0.08

(Z)-3-hexenyl acetate 0.15 0.17 0.13 0.13

hexyl acetate 0.24 0.25 0.10 0.16

p-cresyl methyl ether 12.04 13.03 15.47 11.81

benzyl alcohol 0.05 0.08 t 0.02

phenylacetaldehyde 0.04 0.04 0.16 0.08

1,8-cineole 0.61 0.15 0.86 0.48

p-cresol 0.11 0.21 0.11 0.15

methyl benzoate 8.51 10.39 8.71 6.76

linalool 25.25 12.90 36.37 46.82

benzyl acetate 25.11 38.55 5.55 6.13

p-cresyl acetate 0.31 t t –

(Continued on Page 20)
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T-3. Comparative percentage composition of fraction of ylang ylang oil from few different origins (Cont.)

Component Neroli 1 Neroli 2 Grapefruit1 Grapefruit2

ethyl benzoate 0.12 0.08 0.02 0.05
methyl salicylate 0.21 0.23 0.26 0.20
a-terpineol 0.27 0.08 0.34 0.22

methyl chavicol 0.05 0.02 0.31 0.10

neral t – 0.11 0.06

2-phenethyl acetate 0.15 0.25 0.10 0.08

geraniol 0.83 0.16 4.39 4.24
geranial 0.05 t 0.18 0.32

2-phenyl-1-nitroethane 0.15 0.16 0.18 0.14

(E)-anethole 0.33 0.30 0.10 0.10
benzyl butyrate 0.05 0.07 0.03 0.04
eugenol 0.13 t 1.11 0.39
methyl 4-methoxy- benzoate 0.08 0.09 t t
butyl benzoate t t 0.03 0.07
vanillin 0.04 0.11 0.03 0.02
geranyl acetate 5.60 1.84 9.26 10.65
methyl eugenol t – 0.07 0.02
a-copaene 0.04 0.05 0.03 –
p-anisyl acetate 0.05 0.06 0.04 –
b-cubebene 0.08 0.09 0.11 0.05
(E)-cinnamyl acetate 5.37 5.89 0.95 1.13
b-caryophyllene 1.06 0.95 0.40 0.49
(E)-isoeugenol 0.59 0.44 1.48 0.71
b-copaene 0.08 0.09 0.15 0.06
isogermacrene D 0.02 0.03 0.05 t
a-humulene 0.28 0.27 0.64 0.32
3-methyl-2-butenyl benzoate 0.63 0.77 0.16 0.25
germacrene D 1.90 2.05 2.52 1.31
bicyclogermacrene t t 0.05 0.03
a-muurolene t t 0.05 0.03
(E,E)-a-farnesene 0.94 0.96 0.76 0.31
b-curcumene t t 0.17 0.03
g-cadinene 0.07 0.06 0.15 0.10 
d-cadinene 0.22 0.22 0.30 0.15
elemol t t 0.05 0.05
caryophyllene oxide 0.05 0.05 0.04 t
isoeugenyl acetatea 0.05 0.03 0.04 t
1-epi-cubenol t – 0.05 t
T-muurolol 0.15 0.14 0.20 0.09
a-cadinol 0.21 0.18 0.26 0.11
(E,E)-farnesol 0.69 0.59 1.66 0.63
benzyl benzoate 4.45 2.74 3.38 3.52
(E,E)-farnesyl acetate 0.16 0.15 0.24 0.08
benzyl salicylate 1.89 1.33 0.87 0.68

t = trace (<0.01%)   a = probably the (E) - isomer   GC = Grande Comore (Comoros)   MY = Mayotte   NM = Nossi Bé (Madagascar)   AM = Ambanja (Madagascar)
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T-4. Comparative percentage composition of fraction 2 of ylang ylang oil from few different origins

(Continued on Page 20)

Compound GC MY NM AM

3-methyl 3-butenyl acetate 0.07 0.55 0.02 0.03

3-methyl 2-butenyl acetate 0.19 1.25 0.04 0.11
benzaldehyde 0.03 0.03 0.06 0.05
a-pinene 0.05 0.04 0.04 0.07

myrcene 0.03 t 0.07 0.08

(Z)-3-hexenyl acetate t 0.09 0.04 0.03

hexyl acetate 0.06 0.18 0.05 0.06

p-cresyl methyl ether 2.18 7.14 6.04 3.34
benzyl alcohol 0.05 0.07 t 0.07

phenylacetaldehyde 0.03 0.08 0.21 0.16

1,8-cineole 0.14 0.11 0.43 0.19
p-cresol 0.09 0.25 0.11 0.14
methyl benzoate 2.43 5.22 3.53 2.27
linalool 6.70 7.46 16.73 17.28
benzyl acetate 12.54 26.25 3.38 3.38
p-cresyl acetate 0.13 – – –
ethyl benzoate 0.03 0.05 t t
methyl salicylate 0.09 0.16 0.14 0.10
a-terpineol 0.15 0.08 0.24 0.17
methyl chavicol 0.04 t 0.25 0.12
neral t – 0.09 0.07
2-phenethyl acetate 0.11 0.23 0.09 0.07
geraniol 0.54 0.23 4.13 4.42
geranial 0.03 0.03 0.13 0.25
2-phenyl-1-nitroethane 0.20 0.22 0.23 0.19
(E)-anethole 0.34 0.37 0.10 0.11
benzyl butyrate 0.06 0.09 0.03 0.07
eugenol 0.02 0.04 1.67 0.71
bicycloelemene 0.17 0.11 0.12 0.11
methyl 4-methoxybenzoate 0.12 0.13 0.03 0.04
butyl benzoate 0.04 0.03 0.05 0.13
vanillin 0.17 0.21 0.07 0.07
geranyl acetate 13.23 4.65 17.38 25.97
methyl eugenol t t 0.10 0.04
a-copaene 0.08 0.08 0.06 0.04
p-anisyl acetate 0.11 0.11 0.08 0.05
b-bourbonene – – 0.06 –
b-cubebene 0.29 0.26 0.29 0.24
(E)-cinnamyl acetate 10.03 10.33 1.62 2.45
b-caryophyllene 2.04 2.41 0.95 1.15
(E)-isoeugenol 2.05 1.10 3.70 3.42
b-copaene 0.37 0.35 0.39 0.34
isogermacrene D 0.12 0.12 0.14 0.12
cadina-3,5-diene t t 0.05 0.04
a-humulene 1.11 0.85 1.74 1.42
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T-4. Comparative percentage composition of fraction 2 of ylang ylang oil from few different origins (Cont.)

(Continued from Page 19)

and trans-linalool oxide (furanoid forms), 
2-methoxyphenol, terpinolene, phen-
ylacetonitrile, veratrole, trans-linalool 
oxide (pyranoid form), terpinen-
4-ol, 2-methoxy-4-methylphenol, 
nerol, 4(2-propenyllphenol, linalyl 
acetate, trans-linalool oxide acetate, 
(E)-cinnamyl alcohol, p-vinylguaiacol, 
nonyl acetate, methyl 2-methoxy-
benzoate, 2-indanol, a 4-alkyl 

phenylacetate, neryl acetate, a-ylangene, 
isodauca-6,5-diene, cyperene, selina-

4(15),5-diene, (E,Z)-farnesol, eicosane, 
tricosane and tetracosane were identified in 

one or more of the 12 oils. As expected the early 
fractions were richer in the more volatile con-
stituents while the later fractions were richer 

in the high boiling constituents just as can be 
seen in T-6.

The compositions of the oils 
produced by hydrodistillations 

for hrs from fresh mature. 

ylang ylang flowers collected from 
five plantations (Adawa, Ifoundihé, 
Selea, Moubadjou and Mitsamiouli) 
in Grande Comore, four plantations 
(Bouyouni, Mavingoni, Vahibé and 
Dzoumogné) in Mayotte and two plan-
tations (Tsaratarié and Amboimena) 
in Madagascar were examined by 
Benini et al. (2004) using GC-FID and 
GC/MS. The author’s determined that 
variations in the composition within 
plantations and between islands 
however there was not a genetic dif-
ferentiation that could support the 
variation.

Brokl et al.(2013) collected mature 
ylang ylang flowers from seven dif-
ferent trees growing in the vicinity 
of Mavigoni (Mayotte). The pooled 
flowers were hydrodistilled for 8hr 
and four separate fractions: fraction 
1 (after 25min), fraction 2 (after 1hr), 

(Continued on Page 25)

Compound GC MY NM AM
3-methyl-2-butenyl benzoate 1.29 1.49 0.28 0.64
trans-cadina-1(6),4-diene 0.05 0.04 0.07 0.04
g-muurolene 0.07 0.06 0.10 0.07
germacrene D 8.43 7.58 8.75 7.30
bicyclogermacrene 0.08 0.06 0.12 0.11
a-muurolene 0.08 0.06 0.12 0.10
(E,E)-a-farnesene 3.99 3.43 1.93 1.47
b-curcumene 0.03 0.02 0.35 0.14
a-cadinene 0.20 0.15 0.27 0.23
d-cadinene 0.59 0.52 0.70 0.52
elemol 0.08 0.04 0.16 0.10
caryophyllene oxide 0.18 0.09 0.11 0.07
isoeugenyl acetatea 0.17 0.08 0.10 0.07
guaiol 0.14 0.11 0.04 0.07
copaborneol 0.07 0.05 0.07 0.05
1-epi-cubenol 0.07 0.04 0.12 0.08
T-muurolol 0.76 0.50 0.61 0.42
a-cadinol 0.88 0.62 0.81 0.53
(E,Z)-farnesol 0.06 – – –
(E,E)-farnesol 2.59 1.78 5.86 2.55
benzyl benzoate 14.53 7.14 10.17 12.49
(E,E)-farnesyl acetate 0.77 0.59 0.68 0.33
benzyl salicylate 7.06 3.70 2.78 2.48
geranyl benzoate t – 0.09 0.11 

See T-3 for table headings explanation
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T-5. Comparative percentage composition of fraction 3 of ylang ylang oil from four different origins

(Continued on Page xx)

Compound GC MY NM AM

3-methyl-3-butenyl acetate 0.03 0.34 t t

3-methyl-2-butenyl acetate 0.09 0.67 0.02 0.04
a-pinene 0.08 0.09 0.08 0.12
myrcene 0.03 0.02 0.07 0.10

hexyl acetate t 0.08 t –

p-cresyl methyl ether 0.81 3.18 2.16 1.21

benzyl alcohol 0.04 0.06 t 0.03

phenylacetaldehyde t t 0.07 0.06
1,8-cineole 0.07 0.06 0.17 0.10

p-cresol 0.04 0.13 0.06 0.11

methyl benzoate 0.68 1.70 0.98 0.54
linalool 1.99 2.13 4.79 3.83
benzyl acetate 3.59 8.20 0.93 0.83
methyl salicylate t 0.05 0.03 t
a-terpineol 0.07 0.04 0.08 0.08
methyl chavicol t – 0.07 0.02
2-phenethyl acetate 0.03 0.08 t t
geraniol 0.19 0.10 1.13 1.29
geranial – t 0.03 0.05
2-phenyl-1-nitroethane 0.09 0.12 0.12 0.12
(E)-anethole 0.10 0.17 0.03 0.04
eugenol 0.09 0.04 1.04 0.54
bicycloelemene 0.26 0.25 0.25 0.24
methyl 4-methoxybenzoate 0.04 0.07 t t
butyl benzoate t t 0.02 0.06
vanillin 0.11 0.23 0.08 0.14
geranyl acetate 8.65 3.73 12.84 18.98
a-copaene 0.19 0.14 0.13 0.12
p-anisyl acetate 0.25 0.19 0.18 0.16
b-bourbonene – – 0.07 –
b-cubebene 0.55 0.50 0.53 0.52
(E)-cinnamyl acetate 4.24 7.82 0.80 1.44
b-caryophyllene 2.82 2.73 2.70 1.45
(E)-isoeugenol 4.19 2.85 7.73 8.04
b-copaene 0.79 0.80 0.90 0.82
isogermacrene D 0.26 0.27 0.31 0.30
cadina-3,5-diene 0.04 0.03 0.10 0.09
a-humulene 2.15 1.80 3.59 3.07
3-methyl-2-butenyl benzoate 0.69 1.30 0.26 0.50
trans-cadina-1(6),4-diene 0.12 0.12 0.11 0.12
g-muurolene 0.17 0.17 0.17 0.19
germacrene D 17.64 17.67 19.40 16.58
bicyclogermacrene 0.15 0.15 0.18 0.17
a-muurolene 0.14 0.14 0.17 0.17
(E,E)-a-farnesene 10.57 9.73 4.63 4.21
b-curcumene 0.10 0.06 0.89 0.45
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T-5. Comparative percentage composition of fraction 3 of ylang ylang oil from four different origins (Cont.)

T-6. Comparative percentage composition off fraction 4 of ylang ylang oil from four different origins

(C
on

tin
ue

d 
on
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ag
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23

)

See Table 3 for table headings explanation
b also known as eudesma-4(14)-en-6a-ol

Compound GC MY NM AM
g-cadinene 0.30 0.30 0.35 0.30
d-cadinene 0.91 0.98 1.14 0.92
trans-cadina-1,4-diene 0.04 0.04 0.05 0.04
a-cadinene 0.05 0.06 0.06 0.05
elemol 0.07 0.07 0.15 0.14
(Z)-3-hexenyl benzoate 0.03 0.02 0.05 t
caryophyllene oxide 0.19 0.14 0.13 0.10
isoeugenyl acetatea 0.17 0.13 0.12 0.10
guaiol 0.18 0.21 0.08 0.14
copaborneol 0.07 0.08 0.07 0.05
1,10-di-epi-cubenol 0.08 0.07 0.10 0.07
junenolb 0.15 0.15 0.14 0.08
1-epi-cubenol 0.19 0.18 0.26 0.20
T-muurolol 1.36 1.41 1.21 0.99
a-cadinol 1.58 1.63 1.56 1.25
(E,Z)-farnesol 0.18 t 0.10 –
(E,E)-farnesol 3.05 3.22 7.67 3.90
benzyl benzoate 15.67 12.71 12.24 18.15
(Z,E)-farnesyl acetate 0.08 t – –
(E,E)-farnesyl acetate 1.81 1.77 1.40 0.91
benzyl salicylate 9.49 7.40 4.03 4.34
geranyl benzoate 0.03 t 0.15 0.23
benzyl cinnanate 0.05 0.02 – – 

Compound GC MY NM AM

3-methyl-3-butenyl acetate t 0.14 – –

3-methyl-2-butenyl acetate t 0.22 – –
a-pinene 0.07 0.08 0.07 0.13
b-pinene 0.03 t t 0.06

myrcene 0.03 t 0.04 0.12

p-cresyl methyl ether 0.22 1.69 0.15 0.53

1,8-cineole 0.04 0.03 t 0.08

p-cresol t 0.07 0.07 0.06
methyl benzoate 0.11 0.65 0.08 0.09

linalool 0.40 0.97 0.63 1.09

benzyl acetate 0.71 2.55 0.12 0.11
a-terpineol 0.03 0.02 t 0.05
geraniol 0.07 0.03 0.18 0.22
2-phenyl-trinitroethane 0.04 0.04 0.05 0.04
p-vinylguaiacol 0.04 0.07 0.03 0.03
eugenol 0.07 0.04 0.50 0.23
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T-6. Comparative percentage composition off fraction 4 of ylang ylang oil from four different origins (Cont.)

