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ABSTRACT

Scotch whisky production is central to the local economy, with an interesting
history, and dominates international markets for brown spirit products. Researchers
have characterised whisky congener compositions, behaviour and the nature of wood
maturation of whisky. However there remain difficulties in understanding the nature
and origins of sensory character in Scotch whiskies, a central issue being development
of a consistent flavour terminology.

A key aim was revision of the Scotch whisky flavour wheel, to optimise sensory
analysis and training of assessors in the distilling industries, and for consumer studies.
The nature of flavour perception in Scotch whisky was then explored, investigating
flavour terms currently in use among industrial sensory assessors. This language was
revised using standard reference compounds in 23% abv grain whisky to anchor
individual flavour attributes. The wheel incorporates only positive attributes to meet
current needs for interaction between sensory, marketing and technical professionals.

Concepts of flavour sensation and perception were reviewed with a separation
into the reductionist and consideration of the holistic nature of perception. Sensation
and perception are from different levels of human reliance, microscopic and
macroscopic. The former is important in sensory assessment and the latter, in
understanding consumer choice.

Flavour thresholds and 95% recognition for standard flavour reference
compounds were established in 23% grain spirit. The relationships between attribute
weighting and product category in blends was explored using 40 retailed blends of four
categories - Deluxe, Standard, Retailer and West Highland. Relationships between
product category and headspace concentration of important congeners from solid phase

micro-extraction (SPME) were explored to clarify the basis of discrimination.



This latter study has shown clear discrimination of two blend categories
(Deluxe and Retailer), with West Highland products intermediate between these
categories. The dispersion of Standard blends across the product spaces suggested
product formulation varied between blenders. Although discrimination of product
categories was similar 1n product spaces derived from sensory and headspace congener
composition data using a single SPME, relationships between the two product spaces

was not on the whole modelled successfully.
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Chapter 1 - Introduction

1.1. WHISKIES
1.1.1. DEFINITION OF SCOTCH WHISKY

Whisky 1s legally defined under European Community Council Regulation No.
1576/39 and Scotch whisky in the UK under the Scotch Whisky Act 1988 and Order 1990
(Table 1.1). *"Whisky’ derived from Gaelic uisge beatha (pronounced ‘ooshkie bayha’),
‘water of life’, abbreviated to uiskie in the 17" century became whiskie by 1715 with

modern spelling - whisky - uniform as late as 1736 (MacLean, 1997).

1.1.2. HISTORY OF SCOTCH WHISKY

The technology of distilling was brought from Ireland to Scotland. The first formal
record has been found from the Scottish Exchequer Rolls in 1494. This records
provision of ‘eight bolls of malt to Friar John Cor wherewith to make aquavitae’ by
order of the King James IV. Aqua vitae a traditional name for any distilled spirit, still
current in Nordic languages, is an exact Latin equivalent of the Gaelic uisge beatha,

and the French eau de vie). Distillation had been one of the fundamental operations of

alchemy.

Alchemy, the forerunner of chemistry, (from the Arabic: ‘Al khem’- the art of
Egypt) can be traced back to ancient China, India, Greek and Roman times. The art
travelled with the Moors into Andalucia in Spain (Broom, 1998). Potable spirits were
first created 1n Kemi — an early name for Ancient Egypt — before 3000BC, probably
from grapes or flower, rather than grain. Early equipment was primitive - for example,
sweet water was collected from boiling sea water by hanging sponges in the steam. In
the first century AD, the Elder Pliny mentions hanging of fleeces over boiling resin to
catch the vapours and make turpentine. The earliest European distillers were generally

monks with a medicinal interest. Between 1050 and 1150, a monk at the medical school
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of Salerno in Italy discovered alcohol (Nicol, 1997). In 1505, King James IV of
Scotland (Lyons, 1999), granted the Guild of Surgeon-Barbers of Edinburgh, a
monopoly for manufacture of aqua vitae within the burgh in connection with medical

uses (preservation of corpse parts prior to dissection) (MacLean, 1997).

TABLE 1.1. Definition of Scotch Whisky (The Scotch Whisky Order, 1990, No. 998)

“Scotch whisky” means whisky

(a) which has been produced at a distillery in Scotland from water and malted barley (to
which only whole grains of other cereals may be added) all of which have been —
(1) processed at that distillery into a mash;
(ii) converted to a fermentable substrate only by endogenous enzyme systems; and
(ii1) fermented only by the addition of yeast;

(a) which has been distilled at an alcoholic strength by volume of less than 94.8 per
cent so that the distillate has an aroma and taste derived from the raw materials used
in, and the method of, its production;

(b) which has been matured in an excise warehouse in Scotland in oak casks of a
capacity not exceeding 700 litres, the period of that maturation being not less than 3
years;

(c) which retains the colour, aroma and taste derived from the raw materials used In,
and the method of, its production and maturation; and

(d) to which no substance other than water and spirit caramel has been added.

