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Objectives of the talk

“....Brewing Conference 2019 will focus on trends, new
products and the challenges for production, filling and

packaging....” (conference theme)

My talk will focus on...
* breeding of aroma influencing hop varieties
« application of different products or relevant hop components

* sensory impact and additional benefits in hop aromatic beers
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Hop varieties
Classifications (acc. to IHGC Variety List 2018)

 Official classifications
— Aroma / Bitter
— Defined by the breeder
 In addition (but not official)...
— ,Noble Aroma Hops”
— ,(Very) Fine Aroma Variety”

“Flavor Hops” or “Special Hops” “Dual” 7.
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Groups of aroma compounds
Monoterpenes
Sesquiterpenes

Monoterpenoxides

Compounds in hops (examples)

Myrcene, Limonene, a/p- Pinene

B-Caryophyllene, Humulene, Farnesene

Elnalool, !eranlol,

B-Citronellol, a-Terpineol

Odour active thioles (mercaptanes)

3M4MP (Nelson Sauvin) — white wine like

Sesquiterpenoxides

Humulenol, Humulol, Eudesmol

Free carboxylic acids

Butanoic acids, Pentanoic acids,
e.g. Isovalerian acid
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Odor thresholds of selected compounds

linalool 2-80
o-terpineol 330
B-citronellol 9-40
geraniol 4-300
myrcene 9-1000
limonene 1.500
farnesene 550
B-caryophyllene 160-420
humulene 750
2-methylbutyl isobutanoate 80
3-methylbutyl isobutanoate 100
ethyl isobutyrate (ethyl-2-methylpropanoate) 6-160
4-MMP 0.0005-0.0015
Isobutyl isobutyrate 35
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Hop o1l — components EBC 7.12

Mean value of selected aroma varieties

~ Myrcene mCaryophyllene = Humulene = Farnesene mLinalool

100

% relative
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Hop o1l content 1n hops (Analytica-EBC 7.10)

Yearly tluctuation

--DE Saphir

--CZ Saazer

US Cascade
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Hopsteiner breeding locations

USA ‘
- " = 4 Germany
Greenhouses, Nursery, -
Labs, Growing Greenhouse, Nursery,

Lab




Goals of the Breeding Program

Podosphaera
macularis

Botrytis I

cinerea

etranychus urticae

Verticillium
albo-atrum
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Average temperature Germany
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Based on measured values (past)
Individual years (based on measured values)

AREA AVERAGES W _atest values (based on measured values)

FOR GERMANY Running mean (30-year Gaussian low pass filter)

Based on climate scenarios (future)

The thin lines show the results from the different climate
models

used in the DWD's ensemble. The graphic shows running
mean values (30-year Gaussian low pass filter), normalized

Climate normal (1961-1990)

to the 1961-1990 reference period.

Reference: Deutscher Klimaatlas, DWD, 2019
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Fluctuating alpha contents in key varieties
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Perle Hallertauer Tradition Magnum Herkules

Reference: Hopsteiner analysis
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Requirements for new varieties

_ Replacements Unique Flavor

| moma | HghApm

Yield > 2,500 kg/ha > 500 kg alpha/ha > 2,500 kg/ha
Resistance/Tolerance resistance to abiotic and biotic stress
Bitterness pleasant bitterness quality
traditional and :
Aroma - unique
comparable
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citrusy

miscellaneous fruity

floral

sugar-like

resinous herbal

spicy

ALPHA ACID
9.0-10.0%

TOTAL OILS
1.5-2.0ml/100 g

AROMA
tea, hoppy, green fruits, pepper

GENETIC ORIGIN
Zenith x Hopsteiner Experimental (crossed 2012)

CATEGORY
Aroma
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Dry Hopping

Experimental #99/268
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99 /268 — harvest 2018
e i s 1 Lo | iaions

Alpha 99/268 10,8% 9,0% 7,0%
Alpha Perle (at the location) 5,9% 6,9% 3,3%
Irrigation No Yes No

_ ) ,close to Perle”
,mild aroma...

., but more intensive than existing aroma varieties”

,close to Hallertauer Tradition®

- comments during hop selection 2018 -
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Tasting at BrauBeviale 2018

Comparison
« Beer type: Bavarian lager
« Single hopping with either
» Perle or
» 99/268
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Bitterness and overall impression

Mean values (max. 7), n=315

= Perle m 99/268

Points
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Bitter quality Bitter intensity Overall impression
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Preference

% of tasters, n=315

= Perle

m 99/268
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Main impact on flavor: time of dosage

Kett_le Late Dry
Hopping Hopping  Hopping
Example for the use of pellets or cones . E

Aroma / Flavor

Bitterness / Taste

Time .
Start of boiling End of boiling
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Hop aroma components & filtration
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g beta-Caryophyllene 2-Methylbutyl isobutanoate Terpineol
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Aroma relevant hop products

Functionality Addition
Bitter- Anti- Kettle/
ness Aroma microbial = Late  Dry
Leaf hops w w w w w
< Pellets w w w w w
Iso-Pellets K w w w
Isomerized Kettle W 7] 7] 7]
¢ ¢ ¢ ¢
Extract (IKE / PIKE)
AromaExtract w w w
Light Stable Kettle - - - —
E t W W W W
< Hop oils @ W
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Linalool — a key contributor to hop aroma

“ ageing acceptance (%)  Alinalool concentration in final beer (ug/l)

140
120 - A
100 -
80 -
60 -
40 A
20 - I
O - | | | | |

sweet wort  start of boiling mid of boiling  end boiling Whirlpool

Time of hop addition

Reference: Stefan Hanke, MBAA, 2009
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Usage ot hop oils — an alternativel?

= Addition of hop oils at any point after wort cooling
= Dry Hopping or Late Hopping flavor
= Our products

Type “Dry”, “Noble” and “Noble Plus”

= 100% from hops
@ Consistency, no annual variations

= No plant or foreign materials

= High flexibility in brewing
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Hop oil dosage to heavily aged beer

* Oxidized beer

« Addition of Type Noble (N) or Type Noble plus (N+)
— 30 pg/l Linalool
— 80 pg/l Linalool

« Tasting in comparison to a reference

(without hop oll addition)
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Samples

Reference
30N -> 30 ug/l Linalool (from Noble)
80N -> 80 pg/l Linalool (from Noble)

30N+ -> 30 pg/l Linalool (from Noble plus)

80N+ -> 80 pg/l Linalool (from Noble plus)
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Improvement compared to reference sample

n=9 tasters
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Summary

« Hops contain a heterogeneous and complex mix of aroma

relevant components
« Breeding is an important tool for consistent and new aromas

« Various options of different products and techniques to

Influence the aroma in beer

« Benefits of hop aroma to improve beer quality
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Thank you very much for your attention.
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