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Abstract

Common questions about lavender oils are “What compounds do you have to have for
good oil quality? And what do they smell like?” First, quality must be defined according
to the market and at a level of detail that is appropriate to the end use and buyer of the
oil. In all cases, quality must be defined as “suitability of the product for the buyer's
intended use”, whatever that may be. The quality can be partly defined by oil chemistry.
The ISO specification for L. angustifolia is a good example for defining the oil and
detailing its chemical and physical properties. The chemical specifications in major
technical standards — e.g. ISO, AFNOR - for lavender and lavandin oils include specified
ranges of individual compounds that play a major role in determining the aromatic and
physical properties of these oils. These compounds are 3-octanone, limonene, 1,8-
cineole, trans-B-ocimene, cis-p-ocimene, linalool, camphor, borneol, lavandulol, terpinen-
4-ol, a-terpineol, linalyl acetate, and lavandulyl acetate.

Often more importantly, the quality — the suitability for the intended use — is determined
subjectively. The standards also specify a subjective character that will be involved in
nearly all buying decisions. This description is very vague and must be refined by
discussion and negotiation with buyers.

The short answer to the first question is that, because all these compounds are
specified, they are all necessary components of good quality lavender and lavandin oils.
In all but the most unusual oils, all those compounds are present, so the short answer is
unhelpful. The chemical information determines whether the oil is true to type and
whether all these components are somewhere within range. There are plenty of oils that
may be within chemical range but could not be described as good quality. Why not?
Because the nose says otherwise. The subjective characters — determined by nose —
are giving a clear message about quality.

So this short answer needs to be extended in several ways, depending on the buyer and
their specified requirements. For the small bottle markets with largely uneducated
buyers without technical specifications, the quality will be determined almost entirely by
the hedonistic response to the aroma. Does it smell nice? Even a highly technical buyer
with a tight specification will have to like the oil aroma, but for a professional nose, the
response will not be "nice” but more focussed and detailed questions. Are desirable
individual aromatic notes present? Are they balanced? Will they fit with other
components of a formulation? Are undesirable or off notes present?

So for all oils and buyers, the key quality determinant is not normally individual
components and aromatic notes, but a relevant balance of all the recognisable notes.
While our less well trained noses will give us answers from only the most obvious aroma
notes, professional noses will recognise and use many other compounds and aroma
notes that are not specified in the standards but can and do contribute significantly to the
overall aromatic character.

To answer the second question, the aroma notes of the major components specified in
the standards will be summarised. Unspecified components are also present and
contribute to the overall aroma of the oil. Some means of manipulating the levels of
these components in oils — cultivar, flower maturity, extraction, storage — will be explored
briefly.
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Finally, the ability to recognise, monitor and discuss aroma notes depends on our ability
to detect, identify and remember the notes. This is a physical and mental activity that is
essential for anyone producing essential oils and one that can be trained in exactly the
same way as wine tasting. The level of technical information and subjective evaluation
must be able to satisfy the chosen markets and buyers.

This discussion is aimed at those growers or oil processors that are involved directly in
selling their oil and is intended only to introduce the need for a basic understanding of
how an oil specification or standard is constructed and of what type and detail of
information may be involved.

As | have said in previous meetings, my definition of quality is — “suitability of the product
for the buyer’s intended use”. OHD2

What information is needed to define quality? It can literally range from nose to numbers
— OHD3

In the case of small bottle sales at a local market, the buyer’s requirements come down
to “Do | like it?” The quality evaluation process is a quick sniff, and the buying decision
is based on an entirely subjective, hedonistic response of one individual. At the other
end of the range, your buyer may require the oil to meet a completely objective, technical
specification that is based on a longstanding expectation of markets made up of millions
of people. Even a highly technical buyer with a tight specification will have to like the oil
aroma, but for a professional nose, the response will not be "nice” but more focussed
and detailed questions. Are desirable individual aromatic notes present? Are they
balanced? Will they fit with other components of a formulation? Are undesirable or off
notes present?

Obviously you should know from your market exploration how much information is going
to be required in a sales negotiation. The cost of supplying that information will be
determined by the level of detail required. If you're going to need technical information,
your oil price must be able to cover the not inconsiderable cost. While you may not need
the full technical specification for all sales, you must be aware of the full scope of a
technical specification. You must also know which technical specification is relevant to
your oil and the specific sales transaction.

