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Background

Hop Flavor Database (ASBC Methods of Analysis)

Analyze aromas in hops using gas chromatography
mass spectrometer (GC-MS)

Brew single hopped beers with whirlpool addition
Analyze hop aromas In beer using GC-MS
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Hop Beer
Analysis Analysis
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Hop Flavor Database — ASBC MOA

. Molecular .
Chemical Name| Synonyms Struture Weight (g/mol) Flavor Descriptors
herbs, metallic, resinous,
v— wioy balsamic, | )y
Methyl-3- geranium-like, green,
Myrcene methylene-1,6- C10H16 136,23 peppery, tgrpene,
. balsam, plastic, sweet
octadiene . .
carrot, slight piney,
celery, lemon, woody

Conc. Conc. Conc. TH Water
Minimum | Maximum | Mean |TH 1 (mg/1){TH 2 (mg/1)|TH 3 (mg/l) (mg/I)

(mg/l) (mg/l) (mg/1)
oors. | HERD
‘ 0,0001 1 0,5 0,009 0,01 0,03 0,042

Form?tlc.m/ Corrjptourlnd References CAS Number

Description Classification
ebiosynthetic product
durin; hop gropwth 41, [51, 9], [13],

Monoterpene [17], [29], [43], 123-35-3
that degrades to
. . [44], [59]

geraniol and linalool
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Hops

o Pellets (T90) from the 2012 harvest
e Analysis completed just prior to brewing trials

Hallertau Mittelfriih Citra Topaz

(HHA) (cIT) (TOP)

Alpha acids [% w/w] 3,8 11,8 11,9
Oil [ml/100g] 0,95 1,95 0,90

Hop Storage Index (HSI) 0,380 0,316 0,376

The Science of Beer



Solid phase microextraction (SPME) and solvent assisted
flavor extraction (SAFE) + sniffing

aroma detection of single aroma compounds
sample and their odor characters

Sensory description
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Hop Analysis - Welhenstephan

« Comparision of hop aroma extraction techniques

— Solid phase microextraction (SPME) and solvent
assisted flavor extraction (SAFE) + sniffing

Faster and More

simpler complicated

extraction extraction

HHA CIT TOP

SPME 30 35 92
SAFE 100 114 108

Ability to Ability to

extract more extract more

higher volatile lower volatile

compounds compounds



Solid phase microextraction (SPME) -
sniffing

Compound SPME
Hallertau Topaz Citra
2-Methylpropanoic acid plastic X X
3-Methylbutanoic acid sweaty, musty sweaty, musty sweaty

2-Methylbutanoic acid

pineapple, tropical fruit

pineapple, tropical fruit

tropical fruit

S-Methyl 3-methylbutanethioate sulfury
alpha-Pinene X slight glue X
Methyl 5-methylhexanoate X X
flowery
6-Methyl 5-hepten-2-one
Myrcene flowery, green, fresh flowery fresh hops, green
hops
Linalool sweet, tropical fruit fresh, sweet sweet
Geraniol flowery apple-like fresh fruit
alpha-Humulene flowery X X

x = found in chromatogram but not smelled
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Solvent assisted flavor evaporation (SAFE)
— sniffing

Compound SAFE
Hallertau Citra Topaz
Ethyl -butanoate X flowery

3-Methylbutanoic acid

musty, rancid

old socks, rancid

rancid, sweat

2-Methylbutanoic acid

pineapple

sweaty, trop. fruit

trop. fruit

S-Methyl 3-methylbutanethioate

X

sweat, sulfury

sweat, sulfury

Myrcene fresh, hoppy resinous, fresh, hoppy flowery, hoppy
Linalool fresh fruit, citrus citrus citrus
(E,Z)-1,3,5-Undecatriene solventy
Borneol slighty spicy
Geraniol fruity-flowery lemon, solventy sl. lemon
Methyl-4-decenoate X slighty solventy X
Methyl-4,8-decadienoate X sweat, sulfury X

x = found in chromatogram but not smelled
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Single hopped beers with kettle and
whirlpool additions

Methods

Fermentation Filtration Bottling
(10 L fermentation tank)

Fig.1 : Cited from Techmische Universitit BMunchen, Chair of Brewing and Beverage Technology
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Beer