Minimum alcoholic strength of Scotch whisky

4. For the purposes of section 2 (1) (b) of the Act there is hereby specified the alcoholic
strength of 40 per cent by volume (being also the minimum alcoholic strength by
volume prescribed in relation to whisky/whiskey by Article 3(1) of Council Regulation
(EEC) Nol576/89 laying down general rules on the definition, description and

presentation of spirit drinks (a).

In witness whereof the Official Seal of the Minister of Agriculture, Fisheries and Food
is hereunto affixed on 27" April 1990.
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The discovery of distillation was crucial to potable spirits production. In 1560,
with dissolution of Scottish monasteries, numerous monks moved from cloister into the
community bringing distilling to the laity. Wherever suitable cereals were grown,
domestic distilling became part of the farming year.

Fynes Moryson, a late Elizabethan travel writer, recorded distillation of three
kinds of spirit in the Western Isles: graded for strength and quality on number of times
distilled. ‘Usquebaugh’ (distilled twice), a distilled spirit made in Ireland and
Highlands of Scotland also called whisky, was defined as a compounded (i.e. mixed
with herbs, sugar and spices) distilled spirit, being drawn on aromaticks; and the Irish
sort is particularly distinguished for its pleasant and mild flavour. ‘Trestarig’ (distilled
three times) was from the Gaelic for ‘triple strength’, defined as a kind of ardent spirits
distilled from oats. ‘Usquebaugh-baul’ was distilled four times. Spirits, all from oats,
were also discriminated as simplex, composita and perfectissima on the basis of number
of distillations used. Such factors stressed medical values of spirit at that time.

By the early 17" century, whisky production was a part-time cottage industry,
part of Scottish social life and economy. Domestic stills were exempt from duty. It was
illegal to sell whisky, but despite this it became a currency in the Highlands, often used
in payment of rents. However by 1644, production was sufficient to interest the
government in imposing an excise tax. The first distillery mentioned In an official
document was that at Ferintosh, Black Isle, of Duncan Forbes of Culloden in about
1670. Distilling privileges compensated for loss of a farm, and ‘Ferintosh’ was so
successful (almost two-thirds of legal whisky in Scotland) the name became

synonymous with quality and in 1784, the Government terminated the privilege with a

lump sum.
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The Malt Tax (1723, Appendix I) and the Gin Act (1736, Appendix I) increased
small and medium-sized distilleries over Britain but a cereal crop fatlure 1n 1757 led to
a ban putting most registered distilleries out of business. The subsequent illicit trade
yielded better quality whisky as legal distillers used minimal malit contents to reduce
malt tax liability. Illegal distillation was easy in the impassble Scottish Highlands -
remote glen and hillsides. Condition were ideal (such as lots of water) for distillation of
malt whisky. In 1820, the Duke of Gordon, a powerful landowner in the North East,
urged the House of Lords to reduce duty and moderate attitudes towards legal distillers,
in return for assisting Excise officers in putting down smuggling. An early licence was
of George Smith of Glenlivet, a remote district of Speyside, where 200 illicit stills
operated in the early 1820s. Legal distilleries were often built on former illegal still
sites for water supply with supplies of grain from farms, that could also utilise dratf.
Distilleries were often built near drovers’ inns, a ready source of custom.

In 1784, Wash Acts (Appendix I) made duty chargeable on still capacity not
spirit strength, favouring small-scale Highland distillers, producing spirit of better
quality than Lowland whisky. The 1829 depression enhanced the appeal of continuous
distillation of grain whisky, with processes such as that invented in 1827 by Robert
Stein and Aeneas Coffey. Such stills were designed for further spirit rectification for
gin or non-beverage use. Although the Corn Laws tied British distillers to barley, the
Coffey still could be adapted for maize. The Stein stills used malted barley to produce
‘silent malts’.

Grain whisky was consumed by the Scottish poor and transported to England
for rectification into gin. Spirits merchants, grocers or ‘Italian Warehousemen’, also
sold tea and coffee and general provisions and became the great names in modern

whisky: the Big Five - James Haig, John Dewar, James Buchanan, Alexander Walker
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(Johnnie Walker) and Peter Mackie (White Horse); Matthew Gloag (Famous Grouse),
and Charles Mackinlay. Other distillers were George Ballentine in Edinburgh, Arthur
Bell in Perth, and Thomas Sandeman (VAT 69).