Se
e 
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Compound GC MY NM AM
bicycloelemene 0.31 0.28 0.31 0.29
vanillin 0.14 0.16 0.13 0.15
geranyl acetate 1.52 1.24 1.64 4.11
Compound GC MY NM AM
a-ylangene 0.05 0.03 0.06 0.05
a-copaene 0.41 0.31 0.35 0.28
p-anisyl acetate 0.55 0.41 0.46 0.32
b-cubebene 0.62 0.58 0.70 0.62
(E)-cinnamyl acetate 0.97 2.35 0.15 0.25
b-caryophyllene 2.86 2.02 5.94 6.52
(E)-isoeugenol 6.26 5.17 11.96 7.67
b-copaene 1.05 1.01 1.50 1.19
isogermacrene D 0.34 0.33 0.48 0.38
cadina-3,5-diene 0.08 0.06 0.17 0.14
a-humulene 2.78 2.37 5.40 4.26
3-methyl-2-butenyl benzoate 0.28 0.46 0.31 0.29
trans-cadina-1(6),4-diene 0.33 0.30 0.34 0.29
g-muurolene 0.45 0.41 0.53 0.45
germacrene D 21.99 22.53 25.91 20.97
bicyclogermacrene 0.28 0.25 0.35 0.31
a-muurolene 0.27 0.24 0.33 0.29
(E,E)-a-farnesene 21.76 16.40 8.28 7.75
b-curcumene 0.19 0.13 1.91 0.89
g-cadinene 0.56 0.49 0.66 0.55
trans-calamenene t t 0.07 –
d-cadinene 1.89 1.72 2.21 1.82
zonarene 0.05 0.05 0.09 0.06
trans-cadina-1,4-diene 0.10 0.09 0.11 0.10
a-cadinene 0.16 0.14 0.17 0.13
elemol 0.05 0.05 0.05 0.07
(Z)-3-hexenyl benzoate 0.05 0.05 0.06 0.02
caryophyllene oxide 0.19 0.15 0.23 0.13
isoeugenyl acetate 0.18 0.14 0.21 0.12
guaiol 0.24 0.25 0.14 0.19
copaborneol 0.08 0.06 0.04 0.05
1,10-di-epi-cubenol 0.12 0.12 0.14 0.15
junenol 0.42 0.43 0.39 0.37
1-epi-cubenol 0.44 0.46 0.47 0.48
T-muurolol 2.44 2.58 2.31 2.36
a-cadinol 2.64 2.94 2.68 2.94
(E,Z)-farnesol 0.06 – – –
(E,E)-farnesol 1.85 2.64 4.77 3.28
benzyl benzoate 9.50 11.16 7.48 17.76
(E,E)-farnesyl acetate 3.30 2.87 2.10 1.70
benzyl salicylate 8.05 8.22 3.23 5.79
geranyl benzoate 0.06 0.02 0.22 0.37
benzyl (E)-cinnamate 0.05 0.04 – 0.03
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T-7. Comparative percentage composition of fraction 1 and fraction 4 of ylang ylang oil

correct isomer not identified t = trace (<0.05%);  † incorrect identification;  ª does not occur naturally

Compound Fraction 1 Fraction 4

3-methyl-3-butenyl acetate 2.2 0.2

heptanal 0.1 –
3-methyl-2-butenyl acetate 4.2 0.3
a-pinene 0.1 t

benzaldehyde 0.2 0.1

6-methyl-5-hepten-2-one 0.1 t

myrcene 0.3 t

(Z)-3-hexenyl acetate 0.5 t
hexyl acetate 1.0 0.1

p-cresyl methyl ether 9.7 1.6

limonene 0.1 0.2

1,8-cineole 1.1 0.2

benzyl alcohol 0.5 t

b-ocimene* 0.1 t

phenylacetaldehyde 0.2 t

p-cresol 0.2 0.1

2-methoxyphenol 0.7 t

terpinolene 0.1 –

methyl benzoate 6.1 0.1

linalool 9.0 0.3

levoglucosenoneª t 0.1

methyl octanoate 0.4 7.2

plinol A 0.1 –

veratrole 0.1 t

plinol D 0.1 –

benzyl acetate 27.5 0.1

ethyl benzoate 0.4 –

methyl salicylate 0.3 0.2

a-terpineol 0.5 t

methyl chavicol 0.1 –

geraniol 0.4 t

2-phenethyl acetate 0.6 t

(E)-anethole 0.4 t

2-phenylnitroethane 0.3 t

bicycloelemene t 0.3

benzyl butyrate 0.1 t

a-cubebene t 0.1

Compound Fraction 1 Fraction 4

neryl acetate 2.7 0.2

geranyl acetate 2.0 –
methyl 4-methoxybenzoate 0.1 t
a-ylangene – 0.1

a-copaene 0.1 0.8

b-cubebene 0.1 0.6

vanillin t 0.1

b-ylangene 1.7 0.7
b-copaene 0.7 0.1

(E)-cinnamyl acetate 0.9 1.6

isoeugenol* 0.6 0.4

b-caryophyllene 0.4 0.3

aromadendrene 0.1 1.5

a-humulene – 6.2

isogermacrene D t 1.8

germacrene D t 2.8

3-methyl-2-butenyl benzoate 0.4 0.2

(Z,E)-a-farnesene – 0.2

a-muurolene – 0.3

(E,E)-a-farnesene 1.6 10.1

b-curcumene 0.4 2.7

g-cadinene t 2.1

d-cadinene 0.3 0.6

germacrene D-4-ol 0.1 t

caryophyllene oxide 0.1 t

guaiol t 0.5

T-muurolol 0.1 4.4

a-cadinol 0.1 1.5

bulnesol t 0.1

farnesene † – 0.1

(Z,Z)-farnesol 0.1 1.4

ledane† t 0.2

benzyl benzoate 1.0 1.2

2-methyl-(Z)-7-octadecene t 0.1

(E,E)-farnesyl acetate 0.1 2.1

benzyl salicylate 0.2 4.2

hexadecanoic acid † 0.3 
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T-8. Comparative percentage composition of selected constituents of the headspace volatiles of ylang ylang flowers 
obtained from different maturity stages

Compound 1 2 3 4 5 6 7

hydrocarbons 80.0 79.4 71.8 66.2 51.1 74.3 84.9

esters 1.8 2.6 10.6 17.6 26.4 3.2 0.7
aldehydes 3.2 2.8 2.0 3.8 2.9 19.3 6.5
alcohols 2.3 4.1 0.8 1.0 1.1 – –

benzaldehyde 0.1 0.1 – – – 4.2 1.6

b-pinene 0.1 – 4.1 2.9 6.9 – –

methyl benzoate – 0.1 0.3 2.0 5.6 – –

neral 2.2 2.2 1.8 1.7 1.4 1.0 1.0
geraniol 1.4 2.3 – – – – –

geranial 0.6 0.5 – 0.2 – – 0.1

a-cubebene 1.1 0.5 0.4 0.2 0.2 0.2 0.6

neryl acetate – – 7.9 11.7 – – –

a-ylangene 4.1 – – – – – –

a-copaere – 6.0 – – – 2.7 –

geranyl acetate – 0.1 – – 13.8 – –

b-cubebene – 7.1 7.4 11.8 12.9 0.7 10.0

b-elemene 1.6 – – 0.7 – 0.7 –

b-caryophyllene 35.0 32.0 36.9 17.0 15.1 21.2 27.9

a-humulene 14.0 13.0 10.2 6.0 5.2 8.4 9.0

allo-aromadendrene – – 0.4 12.8 – – –

germacrene D 10.9 13.7 7.0 1.1 0.5 19.5 9.0

bicyclogermacrene 1.8 2.0 0.8 0.5 0.5 0.7 0.4

a-farnesene* 5.1 – 11.9 6.9 5.9 15.7 –

d-cadinene 3.4 2.4 2.4 2.4 1.3 1.7 2.1

germacrene D-4-ol – 0.4 0.3 – – – –

farnesol* 0.4 1.2 0.4 – 1.2 – –

benzyl benzoate 1.6 2.5 2.2 2.2 6.2 2.9 0.7

*Correct isomer not identified
Morphological characteristics of ylang ylang flower, at seven different maturity stages:
1. Bud stage,   2. Display petal stage,   3. Initial flower formation stage,   4. Fall flowering stage,   5. Flowering end stage,   6. Wilted flower stage,   7. Dried flower stage.

fraction 3 (after 3hr) and fraction 4 
(after 8hr.). Fractions 1 and 4 were 
subjected to GC × GC–TOFMS (Time 
of Flight Mass Spectrometry) and the 
findings of this study can be seen in 
T-7.

In addition. trace amounts (<0.05%) 
of decane, a-phellandrene, the furanoid 
form of cis-linalool oxide, phenyl-
acetonitrile, 1-phenyl-2-propenol, 

2-methoxy-4-methylphenol, dodecane, 
1-methoxy-4-propylbenzene, 1-phe-
nylallyl acetate*, geranial, diethyl 
1,5-pentanedioate*, 1(H)-indole, 
vinyl butyrate*, (E)-cinnamyl 
alcohol, p-vinylguiacol, diethyl 
(2E)-3-methyl-2-pentanedioate*, 
2,5-dimethyl-3-methylene-1,5-hepta-
diene*, methyl 2-methoxybenzoate, 
5-indanol*, methyl 2-aminobenzoate*, 

3-phenylpropyl acetate*, butyl ben-
zoate, b-bourbonene, tetradecane, 
2-methoxy-4-(l-propenyl)phenol, 
p-anisyl acetate*, 3-methyl-3-butenyl 
benzoate, a-ionene*, pentadecane, 
guaicyl acetone*, zonarene, benzyl 
4-methylvalerate, elemol, (Z)-3-
hexenyl benzoate, hexadecane, an 
isomer of isoeugenol acetate, cop-
aborneol*, cetene*, (E,E)-farnesal, 



26 Ingredients 2019 Floral E-book  |  www.berjeinc.com www.PerfumerFlavorist.com

Progress in Essential Oils

octadecane, octadecanal, eicosane, 
heneicosane, docosane, tricosane, 
tetracosane, pentacosane, hexacosane 
and heptacosane were characterized 
as constituents of both fractions, 
however, the constituents with an 
asterisk requires collaboration. Trace 
amounts of 3-hexenol, sabinene, the 
furanoid form of trans-linalool oxide, 
methyl isovalerate, nerol, 4-methoxy 
benzaldehyde, eugenol, octacosane and 
nonacosane were found as constituents 
of fraction 1. The trace amounts found 
only in fraction 4 were globulol, (Z)-a-
bisabolene oxide, geranyl benzoate and 
benzyl cinnamate.

Qin et al. (2014) examined the 
change in chemical composition of 
the oils produced from C. odorata 
flowers from their bud stage through 
the full flowering stage to the wilted 
flower stage and the dried flower 
stage using headspace SPME-GC/
MS. Unfortunately, the analyses 
did not make sense as the normally 
encountered major constituents of 
the early ylang ylang oil fractions, 
such as p-cresyl methyl ether, linaool 
and benzyl acetate, were either not 
identified or were found in miniscule 
amounts. Also, the authors reported 
that they characterized numerous con-
stituents that were obviously incorrect 
computer-assisted identifications. 

This reviewer questions not only the 
identifications but also the repeatabil-
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Beyond Muguet

The lily of the valley flower, 
Convallaria Majalis (Liliaceae, also 
called muguet in France), has shown 
for many years a reluctance to reveal 
its uses in perfumery. Conventional 
extraction methods, such as 

distillation, solvent or supercritical carbon dioxide 
extraction have proved unable to isolate useful 
amounts of essential oil. Moreover, in contrast to 
other important members of the floral family such as 
rose, violet, jasmine or iris, which are all associated 
to a specific chemical family of molecules, the 
analysis of the lily of the valley flower did not reveal 
the existence of a signature ingredient. According 
to a study led at Dragoco (now Symrise)1 on the 
headspace of the flower, using GC-MS or GC-sniffing/
GC-olfactometry techniques, the main identifiable 
constituents were benzyl alcohol (35 %), (Z)-3-hexen-
1-ol (11 %), citronellol (9.6 %), geraniol (8.4 %) 
and (Z)-3-hexenyl acetate (7.8 %). Similar studies 
performed at Firmenicha also revealed trace amounts 
of phenylacetaldehyde oxime, which exhibits an 
interesting muguet-orange flower duality when in 
pure form. It was proposed that its combination with 
2,3-laevo-dihydrofarnesol could reproduce the key 
note of the flower; however, the instability of this 
oxime prevents its use on industrial scale.2

Due to these difficulties in replicating a genuine 
muguet scent from natural materials, chemists 
played a key role in the task of recreating a muguet 
note from synthetic materials since the early 20th 
century. This resulted in the discovery of hydroxy-
citronellal, one of the very first synthetic ingredients 
not reproduced from nature, introduced almost 
simultaneously by Givaudan (as Laurine, 1906) 
and Firmenich (Cyclosiab, 1908). With its vertical 

character, associated with citral-like, green aspects, 
it has for decades constituted the base of lily of the 
valley accords and is still an important ingredient 
today. It exhibits a terpenic structure that resembles 
several of the natural muguet’s main components, 
but curiously, it has never been identified in it, nor in 
any other flower essential oil.

Hydroxycitronellal was later joined by a whole 
family of muguet aldehydes, whose main members, 
(Lilialc, Lyrald, Cyclosal, Heliopropanal, Bourgeonale) 
have become perfumery blockbusters. In addition 
to their floral scent, they have improved perfumery 
compositions spectacularly in numerous aspects, 
notably in terms of freshness, enhancement of 
naturalness, warmth and brilliance, and have thus 
become ubiquitous (see F-1). In particular, Lilial has 

All photos courtesy of Firmenich and ComByAVM.

Muguet inspiration

a Unpublished work
b Cyclosia is a trademark of Firmenich

Early synthetic lily of the valley ingredients

c,e Lilial and Bourgeonal are trademarks of Givaudan
d Lyral is a trademark of IFF 

F-1. Estimated % breakdown of global resin market 

F-1.
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a slightly sandalwood-like round body and a rosy, 
humid freshness that matches well with all types of 
floral bouquets. However, their aldehydic structure 
renders them unstable in strongly acidic or basic 
media; moreover, most of them are suspected to be 
of concern regarding human health, causing them 
to be in the forefront of the latest restrictions on 
perfumery materials. For example, all the aldehydes 
cited above, including hydroxycitronellal, are now 
being limited by IFRA and a strong decline in their 
use in the future can be anticipated, consequently 
rendering the discovery of more stable and innocu-
ous replacers or substitutes crucial.

As all early synthetic muguet odorants were 
aldehydes (see F-2), this function has for long been 
suspected as being essential for the scent. In this 
context, the discovery of Mayolf by Firmenich in 
1973 was a significant breakthrough.3 It is a simple 
alcohol that can be readily prepared by hydrogena-
tion of cuminaldehyde and gained importance as 
a cheap, well-performing muguet ingredient. Its 
slight fatty side is counterbalanced by its ability 
in providing weight to floral-muguet accords. 
As an aside, the name Mayol has an interesting 
history: it is a tribute to the French café-concert 
singer Félix Mayol, who wore a bunch of lily of the 
valley flowers in his buttonhole on May 1st, 1895, 
before going on to sing on his first Parisian show! 
Following this discovery, Firmenich launched 
Florolg a few years later. It is another example of a 
cost-effective muguet alcohol, prepared in a single 
synthetic step. Unlike Mayol, Florol has a very clean 
facet and abundant volume, and can be used as 
a master key to carve muguet or floral accords as 
desired. Despite its terpenic structure that relates 
it to rose oxide, it has never been found in nature. 
Even today, Florol and Mayol are the two most 
commercially important muguet alcohols.

The 1990s saw the discovery of two beauti-
ful muguet ingredients. Discovered in 1994 by 
a talented Firmenich chemist, Béat Winter, a 

molecule later named Hivernalh (hiver meaning 
winter in French) shares a common dihydrocin-
namic aldehyde scaffold with Lilial and several of 
its analogues;4 its olfactory character is however 
well differentiated, as it substitutes the fatty side of 
Lilial for a fresh, clean note that makes it reminis-
cent of freshly laundered linen. In the design of its 
industrial processes, Firmenich has put in practice 
the principles of green chemistry, as first formu-
lated by Anastas and Warner.5 Within this regard, a 
new, expeditious synthesis of Hivernal was devised, 
wherein the two main sub-fragments are assembled 
in a single, catalytic step. Hereby, the number of 
intermediate derivatives used was minimized, while 
generating less waste and maximizing efficiency. The 
new quality of the product obtained was introduced 
in 2007 under the name of Hivernal Neo. Harry 
Frémont, master perfumer at Firmenich describes 
the uniqueness of Hivernal Neo as "the freshest 
and the longest lasting ingredient, although fresh-
ness and longlastingness normally do not coexist. 
Very monolithic and linear, its modifying power is 
unequaled with brightness and a humid facet.” 

