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Dry hopped craft beers, especially very hop
Intensive beers, are very successful, brewers have
no means to control the hop aroma

Many of the today used hop varieties are breeded
varieties with intensive fruit characters

Many of these fruit characters are caused by
thiols in hops

Varieties like Citra, Mosaic, Cascade are famous for
these fruit characters

For other varieties like European land varieties
these fruit characters are absent

Thresholds of those fruity thiols are about a factor of
1000 (and more) lower than e.g. threshold of
linalool




What are
thiols and
why do
they
matter?
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Polyfunctional thiols

4-Mercaptomethylpentan-2-one= 4AMMP=4S4M2Pone4ng/L

% Citra, Mosaic,
/ Cascade, Simcoe,
Sorachi Ace

; Range in wines (ng/L): 4-40

3-Mercaptohexan-1-ol= 3MH = 3SHol 60ng/L

Citra, Cascade,
Herkules, Tradition,
Perle, Saaz

Range in wines (ng/L): 26—18,000
3-Mercaptohexvlacetate = SMHA=3SHA  0.8-4 ng/L

| “"’ Citra, Cascade,
4 | Herkules, Tradition,
Perle, Saaz

Range in wines (ng/L): 0-2500 BA
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Polyfunctional thiols

3-Mercapto-octanal= 3MO = 3S0al

Found in Tomahawk/Nelson Sauvin

3-Mercapto-4-methylpentan-1-ol=3M4MP=3S4MPol

.0
. \/\{k 70 ng/L

Mosaic, Amarillo, H. Blanc,
Nelson Sauvin
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Sensory analysis for hops - Hopsessed ®
Example Citra

Assesment of hop varieties with 12 categories:
Intesnity rating 1-10, naming of specific attributes

’v ’ citrus
Grapefruit, Orange, Lime, Lemon,

Bergamot, Lemon Grass, Ginger,
Tangerine, Pomelo

cream caramel

Butter, Chocolate, Yoghurt, Honey,
Cream, Caramel, Toffee, Coffee,
Tonka Bean, Vanilla, Coconut

sweet fruits

Banana, Watermelon, Honeydew
Melon, Peach, Apricot, Passion Fruit,
Lychee, Dried Fruit, Plum, Pineapple,
Cherry, Kiwi, Mango, Guava

menthol
Mint, Lemon Balm, Sage, Camphor,
Menthol, Wine Yeast, Eucalyptus

berries & currant
Cassis, Blueberry, Raspberry, Blackberry,

Strawberry, Red Currant, Black Currant,
Wild Strawberry, Cranberry, Mulberry

floral

Elderflower, Camomile Blossom,

Lily Of The Valley, Jasmine, Apple
Blossom, Rose, Geranium, Carnation,
Lily, Lilac, Lavender, Osmanthus

green fruits
Pear, Apple, Quince, Gooseberry,
White Wine Grapes

woody aromatic

Tobacco, Cognac, Barrique, Leather,
Woodruff, Incense, Myrrh, Resin,
Cedar, Pine, Earthy

herbal
Marjoram, Tarragon, Dill, Parsley,

Basil, Fennel, Coriander, Rosemary,
Thyme, Green Tea, Black Tea, Mate
Tea, Oregano

vegetal
Celeriac, Leek, Onion, Artichoke,

Garlic, Wild Garlic, Radish

@ grassy-hay
Green Grassy, Fresh Cut Grass,

Hay, Tomato Leaves, Green Pepper,
Nettle, Cucumber, Bamboo Leaves

spicy

Lovage, Pepper, Chilli, Curry,

Juniper, Aniseed, Liquorice, Fennel
Seeds, Clove, Cinnamon, Gingerbread,
Coriander Seeds, Nutmeg
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Connection Sensory & Analytics

Descriptors Possible Key Compounds S,

vsC Reference
1,1-bis-(methylthio)-2-methylpropane 147|
. . . . 2-(methylthio)-ethyl acetate 147
Floral Geraniol, Citronellol, 2-Decanone, a-lonone, a-Terpineol, Rose Oxide 2-methylbuty] 3-(methylthio)-propionate (147
3-(1-acetoxy-3-hexyldithio)-hexyl acetate 147|
3-(1-acetoxy-3-hexyldithio)-hexyl butyrate 147