To enhance the popularity of light bodied grain whisky in 1853, blending of
whiskies from a single distillery, vatting, was permitted. Blending of malts with
cheaper, blander grain whiskies was pioneered by Andrew Usher, Charles Mackinlay
and W.P. Lownie and in 1860, Gladstone’s Spirit Act (Appendix I) allowed blending
under bond. The three-year maturation of Scotch whisky did not become compulsory
until World War 1. This made it possible for the first time to produce blended whisky in
substantial volumes. The product had a broader appeal than the strongly flavoured,
smoky malts or fiery grain whiskies, and was consistent and cheap to produce. The
railway networks 1n Europe and the US, and the Navigation Acts in 1845 (Appendix I,
opened export market in the colonies and dominions, and blended whisky had become
a international drink and by the early 1900s was dominant. In the late 1970s, around
99% malt whisky went for blending. The blending of whiskies put Scotch onto the
world stage.

Development of blended whisky markets was assisted by energetic commercial
activity and brlliant salesmanship, and a natural disaster, the Phylloxera vastatrix
attack on vines. From the mid-1860s French vineyards were devastated, and Grande
Champagne vineyards could not supply the Cognac and brandy favoured by the English
middle classes so “Brandy and soda” was replaced by Scotch and soda.

As blending become popular, adulteration became attractive to reduce cost and
enhance acceptance. There were no regulations in place to control this. In 1870s
Charles Cameron, a physician and editor of The North British Daily Mail, and Dr

James Gray, an analytical chemist, collected samples of whisky from numerous
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establishments in the Edinburgh; further samples were analysed for the Inland Revenue
by the chemist R.R. Tatlock. Despite inconclusive results the Government, in the
Licensing Act of 1872, prohibited adulteration and in 1879 an amending Act included a
definition of Scotch whisky. In branding and marketing, distillers were aware of
consumer fears and the entrepreneurial developed descriptors such as ‘pure’,
wholesome’ and ‘fine old’.

High productivity in continuous stills brought problems of over-production and
market instability. The Distillers Company Limited (DCL), formed by the principal
grain whisky producers, achieved self-regulation and this prevented competition. The
notorious failure of Robert and Walter Pattison, Elder & Co. of Leith demonstrated the
danger of over-production and encouraged the DCL policy of amalgamation. DCL
distilleries included Port Dundas, Carsebridge, Cameron Bridge, Glenochil, Cambus
and Kirkliston. Malt distillers claimed only malt whiskies met definitions of true Scotch
but their legal failure enhanced markets for blended whisky.

In 1914 with the outbreak of World War I, the Government sought to increase
efficiency of arms production by reducing consumption of strong liquors. The Central
Control Board (Liquor Traffic) reduced pot still production by 30% and eventually
distilling was banned and exports forbidden. In 1920, the US prohibited importation of
alcoholic beverages except for medicinal purposes, a ban lasting for 13 years.
Paradoxically, this prohibition laid foundations for the phenomenal success of Scotch
whisky, stimulating demand for quality spirit. Most Scotch was purchased in illegal
bars and “speakeasies” using importers such as Captain Bill McCoy, of Berry Bros &

Rudd, agents for Cutty Sark: ‘The Real McCoy’ became synonymous with good

whisky.
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Illegal imported Scotch in US was diluted heavily to meet demand. Bootleggers
preferred dark-coloured, strongly flavoured and heavily malted whiskies such as
Campbeltown, once the ‘Whisky Capital’. Demand for heavily peated malts led to
building of high, pagoda-roofed kilns allowing more ventilation, now an architectural
motif of malt whisky distilleries. Unfortunately, spirit quality deteriorated through
increasing demand and most distilleries had short lives.

President Roosevelt in 1933 lifted prohibition, and further raised duty on the
outbreak of war in 1939. The loss of foreign grain supplies, due to the German U-boat
cordon, forced closure of all grain distilleries in 1941. However, the War Cabinet used
the export value of whisky to minimise war debts to the US. In a memo of 1945,
Winston Churchill wrote: On no account reduce the barley for whisky. This takes years
to mature and is an invaluable export and dollar producer. As matured stocks
decreased, distilleries resumed production with continued expansions until 1960s.