Discovered in 1996, also by Béat Winter,  
Lilyflorei was equally spectacular, having an 
unprecedented strength and performance for a 
muguet alcohol.6,7 It incorporates the main features 
of muguet aldehydes in addition to an excellent 
stability in application. Olfactively, it stands closer 
to hydroxycitronellal than Lilial. According to 
Firmenich perfumer Dora Baghriche, “Lilyflore, one 
of the most complete and equilibrated muguet mol-
ecules is addictive. Its slight lactonic facet makes 
it accessible, connected to other floral notes…” 
Another benefit is that Lilyflore is not on the list of 
IFRA restricted materials. A significant improve-
ment in the key chemical transformation of the 
synthesis was recently implemented, resulting in a 
productivity increase of 330% with a concomitant 
reduction of a hazardous solvent, in accordance 
with the principles of green chemistry.22

Firmenich synthetic muguet ingredients

f,g Mayol and Florol are trademarks of Firmenich h,i Hivernal and Lilyflore are trademarks of Firmenich

F-2.
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Beyond Muguet

Scent and Sustainability
Recent years have met with increasing constraints 

in the use of traditional lily of the valley molecules, 
as a result of increasing suspicions regarding their 
safety. Blockbusters like Lilial, Lyral or Bourgeonal 
have progressively been viewed with mistrust by 
several clients, leading to their restriction in some 
scented compositions. Given their ubiquity in all 
fields of perfumery, the reluctance to use these 
ingredients has led to a profound reconfiguration 
of the fragrance creation process, and a leading 
necessity for organic chemists to devise adequate 
replacements. Here, the close collaboration between 
chemists and perfumers, who identify business needs 
and play a key role in the selection process, proved 
to be a determining success factor. Also crucial is 
the coordination with the regulatory department, as 
the environmental and toxicological profile of new 
ingredients is decisive for their registration and their 
listing in chemical inventories. Towards this end, 
Firmenich has put in place an internal tool called 
“Green Gate” to evaluate the environmental impact 
of a molecule, and more specifically its biodegrad-
ability. This principle is applied systematically to all 
newly launched ingredients.

Under the strong leadership of master perfumer 
Pierre-Alain Blanc, Firmenich has found and 
introduced a set of new muguet compounds able to 
substitute ingredients like Lilial. In this connection, 
Tillenali was discovered8 and launched as a captive 
at Firmenich in 2013. Its scaffold, an hexahydro-
cinnamic aldehyde derivative that is not prone to 
rearomatization, is novel in perfumery. It exhibits a 
fresh muguet odor reminiscent of linden blossoms, 
with an ozonic, fresh, melonal-like facet and a pine 

aspect that differentiate it clearly from the 
other members of the same family. Its high 
volatility renders it very useful as a top note; 
it can also be used as an exhauster of floral-
muguet notes by its fresh, aldehydic facet. 
Firmenich is a pioneer in the reduction of 
esters by hydrogenation.9 This technology was 
successfully implemented in the production 
of Tillenal, having the advantage of using low 
amounts of solvent in mild and safe reaction 
conditions and accumulating very little waste. 
In comparison to previously used processes for 
the same type of reaction, this can be seen as a 
major achievement in green chemistry.

Josenolj, an aromatic allylic alcohol 
introduced in 2014, is nicely floral, with lilac 
and mimosa aspects, and an anisic side.10 It 
is comparable to Florol with more powdery, 
cosmetic aspects that provides it with addi-

tional complexity and velvetness. Towards the goal 
of bringing green chemistry to the forefront and 
applying sustainable technologies, Firmenich relied 
on its proprietary expertise in catalytic hydrogena-
tion of aldehydes to design an industrial process with 
minimized waste and a lower E-factor. 11-13

Mimosalk was introduced in 2015.14 It is a tena-
cious lily of the valley aldehyde, yet greener than 
Lilial, with interesting aqueous, heliotropic facets. 
Its uniqueness is emphasized by François-Raphaël 
Balestra, perfumer and director new ingredients 
discovery at Firmenich: “Mimosal has an amazing 
duality combining a green freshness and a powdery 
softness so typical of mimosa flowers. To me it is like 
a cool floral wind in a velvet glove.” For a number 
of years, the development of an industrial process 
for this ingredient proved to be difficult and elusive. 
The solution finally arrived in the form of an unusual 
reduction of a dienal intermediate into the corre-
sponding g,d-unsaturated aldehyde, using a catalytic 
system discovered and optimized at Firmenich.15 
Finally, it is worth mentioning that Mimosal, as well 
as Tillenal and Josenol, all passed the Green Gate 
biodegradability criteria.

As a consequence of a 30-plus year research 
program devoted to the discovery of novel lily of the 
valley molecules, destined to complement both the 
current palette and to anticipate legislative changes, 
Firmenich is now equipped with a portfolio of origi-
nal and performing muguet ingredients. Importantly, 
the molecules of the latest generation are biodegrad-
able and exhibit an excellent environmental profile, 
which has allowed their regulatory department to 
register them worldwide. Their development, made 
in accordance with the principles of green chemistry, 
was notably motivated by the concern for maximiz-
ing efficiency and minimizing hazardous effects on i,j,k Tillenal, Josenol and Mimosal are captives and trademarks of Firmenich

Cutting-edge, state-of-the-art hydrogenation technology at Firmenich. Photo courtesy of Firmenich.
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human health and the environment. This approach 
falls within Firmenich’s global commitment to 
environmental management that has made it a 
recognized leader in sustainability. However, despite 
extensive efforts by all main F&F industry players, a 
perfect Lilial replacement, that would cumulate all 
its qualities in terms of versatility, performance and 
cost, still remains to be found.16-21 Its identification 
will be one of the major challenges of perfumery 
ingredients discovery in the coming years.
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Berjé Trakia, represents our presence in Europe. 
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to produce an assortment of natural ingredients 
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    Most importantly, Berjé Trakia is emblematic 
of our company’s foundation in quality and heritage 
with our commitment to local farmers, traditional 
growing practices and handpicked, delicate and 
natural materials.

    Berjé Trakia demonstrates a sophisticated 
approach to a time-honored practice and reverence 
for the art of this business. Berjé excited to announce 
our new venture to continue the traditional methods 
met with a modern approach with a brand new 
facility estimated to be completed in 2019.

FLORAL FAM I LY PROD UCTS

CONTACT US FOR AD D ITIONAL U N LI STE D FLORAL R E LATE D PROD UCTS

BORONIA ABSOLUTE TASMANIAN

CANANGA OIL

CHAMOMILE OIL BLUE

CHAMOMILE OIL ROMAN

CHAMOMILE OIL WILD MAROC

CISTUS OIL

CISTUS ABSOLUTE

GERANIUM OIL CHINESE

GERANIUM OIL EGYPTIAN

GRAPEFRUIT FLOWER ABSOLUTE

HELICHRYSUM OIL

HYSSOP OIL

JASMINE ABSOLUTE
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LAVENDER OIL BULGARIAN

LAVENDER OIL SPIKE
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TAGETES OIL ZIMBABWE
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VIOLET LEAF ABSOLUTE

ZDRAVETZ OIL
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USING DYNAMIC HEADSPACE WITH  
PDMS FOAM TRAPPING AND GC-TOFMS

The importance of when and how fragrance chemicals are extracted  
in order to accurately reconstitute the scent of a flower

T
he alluring fragrances of flowers are the 
primary inspiration for new perfumes. In 
the quest to develop novel synthetic aroma 
chemicals, perfumers have increasingly 
relied upon the assistance of analytical 

chemists to help them identify major chemicals 
responsible for floral fragrances.

Gas chromatography with mass spectrometry 
detection (GC/MS) has been the method of choice for 
identifying fragrance chemicals in natural prod-
ucts. Gas chromatography is the tool for separating 
the numerous fragrance chemicals once they are 
extracted from floral scents, while mass spectrome-
try is used to identify the structures of the chemicals, 
usually by matching the mass spectrum of an eluting 
chromatographic peak with the mass spectra in an 
electronic database library. The challenge facing the 

analytical fragrance chemist is how to extract a rep-
resentative profile of fragrance chemical that mimics 
the optimum aroma of the flower being studied.

How and when the fragrance chemicals are 
extracted profoundly affects the chemical profile 
obtained. Chemists have learned that picked flowers 
can have an entirely different fragrance profile than 
growing flowers.1 Additional factors that determine 
the fragrance chemicals present include tempera-
ture, moisture and soil conditions, as well as the 
flower’s stage of life (i.e., its maturity). The time of 
day in which sampling is performed is also critical. 
Optimum sampling time normally occurs when the 
plant’s primary pollinator is most active. Floral scent 
analysis normally involves sampling at specific time 
intervals over a 24-hr period to determine maximum 
levels of key fragrance chemicals. The peak olfactive 

by Ray Marsili and Cesar Kenaan,  
Marsili Consulting Group

Vol. 27 • May/June 2002
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moment is defined as the maximum 
scent emission. The composi-
tion of aroma chemicals present 
at the peak olfactive moment is 
determined and is then the basis 
for formulating the reconstituted 
fragrance. Understanding the 
biorhythm of the particular flower 
being studied is fundamental to 
determining the peak olfactive 
moment and is critical to the suc-
cessful artificial synthesis of the 
desired floral scent.

To accurately reconstitute the 
scent of a flower, it is necessary to 
capture, analyze and identify the 
most significant aroma-contribut-
ing chemicals that are present at 
the peak olfactive moment.

Methods Used to Isolate Floral 
Scent Chemicals
The analytical techniques used to 
extract/isolate fragrance chemicals can influence the 
types and quantities of chemicals collected for GC/MS 
analysis. Extracting picked flowers with solvents and/or 
distillation techniques is not advisable. Solvent extracts 
and floral distillates often lack the delicate aroma 
of the flower at the peak of its life cycle. Extraction 
techniques that require heat can generate artifacts by 
hydrolysis, oxidation or thermal breakdown of plant 
metabolites.

Headspace extraction techniques on living flowers 
are preferred. They can be classified as static head-
space and dynamic headspace. The first headspace 
technique applied to collection of floral scents was 
static headspace and was initially applied by Dodson 
and Hill in 1966.2 They were attempting to identify 
the aroma chemicals that attract Euglossine bees to 
several species of orchids. To extract the fragrance 
chemicals, the researchers placed orchids in a sealed 
jar for 30 min, then used a gas-tight syringe to 
withdraw a sample of the air and injected it into a 
GC. Static headspace methods suffer from poor sen-
sitivity for less volatile floral scent chemicals. While 
crude compared to today’s sophisticated sampling 
techniques, Dodson and Hill’s approach helped direct 
fragrance scientists to the development of modern 
sensitive and accurate sampling methods.

Examples of the most common techniques 
currently used to extract fragrance chemicals from 
flowers include: 

Dynamic headspace extraction: This technique 
usually involves enclosing the scent emitter in a suit-
ably shaped glass vessel. With a vacuum pump, the 
scented air is then drawn through a Tenax trap (or a 

trap filled with some other adsorbing or absorbing 
material). The chemicals responsible for the scent 
are preconcentrated on the sorbent trap, eluted off 
the sorbent with heat (or sometimes with a small 
amount of organic solvent) and analyzed by GC/MS.

Solid-phase microextraction (SPME): SPME 
was developed in 1988 by Janusz Pawliszyn at the 
University of Waterloo in Ontario, Canada. The 
technique was commercialized in 1993 by Supelco. 
With SPME—a solvent-free sample preparation 
method—a fused silica fiber coated with a polymer 
film is exposed to the air above a flower, causing an 
equilibrium distribution to be established between 
the stationary phase (the microfiber) and the gas 
phase.

Several types of SPME fibers with varying 
levels of polarity have been developed for SPME. 
Polydimethylsiloxane (PDMS) is an excellent fiber 
for capturing nonpolar volatiles. Carboxen/PDMS 
is slightly polar and works very well for extremely 
volatile, low-molecularweight polar compounds. 
Polyacrylate (PA) works well for extracting midpo-
lar volatiles. Carbowax/divinylbenzene is preferred 
for extracting polar volatiles. (Please note that the 
Carbowax/DVB is no longer available; it has been 
replaced by cross-linked PEG.) After the aroma 
volatiles are captured on the SPME fiber, they are 
thermally desorbed in the hot GC injector and into 
the GC capillary column for separation, followed by 
MS identification of resolved chemical components.

Mookherjee et al. were the first to apply SPME 
to floral fragrance extraction.3 In their study of 
the orchid flower (Dendrumbium superbum) 
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scent, SPME was a superior technique to classical 
headspace.

Zenith Trap: The Zenith Trap was developed and 
patented by Thomas McGee and Kenneth Purzycki 
of Givuadan.4 The Zenith Trap consists of a bundle of 
fused silica capillary tubes whose inner surfaces are 
coated with different substrates with various degrees 
of absorption capacity for aroma chemicals of differ-
ent polarities. The details explaining the creation of 
the Zenith Trap have been previously published.5

Advantages and Disadvantages of Various 
Extraction Techniques
All sample extraction techniques have strengths and 
weaknesses. Dynamic headspace extraction
using adsorbent/absorbent traps has distinct advantages 
over other sample extraction techniques for
analyzing floral fragrances. The choice of trapping 
resins and conditions used for trapping and
desorbing fragrance chemicals from the medium are 
important. When preconditioned Chromosorb 101 and 
Lichrolut EN traps are desorbed and analyzed by GC/
MS, a large number of background aromatic peaks 
are observed. Tenax (based on 2,6-diphenyl-p-phenyl 
oxide), one of the most popular trapping resins used 
when thermal desorption is employed, has numerous 
breakdown products, including benzene, toluene, benz-
aldehyde, acetophenone, styrene and other aromatic 
compounds. Since many natural products also contain 
these chemicals, it is difficult to determine if these 
chemicals, when observed in sample chromatograms, 
originate from the sample or are Tenax breakdown prod-
ucts. Furthermore, GC peaks from Tenax byproducts 
may coelute with fragrance chemicals, complicating 
the analysis. In contrast, PDMS sorbent has only a 
few breakdown products, which are polysiloxanes and 
have characteristic mass spectra that are readily dis-
tinguishable from the mass spectra of sample analytes. 
The excellent stability of PDMS is one of its greatest 
advantages
over Tenax TA and other types of adsorbent traps.6

Since SPME uses such small quantities of adsor-
bent material, it captures far fewer volatiles than 
dynamic headspace and usually requires extraction 
times of one to several hours to permit detection of 
a representative sampling of the fragrance chemicals 
responsible for the characteristic aroma of a flower. 
Lack of sensitivity is a major disadvantage of SPME 
for fragrance analysis. Another problem with SPME is 
analyte competition for active sites. Since most SPME 
fibers are adsorbents rather than absorbents, the more 
volatile components extracted from the flower can be 
displaced by less volatile components during extrac-
tion, thus skewing the recovery of extractables.

McGee and Purzycki reported the first comparative 
study of SPME and dynamic gas-sampled headspace 

for collected flower scents.7 They compared different 
SPME polymers to dynamic headspace using Tenax 
and found the selectivity of the different fibers to be 
problematic. Each SPME polymer demonstrated a 
marked bias for the polarity of the aroma chemicals 
similar to the polymer’s polarity, indicating that 
SPME is not ideal for collecting flower scents.

With the ability to use flow rates much higher 
than those possible with Tenax traps, it is possible 
to collect volatiles in far less time with the PDMS 
foam traps compared to the Tenax trap. For example, 
in research recently performed on beer samples, 
collection of beer flavor/aroma volatiles after 5 min 
extraction was shown to be equivalent to 30 min of 
extraction with Tenax TA.8

A disadvantage of the Zenith Trap is that it is not 
commercially available and reconstructing the trap 
to provide reproducible results could be challenging.

Comparison of Tenax and PDMS Foam 
Trapping
The present article attempts to show the advantages of
PDMS foam traps for dynamic headspace sampling 
and the importance of the peak deconvolution capabili-
ties of the Leco Pegasus GC-TOFMS for accurate and 
sensitive quantitation of coeluting fragrance chemicals.

