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Dry hopping with eureka! – 
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TRAnsfER of ARomA sUBsTAncEs | In search of  a characteris-

tic hop aroma in dry hopped beers, the potential of  the hop variety 

Eureka! was investigated in more detail in brewing tests. This inves-

tigation focused on time-dependent transfer of  selected hop compo-

nents.

ThE EUREKA! hop vARiETy is the out-
come of  a cross between the US Apollo hop 
variety and a male cultivar from the Hop-
steiner breeding programme. Average yield 
of  this variety ranges from 2800 and 3000 
kg/ha, the variety matures late. 

Eureka! has both a high alpha-acid con-
tent (17–20 %) and a high level of  hop oils 
of  up to 4 ml per 100 g of  hops [1]. Fig. 1 is a 
sensory assessment showing strong herba-
ceous, resinous, spicy fruity attributes. The 
complex fruity aroma has manifold impres-
sions, from tropical-citrus to dark fruit and 
also with an emphasis on the aroma of  black 
currants.

lBlack currant in hops

The thiol 4-Mercapto-4-methylpentane-
2-on (4-MMP), smelling of  black currants, 
has been described in the literature in the 
Cascade hop variety for the first time [2, 3]. 
Since discovery of  this substance in hops, 
a lot of  research work went into the meth-
odology for determining the volatile sub-
stance.<

According to a recently published study, 
it is possible to quantify this substance, us-
ing selective enrichment of  the thiol, sta-
ble isotope dilution analysis and GC×GC-
TOFMS technology [4].

53 different hop samples were tested. 
Levels of  4-MMP ranged from < 1 to 114 µg/

kg. American hop varieties had the highest 
concentrations. The Citra hop variety (114 
µg/kg) had the highest concentration, fol-
lowed by Eureka! (59.1 µg/kg), Simco (51.2 
µg/kg) and Apollo (28.6 µg/kg). 4-MMP 
could not be detected in traditional Ger-
man and English hop varieties. The study 
also showed that hop processing such as 
drying or pelletising had but little influence 
on 4-MMP concentration though different 
harvesting years and hop storage condi-
tions had a major influence.

lother hop aroma substances

Though the thiol 4-MMP, with an extremely 
low odour threshold value of  0.5-1.5 ng/l 
[5], can make an important contribution 
to beer aroma, other hop aroma substances 
play a significant part as key aroma sub-
stances in beer. Linalool is the best know 
aroma substance contributed by hops. Hav-
ing a citrus and flowery aroma, it can be 
found in late hopped as well as in dry hopped 

beers and is significantly above the odour 
threshold [6, 7].

Myrcene, a monoterpene, is also involved 
in the overall aroma of  dry hopped beers [6]. 
Like 4-MMP, the terpene alcohol geraniol is 
regarded as variety-specific. This substance 
is ascribed a flowery aroma. In 2009, Takoi 
described the ester 2-Methylbutyl-2-meth-
ylpropanoate, also referred to as 2-Meth-
ylbutyl-isobutanoate, as a key aroma sub-
stance in the Nelson Sauvin variety [8]. This 
compound that could be described as hav-
ing an aroma of  green apples and/or apri-
cots has an average odour threshold value 
of  78 µg/l in beer [8].

lother hop components

In addition to aroma substances, other sub-
stances are transferred from hops to beer 
during the process of  dry hopping. Isohu-
mulones are known to be mainly responsible 
for the bitterness perceived in beer. However, 
the bitterness of  hop-accented beers can-
not be simply explained by isohumulone  
levels.

In order to close the gap, studies involved 
identification, quantification and evalua-
tion of  the intensity of  bitterness of  oxidised 
hop bitter acids such as humulinones [9–
11]. Humulinones are formed by oxidation 
of  alpha-acids (humulones) and their struc-
ture is very similar to that of  isohumulones. 

fig. 1  hop cone and aroma description of the Eureka! hop variety (assessment of raw hops, 
score 0-5)
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The authors Algazzali and Shellhammer re-
ported in 2016 that humulinones contain 
66 per cent of  the relative intensity of  bitter-
ness compared to isohumulones [11].

Xanthohumol, a substance imparted by 
hops, has a mild bitterness [12]. Depending 
on hop variety, xanthohumol concentra-
tion can reach up to one per cent. Prenyl-
flavonoids, including xanthohumol as well 
as 6- and 8-prenylnaringenine, are increas-
ingly the subject of  research as various 
positive physiological and pharmacological 
properties are ascribed to compounds of  this 
substance class [13–16].

lBrewing tests

The base beer is an industrial Pilsner beer 
brewed in the Bitburger test brewery. Hops 
were added at the beginning of  boiling us-
ing pellets of  the Perle and Hallertauer 
Tradition hop varieties and an ethanol ex-
tract of  the Hercules, Hallertauer Magnum 
and Hallertauer Taurus hop varieties. The 
beer was centrifuged but not filtered, had 
an original gravity of  11.6 %, 35 bittering 
units, an alcohol content of  5.0 per cent by 
volume and a pH value of  4.5.