However by the mid-1950s bond stocks of whisky were at all-time high and
single malt whisky was promoted, with a subsequent steady market growth. Over the
last decade, blended whisky sales have declined in traditional markets.

‘Proof spirit’ (Appendix I), spirit of standard and approved strength, was
originally determined by dampening gunpowder with spirit and then applying a flame
to assess ignition. American and Britain have different definitions of this term. The

term ‘proof” was defined in the sixteenth century as of tried strength of quality.

1.1.3. PRODUCTION OF SCOTCH WHISKY

1.1.3.1. Water

Peat is acidic, decayed vegetation of composition varying with paleobotany —

successive layers and plant components. Lowland peats contain more vegetable matter,
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have a looser, softer texture, burn rapidly and give off more dust. In Orkney, peat is
graded into ‘fog’, rooty top layer, ‘yarphie’, the small roots and ‘moss’ the deepest,
darkest layer (MacLean, 1997). Peat bogs close to the sea become saturated with salt
spray, and seaweed confers flavour characters to whiskies. Soft moss-water, which
rises through peat and runs over granite, 1s considered best for malt whisky production
(MacLean, 1997, Cribb et al., 1998). Soft waters, with reduced mineral contents, are
good solvents for malt extractives during mashing and reduces spirit yield, 1.e.
alcoholic strength at 48 - 51% abv, rather than 75%, but enhance flavour (MacLean,
1997). Waters for dilution at bottling should have low calcium and iron contents to
minimize discolouration or precipitation in retailed whiskies. Additional minerals (e.g.
calcium, magnesium and zinc) impart spiciness to finished whiskies. Lime- and sand-
stones yield waters rich in carbonates or sulphates, neutral or slightly alkaline, and

hard.

1.1.3.2. Barley/cereal
Quality distilling barley is high in starch (high fermentability), of low
protein/nitrogen content (1.5 +/- 0.1%) and with large corns (>2.2 mm) (Paterson &

Piggott, 1989).

TABLE 1.2. Chemical composition of cereals (% dry weight): (Palmer, 1997)

starch sugar  protein lipid B-D- pentosan fibre  minerals
glucans
Barley 64 3.0 10.0 3.5 3.5 9.0 5.3 3.0
Wheat 65 2.0 11.0 3.0 0.4 7.0 2.5 1.8
Maize 74 2.0 11.0 2.0 0.3 4.0 3.9 2.0
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Certain barley cultivars yield more of certain congeners (e.g. high esters from
summer barley) but variety choice 1s thought to have little impact on overall flavour
(MacLean, 1997). Major grains in production are maize (Zea mays), barley (Hordeum
polysticum), wheat (Triticum vulgare) and rye (Secale montanum) (Table 1.2).

Within cereal endosperms, individual starch granules are embedded in protein
matrices (/0 - 90% as hordein and glutelins) contained within cell walls: 70 - 75%
olucan and 20 - 25% pentosan (Fig. 1.1). Barley lipids (mainly triglycerides) are
primarily from linoleic (57%) acid but also saturated palmitic (23%), and unsaturated

oleic (11%) acids.

PROTEIN MIDDILEHAMEILA
PLASMODESMATA

Progression of enzymic breakdown

absorption of endosperm ][] (pentosan & B-D-glucan)
breakdown products i — "NER WALL

CELL WALL

70% B-D-glucan (glucose polymer)
20% pentosan
Breakdown LAYER: 3% protein

products release of endosperm 2% glucomannan

-degrading enzymes 2% cellulose
0.5% phenolic acids

0.5% uronic acid

FIG. 1.1. Structure and composition of malt barley

1.1.3.3. Kilning
Kilning stabilises malt at specific degrees of modification, and introduces peaty

characters. The process reduces microbial contamination of barley. Although traditional
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peat as primary fuel has been replaced with natural gas or heavy oils, peat smoke, reek,
is still introduced to impart smoky characters into whisky. Rock sulphur or gaseous
sulphur dioxide (SO2) introduced in malt kilning reducing nitrosodimethylamine
(NDMA) contents.

Peat well dned, at 25 - 60% moisture contents, is combusted at high
temperature in a short-time intensive smoky period (reek). In kilning, drying proceeds
until malt moisture contents are about 20 - 25% in a free-drying phase. Then 1n the

second, diffusion, until 10 - 12%, with less water released and increasing barley

temperatures. The final curing phase, start higher malt temperatures (80 - 100 °C).

Final moisture contents should be < 5%.

