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1 Abstract 
This paper discusses the type and uses of information obtained from oil 
analyses, the human sensory evaluation of quality, and some ways in which 
the chemical composition of lavender oil can be manipulated to optimise 
quality.  The data from gas chromatographic analyses indicate what chemical 
compounds are present in the oil and the level of each compound in the oil.  
The technical specifications and GC results are objective data - facts that are 
unaffected by individual human responses or opinions and are fundamental 
to all phases of quality control and assurance of essential oils and in all 
dealings with markets and clients.  However, commercial decisions also rely 
significantly on the buyer’s evaluation of oils by nose.  These subjective 
impressions of the oil are descriptions that rely on the sensory abilities and 
experience, and personal preferences and opinions of individual people.  A 
basic ability in sensory evaluation of oil aroma by the grower is important for 
identifying the most important aromatic notes in an oil, determining when 
flower heads are at the correct stage of maturity for harvest, comparing the 
major notes and balance of the notes in different oils and identifying changes 
in oil aroma during storage.  The aroma workshops are introduced.  
Opportunities for manipulating the oil composition to optimise quality are 
discussed, including plant material and site factors, crop management, 
storage and blending. 

2 Introduction 
Previous speakers have addressed the choice of plants, oil specifications and 
extraction processes.  I want now to discuss as many aspects of oil quality as 
time permits. First, I want to discuss the type of information obtained from oil 
analyses and how it may be used to improve the production process and the 
quality of the oil.  I then want to extend the basis of oil quality from the 
analytical instrument to the human sensory evaluation of quality, and 
highlight the need for oil producers to educate their noses.  Finally, as time 
permits, I want to look at some ways in which the chemical composition of 
lavender oil can be manipulated to optimise quality. 
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2.1 Analysis of lavender oils 
To quickly summarise, the data you get from the gas chromatograph (GC) 
indicates what chemical compounds are present in the oil and the level of 
each compound in the oil, but the GC needs to be trained or calibrated to 
give the right information.  Two other sophisticated instruments are used to 
provide definite identifications of chemical compounds - gas 
chromatography/mass spectroscopy - usually abbreviated as GCMS and 
nuclear magnetic resonance (NMR).  Most frequently, GCMS is used to 
establish identities of the compounds found in standard GC profiles.  In some 
cases, GCMS is used in exactly the same way as standard GC to give levels 
of compounds.  For some compounds, GCMS and standard GC may give 
different results for the levels of the same compound from the same oil.  So if 
you want to use analytical results, get the full details of the instruments and 
methods used to obtain the results, so that you can be sure that comparison 
of results is valid. 

The technical specifications and GC results are objective data obtained from 
measurements by sophisticated equipment.  They are facts that are 
unaffected by individual human responses or opinions, and can therefore 
provide clear decisions.  They are fundamental to all phases of quality control 
and assurance of your products, and in all dealings with your markets and 
clients including - 

 identifying your products and their characteristics 

 monitoring crop performance and quality of flower material 

 monitoring the performance of the extraction process - efficiency and 
quality 

 evaluating the quality of your oils and maintaining necessary standards 
of quality control and assurance 

 establishing the suitability of oils for specific purposes 

 product development - blending and formulation 

 establishing the identity and status of your oil in the market 

 commercial negotiations with clients 

 meeting clients’ requirements 

 meeting regulatory requirements 

International markets expect such data to be available on request as the 
basis for commercial negotiations.  All essential oil producers should be 
aware of the importance of analytical data detailed in the technical 
specifications - particularly chemical composition, density, solubility and 
perhaps ester number - in these aspects of their essential oil business.  
Monitoring the production process to solve problems and optimise yield and 
quality must provide adequate analytical information so that evaluations and 
decisions are based on reliable hard numbers and good documentation.  
Immediate benefits can be obtained from using GC and other analytical data 
to - 



Page 3  

 aim your oil at the right end use, product range or market for its 
composition  

 blend oils and develop new products  

 optimise the harvest time and the make-up of the flower head material 

 optimise the performance of distillation process 

I will come back to these topics later when we look at ways and means of 
manipulating oil composition and quality. 