A bearded iris with an unusually strong, pleas-
ant fragrance (caramel, spicy, vanilla with citrus 
nuances) was selected to evaluate the efficiency of 
PDMS foam trapping compared to Tenax TA and the 
advantages of using the Leco Pegasus GC-TOFMS for 
detection.

The fragrant purple bearded iris is shown in 
F-1. A GERSTEL TDU desorption tube contain-
ing the PDMS foam sorbent is shown in F-2, and 
the PDMS foam tube inserted into the iris during 
fragrance extraction is shown in F-3. The extraction 

Fragrant, purple bearded irisF-1.
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PDMS foam trap in a GERSTEL desorption tube PDMS foam TDU tube inserted into the iris 
during extraction

Automated analysis of PDMS foam tubes  
with GERSTEL TDU and MPS2

PDMS foam tubes automatically transferred  
by GERSTEL MPS2 from storage tray to 
GERSTEL TDU

containing the sorbent with the extracted fragrance 
chemicals was placed in the GERSTEL storage 
tray, as shown in F-4A. F-4B shows the GERSTEL 
MPS2 (multipurpose sampler) placing a desorption 
tube (taken from the storage tray) into the thermal 
desorbing unit (TDU) that is located above the 
GERSTEL CIS4 liquid nitrogen cooled inlet where 
desorbed volatiles are cyrofocused prior to injection 
into the GC capillary column.

F-5 compares two PDMS foam blank 

was conducted for 30 min at a flow of 120 mL/min. 
No enclosure was placed around the iris. A “blank” 
PDMS foam tube was prepared by analyzing garden 
air approximately 10 ft from the iris. This blank anal-
ysis allowed discrimination of chemicals extracted 
from the iris as opposed to chemicals extracted from 
the garden air or from decomposition products of 
the PDMS foam.

Following extraction of the flower with either 
PDMS foam or Tenax TA, the extraction tube 

(Continued on Page 43)

F-2. F-3.

F-4A. F-4B.
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PDMS foam iris extract compared to duplicate analysis of blank PDMS foam tubes after 30 min extraction  
of garden air

Comparison of iris extraction with PDMS foam vs. Tenax TA

F-5.

F-6.



39

T-1. GC-TOFMS chemical profile of fragrant bearded iris extracted by PDMS foam and analyzed by GC-TOFMS (area %)

Compound  R.T. (s) CAS Area %
acetaldehyde 97.5 75-07-0 0.0122

methanethiol 99.6 74-93-1 0.0004

formic acid, propyl ester 104.7 110-74-7 0.0019

ethanol, 2-methoxy-, acetate 105.1 110-49-6 0.0141

2-hexanone, 4-methyl- 122.6 105-42-0 0.1089

2(5H)-thiophenone 137.2 3354-32-3 0.0243

acetic acid 159 64-19-7 0.3719

2-propanone, 1-hydroxy- / acetol 164.5 116-09-6 0.0423

benzyl methyl ketone 189.5 103-79-7 0.0206

2-hexenal 210.2 505-57-7 0.1452

hexanal 210.6 66-25-1 0.1452

4-heptenal, (Z)-  244.8 6728-31-0 0.0153

1H-pyrrole, 3-methyl- 245.7 616-43-3 0.0050

3-hexen-1-ol 256.4 544-12-7 0.0138

butanal, 2-ethyl- 263.1 97-96-1 0.0055

2,4-hexadien-1-ol 266 111-28-4 0.0199

3-heptanone 278.1 106-35-4 0.0019

heptanal 290.5 111-71-7 0.0958

1-butanone, 1-(2-furanyl)- 302 4208-57-5 0.0012

DL-2,3-butanediol 309.9 6982-25-8 0.0101

butyrolactone 310.5 96-48-0 0.0531

2(5H)-furanone 311.7 497-23-4 0.0570

2-butenal, (Z)- 317.8 15798-64-8 0.0761

3-carene 318.8 13466-78-9 0.0751

camphene 332.1 79-92-5 0.0601

2-decanol 337.6 1120-06-5 0.0653

4-octanone 353.5 589-63-9 0.0151

a-phellandrene 354.3 555-10-2 0.0033

a-thujene 357.2 28634-89-1 0.0008

5-hepten-2-one, 6-methyl-  366.5 110-93-0 0.2751

myrcene 369.4 123-35-3 0.0547

furan, 2-pentyl- 370 3777-69-3 0.0536

phenol 372.3 108-95-2 0.0135

2-methyl-3,7-diphenylindole 374.3 1863-20-3 0.1646

hexanoic acid 381.5 142-62-1 0.0316

4-hexen-1-ol, acetate, (Z)- 383.9 42125-17-7 0.2640

2-propyl-1-pentanol 405 58175-57-8 0.1221

furan-2-carboxylic acid, 3-formylphenyl ester 415 332411-91-3 0.0013

2(3H)-furanone, 5-ethenyldihydro-5-methyl- 416.8 1073-11-6 0.0509

5-nonen-4-one, 6-methyl- 418.3 7036-98-8 0.0093

3-nonen-1-ol, (E)- 419 10339-61-4 0.0094

benzene, 1-methyl-2-(1-methylethyl)- 431 527-84-4 0.0382

2-nonen-1-ol 439.6 22104-79-6 0.1053

1-octanol 442.4 111-87-5 0.0221

2-pentenoic acid, 4-hydroxy- 444.7 28525-83-9 0.0026

6-octen-1-ol, 7-methyl-3-methylene- 453.9 13066-51-8 0.0100

o-cymene 455.1 527-84-4 0.0004
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T-1. GC-TOFMS chemical profile of fragrant bearded iris extracted by PDMS foam and analyzed by GC-TOFMS 
(area %) (Cont.)

Compound  R.T. (s) CAS Area %
cyclohexene, 3-methyl-6-(1-methylethylidene)- 457.8 586-63-0 0.0088

2-nonanone 460.4 821-55-6 0.0012

heptanoic acid 461 111-14-8 0.0041

4-nonenal, (E)- 462.3 2277-16-9 0.0633

nonanal 471.5 124-19-6 0.5159

trans-decalin, 2-methyl-   477.6 – 0.0222

benzene, 1-methoxy-2-(1-methylethenyl)- 482.5 10278-02-1 0.0549

benzeneethanol, dimethyl- 487.4 100-86-7 0.0065

octanoic acid, methyl ester 488.6 111-11-5 0.1953

trans-undec-4-enal 498.5 68820-35-9 0.0421

3-hydroxymandelic acid, ethyl ester, di-TMS  502.2 – 0.0025

trans-cinnamyl bromide 503.6 26146-77-0 0.0004

2,3-dimethylanisole 504.3 2944-49-2 0.0037

4H-pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- 512.7 28564-83-2 0.0107

2-benzylpiperazine 513.4 84477-71-4 0.0450

(R)-(+)-citronellal 514.7 2385-77-5 0.4362

thiophene, 2-(1-methylethyl)- 519.1 4095-22-1 0.0408

2-decen-1-ol 528.5 22104-80-9 0.2035

m-menth-6-ene, (R)-(+)- 528.9 13837-70-2 0.2050

octanoic acid, methyl ester 532.5 111-11-5 0.0107

chrysanthemumic acid 2,4-dimethylbenzyl ester 534 70-38-2 0.0335

thiazole, 5-butyl- 541.8 52414-90-1 0.0049

acetophenone, 4’-methyl- 543.9 122-00-9 0.0045

methyl 6-methyl heptanoate 548.9 2519-37-1 0.0011

p-methylguaiacol 551.2 93-51-6 0.1356

salicylic acid, methyl ester 552.5 119-36-8 0.0168

1,3,5-cycloheptatriene, 3,7,7-trimethyl- 559.6 3479-89-8 0.6462

decanal 560.1 112-31-2 0.6462

6-octen-1-ol, 7-methyl-3-methylene- 572.2 13066-51-8 0.2608

3-nonenoic acid, methyl ester 572.7 13481-87-3 0.2608

nonanoic acid, methyl ester 574.7 1731-84-6 0.0088

8-nonenoic acid, methyl ester 576.9 20731-23-1 0.0058

3-carene 580.2 13466-78-9 0.3510

(R)-(+)-a-citronellol 581.7 1117-61-9 1.7476

1-penten-3-one 585.2 1629-58-9 0.0994

cis-citral 591.3 106-26-3 0.0781

isogeraniol 593.4 5944-20-7 0.1342

octanoic acid 593.7 124-07-2 0.1342

(+)-carvone 594.7 2244-16-8 0.0294

trans-geraniol 602.9 106-24-1 0.4467

oxalic acid, allyl ethyl ester  603.3 – 0.6280

4-hydroxy-2-methylbenzaldehyde 604 41438-18-0 1.0200

cis-geraniol 605.3 106-25-2 2.6724

1,3-cyclohexadiene-1-methanol, 4-(1-methylethyl)- 605.8 1413-55-4 2.6804

6-octenoic acid, 3,7-dimethyl-, methyl ester 606.4 2270-60-2 0.2631

(Continued from Page 39)
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Compound  R.T. (s) CAS Area %
trans-tagetone 607 6752-80-3 0.1561

trans-2-caren-4-ol 611.5 4017-82-7 0.0269

bicyclo[4.1.0]heptan-3-ol, 4,7,7-trimethyl-, (1à,3à,4à,6à)- 611.8 52486-23-4 0.0269

trans-citral 616 141-27-5 0.3166

2,6-octadienoic acid, 3,7-dimethyl-, methyl ester 623.1 2349-14-6 0.0761

nonanoic acid 623.8 112-05-0 0.0758

1-methylverbenol, methyl ether  624.9 – 0.0005

(-)-bornyl acetate 629.3 5655-61-8 0.0214

1,3-dioxolane, 2-ethenyl- 629.9 3984-22-3 0.1106

2-undecanone 633.1 112-12-9 0.0250

indole 638.7 120-72-9 0.0002

geraniol formate 640.1 105-86-2 0.0006

undecanal 644 112-44-7 0.0247

methyl cinnamate 644.8 103-26-4 0.0501

4-decenoic acid, methyl ester 645.4 7367-83-1 0.0271

2-methoxy-4-vinylphenol 652.7 7786-61-0 0.0010

decanoic acid, methyl ester 657.7 110-42-9 0.9852

methyl geranate 658.3 2349-14-6 0.9852

camphene 666.7 79-92-5 0.0016

benzoic acid, 2-amino-, methyl ester 675.4 134-20-3 0.0258

a-cubebene 680.8 17699-14-8 0.0453

acetophenone, 4’-methoxy- 683.8 100-06-1 0.0131

Z-8-octadecen-1-ol acetate  685 – 0.0072

isoeugenol 686.9 97-54-1 0.0098

2-decenoic acid, methyl ester, (E)- 695 7367-85-3 0.0042

n-decanoic acid 699.5 334-48-5 0.0518

ylangene 702.8 14912-44-8 0.3456

7-octen-4-ol, 2-methyl-6-methylene-, (S)- 703.9 35628-05-8 0.0260

methyl cinnamate 707.2 103-26-4 0.0578

undecanoic acid, methyl ester 712.6 1731-86-8 0.0803

vanillin 721.6 121-33-5 0.0025

decanal 723.4 112-31-2 0.0153

limonen-6-ol, pivalate  727.8 – 0.0035

acetophenone, 4’-tert-butyl- 730.5 943-27-1 0.0056

bergamotene 731.8 17699-05-7 0.1331

valeric acid, 3,5-dihydroxy-2,4-dimethyl-, lactone 735.2 109717-37-5 0.0189

sesquiphellandrene 752.3 20307-83-9 0.0418

geranyl acetone 758 689-67-8 0.2072

lilac aldehyde C 767.4 53447-47-5 0.0000

2-propenoic acid, 3-phenyl-, ethyl ester, (E)- 769.3 4192-77-2 0.0353

cyclopropane, nonyl- 773.7 74663-85-7 0.3414

10-undecenoic acid, methyl ester 798.1 111-81-9 0.0083

a-farnesene 798.9 502-61-4 0.0083

dibenzofuran 808.2 132-64-9 0.0217

dodecanoic acid, methyl ester 809.4 111-82-0 0.5105

T-1. GC-TOFMS chemical profile of fragrant bearded iris extracted by PDMS foam and analyzed by  
GC-TOFMS (area %) (Cont.)
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Compound  R.T. (s) CAS Area %
1,3-cyclohexanedione, 2-(2-propenyl)- 813.7 42738-68-1 0.1068

octanoic acid, 4-methylpentyl ester  828.6 – 0.0124

3,7-octadien-2-ol, 2,6-dimethyl- 835.4 62911-76-6 0.0100

dodecanoic acid 840.7 143-07-7 0.0573

2-decenoic acid, methyl ester, (E)- 843.9 7367-85-3 0.0070

cis-Z-a-bisabolene epoxide  846.9 – 0.0781

diethyltoluamide 853.1 134-62-3 0.0264

caryophyllene oxide 858.7 1139-30-6 0.0029

tridecanoic acid, methyl ester 859.3 1731-88-0 0.0029

2,6-heptadien-1-ol, 2,4-dimethyl- 874.3 80192-56-9 0.0927

decanoic acid, 3-methyl- 883.3 60308-82-9 0.0036

benzophenone 887.7 119-61-9 0.0166

caryophyllene oxide 890.1 1139-30-6 0.7754

decanoic acid, octyl ester 892.4 2306-92-5 0.0922

2-nonadecanone 929.8 629-66-3 0.2124

methyl tetradecanoate 946.7 124-10-7 0.5498

geranyl butyrate 965.6 106-29-6 0.0332

tetradecanoic acid 978.7 544-63-8 0.4216

tetradecanoic acid, 12-methyl-, methyl ester 992.2 5129-66-8 0.1781

4-nonenoic acid, methyl ester 999.6 20731-19-5 0.0073

benzoic acid, 2-hydroxy-, pentyl ester 1001.7 2050-08-0 0.0053

tetradecanoic acid, 12-methyl-, methyl ester 1010 5129-66-8 0.0768

pentadecanoic acid 1041.1 1002-84-2 0.2805

benzyl salicylate 1042.8 118-58-1 0.0050

hexadecen-1-ol, trans-9- 1045.2 64437-47-4 0.5747

homomenthyl salicylate 1052.8 52253-93-7 0.0056

caryophyllene oxide 1053.9 1139-30-6 0.1100

hexadecanoic acid, methyl ester 1075.9 112-39-0 2.3590

oxybenzone 1138.3 131-57-7 0.2105

hexadecen-1-ol, trans-9- 1162 64437-47-4 0.1921

octadecanoic acid, methyl ester 1185.3 112-61-8 0.6880

myristoleic acid 1197.6 544-64-9 0.6734

n-hexadecanoic acid 1208.8 57-10-3 1.1225

2-ethylhexyl p-methoxycinnamate 1209.7 5466-77-3 1.1225

hexadecanoic acid, butyl ester 1216.7 111-06-8 0.0897

benzoic acid, octyl ester 1226.4 94-50-8 0.2436

2-ethylhexyl trans-4-methoxycinnamate 1262.6 83834-59-7 0.0050

benzoic acid, undecyl ester 1279.7 6316-30-9 0.3622

hex-1-en-3-one, 1-(4-methoxyphenyl)-6-methyl- 1289.4 72178-64-4 0.9801

benzoic acid, 2-methylpropyl ester 1295.8 120-50-3 0.0153

1,2-benzenedicarboxylic acid, mono(2-ethylhexyl) ester 1397.1 4376-20-9 1.2709

citronellol epoxide (R or S)   1504.7 – 0.0019

tetradecanoic acid, tetradecyl ester 1620.3 3234-85-3 0.2346

9-octadecenal 1654 5090-41-5 0.0177

oxalic acid, allyl dodecyl ester  1670.2 – 0.0083

andrographolide 1757.3 5508-58-7 0.3843

T-1. GC-TOFMS chemical profile of fragrant bearded iris extracted by PDMS foam and analyzed by GC-TOFMS (area %) (Cont.)
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p-methylguaiacol

salicylic acid, methyl ester

citronellol

isogeraniol

cis-citral

cis-geraniol

methyl geranate

isoeugenol

ylangene

vanillin

bergamotene

lilac aldehyde C

benzyl salicylate

T-2. Chemicals not detected in Tenax TA extract  
but detected in PDMS foam extractchromatograms to a chromatogram of the iris scent 

PDMS foam extract. The duplicate blank analyses 
showed few background chemicals compared to the 
iris extract.