1.1.3.4. Mashing
Ground malts (grist), mixed with hot (<70 °C) water and transferred to a mash

tun, a circular vessel with a stainless steel or cast iron lid to conserve heat. The
maltose-rich wort is filtered and cooled (~20 °C) then pumped into a washback for

fermentation by yeast.

1.1.3.5. Fermentation

Fermentation is important for formation of congeners contributing to character.
Flavour compounds are released from yeast cells, in autolysis, and react with other
compounds. Yeast strain and pitching influence yields of flavour-active congeners and
ethanol. Pitching yeast can be mixtures of primary distillers’ yeast, and secondary
brewers' or bakers' yeasts. In whisky production a primary Saccharomyces cerevisiae 1s

used for maximum utilisation of carbohydrate, rapid fermentation and high ethanol

yield and tolerance. Typical distillers’ yeasts ferment <46 °C at pH 3 - 10 in the
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presence of <15% ethanol and between 0.1 and 25% total sugars. Secondary yeasts, for
flavour formation, are slower fermenting, less ethanol tolerant and give lower yields
(Berry, 1984), but remain more active near at the end of fermentation (Korhola ez al.,
1989; Paterson & Piggott, 1989). There 1s a loss of estery characters through
replacement of spent brewers’ yeast with cultured distilling yeasts (e.g. Lal D) (Hay et
al., 1994).

The pitching rate, or inoculum level, of a typical whisky fermentation (at 2 x
107 cells/ml) is likely to maximise formation of medium chain fatty acid and ester
congeners (Ramsay & Berry, 1983). Increasing pitching rate yields more alcohol but
decreased fatty acids and esters (Berry & Watson, 1987).

In fermentations, greater than 33 °C promotes death and lysis of yeast. At the

end of a typical fermentation lactic acid bacteria in worts increase (Berry, 1984; Lavery

et al., 1986). Laboratory experiments reported 98% viability of yeast and low bacterial

3 - .
contamination (<10 rnll) at 30 °C (Ramsay & Berry, 1983). Industrial scale

experiments at 36 °C showed yeast viability decreased to 60% and high levels of
bacteria (Lavery et al., 1986).

The initial growth (acceleration) phase (typically <12 h) is characterised by

exponential inCrease 1n yeast cells (2 x 103 cells mlil) and a parallel rise from ambient
temperature to 33 °C through catabolism of sugars: maltose, maltotriose, maltotetraose,
maltopentaose and higher oligosaccharides together with some monosaccharides
(glucose and fructose) and disaccharide (sucrose) (Korhola et al., 1989). Sucrose 1is
hydrolysed by yeast invertase (f-fructofuranosidase) (Korhola et al., 1989). In the

subsequent stationary (linear) phase, ethanol content increases linearly with no further
increase in yeast numbers. In the decline phase yeast decreases and bacteria increase.

Wash bacteria produce lactic acid, decreasing pH. At higher temperatures and ethanol

12
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concentrations there 1s yeast autolysis (Berry, 1984). Typically at the end of
fermentation, 85% mash fermentables have been converted to ethanol, carbon dioxide

and yeast biomass.

Typical, barley grain microbial loads are 107 bacteria g", in germination 4 x 10,
and 2 x 103 during kilning (Berry, 1984). Bacterial species isolated frpm barley include
Pediococcus cerevisiae, Streptococcus lactis and Leuconostoc sp.. Most bacteria are
killed during mashing and early in the fermentation (Berry, 1984). Secondary yeasts
and unsterilised worts are potential sources of wort contamination by Lactobacillus and
Clostridia that can impart off-notes in distillates (e.g. pungent-peppery, creamy, buttery
or rancid). Decreased pH also promotes formation of furfural (Berry, 1984; Williams et

al., 1984).

1.1.3.6. Distillation

Distillation is a fractional separation of volatile flavour compounds from

fermented worts (wash). Final distillate temperature should be <20 °C, to minimise
evaporation losses. Seasonal variation in water temperature influences condenser
cooling, changing congener concentrations (Nicol, 1989). There are two alternative

distillation processes: pot for malt whisky (Fig.1.2) and continuous for grain (Fig. 1.3).
Pot Distillation: First, wash distillation: wash (5 - 8% abv) is distilled over 5 - 6
h to yield low wines at 23% abv, with termination when wash is ca. 1% abv. The
residue, pot ale, is discharged for animal feed. Frothing (foaming) during wash boiling
is enhanced by unfermented dextrins, yeast and husk residues and dissolved gases. A
still is filled to two-thirds capacity (Nicol, 1989) and operators use sight glasses to
minimise foaming that may carry less volatile components, and off-notes, into low

wines and final spint (Goodhall et al., 1999). Distillation of a “immature” wash (<35 h)

13
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may confer green notes so distillers prefer a 44 h wash (Nicol, 1989), encouraging
Lactobacillus activity: to a certain extent longer fermentations yield spirit of greater
sensory quality.

