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Start To Finish

Gary Spedding, Ph.D.

Brewing and Distilling Analytical Services, LLC

Annual ADI Conference – San Diego, CA. Apr. 2016 

www.alcbevtesting.com

04-02

Outline

 Flavor Notes/YOU/ & A Little Chemistry

 Sensory Classes - Aromas/Flavors

 Water [Taints & Off-flavors]

 Raw Materials

 >> Types/Classes of Spirits

 Process
 Including Aging/Maturation

 Origin of flavor species/flavor terminology 
Manipulation & survival of the key notes.
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Your Current Perspective

 Imagine your favorite tipple

 What one flavor term or word comes 
to mind as you contemplate it?

 What is your first aroma (smell) or 
flavor impression?

 Hold that thought - we begin!

Proposed General Flavor Categories
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The Flavors/Classes

 Acids & Fatty Acids 

 Alcohols : Ethanol and Fusel Alcohols

 Aldehydes : Acetaldehyde

 Esters – Aliphatic 

 Esters – Aliphatic-Aromatic 

 Ethers: [Wood related]

 Ketones

 Lactones  

 Phenols

 Sulfurs-sulfides

 Terpenes

 and more…….

Origins of Flavors

o Water

o Raw Materials 

o Yeast & Fermentation 
o Microbial Flavors: –

o desirable use other organisms

o contaminant organisms

o Stills, shape-structure, materials

o Maturation/Aging
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Water

o pH

o Minerals
[Ca++, Mg++, Zn++, Fe++/Fe+++]

o Taints

Taints & Off-flavors: Taints Defined

TAINT (“off-flavor”)

Chemical >> imparts a flavor - unacceptable 

(atypical) 

Alien to all foods

May include components (flavors or aromas) from   
air, water, packaging materials, processing lines.

May also be a microbial metabolic product -
derived from disinfectants and sanitizers.

From water/tainted grains/contaminated raw materials 
(moldy grains, fruits or sweeteners, etc.)
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Taints & Off-flavors: Off-flavors Defined

OFF-FLAVOR (“true off-flavor”) 
Arises from a chemical reaction of a naturally 
occurring component in a beverage

(or through internal deteriorative changes)

Gives rise to an atypical compound 

Undesirable or unexpected taste.

May be a microbially-derived flavor note

A metabolic by-product or via autolysis of the 
organisms

(yeast autolysis)

(oxidative production of rancid fatty notes)

Taints from water

Chloroanisoles (moldy – musty) from methylation of 
chlorophenols in water supplies. 
[2 or 3 or 4 or 2,4,6-chloroanisoles)

Geosmin – (trans-1, 10-dimethyl-trans-9 decalol)

(earthy, musty, beetroot-like) - cyanobacteria

(blue-green algae). Algal blooms – seasonal.

[Also 2 – methylisoborneol earthy-musty]

These compounds 

Extremely low flavor threshold

Difficult to remove

Persist to final product if present upfront
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Raw Materials

o Barley

o Corn

o Rye

o Wheat

o Grapes

o Stone Fruits

o Potatoes

o Agave

o Molasses/Sugar Cane

o Botanicals

Grains & Beyond: The Maillard Reaction
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Malt Derived Flavors Brewing/Distilling?

Cereals and Derived Flavors
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Grapes & Flavors + Terpenes (Gins)
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Chemistry & Formulas – Terpenes: Classes

More Terpene Chemistry
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Terpenes and Aromatics

Spirits Production: Process
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Spirits Production: Process

o OVERVIEW

o Milling/Mashing

o Fermentation

o Distillation/Stills

o Botanicals

o Wood Aging or Maturation

o Blending/Bottling and Stability 
[Visual problems hazes etc.]

Fermentation

o Yeast and Fermentation 
• > Most important source congeners or

• congener precursors

• > Conditions important/yeast strain

o Microbial contaminants

BOURBON: Yeast strains selected for producing congeners 

(flavor) not alc. yield. Enough need to produce 6%+
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Fermentation - Congeners

o Congeners production:
• Yeast & flavor metabolism – volatile 

congeners: 

• Rise with inc. in inoculation size

• Rise with inc. in agitation

• Rise with higher ferment’n temp

• Any inc. in ferment’n rate favors 
congener production
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Of Acids, Alcohols and Esters

o Esterification:
• Condensation of an acid & an alcohol 

• Important flavor contributions 

• Produced during fermentation

• Manipulated during distillation

• Changed during maturation
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Distillation

Distillation: What happens?

