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Flavor Origins in Distilled Spirits: From
Start To Finish

Gary Spedding, Ph.D.
Brewing and Distilling Analytical Services, LLC
Annual ADI Conference — San Diego, CA. Apr. 2016

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
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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?

Proposed General Flavor Categories

1 Pungent 12 Soapy (Fatty, cheesy)
2 Solvent 13 Sour
3 Spicy 14 Buttery
4 Grainy 15 Grassy
5 Malty 16 Oily
6 Fruity (estery) 17 Sweet
7 Fruity (other) 18 Pine-like
8 Orange-like 19 Minty
' 20 Bitter

10 Floral 21 Dry \X
11 Vanilla 22 Burnt/Maillard/Complex
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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

Water
Raw Materials

Yeast & Fermentation

O Microbial Flavors: —
O desirable use other organisms

O contaminant organisms
Stills, shape-structure, materials

Maturation/Aging

Flavor Origins Seminar
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Minerals
[Ca**, Mg**, le++, Fe++/Fe+++]

Taints

Taints & Off-flavors: Taints Defined

(“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.
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Taints & Off-flavors: Off-flavors Defined

(“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

(moldy — musty) from methylation of
chlorophenols in water supplies. [ OCH;
[2 or 3 or 4 or 2,4,6-chloroanisoles)
(trans-1, 10-dimethyl-trans-9 decalol)
(earthy, musty, beetroot-like) - cyanobacteria
( -green algae). Algal blooms — seasonal.
[Also 2 — methylisoborneol earthy-musty]

Geosmin

These compounds

Extremely low flavor threshold %}{0“

Difficult to remove et
Persist to final product if present upfront
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Raw Materials

Barley

Corn

Rye \ '
Wheat é
Grapes

Stone Fruits

Potatoes

Agave

Molasses/Sugar Cane

Botanicals

Grains & Beyond: The Maillard Reaction

The Maillard Reaction
> Reactions between sugars and amino acids
> Occurs during roasting/kilning of malts
> Occurs during the process and heat of distillation
> Occurs in toasting/charring of barrels
> Non-enzymatic “Browning Reactions”
~ Optimal at 140-165 °C

“cooked, roasted, toasted, bready, cereal-like, nutty, bitter, burnt, astringent,
cracker-like, sweet, caramel, meaty, biscuit, even coffee-like, pretzel and
chocolate-like, green and woody”

g 0

FYRROLES
mm
mw
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Malt Derived Flavors Brewing/Distilling?

Green malt: Green, grassy, green pea.

Lager malt: Green, malty, nutty, sweet.
[Vienna: malty, biscuit notes.]
[Munich: sweet, malty, biscuit, toast and graham cracker]

Pale ale malt: Hlll:y, nul:l:v, Y
[Mild malt: it ch

Caramelised:
Caramalt: Sweet, caramel [Carabrown: toastiness with
biscuit, nut and graham cracker notes.]
Crystal (Caramel in the US): Sweet, caramel, stewed
fruit, toffee, black treacle, burnt. {Different types at
different degrees color from kilning — different flavor
spectrum. High Lovibond color leads to pronounced caramel flavors
of burnt sugar, raisins and prunes}.

Roasted (dry):
Amber malt: Bi it bitter
Chocolate malt: Darlt, chocolate, cocoa, bitter, burnt, sharp
Black malt: Burnt, black coffee, roasted coffee, sharp, acrid
Roasted barley (unmalted): Burnt, sharp, acrid, dry, black coffee,
dark chocolate

Smoked malts: ;trbﬂg wood smoke aroma — flavor- sweet, ashy, smoky
and earthy. [Cherry wood, Appm wnou etc., convaylrlu different nuances.]
Peat Smoked malt: Strong p y-like aroma

Acidulated malts: [Note historically used to alter pH of brewing water in
German brewing] Sour, tangy, tart and lactic —e.g., for sour beer styles

Cereals and Derived Flavors

Raw Materials for Distilling - Cereals - Whiskies
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Grapes & Flavors + Terpenes (Gins)

/‘f:i/\ Key Flavor Components or Flavor Precursors Derived from Grapes
OH

L} Sermich Acids

e THEGRAPE

wopInTUan-

\/\I/\/O"