The second spirit distillation, yields initially fore-shots, or heads, rich in low
boiling compounds. This 80 - 75% abv fraction is rejected until distillate is 72 - 75%
abv, and distillates should remain clear. In demisting, clarity of distillate diluted to
bottling strength (40% abv) is assessed as haze from long chain ethyl esters (Nicol,
1989). This spirit, or middle, fraction is collected until a cut-off point of typically 69%
abv for light- and 60% for heavily flavoured whiskies. The third or final fraction is the
feints (or tail). Feints and heads are generally recycled in distilleries.

Still design is important for flavour - capacity, height, heating and angle of lyne
arm. Tall stills collect lighter and more volatile congeners, with higher molecular
weight fractions being refluxed. Area of copper contact is important in influencing
sulphur contents in spirit particularly with smaller stills. A narrow lyne and neck tends
to increase vapour velocity and reduce time of contact with copper.

Continuous Distillation (Coffey still): The original Coffey still was a single
column with a stripping section (18 - 22 plates) at the base and rectifying section (30 -
75 plates) at the top. Heads compounds, mainly fusel oils such as iso-amyl alcohol,
were continually removed via a side stream column (Whitby, 1992). A major
disadvantage was liquid discharged from the analyser base was pumped to the top
(Panek & Boucher, 1989). In modern stills there are two, rectifier and analyser,
columns (Fig. 1.3), for plant height reductions, and treatment of hot feints. Wash, fed to
tops of rectifier, flows to the top of the analyser then under gravity to the base. Ethanol
and congeners are steam stripped from the analyser bottom pass to the rectifier and are

recovered on the basis of volatility. The heads, mainly fusel alcohols, are collected at
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plates 7 - 10, spirit at plate 32. Vapour (feint or tail) above plate 32 is trapped by a
cooling water coil, condensed and recycled to the analyser. The wash flows in cross-
flow pattern a across each plate. Sieve plates have holes for vapour passage mixing
with liquid to enrich final volatile congeners. Analyser plate holes must be designed to
avoild blockage from grain solids (Panek & Boucher, 1989), entrapment of liquid and

ensure adequate mixing of liquid and vapour (Panek & Boucher, 1989).

1.1.3.7. Maturation

New spirit (ca. 70% abv) is diluted with demineralised water to 63.5%,
considered the most balanced extracter of cask congeners. In maturation of Scotch,
distillates are matured 1n reused (mainly ex-Bourbon or sherry) casks, traditionally
originating in Scots parsimony. Bourbon casks (hogsheads; 200 — 250 litres), 93 % total
in 1997, are re-assembled from staves with 25% of new wood, including heads. Sherry
casks (butts, puncheons; 500 litres) previously used for sherries: dry oloroso, fino, and
amontillado. Different sherry styles will impart varying flavours. Cask demands for ex-
sherry in Scotch industry are increasing and the current price (£250) is ten-fold higher
than ex-Bourbon.

As only volatile congeners are present prior to oak maturation (Singleton,
1995), less volatiles, generally wood-derived (e.g. vanillin, and other lignin derved,
aldehydes and acids and tannins) are introduced, at levels influenced by toasting and
charring processes that degrade polymers. The oak cask and its treatment are central to

maturation but oxidation also plays a major role.
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Oak wood

Traditionally, white oak is preferred for maturations because of its tough,
mouldable wood with high extracts that influence flavour and inhibit rot organisms
(Singleton, 1995). Oak casks do not leak partly through the presence of tyloses,
occluding structures in vessels from adjacent parenchyma cells, associated with
conversion of sap- into heartwood (Mosedale, 1995). Trees for staves should be >80
years old.

American white oak (Quercus alba) wood consists of cellulose (49 - 52%),
lignin (31 - 33%), and hemicelluloses (ca. 22%) and a range of extractables including
volatile oils, volatile and non-volatile acids, sugars, steroids, tannic substances,
pigments and inorganic compounds (Nishimura et al., 1989). Lignin-derived congeners
have greatest influence on flavour, contributing vanilla and spicy characters.
Hemicelluloses, form a heteropolymer matrix rich in pentose sugars, dominated by
xylose, that is caramelised in charring adding caramel and sweet notes and colour.
Cellulose, the framework of wood, makes little contribution to flavour. Wood
polysaccharides are considered hydroscopic and lignin itself is almost water repelling
(Singleton, 199)).