One most important thing to remember - the data from each profile will refer 
only to the one batch from which the analytical sample was taken, and must 
not be used to represent the composition of any other batch of oil.  For 
reliable and commercially professional information, each batch must be 
analysed separately if it going to be sold separately.  If a single analytical 
sample is a mixture taken from more than one oil batch, then the results will 
be an average and can’t be used for either batch if kept separate.  

One important comment must be made here.  If your oil falls outside a 
specification, it is not necessarily unmarketable, but may have to be sold in a 
different market more on its aromatic than technical merits. This may require 
extra market exploration, acceptance of another price range in the market, 
and more negotiation with buyers.  Most essential oil dealers survive in 
international markets because it is possible to find a buyer for nearly any oil, 
provided the price is right. 

2.2 Sensory evaluation 
Objective data from analytical methods is used to identify lavender oils and 
help place them in certain market and manufacturing sectors. However, the 
final commercial decisions also rely significantly on the buyer’s evaluation of 
the oils by nose because many of the final products are bought by the 
consumer on the basis of their aromatic characteristics.  These subjective 
impressions of the oil are descriptions that rely on the sensory abilities and 
experience and personal preferences and opinions of individual people.  
They are not objective numerical data.   

Even the brief subjective descriptions for colour and aroma in the 
international specifications could generate considerable discussion before 
any agreement was reached.  Preferences for specific aromatic 
characteristics differ enormously between individual consumers.  Many oil 
buyers are looking for specific aromatic notes in oils for a particular product 
or end use to cater for that range of preferences, so these discussions and 
agreements based on subjective impressions are very important.  The buying 
decision will involve both objective and subjective information and may be 
quite a long-winded process.  To get the best out of your oils, you will need to 
understand and use objective and subjective data in different parts of your 
production or marketing activities.  The book “Scent and Fragrances” by 
Ohloff and the paper “Chemical and Sensory Evaluation of Lavender Oils” by 
Boelens give more detail on the relationship between subjective and 
objective evaluation of oils. 
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In my opinion, it is essential for any oil producer to achieve sufficient skill and 
reliability in sensory evaluation to be able to – 

 identify the most important aromatic notes in an oil. This is basic to 
relating the analytical data to the aroma of an oil.  The aromatic power or 
impact of different compounds can vary widely.  Some powerful 
compounds may contribute a significant aromatic note but be present in 
such low amounts that it may be very difficult to measure them with 
standard GC analyses.  Some “off-notes” are examples of this problem.  
So in some cases, the human nose can give you better information than 
normal GC methods. 

 determine when flower heads are at the correct stage of maturity for 
harvest.  Significant gains in oil quality are possible by fine tuning the 
harvest time. It is also possible to detect shifts in aroma at different times 
of the day. The human nose is still the cheapest and most efficient and 
portable analytical device. 

 compare the major notes and the balance of the notes in different oils.   
The ability to identify and discuss the relative levels and balances of 
major notes is crucial in negotiations with buyers.  A seller who cannot 
discuss and promote the aromatic strengths of their oils is in a weaker 
negotiating position.  This ability is also very important in determining the 
best end use of a batch of oil.  It is also very important in identifying the 
need to blend batches of oil to maintain quality, and to determine the end 
point of the blending process. 

 identify changes in oil aroma during storage.  The aroma of an oil 
changes during storage.  An off-note may vanish, and sharp notes may 
mellow.  Rich notes may also mellow.  It is therefore important to be able 
to determine when an oil is best suited for sale or formulation.  Again, the 
human nose is a cheap and efficient analytical device, especially when 
many different batches of oil are being kept separate. 