Ao

o
5-3-{hexan-1-ol)-L-cysteine

Thiol

hitp://www.compoundchem.com/category/alcohal-chemistry

THE CHEMISTRY OF GIN
s Sdl gn

COMPOUND G COLAM DISTALED G
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Chemistry & Formulas — Terpenes: Classes

Construction and Formulas of Terpenes

v
i B i

Chamical structures - represantative terpenes

More Terpene Chemistry

Monoterpenes C10 = two isoprene units
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Terpenes and Aromatics

Monoterpenes and their aromatic properties

Odor

Clarooelkd
Cumin aldehyde
Cuminy ool Floeal, oity-spicy, dsllseed- mnd carsway-bike
Cymen-.ol Weak eltrus-like
PCymene Fresh, weak lonus-lale, lemon and hergam nots
Lemao, vwees
Floral, lemonlike, ity

Sweet, lemon.

Herbal, warm-hertaceess, sweet-foral. neroli-oil ke
Herbal, weak. floeal
Spicy, hedbwccous, minty, peppery-wrody, frod, s
P-Phcllandrene Poppery, misdy, refreshing. citra ke
Piperitone Fresh. minty, m .
Sabinene Wi, aily-pepye
fa-Sabinenc ydrate Mild, pleassns, w
ke W,

Spirits Production: Process
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Spirits Production: Process

OVERVIEW
Milling/Mashing

Botanicals
or Maturation
Blending/Bottling and Stability

[Visual problems hazes etc.]

Fermentation

Yeast and Fermentation

* > Most important source congeners or

congencer precursors

e > Conditions important/yeast strain

Microbial contaminants

BOURBON: Yeast strains selected for producing congeners
(flavor) not alc. yield. Enough need to produce 6%+
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Fermentation - Congeners

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

YEAST METABOLISM - SPIRITS FLAVORS

ACETALDEHYDE I

A
! CARBOHYDRATES C°;| N .
s - ¥ 4 . ¢
- H - At
: s

) /
PYRUVATE
*—— ACETALDEHYDE

AMINO ACIDS
Ala, Val, Leu,

lleu. Phe, Tyr ACETYL-CoA X\ >
METHANOL \ ETHANOL = ETHANOL I

a:soin ;OIT in KETO ACIDS

alcoholic beverages TY ACID-CoA

and flavor / LT A ° \)
Jl{ HIGHER ALCOHOLS ]

Diacetyl

FATTY ACIDS
ESTERS a

Y x
.
H

FATTY ACIDS I

b, ¥ Acetic, Butyric,
¥ - Hexanoic. Octanoic

) ESTERS = ;

1-Propanol, 1-Butanol, - —J CHICOOCH:CH,
2-methyl-1-propanol, ; .
2-Butanol, 2-tethyl-t-bitanol’ s E-‘:‘ﬂe‘:e‘:I‘:lutl”;:Eeltubtl:ﬂgra;:nanunte
3-Methyl-1-butancl” & Phenethyl alcohol. Y sy y

et - . t
'[Ax_'tive and iso-amyl alcohols - the main fso-amyl ncetate. Et. actonoete

. o Et. decanoate, Et. dodecanoate,
fusel oils”]

Et. lactate

Catalog of Services: www.alcbevtesting.com Catalog Page Flavor Origins Seminar Slides © BDAS, LLC 2016 12



Gary Spedding Brewing and Distilling Analytical Services, LLC

Of Acids, Alcohols and Esters

Esterification:
Condensation of an acid & an alcohol
Important flavor contributions
Produced during fermentation
Manipulated during distillation
Changed during maturation

AMINO ACIDS

a-Keto glutarate

Acetic acid c
t Glutamate

Pyruvate =  Acetyl COA =  a-Keto acids
+ATP
Acetaldshyde + CO, Aldehydes + €O,
| b i

Ethanol Higher alcohols ~ DUtancls

NAD' NADH NaD" NADH

proic (hexanoic!