American casks are primarily from white oak whereas 24 different oak species
and hybrids are used in Europe, only eight of are economic importance. The two
dominant, Quercus robur and Q. petraca (Mosedale, 1995), differ in anatomy and
composition from each other and American (Quercus alba) oak. Such differences
confer varying flavours (e.g. new and extractive) to spirit but in practice selection of
casks is limited. Cask reuse depletes flavour congeners and although charring and
rejuvenation can enrich congener precursors not to levels in new casks. Bourbon and
Scotch casks differ significantly in extraction of non-volatile such as lactones and

coumaric, ferulic and ellagic acids (Piggott ez al., 1993a).
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Warehouse

The traditional bonded warehouses for maturations, dunnage, are low and
stone-built with an earth floor and humid circulating air. Three-high racking is used in

contrast to twelve 1n larger, modern racked-warehouses with mechanically controlled

temperatures. Casks lose ethanol and water through staves at ca. 2% of volume yf:z-tur'1
(the angel’s share). Traditional environments are considered to produce more mellow
whisky than a modern warehouse.

Cask location and geographical factors influence maturation process. A steady
maturation is thought desirable. Coastal bonds, subject to gales and damp salty air,

produce whiskies with different characters than inland where seasonal temperatures

vary more widely.

1.1.4. SCOTCH WHISKY REGIONS

The Scotch whisky region was initially divided for tax purposes under the Wash
Acts (1784), into Highland and Lowlands. Until 1900, region of origin made a
discernable contribution but as distilling to character has been modernised influences
have been reduced. Canaway et al. (1983) found that sensory character of whiskies of
four regions (Speyside, Lowland, Islay and Other), only Islay were distinctive. The
following division of regions are adapted from a key monograph of whisky (MacLean,
1997) (Fig. 1.4).

Geologically, Scotland can be divided by notable features that influence of
water quality (Fig. 1.5) (Cnbb et al., 1998). The Southern Upland Fault, separates
Ordovician and Silurian rocks, grey slates and sandstones from the Midland riff Valley,
floored by fertile plains on Devonian and Carboniferous rocks. The Highland Boundary

Fault is followed by the folded and metamorphosed Dalriadan rocks of the Grampian
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Highlands and Argyll Islands regions. The Great Glen Faults separates Dalriadan
schists (intensively metamorphosed mudstone) of Grampian block from the older
Moinian rocks, pushed over Lewisian rocks, as old as 2900 million years. The Far

North consists of Devonian Old Red Sandstones of the Orcadian (marine) Basin.

1.1.4.1. North Highland region

Most distilleries, 1ncluding those in Orkney, located in coastal marine basin
(Cribb et al., 1998) have a distinctive saltiness in their whisky (Maclean, 1997).
Regional whiskies benefit from a complete final year of sherry-cask maturation,
developed at Glenmorangie. Only Clynelish and Invergordon grain distilleries are in

operation currently (MacLean, 1997).

1.1.4.2. East Highland

Speyside region has 55 malt distilleries, 23 built between 1886 and 1899
(MacLean, 1997), producing two thirds of Scottish malt. Water from extensive
metamorphic sandstones, mudstones and limestones (Dalriadan rock) has increased
alkalinity and hardness. This region is very suitable for barley-growing with ample
supplies of peat. Generally, whiskies are lighter (sweet and estery) than from other
regions (MacLean, 1997) with unique histories and distinctive flavour characters.

Forfarshire and Aberdeenshire region had at one time 36 distilleries, but In
1997 only Glencadam was in production. Central Highlands whiskies tend to be lighter

bodied and sweeter than other Highland malts (MacLean, 1997).
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FIG. 1.5. Geographical division of Scotch whisky regions (Cribb

FIG. 1.4. Scotch whisky regions (MacLean, 1997)
et al., 1998) )
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1.1.4.3. West Highland

There are two well known (Ben Nevis and Oban) distilleries operating.
Campbeltown was well suited for distilling, away from centres of government and
with abundant barley and peat. The heavy whiskies were less favoured by blenders
than lighter and more fragrant Speyside malts and in 1998 there were only two
distilleries (Springbank - Longrow and Glen Scotia).