Briefly, sensory evaluation involves three main processes.  The first is a 
physical process to bring the volatile chemicals of the oil into contact with the 
receptors in the nose by sniffing a test paper that has been dipped in an oil.  
The second is a mental process whereby the brain translates the electrical 
signals from the receptors into mental concepts that we identify with some 
sort of meaningful names or descriptors.  The third process is to 
communicate to others or record our impressions of the oil by using the 
descriptors to describe the different aromatic characteristics or notes that we 
can identify.  The first process will provide different impressions because of 
differences in the physical abilities individual noses.  The second process is 
one that requires positive and extensive training and experience just like wine 
tasting.  The third process depends on individual communication skills but 
more on the availability of agreed descriptors to act as a common language 
to convey a meaningful message.  

The workshops that are part of this conference are designed to introduce the 
process of identifying the more significant aroma notes found in lavender oils 
and some preliminary exercises in comparing oils with different notes or 
balances of notes.  This will involve dilute solutions of the major compounds 
and some oils that have been boosted with different compounds to 
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emphasise different aromatic notes.  Obviously, the workshop exercises will 
be insufficient to develop the abilities mentioned above adequately.  In 
addition, other exercises are required to be able to translate between 
analytical data and sensory impressions.  With some two years training, it is 
possible predict the analysed levels of major compounds in essential oils by 
sensory evaluation.  This can only be done by comparing the sensory 
impressions with the analytical data using a considerable number of oil 
samples with very different levels and balances of the major compounds.  
Regular training is required to develop and maintain the abilities at an 
adequate level.  This is best done as a regular activity organised by a group 
of enthusiastic individuals or as part of a cooperative’s or organisation’s 
programme. 

3 Manipulation of oil composition 
A primary objective of any professionally run commercial exercise is to 
maximise efficiencies and returns.  This assumes that oil producers are 
willing and sufficiently informed to manipulate the oil composition and 
formulation to give the best possible fit for the most profitable end use.  
Relevant aspects of marketing and product specifications have been 
discussed by other speakers.  The production of crops and their essential oils 
offers 3 areas of opportunity to manipulate the production process to achieve 
that objective -  

 efficient production of the raw plant material 

 the extraction process 

 post-extraction processing 

3.1 Plant material  
Ian Southwell has illustrated the extent of the differences in oil composition 
between lavender species and cultivars.  Basic patterns of oil composition 
are genetically controlled - especially the presence or absence of key 
compounds.  The most basic decision is therefore to obtain correctly named 
and consistent plant material that is going to produce the most suitable oil.  
Overlaid on the hereditary composition patterns is variation that arises from 
influences of the crop site.  Early experience with Grosso plots in Central 
Otago illustrate this variation.  In some cases, the site variations may be 
sufficient to blur the dividing lines between cultivars. These variations arise 
from the combination of soil and climatic factors - the ‘terroire’ - which may 
give rise to obvious differences in crop performance and oil composition 
within a few kilometres, even within the same paddock.  Soil type, micro-
climates, sunshine hours, rainfall distribution and performance of other crops 
should be carefully considered before buying land.  Small trial plots (100 
plants) should be used to identify the best terroire when diversifying on 
current land-holdings.   
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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 40.1 

 West Wanaka 6.3 35.7 6.5 35.9 

 Dublin Bay 2.9 31.5 5.5 41.3 

Super Alexandra 18.9 25.3 11.1 24.0 

 Hawea 14.3 31.1 12.2 21.1 

 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 

 