« Whirlpool dosage according to ml oil in pellets
* Added directly after boil
e 15 minute rest at > 90<C, then cooled

* Pitching of lager yeast at 10C at a rate of 10 g/l t hick
yeast slurry

7 days fermentation + maturation at 8 T
7 days lagering at 1 C

Dosage

Dosage

Dosage whirlpool

o )

P Ale. [%vol] kettle [g] | whirlpool [g] || based on ml oil pH beer
Hallertau 12,8 5,40 20 53 5,3 5,29
Citra 12,7 5,36 5,0 26 5,4 5,23
Topaz 12,6 5,27 0,0 56 5,4 5,15
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Hop Aroma Compounds — Belgium

Hallertau Citra
Aroma Compounds (ug/1) (ug/1) Topaz (pg/l)
Isobutyl isobutyrate 0,08 0,10 0,52
Myrcene 0,22 0,44 0,42
3-Methylbutyl 2-methylpropanoate 0,19 1,1 3,9
2-Methylbutyl 2-methylpropanoate 0,25 0,23 0,52
beta-Limonene 0,70 0,47 0,58
2-Nonanone 0,08 0,08 0,11
Linalool 245 215 158
beta-citronellol 0,81 2,1 4,2
Geraniol - 39,0 47,0
2-Undecanone 0,23 0,92 0,65
2-Undecanol 1,2 3,7 2,9
Methyl geranate 1,5 29,4 4,8
Citronellol acetate 0,16 1,2 1,1
Geranyl acetate 0,28 0,54 1,8
beta-damascenone 0,14 0,09 0,10
alpha-Humulene 0,47 0,7 0,55
T-Cadinol 1,6 2,6 2,0

-All compounds are semi-quantitative data, except for

Linalool and Geraniol, which are quantitative The &| ence Of Beel’



(R/S)-Linalool in beer

R-Linalool regarded as key hop aroma indicator substance in beer
Amount of (R/S)-Linalool is similar to a dry hopped dosage (> 150

ug/l)

Hallertau Citra Topaz Threshold Beer
R-Linalool [pg/I] 229 201 145 2,2
S-Linalool [pg/I] 16,0 14,0 13,0 180
(R/S)-Linalool [ug/I] 245 215 158 8-80
R-Linalool [%] 93% 93% 92% -
S-Linalool [%] 7% 7% 8% -

OH

(R)-linalool (S)-linalool
Odour threshold values: Odour threshold values:
22 ug'L (beer) 180 ug'L (beer)
0.036 ng/L (aw) 29 ngL (am)
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2 zu hell
3etwas zu hell
4 Spur zu hell

Tasting was complete
with a trained tasting
panel at TUM —
Weihenstephan
composed of 13 panelists

Two forms were used:

— Tasting sheet for hop aroma
and flavor

— Modified tasting sheet from
research brewery in St.
Johann, Germany

Name

Verkostungsformblatt fiir Bier.

(klare Biere) Probenbezeichnung
Prafkriterien

Bier 1

Bier 2

Bier 3

Bier 4

T deutlich zu hel

5 typgerecht

4 Spur zu dunkel

3 etwas zu dunkel
2 zu dunkel

1 deutlich zu dunkel

Farbe

Aussehen

5 Klar, leuchtend

3 opalisierend
2 opal
1 trib, Bodensatz

Glanz /

[ 5durchgehend fen
« 4 fein bis mittel

2 3 mittel

S 2 mittel bis grob

Poren-

1 grobe Blasen
— s
& 4 gut anhaftend
-8 3 befriedigend anhaftend
g 2 wenig anhaftend
> 1 schlecht, kein Anhaften

Schaum

Haft-

4rein, noch typisch

3 leichte Fehler

Geruch

2 deutliche Geruchsfehler

1 starke Fehler, ungeniebar

4rein, noch typisch

3 leichte Fehler

Ge-schmack

2 deutliche Geschmacksfehler

1 starke Fehler, ungenieRbar

S typisch, ausgepragter Charaki|5,0]

T typisch, ausgepragter Charaki|5.