Evidence that the PDMS foam trap was more 
efficient than Tenax TA at trapping fragrance chemi-
cals appears in F-6. Some of the chemicals found 
in PDMS foam iris extracts and area percentages 
for these components can be seen in T-1. Several 
important fragrance chemicals detected in PDMS 
foam extracts but not in Tenax TA extracts are shown 
in T-2.

Instrumentation and Instrumental Conditions
Analyses were performed on a 6890 GC (Agilent 
Technologies) equipped with a CIS4 inlet and MPS2 
robotic sampler with TDU option (GERSTEL) and a 
Pegasus GC-TOFMS (Leco).

The GC capillary column used for all determina-
tions was a 30 m HP-5MS (Agilent) with an internal 
diameter of 0.32 mm and a film thickness of 0.25 µm. 
Chromatographic grade helium was used as the carrier 
gas with a head pressure of 1.6 psi and a constant flow 
of 1.5 mL/min. The oven ramping conditions were as 
follows: 40°C for 1 min, then heated at a rate of 10°C/
min to 270°C and held at 270°C for 6 min.

Extracted volatiles were thermally desorbed from 
the PDMS foam and Tenax traps with the GERSTEL 
TDU using the following conditions: splitless 
desorption with an initial temperature of 20°C, then 
increased at a rate of 60°C/min and held at 260°C for 
3 min.

The volatiles that were thermally desorbed from 
the sorbent traps were cryofocused in the GERSTEL 
CIS4 inlet at -60°C with a carrier gas flow of 50 mL/
min. After cryofocusing was completed, the volatiles 
were released into the capillary column by heating 
the CIS4 inlet at a rate of 10°C/s to 300°C. The CIS4 
was maintained at 300°C for 3 min and operated in 
the splitless mode for 1.5 min.

The Leco Pegasus TOFMS conditions were as 
follows: start/end mass was 40–300; the acquisition 
rate was 10 spectra/s; the detector voltage was 1300 
volts; the electron energy was 70 volts; the ion source 
temperature was 200°C; and the signal-to-noise ratio 
was set at 50.0.

The Advantages of GC-TOFMS
The Leco Pegasus GC-TOFMS was found to be critical
to accurate analysis of fragrance volatiles because of its
ability to perform peak deconvolution of coeluting 
volatiles. F-7 illustrates a region of the PDMS foam 
total ion chromatogram (730–736 s) where coelution of 
chemical components is occurring. While F-7 indicates 
that there seem to be two chemical components eluting 
in this time frame, the deconvoluted chromatogram 

in F-8 shows that there are actually seven chemicals 
eluting from 730–736 s.

Another example where coelution is occurring in 
the chromatogram of the PDMS foam iris extract is 
shown in F-9. Between 600 and 608 s, there appear 
to be two coeluting peaks in the TIC. However, F-10 
shows that there are actually eight chemicals that 
elute in this region. Detecting these chemicals would 
be challenging without the peak deconvolution capa-
bilities of the Pegasus GCTOFMS. Note the ability of 
the ChromaTOF software to deconvolute minor trace 
peaks even when coelution with an extremely large 
volume of eluting chemical (in this case, cis-geraniol) 
is occurring. It is often these minor peaks that are 
among the most significant fragrance chemicals in a 
floral scent.

(Continued from Page 37)

(Continued on Page 47)
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Peak deconvolution potential of Pegasus GC-TOFMS (undeconvoluted TIC)—Example 1

After peak deconvolution—Example 1

F-7.

F-8.
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Peak deconvolution potential of Pegasus GC-TOFMS (undeconvoluted TIC)—Example 2

After peak deconvolution—Example 2

F-9.

F-10.
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Identification of Iris Scent Volatiles

Peak deconvolution of isoeugenol

Peak deconvolution for isoeugenol showing caliper, true and library mass spectra

F-11A.

F-11B.
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The region of the chromato-
gram between 680 and 690 s 
shown in F-11A is crowded 
with coeluting chemicals. 
For example, peak apexes for 
octadecen-1-ol acetate (peak 
no. 518) and bis(trimethylsilyl) 
mercaptoacetic acid (peak no. 
519) are separated by less than 
250 ms, yet they are easily 
deconvoluted for accurate identi-
fication and quantitation with 
ChromaTOF. One important 
fragrance compound that could 
easily be undetected without the 
ChromaTOF peak deconvolution 
and auto peak find algorithms 
is isoeugenol (peak no. 520 at 
686.9 s).

F-11B shows the caliper 
(undeconvoluted) mass spectrum, 
true (deconvoluted) mass spectrum and the library 
mass spectrum match for peak no. 520. Clearly, 
attempting to find a high quality library match for 
isoeugenol in this sample using the caliper mass 
spectrum (total ion chromatogram mode) would 
be highly unlikely. The true spectrum for this peak 
offers a high similarity library match of 759 for 
isoeugenol.

Without peak deconvolution, it would be difficult 
to detect several important fragrance contributors 
in the iris extract. It is the experience of the authors 
that the serious problem of peak coelution is far 
more common than most chromatographers realize. 
It frequently occurs in complex natural products. 
The advantages of GC-TOFMS for flavor and fra-
grance testing have been previously described.9

Conclusion
This work shows that extraction with PDMS foam 
absorbent is able to detect more iris fragrance chemi-
cals than Tenax TA. Furthermore, the use of the Leco 
Pegasus GC-TOFMS was found critical for accurate 
quantitation of coeluting chemicals, many of which 
were important fragrance compounds.

With the development of more sensitive extrac-
tion techniques—such as stir bar sorptive extraction 
(SBSE) and dynamic headspace extraction with 
PDMS foam sorbent—analytical chemists are 
extracting more analytes compared to older extrac-
tion methods. While this is highly desirable for 
improving detection limits of potentially important 
fragrance compounds, it increases the likelihood of 
analyte peak coelution, which necessitates the need 
for more powerful mass spectrometry instrumenta-
tion and algorithms capable of performing peak 
deconvolution.

Address correspondence to Ray Marsili, Marsili Consulting Group, 
RockfordCollege, 5050 E. State St., Science Building, Room 120, Rockford, IL 
61108; e-mail: rmarsili@hotmail.com. 
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Almond Oil Bitter
Almond Sweet
Amyris
Angelica Root
Angelica Seed
Anise Chinese
Anise Spanish
Anise Vietnamese
Apricot Kernel
Argan
Armoise
Artemesia Afra (Lanyana)

Balsam Copaiba
Balsam Peru
Balsam Peru Oil, Distilled
Balsam Tolu P.G.
Basil Comores Type
Basil Indian
Basil Linalool Type
Bay W.I.
Beeswax Absolute
Benzoin Siam Resin
Benzoin Sumatra
Bergamot, Distilled BF
Bergamot
Black Currant Bud Absolute
Bois de Rose
Boronia Absolute
Buchu Leaf
Buchu, Sulfur Fractions 40%

Cabreuva
Cajeput
Calamus
Camphor 1.070
Camphor Chinese
Camphor White Taiwan
Cananga
Caraway
Cardamom
Carrot Seed
Cascarilla Bark
Cassia
Catnip
Cedarleaf
Cedarwood Atlas
Cedarwood Chinese
Cedarwood Texas
Cedarwood Virginiana
Chamomile Blue
Chamomile Roman
Chamomile Wild Maroc
Cinnamon Bark
Cinnamon Leaf Ceylon
Citronella 85/35 Java
Citronella Ceylon
Citronella Terpenes
Clove Bud Indonesian
Clove Bud Madagascan
Clove Leaf Indonesian 78/80%
Clove Leaf Madagascar 80/82%
Clove Leaf Redistilled
Clove Stem
Clove Terpenes
Coffee
Cognac Green
Cognac White
Copaiba Oil, Distilled
Coriander Herb (Cilantro)
Coriander Seed
Cornmint 50% Dem. India

Cornmint 50% Dem. China
Cornmint Rectified
Cubeb
Cumin Seed
Cypress

Davana
Dillweed

Elemi
Eucalyptus 70/75%
Eucalyptus 80/85%
Eucalyptus Citriodora Brazil
Eucalyptus Citriodora Chinese

Fennel
Fir Balsam Canadian
Fir Needle Canadian
Fir Needle Siberian
Fir Needle Chinese

Galangal Root
Galbanum
Garlic Chinese
Garlic Mexican
Geranium Chinese
Geranium Egyptian
Genet Absolute
Ginger (CO2)
Ginger Chinese
Ginger Fresh
Grapefruit Pink C.P.
Grapefruit White C.P.
Grapefruit Terpenes
Grapeseed
Gurjon Balsam
Guaiacwood

Helichrysum
Hop
Howood 95%
Hyssop

Jasmine Absolute
Jojoba Purified White
Juniper Berry

Labdanum Gum Refined
Laurel Leaf
Lavandin Abrialias
Lavandin Grosso
Lavender Absolute Bulgarian
Lavender 40/42 French Type
Lavender Bulgarian
Lavender Spike
Lemon Essence
Lemon Argentina
Lemon California Type
Lemon California 5x
Lemon Italian
Lemon Washed
Lemon Terpenes
Lemongrass Guatemalan
Lemongrass East Indian
Lemongrass Terpeneless
Lemongrass Terpenes
Lime Mexican C.P.
Lime Mexican, Distilled
Lime Peru, Distilled
Lime Washed
Lime Terpenes
Litsea Cubeba

Litsea Terpenes
Lovage Root

Mandarin Green
Mandarin Red Argentina
Mandarin Terpenes
Mandarin Petitgrain Terpeneless
Marjoram Spanish
Marjoram Sweet
Massoia Bark
Mentha Citrata
Mimosa Absolute
Mustard
Myrrh
Myrtle

Neroli
Nutmeg E.I.

Oakmoss Absolute Green
Ocotea Cymbarum
Olibanum
Opoponax
Onion Egyptian
Onion Mexican
Orange Essence
Orange Juice BJ N&A
Orange 5x
Orange 10x
Orange Bitter W.I.
Orange Bitter Brazil
Orange Midseason
Orange Valencia
Orange Terpeneless
Orange Terpenes
Origanum
Orris Root Concrete 8% Irone
Orris Root Concrete 15% Irone

Palmarosa
Parsley Leaf
Parsley Seed
Patchouli Indonesian
Patchouli Light
Patchouli M.D.
Pennyroyal
Pepper Black
Peppermint Piperita Chinese
Peppermint Piperita Indian
Peppermint Piperita Yakima
Peppermint Piperita Redistilled
Petitgrain S.A.
Pimento Berry
Pimento Leaf
Pinus Pumilionis
Pinus Silvestris

Rose Absolute Maroc
Rose Absolute Bulgarian
Rose Bulgarian
Rose Turkish
Rosemary Maroc
Rosemary Spanish
Rosemary Tunisian
Rue

Sage Clary
Sage Dalmatian
Sage Spanish
Sandalwood Australian
Sandalwood East Indian
Sandalwood Indonesian

Sassafras
Savory
Siamwood
Spearmint 60% Chinese
Spearmint 80% Chinese
Spearmint Native
Spearmint Terpenes
Spikenard
Spruce Canadian
Styrax Gum Honduras
Styrax BJ Replacement
Styrax Oil

Tagetes South African
Tangerine Cravo C.P.
Tangerine Florida C.P.
Tangerine Terpenes
Tarragon
Tea Tree
Thuja
Thyme Red
Thyme White
Tobacco Absolute
Tonka Bean Absolute

Valerian Root
Vanilla Absolute
Vetiver Haiti
Vetiver Haiti, M.D.
Vetiver Indonesian
Violet Leaf Absolute

Wintergreen
Wormwood American
Wormwood European

Yarrow (Milfoil)
Ylang Ylang #1
Ylang Ylang #2
Ylang Ylang #3

Zdravetz

Argan
Balsam Copaiba
Bois de Rose
Cardamom
Eucalyptus Radiata
Juniper Berry
Lavender Bulgarian
Orange
Peppermint
Tea Tree
Wormwood 
Zdravetz
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D
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Y

W

Z

ORGANICS

M

N

O

P

R

S
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C
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2-Acetyl Pyridine
2-Acetyl Pyrazine
Acetanisole Crystals
Acetoin
Acetophenone Prime
Agrumen Aldehyde BJ
Alcohol C-6
Alcohol C-8
Alcohol C-9
Alcohol C-10
Alcohol C-12
Aldehyde C-8
Aldehyde C-9
Aldehyde C-10
Aldehyde C-11
Aldehyde C-12 Lauric
Aldehyde C-14 “so called”
Aldehyde C-16 “so called”
Aldehyde C-18 “so called”
Allyl Amyl Glycolate
Allyl Caproate
Allyl Cyclo Hexyl Propionate
Allyl Heptoate
Allyl iso Thiocyanate
Allyl Phenoxy Acetate
(Acetate PA Type)
Amyl Acetate Iso
Amyl Acetate N
Amyl Alcohol, Iso
Amyl Butyrate, Iso
Amyl Salicylate, Iso
Amyl Valerate, Iso
Anethole
Anisic Aldehyde
NATURALS
Aldehyde C-10 50%
Amyl Acetate, Iso
Anethole

Benzaldehyde
Benzo Dihydro Pyrone
Benzophenone
Benzyl Acetate
Benzyl Alcohol
Benzyl Benzoate
Benzyl Propionate
Benzyl Salicylate
Borneol Crystals
Borneol Crystals, Iso
Bornyl Acetate, Iso
Bornyl Acetate Laevo
Bornyl Cyclohexanone, Iso
Bornyl Propionate, Iso
Butyl Acetate N
Butyl Butyryl Lactate
Butyric Acid N
NATURALS
Benzaldehyde
Butyric Acid N

Camphene 94%
Camphor Gum
Capric Acid
Caproic Acid
Caprylic Acid
Carbox Aldehyde (Triplal® Type)*
Carvone Laevo
Caryophyllene Acetate
Cedrene
Cedrenol
Cedryl Acetate 50%
Cedryl Acetate 70%
Cedryl Acetate Crystals
Cedryl Methyl Ether
Cinnamic Acid
Cinnamic Alcohol
Cinnamic Aldehyde

A

B

C

Cinnamyl Nitrile
Cis-3 Hexenyl-2-Methyl  
  Butyrate
Citral
Citronellol Pure
Citronellyl Nitrile
Coumarin
Cuminic Aldehyde
Cyclamen Aldehyde
Cyclo Hexyl Acetate
p-Cymene
NATURALS 
Camphor Gum
Carvacrol
Carvone Dextro
Caryophyllene
Cinnamic Aldehyde
Citral ex Litsea
Cis-3-Hexenol
Citronellal 85/90 
   ex Citronella
Citronellal 85/90 
   ex Euc. Citirodora
Citronellol ex Citronella

Decalactone Delta
Decalactone Gamma
Delta-3 Carene
Dibenzyl Ether
Diethyl Malonate
Dihydro Anethole
Dihydro Myrcenol
Dihydro Terpinyl Acetate
D.M.B.C. Acetate
D.M.B.C. Butyrate
D.M.B.C. Propionate
Dimethyl Benzyl Carbinol
Dimethyl Dioxolane
2,6 Dimethyl Heptenal
2,6 Dimethyl Heptenol
Dimyrcetol
Dipentene P.G.
Diphenyl Methane
Diphenyl Oxide
NATURALS
Dimethyl Sulfide
Diosphenol

Ethyl Acetate
Ethyl Aceto Acetate
Ethyl Butyrate
2-Ethyl Butyric Acid
Ethyl Caproate
Ethyl Cinnamate
4-Ethyl Guaiacol
Ethyl Iso Butyrate
Ethyl iso Valerate
Ethyl Lactate
Ethyl Levulinate
Ethyl Maltol
Ethyl Oenanthate
Ethyl Oxyhydrate
Ethyl Vanillin
Ethyl-2-Methyl Butyrate
Ethyl-2-Methyl Pentanoate
(Manzanate Type)
Ethyl Phenyl Glycidate
Ethyl Propionate
Ethylene Brassylate
Eugenol
Eugenol, Iso
Eugenyl Acetate
NATURALS
Ethyl Acetate
Ethyl Butyrate
Ethyl Propionate
Eucalyptol