3.2 Crop management 
Oil yield is important to commercial returns.  In addition to weed and disease 
control, maintenance of the water supply - either early summer rain or 
irrigation  - is important to avoid water stress which may inhibit flower bud 
development and reduce the final number of florets and oil glands per 
hectare.  An important influence on oil quality is the change in oil composition 
and aroma as the florets mature in the flowerheads - very noticeably in some 
cultivars.  It is therefore important that the harvest  is timed correctly.  This 
requires that you have determined the most desirable composition and aroma 
and the corresponding stage of maturity of the flowerheads.  It also requires 
that you can follow the aroma or composition daily to identify when the mean 
maturity of the crop is correct.  Hence my encouragement for lavender 
growers to develop their noses for oil aroma.  At any harvest time, the 
composition of the oil can be influenced significantly by the proportion of stem 
material harvested along with the flowers.  The stem oil is also contained in 
glands on the surface of the stem, similar to those of the flowers.  The 
composition of the stem and flower oils are very different.  The stems contain 
very much less oil by weight.  They therefore make only a minor contribution 
to the economic yield, but their influence on oil quality is more important.  The 
oil has much more cineole, limonene, camphor and borneol than flower oil 
and will sharpen the total oil.  If your harvesting equipment has the flexibility 
to manipulate the amount of stem material, it gives another opportunity to 
manipulate the oil composition to your advantage – e.g. shortening the stem 
to reduce the sharp notes an sweeten the oil. 
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Oils from Grosso flower heads and stems 

 FLOWER HEADS STEMS  

OIL CONTENT (%)   

3-Octanone 0.45 0.24  

Cineole/Limonene 4.06 26.07 

cis-β-Ocimene 3.51 0.45 

trans-β-Ocimene 3.77 0.26 

Linalool 30.80 3.42 

Camphor 5.73  34.17 

Borneol 3.47 7.16 

Terpinen-4-ol 3.43 0.73 

α-Terpineol 0.38 0.54 

Linalyl acetate 19.35 1.25 

Lavandulyl acetate 2.04 0.75 

 

3.3 Extraction process   
Tim Denny’s paper and book cover the fine detail of the operation and 
optimisation of oil extraction.  The only suggestion I have to add is that, 
during the fine tuning of an extraction plant for yield and efficiency, it is 
worthwhile to analyse oil composition and evaluate oil aroma to ensure that 
design and operating methods - e.g. steam moisture content and duration of 
distillation - are not compromising oil composition and quality.   

To get this sort of data, oil is collected at 5 minute intervals and each oil 
sample is measured, analysed and evaluated separately so that the yield, 
composition and aroma of each fraction is known. You can then describe in 
great detail how the oil and its aroma are put together by the distillation 
process. Following 5 of the more distinctive aroma notes, very different 
trends can be seen. 



Page 8  

Changes in Grosso oil during distillation 

Time(m
ins) Oil(mls)  Cineole/li

monene Camphor Linalyl 
acetate HBPs Aroma note 

5 380 4.8 6.2 23.3 9.6 Sharp, green, resin, slight warm note 

10 422 5.0 6.1 23.4 10.3 Sharper, greener 

15 243 3.6 6.0 23.5 12.3 Slight camphor, less green and resin 

20 145 3.4 5.7 25.5 14.0 Camphor and sweet 

25 88 1.9 5.3 25.9 15.6 Sweet and trace burnt note 

30 54 1.7 4.9 25.9 17.4 Sweet, spice/warm, slight burnt note 

35 46 1.7 4.7 26.1 18.5 Sweet, spice/warm, slight burnt note 

40 42 1.6 4.3 26.0 20.8 Heavier sweet note, burnt note gone 

45 22 1.3 3.7 25.9 25.0 Heavy sweet note 

 
It is obvious from the shifts in individual component levels that the aroma will 
be different at any one time, and this is confirmed by notes on the aromatic 
characteristics of each fraction. The producer should be able to follow the 
more important of these trends by nose. In this case, the low boiling point 
compounds – e.g. cineole/limonene – tend to decrease as the distillation 
proceeds while the high boiling point components tend to increase. This is 
not always the case, and in some recent distillations, there is some 
indications that the trends seen in one cultivar may not be the same as 
another, perhaps because of differences in the physical or chemical factors in 
the flowerheads. 

