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Dry hopping

—
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« Addition of hops in the cold block of brewery and / or into finished beer

« Different products can be used:

Cones, Pellets, Extract, Hop oils, Pure Hop Aroma

« Cold extraction of essential oils from hops in a low alcohol solution to get an

intensive hop aroma

« Different philosophies - many different ways of dry hopping in the industry
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I_*:.@ Dry hopping parameters

« System:

« Static dry hopping: addition of hops into ZCVs or casks, with longer
contact times (classic dry hopping)

« Dynamic dry hopping: Circulation by pumping or stirring of hops
dissolved in beer (different solutions available)

« Slurry technique: High concentrated hop dispersion added to beer
* Oil content (variety, pellet type, amount):

The more essential oils are available the more can be extracted
« Contact time:

Few hours up to two weeks
« Temperature:

Higher temperature and pressure increase the extraction yield (however
flavour impact of temperature so far is unclear)

-
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Chosen parameters
for this study

« Different temperatures were chosen
0/13/ 20 °C
« Time:

 20/60/180/360 min for 0/13/20 °C
1440 min for 20°C

«  Two different Pellet types
 Type 90

« Type 45
- for different oil contents

«  Static and dynamic system

(magnetic stirrer)
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Experimental set-up N

« Lab scale trials in 1 | Erlenmeyer flasks
« Sample size: 0.66 | beer
* Neutral and filtered beer
- free from yeast
—> no biotransformation of hop oil components possible
» Pressure less extraction in open vessels
—> no reduce of aroma compounds through CO, discharge

« Beer was degassed with ultrasonic for 10 min
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Experimental set-up B

Temperature adjustment

« 20°C: No water cooling

(tempered lab)

« 13°C: Water cooling with cold

water + air conditioning

« 0°C: Water cooling with ice

cubes and sodium chloride
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Statlc dry hopplng

Experimental set-up

Dry hopping methods

Two different hop dosages
* heavy dry hopping (10 g/l)
- Hop oil dosage: 7.5 mi/hl

* hop slurry (60 g/l)
- Hop oil dosage: 45 mi/nl

st = static dry hopping
No stirrer used

dy = dynamic dry hopping

Magnetic stirrer (300 rpm) for
simulating circulation

—
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¥#  Analysis with GC-MS/MS

—
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Hop Aroma Method Analytes
« GC-MS/MS is rarely used in Substances
brewing, because of the costs * d-pinene
. : : * [-pinene
« An |sotop!cally labeled internal . myrcene
standard is necessary . limonene
« Similarity to the analyte »  cis-linalool oxide
« Molecular mass differs * trans-linalool oxide

 linalool

marginal . a-terpineol
« Challenge for hop aroma * nerol
_ « geraniol
* Multiple analytes  geranyl acetate
« Wide concentration range * [-caryophyllene

* humulene
« caryophyllene oxide

Peserske, 2016
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Analysis with GC-MS/MS
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Advantages of GC-MS/MS.:

« Solvent-free extraction

« Small sample volume (1-3 ml)

* Minimum of manual handling
It is a simple analysis for finished
beer
But especially for hop slurries
sampling is more complicated,

because of the hop particles
—> It need to be filtered

—
-

Peserske, 2016
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Influence of dry hopping parameters
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Results

—
-

« Trials showed that for short contact times (< 6 h) dynamic dry hopping

iImproves aroma utilization significantly

 Reduction of the particle size through stirring, leads to higher exploration

of aroma compounds

 Anincrease of temperature accelerates the transfer of compounds into

beer
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Influence of time

—
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Thresholds
* In slurries and dynamic systems
myrcene 10 200 the content of the major analytes
linalool 9 80 goes beyond their thresholds after
a-terpineol 1000 NIF 20 min
nerol 500 NIF « With extension of time from 3 h to
gl - 7 6 h the concentration further
8- caryophyllene 160 450 increases up to 2.5 times
humulene 800 NIF
caryophyllene oxide NIF NIF

ASBC Beer Flavor Database
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Influence of temperature: 1
Myrcene extraction _
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Influence of temperature: 1
Myrcene extraction I

« The lower the temperature the lower the transfer rates into beer

« At higher temperatures a content between 109 and 252 ug/l is possible -

this leads to a hoppy, green, fresh cut grass flavour
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Influence of temperature:
Linalool extraction
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o4 Influence of temperature: 1

Linalool extraction 1

« Linalool has a very good solubility in beer
« At warmer temperatures it goes quickly into solution

« At 0°C the hesitation in the beginning of linalool extraction can be caused by
the declined dissolution of pellets at low temperatures - after pellets were

broken linalool content reaches similar levels

« Circulation improves utilization of linalool
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Influence of temperature:
Geraniol extraction
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Influence of temperature: 1
Geraniol extraction -

» In Hallertauer Tradition geraniol concentration is very low, the extraction
progress is more independent from temperature than seen for other
compounds

« Only with the high addition range the threshold conc. for geraniol were

reached
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I_@ Influence of temperature: 1
Caryophyllene oxide extraction_l
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Influence of temperature: 1
Caryophyllene oxide extraction_l

With static dry hopping caryophyllene oxide and geranyl acetate did not
dissolve

—> a circulation is necessary
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Influence of oil content

-

« The comparison of Type 90 and Type 45 showed that the total amount of

compounds extracted is about twice higher with the same dosage rate
* Oil content: HHT PEL90 0.75 ml/100g
« Oil content: HHT PEL45 1.35 ml/100g
- Factor=1.8 (~ 2)
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&) Conclusion

Even with extremely high dosages there does not seem to be a saturation
limit (6 kg/hl)

« Anincreased hop dosage yields in higher extraction rates

« Linalool goes rapidly into beer - other components don’t

 Dynamic dry hopping leads to a faster and more efficient extraction

 The majority of the aroma components that can be measured are

transferred into beer in first few hours when circulated

 The measured components do not allow a forecast about the sensory

Impact

14/08/16 23



Conclusion

« The lower the temperature the lower the yield of total aroma compounds

* Low temperatures prevent pellets from dissolving fast

« For dynamic dry hopping devices, warmer temperatures can be

recommended if contact time is short (< 4 h)

« Extraction progress is different for alcohols compared to terpenes and other

components

» Longer contact times (above 24 h) may lead to higher concentrations at low

temperatures - this has to be investigated
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Thank you for your attention
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