The International Standard Organisation Standard for L. angustifolia (ISO 3515) is a
useful example to illustrate the different components of a technical specification. This
standard is currently being updated and some excerpts from it will illustrate the sort of
information that may be required. There has been considerable discussion and some
uncertainty about L.angustifolia oil specifications in both Australia and New Zealand
recently, due in large part to ignorance of the definition of the oil as laid out in this
standard.

The spontaneous or population lavender oil is the only oil that has to come exclusively
from the South of France. OHD4. Even where other geographic regions are indicated,
they are described as “Principal origins”, so oils from other regions may satisfy those
specifications and there is some flexibility in the choice of which specification you choose
for your oil to meet.

Even in the fully technical specification in such standards, there is a section on the
subjective characteristics of the oil. OHD5. It is the intention that the oil should be typical
of the particular line of plant material, but this is entirely subjective and data-free. Some
buyers will only be interested in this subjective evaluation and this is the reason for being
able to discuss quality in terms of aroma notes. The problem of an agreed
understanding in different languages can arise, as in this standard where the French
word “agrest” is used to denote “rural, rustic” but is difficult to translate exactly, as is the
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word “terroire” in wine discussions. This concept is also very applicable and important to
growing essential oils.

There are a number of physical parameters used to specify oils — OHD6. Measurement
of these parameters are prescribed by other ISO standards and although some — density
and refractive index - can be done by growers with comparatively cheap instruments,
others — optical rotation — require expert use of sophisticated instrumentation.
Parameters like density, and miscibility have direct relevance to how the oil will behave
in formulation. All these physical parameters are determined by the combination of
chemical compounds in the oil, but density, refractive index and optical rotation can be
used to indicate the presence of components not normally found in pure natural oils.

With detailed chemical composition available cheaply and quickly from routine gas
chromatographic analyses, specified ranges of important components have become a
major part of any standard specification — OHD7. These compounds and ranges have
been agreed at international level to provide a basis for discriminating between oils from
different origins and with different aromas, for maintaining the identified characteristics of
those different oils, and for identifying oils that are not true to type for various reasons
(poor quality, contamination, adulteration).

The common question this paper responds to is “Which compounds give you the best
quality?” The simple answer is you need all of the above components — even if your
buyer is going to judge quality with a very ignorant nose. If your oil is being judged by a
technical standard with specified compositions, all the components above have to be
within the specified ranges for your oil to be of good quality. In both cases, the presence
of all specified components is required to give the aromatic and physical characters that
are typical of each particular type of oil.

It is quite possible for an oil to have all the components and have an obviously different
and atypical aroma. The problem is frequently that the balance of the different
components is not right. The main point of this discussion is that quality is based on
balance of the specified components, rather than the presence or absence of any
particular component. By analogy with the first three rules of real estate, the same rules
for oil quality are balance, balance and balance.

Although all the specified components must be present, it is obvious that they have very
different aromatic characters, and there is common agreement that some components
are more generally attractive than other. Most people would agree in their discrimination
between and their hedonistic ranking of thin, average and rich oils. The rich, warm,
sweet notes may be generally preferred in subjective evaluation, but for some uses, e.g.
aftershave formulations, dominant sharp notes of camphor and cineole may be the most
important aromatic characters. My own personal preference for Grosso oil aroma is for
dominant rich, warm notes, some sweetness but with balancing sharp fresh notes. It
seems that women tend to prefer oils with a sweeter balance, while men prefer the
balance further towards the sharp, fresh notes. As with the numerical data on
composition, the preferences of each buyer for their specific balance of aromatic notes
must be identified and satisfied for the oil to be of good quality.

How do the specified components vary in their aromatic characteristics? The table
presents some aromatic descriptors to illustrate differences between these oil
components. The aromatic descriptors are subjective and illustrate the difference in
aromatic notes to be expected. The aroma evaluation kits available are designed to
introduce these differences. The components fall into different classes of chemical
compounds, which show different levels of chemical reactivity. Highly reactive
compounds like the esters are easily converted into their corresponding alcohols during
extraction or storage in the presence of water.
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There are many compounds — both low and high boiling point compounds — that
contribute to the aroma but are not specified in the standard. Many markets may be
satisfied with information on only the major components identified here and these may
account for some 90% of a lavender oil. OHD8 We amateurs can learn to cope with this
level of detail, but professional noses may take great interest in apparently very minor
constituents and will look hard at the fine detail of gas chromatographic traces. OHD9 A
further 26 minor components may account for some 7% of the oil. The other 3% may
consist of up to 250 trace compounds. These minor and trace components may have
very specific aromatic notes for special formulations. They may be present at only very
low levels but they have very low thresholds — very small amounts have powerful
aromatic strength — and have unexpectedly strong affect on the aromatic balance. There
are also off-notes that can be very noticeable to the nose, but very difficult to identify on
the GC trace.