It is possible to use such data to follow the accumulation of individual or 
groups of components in a number of different ways, and to indicate 
connections between aromatic characters and different components. It is very 
important that this is done for each distillation unit to get the duration correct 
for the quality of the oil as well as the economics of the extraction process. I 
thank the Hoggards and the Smiths for supplying oil fractions and permission 
to share the main messages with you. 

3.4 Post-extraction processing  
Tim Denny’s paper and book cover the theory and practical aspects of 
separating the oil from the condensate water. The oil issuing from the 
separator will still contain a small proportion of water. Water present as free 
droplets can be removed by freezing and decanting the still-liquid oil, or 
passing it through cellulose filter papers. Further drying using anhydrous 
sodium sulphate to absorb the dissolved water is necessary if the oil is to be 
stored for any length of time. All essential oils are mixtures of often quite 
reactive or unstable chemical compounds. The presence of any water 
encourages undesirable chemical reactions and changes in the oil 
composition. For instance, Grosso oils that had not been dried with sodium 
sulphate stored at 4°C for 6 months showed marked reductions in linalyl 
acetate levels. 
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But even after drying aroma of oils in cool storage will continue to change 
slowly in ways that can be detected by nose but that are not always 
immediately obvious from the GC traces. In some seasons, a burnt off-note 
has been detectable by nose in fresh oil samples, but this vanishes after 
some weeks of cool storage. Sharp aroma notes may also mellow. So 
storage for varying periods of time may be useful in modifying the aroma of 
fresh oil, but the progress of changes must be monitored regularly. In my 
experience, the nose is preferable to the GC for monitoring changes during 
storage, but another GC analysis just prior to use of sale may be necessary 
to objectively measure changes during longer storage periods. 

3.5 Blending 
One of the more obvious ways of manipulating oil composition or aromatic 
characteristics is by blending with other lavender or essential oils or by the 
choice of formulation recipe for, say, a toiletry product. There is not time to 
consider product formulation but some brief comments should be made about 
blending. Blending is a common and widely accepted practise at many levels 
in national and international markets – from primary producers to dealers to 
end-users. All blending exercises require three things – a legitimate and 
recognisable objective, a reproducible process, and adequate quality control 
and assurance. 

The four most likely reasons for blending oils are to: 

 maintain oil specification and consistency despite seasonal variations in 
composition. 

 avoid significant financial loss on a batch of oil that falls outside the 
specified composition by adjusting it to a more acceptable composition. 

 provide a particular oil composition or character specified by a client. 

 develop new products with compositions or characters that are not 
obtainable with oils that can be obtained directly from currently available 
plants or extraction methods. 

Good quality control and assurance requires that the blending process and 
materials be well documented, so that you have all the information you need 
to reproduce the same blend consistently. Items for documentation include: 

Items for documentation include: 

 definition of the desired blend,  including notes on how the definition was 
arrived at if it involved discussions with a particular client.  

 detailed history of each starting oil.  

 recent chemical, physical and aromatic information relevant to the final 
blend. 

 detailed notes on amounts of starting oils, glassware, equipment and 
methods. 

 identification of the starting and blended oils by unique batch numbers. 

 corresponding chemical, physical and aromatic data relevant to product 
quality. 
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 information on blended batch size and storage conditions. 

I have had time only to briefly discuss these aspects of oil quality, but I hope I 
have illustrated the potential to make real gains in quality and commercial 
returns from lavender oils. As Ian Southwell and Tim Denny will confirm, it 
may require considerable technical expertise, time and cost to make real 
commercial gains by optimising some of these aspects and those covered in 
earlier papers. In my opinion, no professionally-run, fully commercial 
production can afford to ignore the potential for such gains in today’s 
competitive markets. The cost of such technical inputs may be prohibitive for 
the smaller individual grower, but in NZ, we have made considerable 
progress by our oil producers’ association commissioning technical work and 
disseminating the results to its members. Government funding for this work to 
the Association has also helped greatly. The same opportunities appear to be 
available in Australia and should be used to the full. 
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