Dry hopping took place in cylindroconi-
cal tanks (10 hl) at –1 °C. The beer was even-
ly distributed into four tanks. Eureka! hops 
was then added in the form of  pellets type 90 
(2016 harvest). 250 g of  hops were added 
per hl of  beer. Dry hopping took place stati-
cally. After a contact time of  24 h, the hop 
sediment in tank 1 was withdrawn. Contact 
time with Eureka! was two, four and eight 
days in tanks 2, 3 and 4. Subsequently, 50 
per cent of  beer were removed from all tanks 
and filtered using kieselguhr (100 g/hl). 
The other 50 per cent were not filtered. The 
base beer was processed accordingly. The 
filled beers were stored at 4 °C and analysed 
immediately after the brewing test.

lBehaviour of hop aroma  
substances in beer

The method EBC 9.49 [17] was used to 
determine hop aroma substances except 
for 4-MMP. Thiol concentrations in beer 
were determined in line with the method 
described in reference 4. More details can 
be found in reference 18. Fig. 2 shows the 
results of  reliable quantification of  hop aro-
ma substances using the Headspace-Trap  
GC-MS technology. Both filtered and unfil-
tered beers showed a clear increase in the 
aroma-active substances myrcene, linalool, 

geraniol and 2-Methylbutyl-isobutanoate 
during dry hopping.

Main transfer of  these four compounds 
had taken place after a contact time of  two 
days. The highest myrcene level of  1287 
µg/l was determined in the unfiltered beer 
after a contact time of  four days. A clear 
drop after filtration was noted for myrcene 
only and not for the other aroma substanc-
es. Pfeifer and Cocuzza [19] had previously 
described a drop in myrcene concentration 
after filtration. Linalool levels were com-

parable in the beers after a contact time of  
two, four and eight days. Concentrations 
of  myrcene and linalool analysed clearly 
exceeded the odour threshold values of  
9–1000 µg/l of  myrcene and 2–80 µg/l of  
linalool described in the literature [5]. These 
two compounds thus make a contribution 
to overall aroma of  beers tested. Geraniol 
levels in beers ranged from 26 µg/l (1 day) 
and 38 µg/l (4 days) and were clearly lower 
than linalool concentrations determined. 
Geraniol levels of  4 µg/l also clearly exceed-
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fig. 3  Behaviour of 4-mmp during dry hopping in filtered and unfiltered beer (±standard varia-
tion of three measurements) [18]

 

 

 
 

Abb. 3 Verhalten von 4-MMP während der Kalthopfung in filtrierten und unfiltrierten Bieren 

(± Standardabweichung einer Dreifachbestimmung) [18] 
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fig. 2  
concentration of hop 
aroma substances in 
µg/l (±standard varia-
tion of two measure-
ments) in unfiltered 
and filtered beers 
(base beer and beers 
with different con-
tact times) 

 

 

 

Abb. 2 Konzentration der Hopfenaromastoffe in µg/L (± Standardabweichung der 

Doppelbestimmung) in unfiltrierten und filtrierten Bieren (Basisbier sowie Biere mit 

unterschiedlicher Kontaktzeit) 
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ed the odour threshold [2]. The substance 
2-Methylbutyl-isobutanoate described as 
having a fruity fragrance could be quanti-
fied in concentrations ranging from 66 µg/l 
(1 day of  dry hopping) and 92 µg/l (4 days of  
dry hopping). The odour threshold value in 
beer determined in the literature is 78 µg/l 

[8]. 2-Methylbutyl-isobutanoate thus con-
tributes to the overall aroma of  beers after 
a contact time of  two, four and eight days.  
Fig. 3 summarises the behaviour of  the 
compound, 4-MMP, smelling of  black cur-
rants. It could be shown for this substance 
that main transfer had taken place after two 

days and that concentrations rose slightly 
between day 2 and day 8. Transfer ranged 
between 50 and 70 per cent. Concentrations 
determined were between 16 and 22 ng/kg, 
surpassing the odour threshold value of  0.5 
to 1.5 ng/kg. A contribution of  4-MMP to 
the overall aroma of  these dry hopped beers 
was thus obvious. It came as a surprise that 
the filtered beers had higher 4-MMP levels.