CH,CH,0H — — — -+ CH,CHO — — — +CH,COOH aprylic (octanoic!
ctic

Ethanol —_— jruvic

ccini

{, L’ AAy
- )
J BJ

ic
Ethanol Ethyl acetate + HO

H
—H

CH,COOH CH,CH,0H CH,COOCH,CH,
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[ Flaver [ Alcoh [ Faver
-COOH -OH

Vinegar, Sour | [ Warm, Solvent |

Vinegar, Sour | Isoamyl Aleshol | Alcohel, fusel
[3me-BuOH] ail, nail pelish,

| | | | pungeat. |

Butyricacid | Rancd, sharp | Ethamol | Warm, Solvent | Tyl
cheese,
buttery, baby
vomit, saur,

| | spent grains_ |
Hexanaic Rancid, fatty,

(Capro scid) wweaty,

{ | cheese ! ! . |
Dctancate Oily, fatty | Warm, Sobvent
[Caprylic acid) | soapy, waxy,

I | poaty =l L,
Decancic acid | Soapy, wary, Warm, Solvent

Dedecanoic Fatty, coconat,
[Lawric) acd bay ol

[tacticacd | Sour, sour
milk, yogurt

| icomol, ripe
fruit

[3Phaet [ Rene, sweetsl. |
propiceic acid | vasilla -ike

| Vinegar sour | 2.
Phenylethanal

Octancate iy, fatty | mobutanal 3
[Caprylic peid] | soapy, wasy, | (Z-me- whiskey, nail
Eoaty propanal, | polish, wine-
| obutyl alcobol | bke, fruity

Esters
from the alcohol (first word)
bt bl el e
ohEtn @

0-.(ir

ey

fJu‘,QVEL _‘Mn(%
APenlo B @ 6 a (i

m%a%b "R E K AN
K& mu&‘i‘m‘i‘xﬁ@ T

from the carbowylic acid (second word)

Produced by James a1 - Visit website for more infographics. Free 1o usel

Catalog of Services: www.alcbevtesting.com Catalog Page Flavor Origins Seminar Slides © BDAS, LLC 2016 14



Gary Spedding Brewing and Distilling Analytical Services, LLC ADI Annual Conference 4/2/2016

Esters
Table of esters and their smells

from the alcohol (first word)
The Alcohol >> methyl  ethyl propyl 2methyl  butyl pentyl hexyl

propyl
methancate T
ETHEREAL

WACAHEL
ethanoate

<< The Acid

>>
propancate

2-methyl propanoate
i beanched
butanoate

pentancate

from the carboxylic acid (second word)

hexancate

Fruit and Nut Flavors - Characteristic of notes of suitable descriptors for spirits and liqueurs

Bansna Tsoamyl acetain \]/\IOY Strawbemry Exhyl beayrate

[
(Missa paradisiaca and other species. | {Sragaria veica, Fam. Rosaceae) e
Fam. Musacoae/Arscea) Amyl scciate L o
A Ethyl wsovalerate
]
Grape Methyl srehranilate and NHy A
; S * Jenond Benmaldehyde
(Vinls venifers, Fam, Vitaceae) valatile isoprenads e (Prumus amygdales, Fam, Risacea)
Vanills (hesn) Vanillin
(Vanilli phamifiora, Fam.
Methyl butyrate Orchidacess)
Lemon Z-Ciaral (Nesal)
(Cltrus limon, Fam. Rutacess)
Peach Tenzyl acetate
(Prunus armeniaca, P, percica, Pam. e s
Rosacear)

(Ml rplvearris, Pam, Rosaceas)

Pineapple
— Raapberry 4-p-Hydrosypherylbutan-
(Ananas comorur, A, sativier, Fam, (Rubar peasis, Fam. Rosacese) 2-one
Broenelisceae) (Raspberry ketone)

Orange Mango {Tndian) a- and p-Pinene, cis-
(Crvrus renculara, Fam, Rutaceae) Dcimene, Myrcene

Pear
(Pyrys commeniz, Fam. Rosaceas)
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Distillation

Distillation: What happens?

1) Concentrates aromas
2) Selects certain fractions

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

3) Forms new compounds
o0 Favorable
0 Unfavorable VOLATILES!

0 Formed
0 Eliminated
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Conditions and Reactions

1) Heat — cooking
0 Temperature
Acidity
Duration
Role of Copper

2) Hydrolysis reactions

o Esters
0 Terpenes

3) Maillard reactions

0 Aldehydes and acetals — Strecker degradation rxns
O Furfural and derivatives from sugars

4) New compounds formed

O Furans — Pyridines — Pyrazines (cocoa, grilled nuts notes)

Distillation - Stills

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

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

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

Different flavors/different concentrations from
Continuous distillation?