Islay malts are famed for smokiness, attributable to phenolics, and dark, peaty
island waters. Distillenes are divided into two groups, the Northern and Southern,
with Bowmore between. Water can be acidic, but of low mineral content (Cribb et al.,
1998). Southern distilleries (Ardbeg, Lagavulin, Laphroaig and the moth-balled Port
Ellen) produce heavily peated whiskies. Of the northern distilleries, only
Bunnahabhain and Caol Ila are in production. Bruichladdich, the most westerly
distillery, with water percolated through the oldest rocks (Rinns gneisses), ceased

distilling in 199J.

1.1.4.4. Lowland or Midland regions

Distillenies are divided geologically into two groups: those drawing waters
from Dalraidan rocks to the north of the Highland Fault and those with a source to the
South (Cribb et al., 1998). Distilling depends on availability of cereals - wheat and
oats, as well as barley — and in developments in agricultural technologies (notably
fertilisation and drainage). Highland distillation depended on grain surpluses where
farming was predominantly pastoral with livestock. In the Lowlands, suited to arable
farming, distilling become larger-scale and more industrialised through the effects of
the Wash Act (1784) and advent of continuous distillation. Availability of a range of

cereals also encouraged mixed mashes with largely unpeated malts. Lowland malt
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whiskies are lighter in colour and flavour (green, grassy, herbal, grainy and floral

notes), with characters considered by some suitable for aperitifs.

1.1.5. CLASSIFICATION OF OTHER WHISKIES
1.1.5.1. Irish whiskey

The art of distillation was known in Ireland by the 14™ century, and
widespread by the 16™. Subsequently, illicit distilling (poteen-making), in which
potatoes and molasses were often used instead of malted barley (Murray, 1997), was
ubiquitous in the countryside. On Christmas day, 1661, the English government
charged tax at four pence per gallon on whisky. Duty was further raised to support the
Napoleonic Wars. Barley was dried for short periods with intensive peat smoke so
that whisky produced 1n Ireland had a peaty aroma and “poteen-flavoured” character.
Four big Dublin distillers were successful: John Power, John and William Jameson,
and George Roe. The continuous still was not attractive to the Irish distillers, who
wanted to keep their whisky light but full flavoured. During prohibition (1920 - 1933)
Scotch blended whisky was more successful and Eire suffered civil wars (e.g. the
Irish War of Independence and civil war). By 1933 the Irish whisky distiller had lost
most of their export markets.

Irish whiskey character is different from Scotch. In the late 19" and early 20"
centuries, five cereals were in common use: malt (30-50%), barley (30-40%), oat (20-
30%), wheat (5-10%) and rye (3-6%). Mashing takes longer, at lower temperatures
than Scotch, adding greatly to oiliness (Murray, 1997). However unmalted barley has
become the mash substrate in the two remaining Irish distilleries (Bushmills and
Middleton). The major process difference between Irish and Scotch whiskies 1s the

number of distillations (three times) in medium-sized pot stills. In theory, Insh
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maturation should be slower, as casks have less circulated with air stacking upright
top of each other, but in practice is faster due to warmer climate in Middleton.
Premium character in Scotch can be achieved after 30 to 40 years, but in Ireland
rarely beyond 20 years (Murray, 1997). Irish whiskey maturation uses more sherry

casks than Scotch.

1.1.5.2. American whiskey (Bourbon)

Definitions by American Bureau of Alcohol, Tobacco and Firearms:
‘Bourbon’, ‘rye’, ‘wheat’, ‘malt’ or ‘rye’ whiskey are spirits produced, at not
exceeding 160 degrees proof, from a fermented mash of not less than 51% maize, rye,
wheat, malted barley, or malted rye grain, respectively. Distillate is matured, at not
more than 125 degrees proof, in newly charred oak containers. Corn whisky, from a
80% maize mash matured 1n used or uncharred new oak barrels, may include a
mixture of other whiskies. To be labelled ‘Tennessee’ Whisky must be produced and
aged in wood in the State of Tennessee. All whiskies (Section 5.22, BATF
regulations) aged a minimum of two or more years can be designated 'straight’. Light
whisky, a US category, 1s distilled at >160 ° proof but <190; aged at least two years
in used or uncharred new oak barrels.

The first commercial US distilleries distilled rum - whisky production only
began in 1733 when the Molasses Act imposed a duty on non-British imports and
molasses smuggling from Spain and France increased costs. Distilling was imported
by Presbyterians (mainly the Scotch-Irish and German) who started to distil with rye.
As whisky became important in social life, there were prospects of a tax war and in
1794, George Washington (himself a rye distiller) put down a Whiskey Rebellion
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