It is possible to manipulate the aromatic balance of an oil, and | covered this in some
detail in my papers at previous conferences. But there are some common situations
where some manipulation is desirable and productive in improving the quality. Some
major decisions can be made but they must be based on adequate information from oil
analyses and/or subjective evaluation by a nose you can trust.

Plant material is critical. Obviously you can’t produce oil of L.angustifolia specification
from Grosso plants, so must be correctly named and of the right cultivar. However, mis-
naming is not unknown and there can also be differences between plant lines of the
same cultivar from different propagators. This is called somaclonal variation, the process
by which the Grosso clone arose in the first place. So shop around and try different plant
lines, but give them 2-3 years to confirm any differences that may be a hangover from
the different handling and growth regimes used to raise the plants.

Terroire is just as important for lavender as it is for grapes, so the choice of site is a
major long term decision that you need to get right. OHD10 Fertile soils — particularly
high nitrogen — and summer rainfall will stimulate strong vegetative growth that can
increase the levels of cineole, limonene, camphor and tip the balance of the aroma to the
sharp notes. Irregular or unreliable sunshine hours during the maturation of the flower
heads often result in thin oils without the warm rich notes of the better oils. In some
cases, extended periods of high temperature seemed to reduce the oil aromatic quality.
This is an effect that is of more relevance to Australian mainland growers and one that
should be explored with some urgency to better determine the suitability of some areas
for particular cultivars. In my experience, Grosso oil aromatic quality reacts more
obviously to adverse conditions than L.angustifolia . Manipulating these sorts of
agronomic factors requires very good record keeping over the long term.

Harvest timing is critical to optimising aromatic quality and most noses will be able to
follow the development of the warm rich notes as the flower heads mature. In a
reasonable season, Grosso oils from flower heads at development stages 6 or 7 usually
meet composition specifications, and have a good aromatic balance with noticeable
freshness. The rich warm notes appear to go on increasing past this stage, and to
some people, the aromatic quality is better, but in some cases, it appears that the oil
composition does not meet the specified composition so closely. So a classic
compromise is set up. Is the oil composition or subjective evaluation of the aroma more
important? Ask the buyer!

The oil composition can be positively manipulated by control of the extraction process.
This is not the same as avoiding the degradation caused by poor design or operation. If
there is reason to expect thin oils from adverse growth conditions, it is worthwhile
shortening the flower head stem length to reduce the sharp notes. There are very
obvious aromatic differences in the oil at different times during the period of extraction.
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OHD11 It may also be worthwhile separating five minute fractions from the beginning
and end of the distillation and evaluating the aroma and composition of the separate
fractions to assess their contribution to oil quality.

Blending is the most common method of adjusting composition and aroma but you need
to have a clear understanding of what composition and/or aroma your blended oil should
have. You also need to have well-documented batches of different oils of known
composition and aroma, so that you can estimate which batches and how much of each
you will need to blend to get the desired result.

Oils change both aroma and composition during storage, so this is another opportunity to
manipulate the oil quality. Storage can be used to allow off-notes to dissipate, or for
sharp oils to mellow. But using storage as a positive process for manipulation requires
you to regularly monitor the aroma and/or the composition on a regular basis so that you
know what is happening, and whether the changes that are occurring, are taking the oil
closer to what your buyer wants.

To summarise very briefly, aromatic quality is more about balance of the individual notes,
than about presence or absence of particular compounds. Involvement in selling oil
needs familiarity with relevant technical specifications, adequate technical and subjective
description of your oil, and above all, a clear understanding of the buyer’s requirements.
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OHD2

Quality is —
Suitability of the Product

for the Buyer’s Intended Use
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OHD3

Nose To Numbers
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OHDA4

Terms and definitions

For the purpose of this International Standard, the following terms and
conditions apply:

m  Qil of lavender

Oil obtained by steam distillation of the recently cut flowering tops
of Lavandula angustifolia P. Miller, spontaneous or cultivated, of
the Labiateae family.

®m  Spontaneous lavender (or population lavender)

Lavender obtained exclusively from seeds and growing
spontaneously or cultivated in the South of France.

m Clonal lavender

Cultivated lavender obtained from one individual (plant) by
propagation by cuttings.