ADI Annual Conference 4/2/2016
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Stills & Copper

DISTILLATION & 5

* 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?

Heads (Fore-shots):

0 SO2, Acetaldehyde, Ethyl acetate ‘\

Tails (Feints or After-shots):

Cutting out the fats

Ethyl esters of caprylic and caproic acids
Caproic (C6), Caprylic C8) and Capric (C10)

~ 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

Maturation Time, rxns, temperature
Fill strength-extraction

Wood composition & preparation
(toast/char)

0 Casks: #Times used/Previous contents!

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

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

Aging: Wood Extractives

Lignin derivatives (vanillin)

Lactones (methyl octalactones)

Furanic derivatives (furfural etc.)
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Aging: Oxidative Reactions

Increase in methyl ketones — [3-
oxidation fatty acids from new-make
spirit

Formation of Acetaldehyde & Ethyl
Acetate through oxidation of Ethanol

Formation of acetals — top notes!

Aging: Evaporation & Chemical Balance

Due to evaporation the equilibrium balance
changes

Ethanol [| due to the evaporation
Higher alcohols (less volatile) 1}

Higher alcohol esters 1 Due to
Transesterification

Interactions between spirit and wood

compounds:

0 Esters formed (ethyl vanillate, ethyl syringate)
0 Ethers formed (vanillin ethyl ether, etc.)
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Heat Treated Oak Wood = Toasty Notes!

Hemicellulose
K and the Effoct i
acetic acid release -
*

unit s presenton
‘about T in every 10 sugar units.
by Ny |

Role of Toasting of Oak in Spirits Flavor Extraction

Toasting Chemistry

“smoke” Vanillin & Syrings hyde
more intense energy

OH ocH ocH

OH _More energ OH
-«

CH
ethyl guaiacol
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Remember The Maillard Reaction?

The Maillard Reaction
> Reactions between sugars and amino acids
> Occurs during roasting/kilning of malts
> Occurs during the process and heat of distillation
> Occurs in toasting/charring of barrels

> Non-enzymatic “Browning Reactions”
~ Optimal at 140-165 °C

“cooked, roasted, toasted, bready, cereal-like, nutty, bitter, burnt, astringent,
cracker-like, sweet, caramel, meaty, biscuit, even coffee-like, pretzel and
chocolate-like, green and woody”

0o d 88

igtar
buris

oRATOLEY THOPHINES
ety roasted
‘astringent vweet

A
maary
bume
caramael-the

Role of Oak Tannins in Maturation of Spirits

The role of oak tannins in oxidation of wines and spirits
STEP 1 IN CASK DRIVEN OXIDATION - tannins activate oxygen

Tanmns asm vory comples

stracuses, Thass two links Atransition metal

1R B 8 pusch Ingges un must be preseat to __
e R enable this change.

oXygen from the The tannin is converted into
air (p ing into a most of these
the wood) brownish in color.

STEP 2 IN CASK DRIVEN OXIDATION - some alcohol is converted to acetaldehyde

—"
H?H + H ) - CHé:HO +2HZO
ethyl alcohol acetaldehyde water

Groon, unripe, raw
aroma. Very reactive,
STEP 3 IN CASK DRIVEN OXIDATION - diethyl acetal is produced
L
CZH‘EOH 5F G‘I‘,FHO L G'lé:H(OCszia-f HgO
more ethyl alcoheol diethyl acetal water

Dealicate, light,
fragrant. Gives top-note.

From the International Barrel Symposium May 1997
The Independent Stave Co., Inc. www.cooperage.com
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Transesterification

Transesterification
[Occurs during wood maturation of spirits]

One ester converted to another!

“A reaction between an ester of one alcohol
and a second alcohol
Forms an ester of the second alcohol and an
alcohol from the original ester
E.G., Methyl acetate and EtOH -->
ethyl acetate and methyl alcohol”

Barrel Chemistry - Summarized

'__A:’m
Hydroxymethyl furfural

Furfural and M-Mw A

almond ch

Barrel
Ch@mﬂs‘s‘tﬁw /

Complex phenolic al ehyﬁu lear
to vanillin and vanillic acid

Astringency and bitterness &
promotes oxidation reactions to
create “delicate fragrance”
Hydrogen peroxide is formed
which can oxidize ethanol to
acetaldehyde and a delicate like
fragrant "top note” -

diethyl acetal

Phenclics: phenol, guaiacol,

i P 1, ethyl
eugenol —-Cloves, smoke, spicy,
coal-tar notes

Toasty/ notes.
cis-oak and trans-oak lactones
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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