B o] wof 5[ off o[ o] o] [ o 2 o] cof [ 2| o e | | | ~f oo

| o] wof 5] o 2 o] wof [ | 2 o] cof | 2| o eo| 2| | | ~f o]

| o] wof ] o 2 o] wof [ o 2 ] cof | 2| o eo| 2| | | ~f o]

B o] wof 5[ ol o[ o] o] [ o 2 o] cof [ 2| o e | | | ~f oo

L F

U LF

[ 1deutich zu voll, mastig _
2zuvol

3etwas zuvoll

4 Spur zu voll

5 typgerecht

4 Spur zu leer

3etwas zuleer

2 leer

1 deutich zu leer, w &ssrig

Vollmundigkeit

Trunk

5 sehr weich

4 weich

3 nicht ganz abgerundet
2 unharmonisch

1 hart

Weichheit

T adstringierend

2 zurezent

3 etwas zurezent
4 Spur zu rezent

5 angenehmrezent
4 geniigend rezent
3 magig rezent

2 wenig rezent

1 schal, abgestanden
leutlich zu bitter

Rezenz

. looooo

off [ vo] wof | | of ~| cof ff =] o o | rfl =] rof o] ] rf ] ~f 0] of

off [ vo] wof | | of ~| cof ff 2] o o | rfl =] rof o] ] rf ] ~f 0] of

[Préferenz / Rehenfolge (1-Bestes)

[geschatzte BE

iV
. 8,5 8,5 8,5 8,5 ]
2 zu bitter 8 B 8 8
75 75 75 75
3 etwas zu bitter 7 7 7 7
55 65 6,5 6,5
4 Spur zu bitter 5 6 6 6 I:I
& 5,5 55 55 5,5
2 5 typgerecht bitter 5 5 5 5
g 75 75 45 45
E : r 4 4 4
. 4 Spur zu w enig bitter 35 35 35 35
= N 3 3 3 3
g 3 etwas zu wenig bitter 25 25 2,5 25
@
2 2 2 2
2 zu weenig bitter 15 15 15 15
1 deutlich zu w enig bitter 1 1 1 1
5 5 5 5
5 sehr fein 75 75 45 45
4 fein Kl : - i
8 35 35 35 35
g 3 etwas nachhangend 3 3 3 3
3 o 2.5 25 2,5 25
2 2 2 2 tein
2 nachhéngend/breit 15 15 15 15 I:I
1 deutlich nac it 1 1 1 1
50




Tasting - Hop Aroma and Taste

= Mittelfriih

Sensory
Results

M Citra

B Topaz

0 1 2 3 4 5 6 7 8 9 10

Hop Aroma Hop Flavor




Ranking and Bitterness

Harmony

Intensity

Tasting - Bitterness

0 Mittelfrih
H Citra

B Topaz

Sample Hallertau Citra Topaz

Ranking (© 1-5) 2,10 1,80 © 3,10
predicted sensory BU 24,9 27,7 32,7 D

measured IBU 36,5 38,5 68,5
iso-alpha-acids [mg/I] 22,1 25,4 29,7 :
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Descriptors

Aroma
Mittelfrih Citra Topaz
(red) berries muscatel resinous
gooseberries grape juice fruity
smoky grapefruit berries
grapefruit tomatoes green fruits
flowery citrus tomato leaves
woody flowery green-grassy
musty lychee
Taste
Mittelfrth Citra Topaz
resinous fruity resinous
geraniol peach biscuit
cider grapefruit grassy
solventy lime Kiwi
gooseberries passion fruit
lemon herbal
fruity
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Conclusions

2- und 3-methylbutyric acid, S-methyl 3-
methylbutanethioate, myrcene, linalool and geraniol are
Important aroma compounds in hops

Whirlpool hopping can contribute high levels of R-linalool
and geraniol to beer

Levels of 3-methylbutyl 2-methylpropanoate, beta-
citronellol, methyl geranate and geranyl acetate varied
widely dependent on hop variety

When whirlpool hopping, large differences between
sensory BU, measured IBU and measured iso-alpha-
acids can occur

The Science of Beer



Acknowledgements

Barth-Haas Group for the hop samples and Barth-Haas
Grant

Weihenstephan sensory panel
Hubert Kollmannsberger
Filip van Opstaele

Christina Schonberger and Martina Gastl

The Science of Beer



Thank you for your kind attention

Questions?

BARTH-HAAS/eAWN

HOPS ARE OUR WORLD

m | KULEUVEN

Center of Life and Food
Sciences
Weihenstephan
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