The hunt for hoppy
compounds

Formation and flavor-activity of hop-derived
sesquiterpene oxidation products

Tatiana Praet, Filip Van Opstaele, gu-ido Aerts and Luc De Cooman

Master Brewers Association of the Americas
Dedicated to the technology of brewing.
MBAA Annual Conference



- v

The hunt for |n0pp\|
compounds

Formation and flavor-activity of hop-derived
sesquiterpene oxidation products

Tatiana Praet, Filip Van Opstaele, Guido'Aerts and Luc De'€Cooman

Master Brewers Association of the Americas
Dedicated to the technology of brewing.
MBAA Annual Conference



z p‘&ff’ép Fo7 .‘J‘.J( l-J.




bracts and

b i &\ tupus
m't;u:‘l'eolef”J Y lupulin

, N '
\ I..;z" : .. ' -. 4
\ | .‘ \ " glands




monoterpene
h~|drocnrbons

R B

pundance

N

Relative A
- N
(=]

floral compounds
. oxygenated monoterpenoids

. esters/ alcohols/ketones etc.

Time (min)

compounds

. oxygenated
sesquiterpenoids

. esters/alcohols/
ketones etc



RAW MATERIALS
Py _

g - |
gy SaApdf -
A Y

- i
] fi'.",'.""

g )
N 4
y

‘&“ “ t’lv

9 B LS

- ‘ * iy, o
Py oo 2P
'y ,‘_%/;

ABPLR
. r



- o

. e

- e - -~ ¥
e et

rewing process

e,

A R e
S

Wevn

=




kettie hopping

- addition to kettle (early vs late)

- bitterness and aroma

- loss of hop oil volatiles by stripping

- conversion terpene hydrocarbons into oxygenated
terpenoids by oxidation

- oxygenated derivatives have a higher probability to
survive the brewing process: are found in the final
beer

- kettle hop or noble/spicy/European hop aroma,
linked with noble European varieties

- especially important in LAGER BEERS




Relative Abundance

GC-MS profile of kettle hopped commercial lager beer
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0 oxygenated sesquiterpenoids
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« fermentation derived esters and alcohols

- oxygenated sesquiterpenoids (correlation hoppy/spicy aroma)



dY‘1 hopping

- addition end of primary fermentation or
later in the brewing process

only for aroma

limited losses of hop oil compounds
no formation of oxidation products

the variety used will determine the dry

hop aroma: important for diversification

of USA craft beers

- aroma reminiscent of aroma of hops
(fruity, citrus, even exotic!)

- Important in ALES
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Boiling of sesquiterpene
hydrocarbons:
formation of key aroma
impact compounds,
related o hoppy
aroma?
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enrichment of
sesquiferpene

hydrocarbons via
Solid Phase
Extraction

(SPE)
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via GC-FID

- 39 chromatographic peaks e - * 95.95% (n=3, +- 0.07)
- 35 sesquiterpenes identified :
+ major components:

- beta-caryophyllene (10)

- alpha-humulene (15)

- beta-farnesene (16)



boiling of sesquiterpene
hydrocarbons
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boiling of sesquiterpene hydrocarbons for 0 to S hours
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semi-quantitative determination and identification oxqgenated sequiterperoids via HS-SPME-GC-MS
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semi-quantitative determination and identification oxygenated sesquiterpenoids via #S-SPME-GC-MS
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identification of 21 compounds in spicy region, of which 17 oxygenated sequiterpenoids




enrichment of oxygenated sesquiterpenoids
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- 7.6% monoterpene hydrocarbons
» 0.3% floral compounds

- 0.0% sesquiterpene hydrocarbons
/" = 92.2% spicy fraction
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results determination flavor-active compounds via GC-0
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" sensory evaluation in beer

- preparation non-aromatized iso-alpha-bittered
beer (5hL pilot scale)

- evaluation by taste panel: reference vs.
addition of fraction




" sensory evaluation

spicy

4 citrus _

' 2 A ‘m malt/wort + hoppy (kettle hop flavour)

floral

N reference beer (no aromatisation)
- . .
. ’ - = == 500 pg/L oxygenated sesquiterpenoids

—1 mg/L oxygenated sesquiterpenoids



fermentation experiments
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« lab scale fermentation in the bottle (bottom
fermenting yeast) of pitching wort, spiked with

the oxygenated sesquiterpenoid fraction



HS-SPME-GC-MS analysis
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GC-0 analysis of samples before vs. after -

fermentation
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- sniffing of blanks

(without oxygenated
sesquiterpenoid
fraction): no hop-
derived compounds
in blanks

« 32 unknowns

(detected with GC-O
but not with GC-MS)

« flavor-active

fermentation
products, also found
in blanks



detection frequency hop-derived flavor-active compounds

HUMULENE EPOXIDE Il
HUMULENOL Il
CARYOPHYLLA-4(12),8(13)-DIENE-5-OL

[
3.5 W before
l fermentation

after fermentation

(3Z)-CARYOPHYLLA-3,8(13)-DIENE-5a-OL
14-HYDROXYCARYOPHYLLENE
EPI-14-HYDROXYCARYOPHYLLENE
(3Z)-CARYOPHYLLA-3,8(13)-DIENE-5-OL

zone 2

- flavor-active compounds from the
fraction, not in blanks!
- some oxygenated sesquiterpenoids

S & o ; :
““ @0@; <°c>'\h still detected after fermentation
&
& ‘\&\* & - zone 1 and 2 of the added oxygenated
& ¥ sesquiterpenoid fraction detected via
&« 3
%od" c'!:qa“ & GC-O before and equally well after
& o fermentation:
& ) N - - -
relevant in real brewing practice?
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fermentation experiments
i py

the bottle (bottom
with

hs-spme-gc-ms determination flavor-

analysis of kettle hopped
commercial lager
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- preparation non-aromatized iso-alpha-binered
beer (shL pilot scale)

- evaluation by taste panel: reference vs,
addition of fraction



hs-spme-gc-ms

analysis of kettle hopped
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conclusions

- formation oxygenated
sesquiterpenoids when boiling
sesquiterpene hydrocarbons

- series of flavor-active oxygenated
sesquiterpenoids in novel fraction

- addition fraction to beer: hoppy'
'woody' 'spicy’

- decrease in level during fermentation,
but still high flavor-activity of several
humulene derivatives and
caryophyllene derived alcohols
(zone1and 2)

- potential for introducing kettle hop
aroma after fermentation?
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