Hydroxybenzoic & hydroxycinnamic acid-derived compounds

FEFULIC ACID DERIVED COMPOUNDS. EMARIC ACE) DERVED COMPOUNDE

o

-

o o o o

Ilﬁj'm" q\¢,«:u} ﬂ,m\]:lr],om, -,uki),uug npu\$;zn‘

ety o, cHoH, g, oy
Vg o B ]

= o ™
i M oo, " o o o
Hygo oeH, 0. oCH, Koo ocH,
W CH I, CHCHOH,
- Eugensi or & fepc ks TEIT o Cia,
Frie—" e OO,

o on

. M o
0
£Ho couo
e A lcen
] Byregakienyie

¥

oy

Catalog of Services: www.alcbevtesting.com Catalog Page Flavor Origins Seminar Slides © BDAS, LLC 2016 25



Gary Spedding

Brewing and Distilling Analytical Services, LLC

~ Toasted Oak Wood-Derived Aromatic
Impact Compounds

Compound
Furfural

Guaiacol
cis-Methyl-y-octalactone/

trans-Methyl-y-octalactone

Vinylguaiacol
4-Methylguaiacol

4-Ethylguaiacol

~ 4-Ethylphenol

QOdor/Flavor Descriptor
Smoky, almond
Smoky
Oak, wood
Phenolic, clove
Smoky, burnt wood
Smoky phenolic

Stable-like, horse

Eugenol

Vanillin

——

o-Cresol

\—I‘F-FC-FGSOI— e

=

o

Methyl 2-methyl-3

~furyl disulfide
T

Ethyl hexanoate

O

Phenethyl acetate

= §picg Clove
Vanilla spicy

Medicinal. tar

Medicinal. smoky

! o
H=C ‘f” v H
Acetaldahyde J
2t K
# 2/-/\
9 Furfural ¥

¥ Whiskey
Lactone

[ -
oH—C—C—CH,

~ 0. CHy

Diacetyl

Guaiacal 4

Cresols
s :
A, ]
L 4]
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9
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]

4

Flavor Origins Seminar Slides © BDAS, LLC 2016

ADI Annual Conference 4/2/2016

26



Gary Spedding Brewing and Distilling Analytical Services, LLC ADI Annual Conference 4/2/2016

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!

UR A

Artisan Spirit Fall 2015 PP 53-58

he understanding of the flavor of distilled spirits forms an  (CH,CH.OH) itself is a solvent and confers tactile sensations of

i\
1023 o Originates from poor/stressed fermentations and from
Grean apples, bruised apples, {Range in spirts B-240 | Oxidation aging reactions in the wood. May also arise from
Mﬁ'gﬂ,’“ grazsy. latex paint, Flotists ppm, Whiskies (inel, (inel. ). Oxidative
[Ethanal] shop (green stems, cut grass), Bourbon): 16-100, | formatian of acetaidetyds from ethanol or from reduction
meton, pumpkin, athereal, Brandies: 52-240, Rum; | O acetic acid may occur during maturation, However, most
B-60 ppm. | | akdehydes are formed during lermentation.
Acetic acid s the major companent of the total acids in
Acetic acid matured spirils. it may bo produced from ethano! via
: CO0H Vinegar-lika, pUngant, sour. acetaidenyde during maturation. It can also bo a bactarial
[Ethanalo acld, Acetate in acidic 100200 ppm?, contamination issuie.
L ihesnioriin) Acolic acid also has a key role in fatty ack palism and in
e — (estey | e 2
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Wish to learn more about AROMA/FLAVOR?

AROMA ACADEMYUS

Il

aromaacadenmy.us

Aroma recognition training systems

* Whisky 3 *;

* Wine
« Gin =
* Beer

5%, of Pveur comes from the sense of smel
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Flavor Origins in Distilled Spirits: From Start

To Finish

More Information from the team at BDAS, LLC

[Brewing and Distilling Analytical Services]
// ’ <PIRITS L

.Q, *
Tel: 859-278-2533 .;.;" BREWING 4;':‘

TICAL
SERVICES
&= L]
% &

3 &8
QW
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