D

E

Fenchyl Acetate
Fenchyl Alcohol Alpha
Floramelon (Helional® Type)
NATURALS
Fenchone Alpha

Geraniol
Geranyl Acetate
Geranyl Formate
Geraniol 60
Geraniol BJ
Guaiacol Pure
Guaiacwood Acetate
AROMATIC CHEMICALS
NATURALS
Geraniol ex Citronella
Geraniol ex Palmarosa

Heliotropine
Heptalactone Gamma
Trans-2-Hexenoic Acid
Hexenol-Trans-2
Cis-3 Hexenol
Hexyl Acetate
a-Hexyl Cinnamic Aldehyde
Hexyl Salicylate
Hydratropic Aldehyde
Hexenyl Acetate-Cis-3
Hydroxy Ambran
Hydroxycitronellal
Hydroxycitronellal Dimethyl 
Acetal
Hydroxycitronellal For Soap
Hydroxycitronellal Fractions
Hydroxycitronellol

Indole Crystals
Indolene
Ionone Alpha
Ionone Alpha-Beta
Ionone Beta
Ionone For Soap
Ionone Terpenes

Ketoisophorone

Lactic Acid 88%
Lilialdehyde (Lilial type)
Limonene D
Limonene L - 75°
Linalool Oxide
Linalool
Linalyl Acetate
Lyral ®
NATURALS
Limonene D Redistilled
Linalool ex Bois de Rose
Linalool ex Howood
Linalyl Acetate

Maltol Iso Butyrate
Maltol
Massoia Lactone
Menthofuran
Menthone Laevo
Menthone Prime
Menthyl Acetate Laevo
Methyl Acetophenone Para
Methyl Anthranilate
Methyl Benzoate
2-Methyl Butyric Acid
Methyl Eugenol
Methyl Ionone Alpha
Methyl Ionone BJ

I

H

L

K

M

F

G

Methyl Ionone Gamma
Methyl Iso Eugenol
Methyl-2-Nonenoate
Methyl Pomello 
    (Methyl Pample mousse Type)
2-Methyl-2-Pentenoic Acid
2-Methyl Pyrazine
2-Methyl Thio Pyrazine
2-Methyl Thio-3  
     (5,6) - Methyl Pyrazine
Methyl Salicylate
Methyl Thio Butyrate
Methyl Caproate
Methyl Cedryl Ketone Coeur
Methyl Cinnamate
Methyl Cinnamic Aldehyde
6-Methyl Coumarin
Methyl Cyclo Myrcetone
Methyl Cyclo Pentenolone
Methyl Dioxolane
Methyl Tuberate
Milk Lactone
Musk “G” 50%
Musk NY (Musk 144 Type)
Musk Ketone
Musk Xylol
Myrcene
Myrcenyl Acetate
NATURALS
Maltol
2-Methyl Butyric Acid
Menthol Crystals
Methyl Chavicol ex Anise
Methyl Chavicol ex Basil
Methyl Cyclo Pentenolone

Nerol
Nerolin Bromelia Crystals
Neryl Acetate Pure
Nopol
Nopyl Acetate

Octalactone Gamma
Octyl Acetate
O.T.B.C.H.A.

Pelargonic Acid
Phenyl Acetaldehyde  
     Dimethyl Acetal
Phenyl Acetic Acid
Phenyl Ethyl Acetate
Phenyl Ethyl Alcohol
Phenyl Ethyl Iso Butyrate
Phenyl Ethyl Phenyl Acetate
Phenyl Propyl Alcohol
Prenyl Acetate
Prenyl Salicylate
Propenyl Guaethol
Propyl-2-Methyl Butyrate, Iso
P.T.B.C.H Acetate
NATURALS
Phellandrene Alpha
Phenyl Ethyl Alcohol
Pinene Alpha PF
Pinene Beta PF
Piperitone

Raspberry Ketone
Rose Crystals
Rose Oxide
NATURALS
Raspberry Ketone
Rhodinol ex Geranium

N

O

R

P

Sandasweet  
     (Sandalore® Type)*
Sandacanol  
     (Bacdanol Type)
Sclareol
Skatole
Strawberry Furanone
Styrallyl Acetate
Sulfurol

Terpinene Alpha
Terpinene Gamma
Terpinolene 20
Terpinolene 90%
Terpineol P.G.
Terpinolene  
     Special Rein 95%
Terpinyl Acetate
Tetra Hydro Linalool
Tetra Hydro Myrcenol
Thymol Crystals
NATURALS
Terpinen-4-OL
Terpinene Gamma
Terpineol Alpha

Undecavertol

Valeric Acid, Iso
Vanillin
Vanillin ex Eugenol
NATURALS
Valeraldehyde, Iso
Vanillin

Whiskey Lactone
WS-3
WS-23

Yara Yara Crystals

Zingerone

S

T

V

U
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Y

Z
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Almond Oil Bitter
Almond Sweet
Amyris
Angelica Root
Angelica Seed
Anise Chinese
Anise Spanish
Anise Vietnamese
Apricot Kernel
Argan
Armoise
Artemesia Afra (Lanyana)

Balsam Copaiba
Balsam Peru
Balsam Peru Oil, Distilled
Balsam Tolu P.G.
Basil Comores Type
Basil Indian
Basil Linalool Type
Bay W.I.
Beeswax Absolute
Benzoin Siam Resin
Benzoin Sumatra
Bergamot, Distilled BF
Bergamot
Black Currant Bud Absolute
Bois de Rose
Boronia Absolute
Buchu Leaf
Buchu, Sulfur Fractions 40%

Cabreuva
Cajeput
Calamus
Camphor 1.070
Camphor Chinese
Camphor White Taiwan
Cananga
Caraway
Cardamom
Carrot Seed
Cascarilla Bark
Cassia
Catnip
Cedarleaf
Cedarwood Atlas
Cedarwood Chinese
Cedarwood Texas
Cedarwood Virginiana
Chamomile Blue
Chamomile Roman
Chamomile Wild Maroc
Cinnamon Bark
Cinnamon Leaf Ceylon
Citronella 85/35 Java
Citronella Ceylon
Citronella Terpenes
Clove Bud Indonesian
Clove Bud Madagascan
Clove Leaf Indonesian 78/80%
Clove Leaf Madagascar 80/82%
Clove Leaf Redistilled
Clove Stem
Clove Terpenes
Coffee
Cognac Green
Cognac White
Copaiba Oil, Distilled
Coriander Herb (Cilantro)
Coriander Seed
Cornmint 50% Dem. India

Cornmint 50% Dem. China
Cornmint Rectified
Cubeb
Cumin Seed
Cypress

Davana
Dillweed

Elemi
Eucalyptus 70/75%
Eucalyptus 80/85%
Eucalyptus Citriodora Brazil
Eucalyptus Citriodora Chinese

Fennel
Fir Balsam Canadian
Fir Needle Canadian
Fir Needle Siberian
Fir Needle Chinese

Galangal Root
Galbanum
Garlic Chinese
Garlic Mexican
Geranium Chinese
Geranium Egyptian
Genet Absolute
Ginger (CO2)
Ginger Chinese
Ginger Fresh
Grapefruit Pink C.P.
Grapefruit White C.P.
Grapefruit Terpenes
Grapeseed
Gurjon Balsam
Guaiacwood

Helichrysum
Hop
Howood 95%
Hyssop

Jasmine Absolute
Jojoba Purified White
Juniper Berry

Labdanum Gum Refined
Laurel Leaf
Lavandin Abrialias
Lavandin Grosso
Lavender Absolute Bulgarian
Lavender 40/42 French Type
Lavender Bulgarian
Lavender Spike
Lemon Essence
Lemon Argentina
Lemon California Type
Lemon California 5x
Lemon Italian
Lemon Washed
Lemon Terpenes
Lemongrass Guatemalan
Lemongrass East Indian
Lemongrass Terpeneless
Lemongrass Terpenes
Lime Mexican C.P.
Lime Mexican, Distilled
Lime Peru, Distilled
Lime Washed
Lime Terpenes
Litsea Cubeba

Litsea Terpenes
Lovage Root

Mandarin Green
Mandarin Red Argentina
Mandarin Terpenes
Mandarin Petitgrain Terpeneless
Marjoram Spanish
Marjoram Sweet
Massoia Bark
Mentha Citrata
Mimosa Absolute
Mustard
Myrrh
Myrtle

Neroli
Nutmeg E.I.

Oakmoss Absolute Green
Ocotea Cymbarum
Olibanum
Opoponax
Onion Egyptian
Onion Mexican
Orange Essence
Orange Juice BJ N&A
Orange 5x
Orange 10x
Orange Bitter W.I.
Orange Bitter Brazil
Orange Midseason
Orange Valencia
Orange Terpeneless
Orange Terpenes
Origanum
Orris Root Concrete 8% Irone
Orris Root Concrete 15% Irone

Palmarosa
Parsley Leaf
Parsley Seed
Patchouli Indonesian
Patchouli Light
Patchouli M.D.
Pennyroyal
Pepper Black
Peppermint Piperita Chinese
Peppermint Piperita Indian
Peppermint Piperita Yakima
Peppermint Piperita Redistilled
Petitgrain S.A.
Pimento Berry
Pimento Leaf
Pinus Pumilionis
Pinus Silvestris

Rose Absolute Maroc
Rose Absolute Bulgarian
Rose Bulgarian
Rose Turkish
Rosemary Maroc
Rosemary Spanish
Rosemary Tunisian
Rue

Sage Clary
Sage Dalmatian
Sage Spanish
Sandalwood Australian
Sandalwood East Indian
Sandalwood Indonesian

Sassafras
Savory
Siamwood
Spearmint 60% Chinese
Spearmint 80% Chinese
Spearmint Native
Spearmint Terpenes
Spikenard
Spruce Canadian
Styrax Gum Honduras
Styrax BJ Replacement
Styrax Oil

Tagetes South African
Tangerine Cravo C.P.
Tangerine Florida C.P.
Tangerine Terpenes
Tarragon
Tea Tree
Thuja
Thyme Red
Thyme White
Tobacco Absolute
Tonka Bean Absolute

Valerian Root
Vanilla Absolute
Vetiver Haiti
Vetiver Haiti, M.D.
Vetiver Indonesian
Violet Leaf Absolute

Wintergreen
Wormwood American
Wormwood European

Yarrow (Milfoil)
Ylang Ylang #1
Ylang Ylang #2
Ylang Ylang #3

Zdravetz

Argan
Balsam Copaiba
Bois de Rose
Cardamom
Eucalyptus Radiata
Juniper Berry
Lavender Bulgarian
Orange
Peppermint
Tea Tree
Wormwood 
Zdravetz
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2-Acetyl Pyridine
2-Acetyl Pyrazine
Acetanisole Crystals
Acetoin
Acetophenone Prime
Agrumen Aldehyde BJ
Alcohol C-6
Alcohol C-8
Alcohol C-9
Alcohol C-10
Alcohol C-12
Aldehyde C-8
Aldehyde C-9
Aldehyde C-10
Aldehyde C-11
Aldehyde C-12 Lauric
Aldehyde C-14 “so called”
Aldehyde C-16 “so called”
Aldehyde C-18 “so called”
Allyl Amyl Glycolate
Allyl Caproate
Allyl Cyclo Hexyl Propionate
Allyl Heptoate
Allyl iso Thiocyanate
Allyl Phenoxy Acetate
(Acetate PA Type)
Amyl Acetate Iso
Amyl Acetate N
Amyl Alcohol, Iso
Amyl Butyrate, Iso
Amyl Salicylate, Iso
Amyl Valerate, Iso
Anethole
Anisic Aldehyde
NATURALS
Aldehyde C-10 50%
Amyl Acetate, Iso
Anethole

Benzaldehyde
Benzo Dihydro Pyrone
Benzophenone
Benzyl Acetate
Benzyl Alcohol
Benzyl Benzoate
Benzyl Propionate
Benzyl Salicylate
Borneol Crystals
Borneol Crystals, Iso
Bornyl Acetate, Iso
Bornyl Acetate Laevo
Bornyl Cyclohexanone, Iso
Bornyl Propionate, Iso
Butyl Acetate N
Butyl Butyryl Lactate
Butyric Acid N
NATURALS
Benzaldehyde
Butyric Acid N

Camphene 94%
Camphor Gum
Capric Acid
Caproic Acid
Caprylic Acid
Carbox Aldehyde (Triplal® Type)*
Carvone Laevo
Caryophyllene Acetate
Cedrene
Cedrenol
Cedryl Acetate 50%
Cedryl Acetate 70%
Cedryl Acetate Crystals
Cedryl Methyl Ether
Cinnamic Acid
Cinnamic Alcohol
Cinnamic Aldehyde

A

B

C

Cinnamyl Nitrile
Cis-3 Hexenyl-2-Methyl  
  Butyrate
Citral
Citronellol Pure
Citronellyl Nitrile
Coumarin
Cuminic Aldehyde
Cyclamen Aldehyde
Cyclo Hexyl Acetate
p-Cymene
NATURALS 
Camphor Gum
Carvacrol
Carvone Dextro
Caryophyllene
Cinnamic Aldehyde
Citral ex Litsea
Cis-3-Hexenol
Citronellal 85/90 
   ex Citronella
Citronellal 85/90 
   ex Euc. Citirodora
Citronellol ex Citronella

Decalactone Delta
Decalactone Gamma
Delta-3 Carene
Dibenzyl Ether
Diethyl Malonate
Dihydro Anethole
Dihydro Myrcenol
Dihydro Terpinyl Acetate
D.M.B.C. Acetate
D.M.B.C. Butyrate
D.M.B.C. Propionate
Dimethyl Benzyl Carbinol
Dimethyl Dioxolane
2,6 Dimethyl Heptenal
2,6 Dimethyl Heptenol
Dimyrcetol
Dipentene P.G.
Diphenyl Methane
Diphenyl Oxide
NATURALS
Dimethyl Sulfide
Diosphenol

Ethyl Acetate
Ethyl Aceto Acetate
Ethyl Butyrate
2-Ethyl Butyric Acid
Ethyl Caproate
Ethyl Cinnamate
4-Ethyl Guaiacol
Ethyl Iso Butyrate
Ethyl iso Valerate
Ethyl Lactate
Ethyl Levulinate
Ethyl Maltol
Ethyl Oenanthate
Ethyl Oxyhydrate
Ethyl Vanillin
Ethyl-2-Methyl Butyrate
Ethyl-2-Methyl Pentanoate
(Manzanate Type)
Ethyl Phenyl Glycidate
Ethyl Propionate
Ethylene Brassylate
Eugenol
Eugenol, Iso
Eugenyl Acetate
NATURALS
Ethyl Acetate
Ethyl Butyrate
Ethyl Propionate
Eucalyptol

D

E

Fenchyl Acetate
Fenchyl Alcohol Alpha
Floramelon (Helional® Type)
NATURALS
Fenchone Alpha

Geraniol
Geranyl Acetate
Geranyl Formate
Geraniol 60
Geraniol BJ
Guaiacol Pure
Guaiacwood Acetate
AROMATIC CHEMICALS
NATURALS
Geraniol ex Citronella
Geraniol ex Palmarosa

Heliotropine
Heptalactone Gamma
Trans-2-Hexenoic Acid
Hexenol-Trans-2
Cis-3 Hexenol
Hexyl Acetate
a-Hexyl Cinnamic Aldehyde
Hexyl Salicylate
Hydratropic Aldehyde
Hexenyl Acetate-Cis-3
Hydroxy Ambran
Hydroxycitronellal
Hydroxycitronellal Dimethyl 
Acetal
Hydroxycitronellal For Soap
Hydroxycitronellal Fractions
Hydroxycitronellol

Indole Crystals
Indolene
Ionone Alpha
Ionone Alpha-Beta
Ionone Beta
Ionone For Soap
Ionone Terpenes

Ketoisophorone

Lactic Acid 88%
Lilialdehyde (Lilial type)
Limonene D
Limonene L - 75°
Linalool Oxide
Linalool
Linalyl Acetate
Lyral ®
NATURALS
Limonene D Redistilled
Linalool ex Bois de Rose
Linalool ex Howood
Linalyl Acetate

Maltol Iso Butyrate
Maltol
Massoia Lactone
Menthofuran
Menthone Laevo
Menthone Prime
Menthyl Acetate Laevo
Methyl Acetophenone Para
Methyl Anthranilate
Methyl Benzoate
2-Methyl Butyric Acid
Methyl Eugenol
Methyl Ionone Alpha
Methyl Ionone BJ

I

H

L

K

M

F

G

Methyl Ionone Gamma
Methyl Iso Eugenol
Methyl-2-Nonenoate
Methyl Pomello 
    (Methyl Pample mousse Type)
2-Methyl-2-Pentenoic Acid
2-Methyl Pyrazine
2-Methyl Thio Pyrazine
2-Methyl Thio-3  
     (5,6) - Methyl Pyrazine
Methyl Salicylate
Methyl Thio Butyrate
Methyl Caproate
Methyl Cedryl Ketone Coeur
Methyl Cinnamate
Methyl Cinnamic Aldehyde
6-Methyl Coumarin
Methyl Cyclo Myrcetone
Methyl Cyclo Pentenolone
Methyl Dioxolane
Methyl Tuberate
Milk Lactone
Musk “G” 50%
Musk NY (Musk 144 Type)
Musk Ketone
Musk Xylol
Myrcene
Myrcenyl Acetate
NATURALS
Maltol
2-Methyl Butyric Acid
Menthol Crystals
Methyl Chavicol ex Anise
Methyl Chavicol ex Basil
Methyl Cyclo Pentenolone

Nerol
Nerolin Bromelia Crystals
Neryl Acetate Pure
Nopol
Nopyl Acetate

Octalactone Gamma
Octyl Acetate
O.T.B.C.H.A.