o 1) Concentrates aromas

o 2) Selects certain fractions

o Extent of heads and tails removed during 
first cut/ # of distillations, recycling of cuts

o 3) Forms new compounds
o Favorable

o Unfavorable    VOLATILES!
o Formed

o Eliminated
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Conditions and Reactions

o 1) Heat – cooking
o Temperature

o Acidity

o Duration

o Role of Copper

o 2) Hydrolysis reactions
o Esters

o Terpenes

o 3) Maillard reactions
o Aldehydes and acetals – Strecker degradation rxns

o Furfural and derivatives from sugars

o 4) New compounds formed
o Furans – Pyridines – Pyrazines (cocoa, grilled nuts notes)

Distillation - Stills

o (Pot or Column): shape-structure, materials      
(copper)

o Operation of (The art & skill of each          
distiller):

o Extent of heads and tails removed during 
first cut/ # of distillations, recycling of cuts

o Different flavors/different concentrations from   
Continuous distillation?
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Stills & Copper

o DISTILLATION & Copper:
• Aerated wash – more reactive with 

copper surfaces of the stills -- reduces 
the amount of sulfury off-notes  

• Soluble copper compounds and 
complexes form with oxygenated 
mash that react with and remove 
sulfur compounds

• Location of copper as most sulfur 
removal occurs at phase change

Heads or Tails?

o Heads (Fore-shots):

o SO2, Acetaldehyde, Ethyl acetate

o Tails (Feints or After-shots):

Cutting out the fats

Ethyl esters of caprylic and caproic acids

Caproic (C6), Caprylic C8) and Capric (C10) 
acids

Fatty acids: Soapy, goaty, fatty 
aromas

Ethyl esters: Sweet, fruit, oily
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Maturation – Complexity Simply Defined!

The Cask or Barrel
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Maturation

o Maturation Time, rxns, temperature 

o Fill strength-extraction

o Wood composition & preparation 
(toast/char)
o Casks: #Times used/Previous contents!

o New compounds – flavor congeners in 
maturing spirit

Storage wooden casks gives rise to whisky lactone, vanillin, guaiacol,

eugenol, cresols >> migrate from the wood to the spirit

o Loss of Compounds (e.g., sulfurs lost)

Aging: Wood Extractives

o Lignin derivatives (vanillin) 

o Lactones (methyl octalactones)

o Furanic derivatives (furfural etc.)  
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Aging: Oxidative Reactions

o Increase in methyl ketones – -
oxidation fatty acids from new-make 
spirit 

o Formation of Acetaldehyde & Ethyl 
Acetate through oxidation of Ethanol

oFormation of acetals – top notes!

Aging: Evaporation & Chemical Balance

o Due to evaporation the equilibrium balance 
changes

o Ethanol      due to the evaporation

o Higher alcohols (less volatile)  

o Higher alcohol esters      Due to 
Transesterification

o Interactions between spirit and wood 
compounds: 

o Esters formed (ethyl vanillate, ethyl syringate)

o Ethers formed (vanillin ethyl ether, etc.)
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Heat Treated Oak Wood = Toasty Notes!

Role of Toasting of Oak in Spirits Flavor Extraction
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Remember The Maillard Reaction?

Role of Oak Tannins in Maturation of Spirits
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Transesterification

Barrel Chemistry - Summarized
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So Who is in the Wood?

 Acids – hint of vinegar!

 Aldehydes – leafy & floral

 Sulfury – meaty & rubbery

 Oily – nutty butter anyone?

 Sweet – honey & vanilla – nice!

 Woody – resiny & piney

 Lactones – coconut & more

 Phenolics – wood smoke, cloves & medicinal

 Feint of heart – a tail here? – leather & tobacco & goats?

 Don’t lose your heads. Estery – fruity & fragrant

A lot goes into the barrel 

A lot of action goes on in the barrel – who goes where – who goes there? 

Who stays to play with your taste buds & delight your aroma sensors?

Hydroxy- acids and Phenols from Oak
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Your Present Perspective

 You Imagined Your Favorite Tipple

 You Defined a Flavor Term or General 
Descriptor That Came to Mind

 

 Did you Find An Answer to What it 
Might Be [Chemically] Today?

 If So or If Not Continue to Discover 
More About Flavor Chemistry of Spirits, 
Liqueurs and Your Other Favorite Foods 
& Beverages!
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Wish to learn more about AROMA/FLAVOR?

The Team at BDAS, LLC
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END

Flavor Origins in Distilled Spirits: From Start 
To Finish

More Information from the team at BDAS, LLC

[Brewing and Distilling Analytical Services]

info@alcbevtesting.com //  www.alcbevtesting.com

Tel: 859-278-2533 
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