Defined origins of oils

Spontaneous | Clonal lavenders

lavender
Principal origins

France France Bulgaria | Russian Australia | Other
“‘Maillette” Federation origins
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OHD5

Requirements
®  Appearance
Clear mobile liquid.
= Colour
Pale yellow.
= Odour

Characteristic, agrest, recalling the odour of the flowering tops of
the plant.
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OHD6

Table 1 — Physical and chemical requirements of the spontaneous or clonal lavenders from different origins.

Spontaneous Clonal lavenders
lavender Principal origins
France
Characteristic France « Maillette » Australia Other origins
Relative density 0,8800-0,8900 0,8800-0,8900 0,888 0-0,8900 0,878 0-0,8920
Refractive index 1,458 0 - 1,464 0 1,4550-1,4600 1,457 0- 1,464 0 1,460 0 - 1,466 0
Optical rotation -115%°t0-7° -9,5°to-12,5° -115°to-7° -6°to-12°
Miscibility of one 2 volumes of ethanol 3 volumes of ethanol at 2 volumes of 2 volumes of ethanol
volume of oil in ethanol  at 75% to obtain a 70% to obtain a clear ethanol at 75% to at 75% to obtain a
at 70% or 75% clear solution, sometimes with obtain a clear clear solution
opalescence at dilution solution

Acid value (max) 1 1 1,0 1,2
Linalyl; acetate 35,8 - 58% 45,5 - 56% 35,8 - 58% 31,5 - 56%
equivalents to ester
value
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OHD7

Table 2 - Levels and aromatic notes of specified components.

Spontaneous
Components lavender France Australia Other origins Aroma note
Limonene 0-0,5 0-0,5 0-1 Fresh, citrus
1,8-Cineole 0-1 0-1 0-3 Camphoraceous, eucalyptus
B-phellandrene Traces - 0,5 0-0,5 0-1 Sharp, resinous
Cis-B-ocimene 4-10 3-9 0-10 Fresh, aromatic, spicy
Trans-B-ocimene 1,5-6 0,5-1 0,5-6 Fresh, aromatic, spicy
3-Octanone Traces -2 2-5 0-3 Rich, spicy, buttery
Camphor Traces - 0,5 0-0,5 0-1,5 Pungent, medicinal
Linalool 25-38 25-38 20 -43 Fresh, light, floral, sweet
Linalyl acetate 25-45 25-45 25 - 47 Fresh, floral, warm, spicy
Lavandulol >0,3 >0,3 0-3 Fresh, floral
Terpinen-4-ol 2-6 >1 0-8 Earthy, woody
Lavandulyl acetate >2 > 1 0-8 Fresh, floral
a-terpineol 0-1 0-1 0-2 Fragrant, very floral, lilac
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OHDS8

Gas chromatographic profile of Grosso oil - low

level of detail.
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OHD9

Gas chromatographic profile of Grosso oil - higher
level of detail.
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OHD10

Grosso Oil Composition From Central Otago Trial

Sites

(Percent in oil)

Cultivar Site Cineole Linalool Camphor Linalyl acetate

Grosso Alexandra 7.0 28.9 7.7 38.7
Hawea 13.0 36.4 6.7 21.9
East Wanaka 3.1 31.7 5.3 401
West Wanaka 6.3 35.7 6.5 35.9
Dublin Bay 2.9 31.5 55 41.3

Super  Alexandra 18.9 25.3 11.1 24.0
Hawea 14.3 31.1 12.2 211
East Wanaka 9.3 33.0 9.6 33.0
West Wanaka 13.1 36.8 10.1 23.1
Dublin Bay 8.2 37.9 9.3 27.9
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OHD11

Changes In Grosso Oil During Distillation

Time Oil

Cineole/

Linalyl
(mins) (mls) limonene Camphor acetate

High boiling
compounds

Aroma notes

10

15

20

25

30

35

40

45

380

422

243

145

88

54

46

42

22

4.8

5.0

3.6

3.4

1.9

1.7

1.7

1.6

1.3

6.2

6.1

6.0

5.7

5.3

4.9

4.7

4.3

3.7

23.3

234

23.5

25.5

25.9

25.9

26.1

26.0

25.9

9.6

10.3

12.3

14.0

15.6

17.4

18.5

20.8

25.0

Sharp, green, resin, slight
warm note

Sharper, greener

Slight camphor, less green
and resin

Camphor and sweet
Sweet and trace burnt note

Sweet, spice/warm, slight
burnt note

Sweet, spice/warm, slight
burnt note

Heavier sweet note, burnt
note gone

Heavy sweet note
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