[

[

[

{
Limonene, Linalool, Myrcene, Ethyl-2-methylbutanoate, a-Pinene L barymtony 5 hemiditio (14
[
{
[
[

hexyl butyrate

Citrus

3M4MP, 3M4MPA, 3MHA, 3MH, 4MMP Engwwmﬂ:) 1
Sweet Fruits 3MH, 3MOal, 4-MMP, ethyl 3-(methylthio)-propionate fmh:mg,hgm:;hl“ Jm
Green Fruits b-Damascenone, 2-Methylbutyl 2-methylpropanoate %%éizmlhlm) Eri
Red Berries AMMP, 4-(4-Hydroxyphenyl)-2-butanone, a-lonone, b-Damascenone §§§i§§i§l; q?r
3-(methylthio)-propyl butyrate 147

[
[
[
[
[
[
[
[
3-(methylthio)-propyl hexanoate [
HIH 3-mercapto-3-methylbutanol [157]
Cream Caramel Lactones, Vanillin R i e
3-mercaptohexanol (3MH) [
3-mercaptohexyl acetate (3MHA) [
[
[
[
[
[
[
[

Myrcene, 8-Acetoxylinalool, a-Cadinene, a-Calacorene, a-lonone, a-Terpineol, Benzaldehyde, G o

14,144,146,147,157]

14,144,147]
WOOdy 3-mercaptohexyl pentanoate 147]
Eudesmol Farn esen 3-methylbutyl 3-(methylthio)-propionate 147]
+ 4-methyl-5-vinylthiazole 140,144,147
butyl 3-(methylthio)-propionate 147]
(Z)-2-methyl-4-propyl-1,3-oxathiane 141,142,143,

4,4-Dimethyl-2-buten-4-olide, 3-Methyl-2-butanone, 3-Nopinenone 144,146,147

(2)-3-hexenyl 3-(methylthio)-propionate [147]
MenthOI diethyl disulfide [147]
diisopropyl disulfide [147]
diisopropyl trisulfide [147]
ethyl 2-(methylthio)-acetate [147]
ethyl 3-(methylthio)-(Z)-2-propenoate [147]
. . . ethyl 3-(methylthio)-propionate [14,141,142,143,
Herbal Humulene, Humulenol epoxides, Rose Oxide, a-Cadinene A 144,145,147
ethyl 3-(methylthio)-(E)-2-propenoate [141,142,143,
144,146,147]
ethyl 3-mercaptobutyrate [14]
3 3 2 = hexyl 3-(methylthio)-propionate 147
Spicy Oxygenated sesquiterpenoids, b-Caryophyllene, Caryophyllene epoxide e O aprpenee Y
methyl 2-methylbutyl disulfide 147
methyl 3-(methylthio)-(Z)-2-propenocate 147|
methyl 3-(methylthio)-propionate 147|

[
[
[
[
%
Green Grassy 2 Dodecanone, Myrcene disulfide, E,Z-2,6-Nonadienal, Cis-3-Hexenol o P e s
[
%
[
[

propyl 3-(methylthio)-propionate 147
propyl 3-(methylthio)-(E)-2-propenoate 147
sec. butyl 3-(methylthio)-propionate 147
. . s-methyl acetothioate 147|
Vegetal Polyfunctional thiols, 1-Octen-3-ol, DMS, 3MBT (B-2-methyl-d-propyl-1-oxathisne gt 142 109,10,
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Timeline
of project
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cesces
PP

Identify 12 random bines for each variety/location for Early Harvest
1 bine = 500g dry cone

For Typical and Late Harvest, select randomly from three remaining bines in same rows,
ensuring broadest selection for each harvest, across the whole plot
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Free thiols at location 1 in ng/g
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E T L BEEC L
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Sensory Profiles same time/diff. location

=S abr Y CRI L Aate Sl YRS Iate —e—Cascade Bull Early Cascade Hanson Early
Floral Floral
8
Vegetal(*) 7 Citrus(*) s 6 Fml
: Vegetal(*) 5 Citrus(*)
S . 4
Green Grassy(*) 4 Sweet Fruit(*) Green Grassy(*) 3 Sweet Fruit(*)
2
. + : 1
Spicy 0 Green Fruit Spicy g 0 Green Fruit

N

Herbal Berries & Currant Herbal \/\ Berries & Currant

Menthol Cream Caramel(*) Menthol Cream

*
Woody Caramel(*)
#CraftBrewersCon bsemiion |
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Sensory Profiles same loc/diff. time

—Citra Bell Early Citra Bell Typical
Floral
Vegetal(*) 6 Citrus(*)
5 ==
Green Grassy(*) 5 \ Sweet Fruit(*)
2
1
Spicy 0 Green Fruit
Herbal Berries & Currant
Menthol Cream Caramel(*)
Woody