When the brewing tests were repeated 
(results not shown here), the same effect 
was noted. Release of  4-MMP from precur-
sors during filtrations might be a possible 
explanation. In the context of  this study, 
this assumption was not verified.

lBehaviour of hop bitter  
substances in beer

Concentrations of  bitter substances in dry 
hopped beers were analysed also using the 
method EBC 9.47 [20]. The calibration 
standards listed below were used for the 
analyses:

 ■ ICE-4 for alpha-acids (detection at 270 
nm);

 ■ ICS-Hum 1 for humulinones (detection 
at 270 nm);

 ■ ICS-X1 for xanthohumol (detection at 
370 nm).
The picture for alpha acids and hu-

mulinones was similar to that of  hop aroma 
substances. Main transfer of  substances 
from hops to beer took place after a contact 
time of  two days. The highest concentra-
tions of  alpha-acids were measured in the 
beers after a contact time of  two and four 
days. Concentrations amounted to 11 mg/l. 
Concentration of  humulinones at maxi-
mum 3 mg/l was clearly lower. Filtration did 
not show any influence on concentrations 
measured. The behaviour of  xanthohumol 
was different. The test resulted in an in-
crease in the substance of  0.3 mg/l, though 
only after a contact time of  four days.

lsensory assessment of beers

The focus of  the descriptive sensory assess-
ment of  filtered beers was exclusively on hop 
aroma. The attributes citrus, fruity, flowery, 
herbaceous, spicy, resinous, sweetish and 
diverse were evaluated on a scale of  1 to 5. 
The individual categories contain further 
descriptions of  the respective attributes, de-
tails of  which can be found in reference [21].

The category fruity can, for example, be 
differentiated further into honey melon, 
maracuja, apricot, banana, pear or berry. 
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In these investigations, black 
currant was added to the differ-
entiation of  the category fruity. 
The sensory panel trained in hop-
accented beers assessed all filtered 
beers in one session. Before the 
session, beers were stored at ambi-
ent temperature. In order to illus-
trate the differences more clearly, 
only assessments for beers with a 
contact time of  one day and eight 
days are shown (fig. 5).

Scores of  individual assess-
ments were averaged. The dry 
hopped beer after a contact time of  
one day was assessed as fruity, par-
ticularly tasting of  black currant, 
and citrus whereas the beer with 
a longer dry hopping time as her-
baceous and spicy and less citrus 
and fruity. Though analytical data 
of  key aroma substances such as 
linalool, geraniol, 4-MMP and 
also 2-Methylbutyl-isobutanoate, 
known for their fruity, citrus and 
flowery attributes, had compara-
ble levels in these beers, sensory 
assessment resulted in clear dif-
ferences between the two beers 
in terms of  citrus and fruity at-
tributes. The high concentration 
of  myrcene in beer with a contact 
time of  eight days seems to mask 
the fruity impression of  this beer.

lconclusion

The Eureka! hop variety has a 
high potential for use in dry hop-
ping of  beers. Time-dependant 
transfer of  the hop aroma sub-
stances myrcene, linalool, geran-
iol, 2-Methylbutyl-isobutanoate 
and 4-MMP as well of  the hop 
bitter substances alpha-acids and 
humulinones had already been 
largely finished after a contact 
time of  two days. Further increase 
in levels in beer, having undergone 
longer dry hopping times, was 
small indeed.

Sensory assessment resulted in 
clear differences as a function of  
contact time. An increase in the 
hop aroma substance myrcene 
during a longer dry hopping time 
presumably led to masking of  the 
fruity attribute in the beer. It is 
thus essential to investigate over-

all aroma including all possible in-
teractions between individual aro-
ma substances. When focusing on 
a fruity beer aroma, emphasising 
a black currant aroma, a contact 
time of  two days when dry hop-
ping with Eureka! is recommend-
ed. Should the focus be towards 
herbaceous and spicy attributes, a 
longer contact time with this hop 
variety is required.
� ■
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Abb. 4 Konzentration der Hopfenbitterstoffe in mg/L (± Standardabweichung der 

Doppelbestimmung) in unfiltrierten und filtrierten Bieren (Basisbier sowie Biere mit 

unterschiedlicher Kontaktzeit) 
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fig. 5  
sensory assessment 

of dry hopped filtered 
beers after contact 
times of 1 day and 

8 days with Eureka! 
(score 0-5)

 

 
 

Abb. 5 Sensorische Bewertung der filtrierten Biere mit 1 Tag und 8 Tagen Kalthopfung mit 

Eureka! (Skala 0-5) 
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