Pelargonic Acid
Phenyl Acetaldehyde  
     Dimethyl Acetal
Phenyl Acetic Acid
Phenyl Ethyl Acetate
Phenyl Ethyl Alcohol
Phenyl Ethyl Iso Butyrate
Phenyl Ethyl Phenyl Acetate
Phenyl Propyl Alcohol
Prenyl Acetate
Prenyl Salicylate
Propenyl Guaethol
Propyl-2-Methyl Butyrate, Iso
P.T.B.C.H Acetate
NATURALS
Phellandrene Alpha
Phenyl Ethyl Alcohol
Pinene Alpha PF
Pinene Beta PF
Piperitone

Raspberry Ketone
Rose Crystals
Rose Oxide
NATURALS
Raspberry Ketone
Rhodinol ex Geranium

N

O

R

P

Sandasweet  
     (Sandalore® Type)*
Sandacanol  
     (Bacdanol Type)
Sclareol
Skatole
Strawberry Furanone
Styrallyl Acetate
Sulfurol

Terpinene Alpha
Terpinene Gamma
Terpinolene 20
Terpinolene 90%
Terpineol P.G.
Terpinolene  
     Special Rein 95%
Terpinyl Acetate
Tetra Hydro Linalool
Tetra Hydro Myrcenol
Thymol Crystals
NATURALS
Terpinen-4-OL
Terpinene Gamma
Terpineol Alpha

Undecavertol

Valeric Acid, Iso
Vanillin
Vanillin ex Eugenol
NATURALS
Valeraldehyde, Iso
Vanillin

Whiskey Lactone
WS-3
WS-23

Yara Yara Crystals

Zingerone

S

T

V

U

W

Y

Z

AROMATIC CH E M ICALS
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The Synthesis of Ionones
Utilizing the sole solid NaOH as the catalyst for the condensation of citral with acetone

I
onones have a broad spectrum of utilization in 
the flavor and fragrance industry because of their
characteristic violet fragrance. Most often, the syn-
thesis of ionones consists of two steps. First is the
synthesis of pseudoionone, which is most often 

prepared by aldol condensation of citral with acetone
in the presence of a basic catalyst. The second step is 
cyclization of the acquired pseudoionone in the pres-
ence of an acidic catalyst, which produces a mixture 
of ionones.

The majority of works utilize alkaline hydroxides 
for the condensation and inorganic and organic 
acids for the cyclization. The ratio of the acquired a- 
and b-isomers depends on the selection of catalyst, 
reaction temperature and cyclization time.

Theoretical
The ionone synthesis consists of two steps. First, pseu-
doionone is prepared by the aldol condensation of 
citral with acetone in the presence of a basic catalyst 
(F-1). In the second step, pseudoionone is cyclicized
in an acidic environment to a-ionone, b-ionone and 
g-ionone, respectively (F-2). These isomers differ in the 
position of their double bond.

Pseudoionone is commonly prepared by con-
densation of citral with acetone.1-6 The procedure 
restrictively leads to two demanded isomers of pseu-
doionone, i.e. two 3-trans,5-cis and 3-trans,5-trans 
isomers. The condensation of citral with acetone is 
most often carried out in the presence of sodium, 
potassium or barium (II) hydroxide. Absolute 

by Libor Cerveny, Antonin Marhoul and Lenka Zoubkova, 
Institute of Chemical Technology

Vol. 29 • September 2004
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Step one of ionone synthesis 

alcohol or water with an excess of acetone is a 
suitable environment. Sodium methoxide, ethoxide, 
phenoxide, quaternary ammonium bases and other 
basic substances can catalyze the reaction well. The 
range of yields of pseudoionone is 70-80 percent. 
It was demonstrated that the condensation can be 
also catalyzed using ion-exchangers that guarantee 
pseudoionone production in high yields with a low 
quantity of waste substances in a period of time 
shorter than 6 h.5,7 Divinylstyrene copolymers with 
the active groups of -CH2-N(CH3)2 or  -CH2-N+(CH3)3 
activated by water solution of sodium hydroxide, 
Wofatit SBW and others were proved as suitable 
ion-exchangers.

The pseudoionone cyclization is carried out 
in the presence of very acidic catalysts (most 
often mineral acids), and commonly a product is 
acquired that contains a mixture of  a- and b-, and 
g-ionone, respectively. It was found that b-ionone 
is produced by cyclization carried out by concen-
trated sulfuric acid; a mixture of a- and b-ionone 
is produced by a cyclization carried out using a 
very diluted sulfuric acid (5 percent), and primar-
ily, a-ionone is produced by cyclization carried out 
with 85 percent concentrated phosphoric acid or by 
use of other weak acids.2 The ratio of the product 
isomers and their interrelationship depends on 
a catalyst type, its quantity and concentration, 
reaction time, and temperature. Additionally, the 
isomer ratio is dependent on the starting ratio of 

isomers of pseudoionone (trans,cis or trans,trans 
pseudoionone).4

The methods of pseudoionone cyclization 
to b-ionone utilize a concentrated sulfuric acid 
in a three to six times weight excess related to 
pseudoionone. The process is carried out under 
a low-temperature, short period of time and in 
low-boiling- point inert solvents. BF3 and 85 percent 
solution of H3PO4 turned out to be the most appro-
priate catalysts for the cyclization of pseudoionone 
to a-ionone. Phosphoric acid is used in a quantity 
of 3-15 percent wt; the cyclization is carried out 
in chloroform, hexane or dimethylformamide. An 
alternative method is the cyclization in the pres-
ence of perchloric acid. Utilization of fluorsulfuric 
acid seems to be more advantageous, due to being 
substantially more reactive.9

The authors assumed that the usage of an acid 
excess in the cyclization of pseudoionone is deter-
mined by the two following circumstances.10 First, 
the acid excess minimizes the process of cationic 
polymerization of the starting pseudoionone. 
Second, in the case of cyclization of compounds that 
have more functional groups in their molecule than 
the double bond C=C (e.g. C=O, etc.), the equimolar 
amount of acid is necessary for the protonation 
of these groups, whereas at lower temperatures, 
complexes, whose cyclization starts only in the 
presence of a free acid, are produced. From these 
assumptions, low temperature dependencies of the 

Second step in synthesis of ionones 

F-1.

F-2.
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cationic polymerization rate and the rapid decrease 
of protonated complexes at higher temperatures, the 
authors concluded to proceed with the pseudoionone 
cyclization catalyzed by a small quantity of the acid 
under sufficiently high reaction temperatures (100°C 
and more). 

During cyclization of pseudoionone under the 
presence of a small catalyst quantity, a solvent selec-
tion plays an important role. Although the reaction 
proceeds with satisfactory yield even in its absence, 
the best results are achieved when hydrocarbonic 
solvents or their halogen derivatives are used.

It was found that cyclization of pseudoionone first 
produces a-ionone, which rearranges to a thermo-
dynamically more stable b-ionone due to the effect 
of an acidic catalyst.11 Isomerization of a-ionone to 
b-ionone proceeds rapidly, with total conversion only 
under increased temperatures. Phosphoric acid and 
60 percent sulfuric acid are not capable of inducing 
this isomerization, even at 40°C.

Preparation procedures that focused primarily on 
the preparation of a-ionone and b-ionone were found 
in the literature.2,12-14

Experimental
The compounds used in the experiment are listed 
below; the catalysts used are listed in T-1.

Citral — 98 percent — Slovakofarma — distilled  
 (103°-105°C/1.47 kPa)
Acetone — p.a. — Lachema Brno
Toluene, Cyclohexane — p.a. — Penta Chrudim

Working procedures: a) 722 g of acetone and 27 g 
of 41 percent aqueous solution of sodium hydroxide 
were introduced to a 2000 mL flask. Then 500 g of 
citral was added to the mixture under stirring at 
laboratory temperature. The mixture was heated 
using water bath and stirred for a period of 1.5 h at 

40°C. The water layer was separated, and the organic 
layer neutralized by 1 percent hydrochloric acid, 
washed by distilled water and dried by anhydrous 
sodium sulfate. Acetone residues were replaced, and 
the product was purified by rectification. The yield 
of pseudoionone (b.p. 119°-121°C/0.4 kPa) was 63.1 
percent.

b) 2 g of citral, 0.2 g of tetradecane (internal 
standard) and 7.6 g of acetone (10x excess) were 
introduced into a 25-mL reactor. The mixture tem-
perature was adjusted to the required 56°C, and then 
0.5 g of a hydrotalcite catalyst was added. Samples 
for a chromatographic analysis had been withdrawn 
during the course of the reaction.

c) 2 g of pseudoionone, 0.2 g of tetradecane (inter-
nal standard) and 8 mL of toluene were introduced 
into a 25-mL reactor. The mixture temperature was 
adjusted to the required 80°C, and then 0.2 mol of 85 
percent H3PO4 was added. Samples for a chromato-
graphic analysis were withdrawn during the course 
of the reaction.

Analytical methods: The analyses were operated 
on the gas chromatograph GC-17A Shimadzu with 
flame ionization detector. A capillary column (30 m x 
0.32 mm) — coated with Carbowax 20M, film thick-
ness of 0.25 μm — was used for the identification. 
The analyses of the reaction mixtures were carried 
out isothermally at 185°C.

Pseudoionone Preparation Using 
Homogeneous Catalysts
Effect of reaction environment: Aldol condensation of 
citral was catalyzed using the sole NaOH, 40 percent 
aqueous solution or methanolic solution of NaOH with
the molar ratio of citral:acetone 1:10. The measured 
data were evaluated as the time dependencies of the 
pseudoionone concentration (F-3) in various environ-
ments at the temperature of 56°C and with the same 
catalyst quantity (0.04 g NaOH per 0.013 mol of citral). 

Catalyst Manufacturer Modification
NaOH Lachema Brno

Hydrotalcite Mg:Al = 4:1 Department of Chemistry of Solid Substances, ICT Calcined 7 h at 530°C

Hydrotalcite Mg:Al = 2:1 Department of Chemistry of Solid Substances, ICT Calcined 5 h at 450°C

Hydrotalcite Mg:Al = 3:1 Department of Chemistry of Solid Substances, ICT Calcined 7 h at 530°C

Hydrotalcite Mg:Al = 5:1 Department of Chemistry of Solid Substances, ICT Calcined 7 h at 530°C

MgO
Department of Chemistry of 
Solid Substances, ICT

Calcined 7 h at 530°C

H3PO4 Lachema Brno

H3PO4 on kieselguhr Chemopetrol Litvínov

T-1. Catalysts used during experiments
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It is apparent from F-3 that the reaction catalyzed 
purely by the solid NaOH had the highest starting reac-
tion rate. In the reaction carried out in the methanol 
solution of NaOH, such content of pseudoionone in 
the reaction mixture was not achieved compared to 
the case of the reactions catalyzed by the sole NaOH
or the aqueous solution of NaOH. Additionally, in the 
former case, a quantity decrease of the product by 
consecutive reactions was observed.

Effect of the reactants molar ratio: In the litera-
ture, a broad spectra of molar ratios of citral:acetone 
was described. The experiments were performed 
with the molar ratios 1:3.8, 1:5, 1:10, 1:12, 1:15 and 
1:20, all catalyzed by 0.04 g of NaOH under the 
temperature of 56°C. The reaction product quantity 
increased with a growing amount of acetone in 
the reaction mixture. When a lower molar ratio of 
citral:acetone was applied, auto-condensation reac-
tions of citral conspicuously increased their action, 
which lead to a decreased amount of the acquired 
product. Having applied a higher molar ratio, a 
decrease of the product quantity by consecutive 
reactions was observed after reaching the maximum 
content of pseudoionone in the reaction mixture. 
Additionally, it was found that the starting conden-
sation rate decreases with an increasing quantity 

Course of condensation of acetone with various catalytic systems based on NaOH 

Mol ratio of  
citral:acetone r [mol/l/min] Pseudoionone  

content [percent]
1:3.8 0.45 54.0

1:5 0.40 57.2

1:10 0.31 74.1

1:12 0.18 74.3

1:15 0.13 75.7

1:20 0.11 84.3

T-2. Starting reaction rate and pseudoionone  
content (in the time 10 min)

of acetone. T-2 lists the starting reaction rate and 
pseudoionone content.

Temperature effect: Condensations catalyzed by 
NaOH were carried out at the temperature of 20°C, 
40°C and 56°C; the catalyst amount was 0.04 g of 
NaOH, and the molar ratio of citral:acetone 1:10. T-3 
gives the starting reaction rates.

The activation energy (E* = 23.6 kJ/ mol) was 
determined from the characteristics of the reaction 
courses carried out at different temperatures.

F-3.



54  2019 Floral E-book  |  www.berjeinc.com www.PerfumerFlavorist.com

The Synthesis of Ionones

The produced pseudoionone was analyzed using 
mass spectrometry, which showed that the first 
isomer was 3-trans-5-cis-pseudoionone (E,Z) and the 
second 3-trans-5-trans-pseudoionone (E,E).

Pseudoionone Preparation Using 
Heterogeneous Catalysts
Experiments with heterogeneous catalysts, hydro-
talcites and MgO were carried out. The effect of
reaction conditions on the reaction course and the
yield of the produced pseudoionone were studied with
these catalysts.

The effect of the catalyst amount, i.e. hydrotalcite 
(M72-the ratio of Mg:Al = 4:1), was studied in the 
condensation of citral with acetone at 56°C, and 
the molar ratio of citral:acetone 1:10. The time 

dependencies of the reaction courses were measured 
with catalyst amounts of 0.3 g, 0.5 g and 0.7 g to 
0.013 mol of citral (F-4). The acquired data demon-
strated that the condensation rate increased with an 
increasing amount of the catalyst. When 0.3 g of the 
catalyst was used, the reaction was too slow. Using 
0.5 g and 0.7 g of the catalyst, the changes in the 
reaction rates were not as significant compared to 
the previous case.