B
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100 free thiols at Location 2 in ng/g
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Cascade Cascade Cascade CitraE CitraT CitralL Mosaic EMosaic T Mosaic LSimcoe ESimcoe TSimcoe L Sabro E Sabro T Sabro L
E T L

E3MH ®=3M4AMP =3MHA ®4MMP IHA
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Published data on free thiols in hops

120

100

80

ng/g 60

40

20

Data from various studies of Collin et al and Daganetal 4. MMP ®=3-MH = 3-MHA = 3-M4MP ’[ m
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Precursors in malt and hops

3MH PRECURSORS

@
R-S-0)
©

O
R-s-@

Concentration

R-S-®
@

R-S-@

G3MH
Gluthation-3MH

CG3MH
Cysteinyl-Glycine-3MH

GC3MH
y-Glutamyl-Cysteine-3MH

C3MH
Cysteinyl-3MH

Dagan, L.: Brewing Summit 2018

#CraftBrewersCon

MALTS

HOPS 'Q ﬁ,ﬁé

m C3MH

= CG3MH

= GC3MH

= G3MH
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v
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Amount of precursors of 3MH at Location 1

precursor in location 1 in ng/g
30000

25000
20000

15000
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5000 I I I I I I
| | I | | |

0 I —_—

Cascade E Cascade T Cascade L Citra E CitraT CitraL Mosaic E Mosaic T MosaicL Simcoe E Simcoe T SimcoelL SabroE SabroT SabrolL

= C3MH CG3MH ®GC3MH ®EG3MH ®EC4AMMP ®mCG4AMMP ®mGC4AMMP =mG4MMP

« Factor 1000 between free thiols and Gluthathion precursors
* No or very little precursor structurs of 4 MMP detected

#CraftBrewersCon
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Amount of precursors of 3MH at Location 2

precursors in ng/g
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Cascade Cascade Cascade CitraE CitraT CitraL Mosaic Mosaic TMosaic L Simcoe Simcoe Simcoe Sabro E Sabro T Sabro L
E T L- E E T =

m C3MH CG3MH ®mGC3MH ®mG3MH m=mC4AMMP mCG4AMMP mGC4AMMP mG4MMP

BA
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Possibilities for thiol release in brewing

Thiols precursors transferred from hop to wort

Various enzymes are needed for thiol release:

Hop ﬁ)k Wort and Beer Glutathion-S-transferase, Carboxypeptidase, Beta lyase
g Gune ) ‘l U Some precursor structures are present 1000 times the
u-Cys- a,B-uns aturqtedcqrbonyls Y : L .
G)YL %/ free thiols, high potential for flavour (good and bad)
+ar | pes Sources for enzymes:
ST Hops
|
] Malt
)\(L )\(\L Commercial Enzyme preparations:
\ ; Brewing Yeasts
Formation pathway Yeast B -lyas ;
evidenced in plants \ W!ne yeaStS
)\(u\ R )ﬁ/t Wild yeasts
Ss; :I:L;Zlch;::ms:;zrt]lj;z:(S:arboxypepudase) R CPC - yeast carboxype:t\dase R ) Other
v-GT : y-glutamyl transpeptidase - Cis2p (yeast) Cis2p : yeast y-glutamyl transpeptidase
S Precentage of release from wine research up to 10%
Kankolongo, EBC, 2015 For brewing 0,3% (Dagan) BA
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 How can we release thiols from precursor
structures during brewing in a
practical/efficient way?

« Under which conditions are the enzymes
needed for this process most efficient, how
can we translate this to common brewing
practice?

« How would this impact hop aroma intensity
and quality — will quality change?

e |t must be practical for the brewers (work
with brewing yeasts, work with enzymes,
avoid mixed fermentations, avoid 2"
fermentations)




Location

Conclusion and Outiook

has a small impact on analytical values of thiols

The sensory profile is influenced by harvest time and location, this Is
variety dependend
Weak correlation of 3M4MP and Citrus and 4MMP and Berries & Currants

Work wit
(Sabro),
Work wit

n hops high in precursors (Cascade) and high in free thiols
nlus Citra and Mosaic, 4-6 hop samples

n Standard Ale Yeast, with identified Lager yeast from previous

trials with TUM (D308), and other Yeasts
Combination with available commercial enzymes?
Time point: Dry hop addition at end of main fermentation (1 time point)
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