Effect of the temperature: The reactions were 
carried out at 40°C, 56°C and 66°C. The reaction at 
66°C, which is 10°C higher than the boiling point of 
acetone, was carried out in an enclosed vessel. The 
reaction was catalyzed using 0.5 g of hydrotalcite 
per 0.013 mol of citral, with the molar ratio of 
citral:acetone 1:10. A decrease of the temperature 

Temperature [°C] r [mol/l/min]
20 0.10

40 0.19

56 0.31

T-3. Starting reaction rates

Temperature [°C] r [mmol/min/gcat]
40 0.20

56 0.38

66 0.46

T-4. Starting reaction rates at various temperatures

Effect of hydrocalcite quantity on condensation course of citral with acetoneF-4.
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under the boiling point of acetone (56°C) signifi-
cantly altered the quantity of the acquired product. 
A temperature increase above the boiling point 
of acetone caused a minor effect on the acquired 
quantity of pseudoionone. An increase of the tem-
perature naturally led to an increase of the reaction 
rate. T-4 lists the starting reaction rates at various 
temperatures.

The activation energy of the condensation (E* = 
30.6 kJ/mol) was determined from the characteris-
tics of the reaction courses carried out at different 
temperatures.

Effect of reactants’ molar ratio: Experiments 
with citral:acetone molar ratios of 1:5, 1:10 and 1:20 
were carried out at 56°C and catalyzed using 0.5 g of 
hydrotalcite per 0.013 mol of citral. F-5 conspicuously 
shows that the quantity of the acquired pseudoionone 
increased with a growing amount of acetone in the 
reaction mixture. The starting reaction rates were 
relatively similar in relation to utilization of dissimilar 
molar ratios of citral:acetone, i.e. approximately 0.38 
mmol/ min/gcat. 

Mg:Al ratio effect: Hydrotalcites exist in various 
compositions, which differ in their ratio of Mg: 
Al. Comparative studies with Mg:Al ratios 2:1, 3:1, 
4:1 and 5:1 and the sole MgO were carried out at 

56°C, and catalyzed using 0.3 g of the catalyst per 
0.013 mol of citral with 10 mol excess of acetone. 
The highest content of the required product was 
determined in the reaction catalyzed by hydrotalcite 
with the ratio of Mg:Al 3:1. A further increase of the 
ratio of Mg:Al led to a decrease of the pseudoionone 
content. The temperature effect and the duration of 
calcination can explain the decrease of the pseudoio-
none content. The hydrocalcite used was already 
calcined prior to the utilization in this experiment, 
though at a lower temperature (450°C) and only for 
5 h. The reaction catalyzed by MgO exhibited the 
highest starting rate, though it produced the lowest 
pseudoionone content.

Pseudoionone Cyclization Catalyzed by H3PO4
Cyclization catalyzed by 0.2 mol of 85 percent solution
of H3PO4 per 1 mol of pseudoionone with 7 mol-excess 
of toluene as the solvent was studied. The only refer-
ence found in the literature was 2 h of the reaction 
time.10 Having prolonged the reaction time, it was 
found that the authors presented a period of time 
in which the highest quantity of all isomers were 
acquired, especially g-ionone, which rearranges to a
thermodynamically more stable b-ionone by a further
action of an acidic catalyst. Based on this finding, a

Effect of molar ratio of citral and acetone on condensation course of citral with acetoneF-5.
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Pseudoionone cyclization to individual isomers

Effect of cyclization of pseudoionone catalyzed by H3PO4 (individual points = measured values; curves 
= calculated model)

F-6.

F-7.
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model for pseudoionone cyclization to individual 
isomers was formulated (F-6).

The acquired data were processed as the time 
dependence of concentration of ionones and are 
shown in F-7. These data were analyzed using the 
program ERA 2.0, which is a suitable assessment 
tool for experimental data and identification of 
mathematical models. During this analysis, it was 
assumed that all the reactions were of the first order, 
and k5 equaled 0 as a result of the transformation of 
a-ionone to b- ionone, having been suppressed by the 
utilization of a weak acid as the catalyst.

Using this model, the following reaction rate 
constants particular to each individual isomer were 
calculated:

k1 = 0.01075 min-1

k2 = 0.00163 min-1

k3 = 0.00380 min-1

k4 = 0.00464 min-1

Having acquired positive results from the pseu-
doionone cyclization, which was in particular 
catalyzed by 85 percent solution of H3PO4, cycliza-
tion catalyzed by H3PO4-heterogeneous catalyst 
spread on kieselguhr was carried out.

The pseudoionone cyclization was carried out at 
the temperature of 80°C, catalyzed by 0.5 g of H3PO4 
on kieselguhr containing approximately 40 percent 
H3PO4 per 0.0104 mol of pseudoionone with the 
molar ratio of pseudoionone:toluene 1:7. In compari-
son to the cyclization catalyzed by the sole H3PO4, 
this cyclization had a slower course and gave a lower 
produced quantity of ionones, which was due to the 
effect of the produced side-products.

Conclusion
Utilizing the sole solid NaOH as the catalyst for the 
condensation of citral with acetone has not up to now 
been published. The accomplished experiments pre-
sented in this work conspicuously demonstrated that
such catalyzed condensation result in the highest yield
of pseudoionone ever published.

In regards to heterogeneous catalysts, the highest 
yield of pseudoionone was achieved in the case of 
using hydrotalcite with the molar ratio of Mg:Al 3:1. 
Basic reaction parameters affecting its course were 
studied and based on the acquired data; optimum 
conditions for the condensation were determined.

The presented text conspicuously refers to the 
maximum yields of pseudoionone, citing that the 
optimal conditions for the condensation catalyzed 
by NaOH include the temperature of 56°C, the molar 
ratio of citral:acetone:NaOH = 1:20:0.076 and the 
short reaction time of 15 min.

During cyclization of pseudoionone, the highest 
yields were acquired by the reaction catalyzed by 
use of 0.2 mol of 85 percent solution of H3PO4 at the 
temperature of 80°C with the molar ratio of pseu- 
doionone: toluene 1:7. To summarize, in the optimal 
course of both of the reaction steps, theoretical yields 
of ionones as high as 91 percent can be achieved, 
whereas it includes 57.2 percent of a-ionone, 16.1 
percent of b-ionone and 17.7 percent of g-ionone.

Address correspondence to Libor Cerveny, Department of Organic Technology, 
Institute of Chemical Technology, ITC Prague, Technicka 5, 166 20 Prague 6, 
Czech Republic. 
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T
he grapefruit, Citrus paradisi Macfad., 
which is the fruit of a subtropical 
tree, appears to have an uncertain 
history. All species of the genus Citrus 
are thought to be native to Asia 
and the Malay Archipelago, but the 
actual origin of grapefruit has been a 
mystery.

History
According to Kumamoto et al., grapefruit is an 
apomictically stabilized hybrid between the sweet 
orange (Citrus sinensis [L.]) Osbeck and the pom-
elo, or shaddock, (C. grandis (L.) Osbeck [syn. C. 
maxima (Burm.) Merrill].1 The main reason for the 
origin confusion is because it was for a long time 
thought to be a variety of C. maxima, or its known 
synonym C. grandis. Like sweet orange, the shad-
dock originated in southern China; however, it is 
grown throughout Southeast Asia.2

Macfadyen first encountered grapefruit in 
the 1830s in Jamaica where it was being grown 
and commonly known as ‘Barbados grapefruit.’3 

The shaddock was first encountered by Sloane in 
Barbados 1687, although it had been introduced 
into the island sometime after the island was settled 
in 1627.1, 4 It is also not clear if Captain Shaddock, 
or Chaddock, brought the seeds of this maternal 
parent fruit to Barbados.5 

It is supposed that the fruit was cultivated and 
hybridized or mutated into the grapefruit described 
as “forbidden fruit” by Hughes (1750) from 
Barbados:6, 7

The Trunk, Leaves, and Flowers of the Tree, 
very much resemble those of the Orange 
Tree. The Fruit, when ripe, is something 
longer and larger than the largest orange; 
and exceeds, in the Delicacy of its Taste, 
the Fruit of every Tree in this or any of our 
neighbouring Islands. It has somewhat of 
the Taste of a Shaddock; but far exceeds 
that, as well as the best Orange, in its deli-
cious Taste and Flavour.

Grapefruit Flower
Felix Buccellato, Custom Essence;  

additional information provided by Brian M. Lawrence
Vol. 38 • March 2013

Origins, composition, use and more.
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Component Neroli 1 Neroli 2 Grapefruit1 Grapefruit2 Odor

a-thujene 0.02 0.03 0.33 0.33 Citrus

a-pinene 0.40 0.72 1.57 1.61 Pine

camphene 0.03 0.04 0.04 0.05 Woody

sabinene – – 21.19 17.38 Citrus

b-pinene 4.76 11.87 2.26 2.35 Pine

myrcene 1.70 1.24 2.84 3.09 Citrus

a-phellandrene – – 0.14 0.17 Citrus

a-terpinene 0.11 0.09 1.84 1.91 Citrus

p-cymene – 0.15 0.22 – Citrus

limonene 9.81 16.91 30.06 33.07 Citrus

1,8-cineole – – – – –

cis-b-ocimene 0.86 0.43 0.32 0.47 Citrus

phenylacetaldehyde – – 0.03 0.06 Rose, floral

trans-b-ocimene 4.83 5.03 6.56 9.79 Citrus

g-terpinene 0.28 – 2.68 2.72 Citrus, pepper

cis-sabinene hydrate – – 0.09 0.07 Citrus

cis-linalool oxide (f) 0.32 0.11 0.06 0.07 Earthy

terpinolene 0.68 0.42 0.70 0.75 Citrus, lime

linalool 38.56 35.71 6.56 6.40 Floral, citrus

benzyl cyanide – – 0.26 0.29 Green, hyacinth

citronellal – – 0.08 0.11 Lemon

terpinen-4-ol – 0.50 2.67 2.97 Pine, earthy

a-terpineol 7.17 5.45 0.32 0.35 Floral

nerol 1.49 0.93 0.28 0.30 Floral, citrus

neral – – 0.05 0.08 Lemon

linalyl acetate 11.03 2.40 – – Woody, citrus

geraniol 2.98 2.62 0.26 0.28 Floral

geranial 0.08 – 0.26 0.12 Lemon

indole 0.13 0.12 0.13 0.10 Floral

methyl anthranilate 0.23 0.23 0.20 0.24 Floral, grape

a-terpinyl acetate – – 0.05 0.04 Woody, citrus

neryl acetate 2.13 1.58 0.02 – Citrus

geranyl acetate 3.97 3.25 0.04 – Citrus, fruity

dimethyl anthranilate 1.29 – – – Floral, grape

b-caryophyllene 0.94 1.09 1.05 1.07 Woody

nerolidol* 1.19 2.98 9.43 5.19 Floral

farnesol* 1.63 2.27 3.09 2.97 Floral

T-1. Comparative percentage composition of two samples each of neroli oil and grapefruit flower oil, 
and the odor characteristics of the components

* correct isomer not identified
f = furanoid form
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Grapefruit Flower

Grapefruit, the current name, is a result of the 

fruit growing in clusters, similar to grapes on the 
tree. 

Florida is one of the centers where grapefruit is 
grown and it is believed to have been introduced 
to that state by Count Odet Philippe, a Frenchman 
living in or near Safety Harbor on Tampa Bay in 
1823.5 In any event, the commercial grapefruit 
industry began in Florida in the late 19th century. 
Prior to 1880, sales were entirely to tourists, but 
eventually shipments went to Philadelphia and New 
York City. California and Arizona developed com-
mercial groves after the introduction of the ‘Marsh’ 
cultivar in 1890. It was not until a suitable root-
stock was obtained for dry western conditions that 
grapefruit cultivation expanded. By 1947 Texas was 
producing an amount equal to the Florida produc-
tion of the ‘Duncan’ cultivar, until frost reduced the 
acreage. Since then, new and improved cultivars of 
grapefruit have been developed.8 Among them were 
seedless and pink and deep red cultivars called ‘Star 
Ruby’ red grapefruit from Texas and the ‘Burgundy’ 
from Florida.9 

Grapefruit Fruit and Blossom Oil
Grapefruit oil has always been somewhat problem-
atic for the flavor and fragrance industry. It is not 
stable, and production qualities and unpredictable 
supply always cause problems. Like all citrus, color 
is a moving target depending on age and type. The 
red grapefruit cultivars can only be used where 
color stability or change is not an issue.

The introduction of a steam-distilled grapefruit 
blossom oil, unlike neroli (steam-distilled bit-
ter orange blossom), is a relatively new product. 
Grapefruit blossom production started in 2007, 
based on an idea of IFF VP perfumer Yves Cassar. 
The 2007 production did not exceed 10 kg. This  
relatively new ingredient does not present the same 
kind of problems as do peel oils. It is mostly color 
stable, and it is extremely powerful (and expen-
sive), so the amounts that are likely to be used in 
any composition are small. As a result, the effect on 
color and stability is correspondingly small.

Grapefruit Flower Oil From Morocco
The introduction of a new material is not a frequent 
occurrence. When this happens, perfumers and fla-
vorists feel compelled to examine and evaluate the 
material for potential use and interest. The most 
important question that is posed is: Is it unique? 

There are essentially three areas of uniqueness 
to consider: odor, price and performance. The new 
material will have to fill a roll in at least one of 
these areas to be included in the ever-growing pal-
ette of materials. Other types of uniqueness can be 
considered: certified organic; all-natural, especially 
if there are no COLIPA (Cosmetics Europe—The 
Personal Care Association; cosmeticseurope.eu) 
items in the natural (this is rare, but possible); or 
different color characteristics such as being color-
less or lightly colored.

The fact that grapefruit flower oil is an impor-
tant and useful product was self-evident to this 
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author immediately upon receipt of a sample. First, 
it is valuable because it is related to neroli oil, which 
is expensive and in short supply. Although it is not 
exactly like neroli, it is in fact similar; grapefruit 
flower oil is steam distilled from the blossoms, while 
neroli oil is steam distilled from bitter orange flower 
(Citrus bergamia Risso et Poit.). 

A comparative analysis of two samples of neroli 
and grapefruit flower oil is listed in T-1. As can be 
seen, there are many similarities between neroli and 
grapefruit flower oil—with a few key differences.

Citrus Components
b-Pinene has a pinelike character, while sabinene 
provide a distinctive citrus character in some ways 
similar to g-terpinene, which is an important citrus 
character, especially in lemon.

Floralcy
In grapefruit flower oil, linalool and linalyl acetate 
contribute to a floralcy that is significantly lower 
than in neroli oil. It is precisely this hybrid area 
that can transition the character from citrus to flo-
ral. Linalool is quite floral with a somewhat citrus 
character, while linalyl acetate provides a citrus-
woody note with less floralcy.

Fruity
The fruity area perhaps adds the greatest dimension 
to these products. Geranyl acetate, along with the 
isomer neryl acetate, add the fruity body to neroli 
oil, which is nearly completely absent in the grape-
fruit blossom oil. 

Overlap
Interestingly, there are a few key common compo-
nents that really make the two oils more alike than 
meets the analytical eye. It is where the components 
meet the nose that is of particular interest.

Those components are indole and methyl anthra-
nilate. They are probably the two most important 
and powerful odor contributors and character-
izers for the oils of the citrus blossom family. 
Examination of the data on the table reveals that 
the amounts in each are nearly identical, which can 
explain why their characters are similar. As any per-
fumer knows, concentration of key items can retain 
and/or mimic the character quite easily, while com-
ponents like limonene or linalool play a secondary 
role in terms of character or performance. 

Uniqueness
Each of these oils has its own odor uniqueness, 
which is one of the requirements for adding any-
thing new to the perfumer’s or flavorist’s palette. In 
neroli, these materials are a-terpineol and dimethyl 

anthranilate—floralcy and a mandarin-citrus 
character. In grapefruit blossom, these are phenyl-
acetaldehyde and benzyl cyanide, adding honey and 
honeysuckle characters.

It is always interesting to evaluate a new material, 
especially a natural product. They are always more 
complex with many facets that require many years of 
study and use. Nature has always been, and contin-
ues to be, one of the best teachers in the universe. 
Grapefruit blossom will find a home in the libraries 
of perfumers and flavorists all around the world.

Address correspondence to Felix Buccellato; fbuccellato@
customessence.com. 
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