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ABSTRACT 
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Based on the health-promoting properties of xanthohumol (XN), 
the production of an enriched beer in this substance would be of 
interest to the brewing industry, from the perspective of pointing 
out the benefits that beer could bring consumer health. For that 
purpose, in this work efforts were applied to produce a beer 
enriched in XN. Also investigated was the influence of a XN-
enriched hop product on the content of XN and isoxanthohumol 
(IXN) in pale and dark beers. It was verified that XN was largely 
converted into IXN during wort boiling. However, the use of 
dark malts revealed a positive effect on the thermal isomerisa-
tion of XN. These results are indicative of the isomerisation-
inhibiting effect of the stout production process, which resulted 
in high levels of XN in the beer. Further losses of XN were due 
to incomplete extraction from the hops into the wort, adsorption 
to insoluble malt proteins and adsorption to yeast cells during 
fermentation. It was possible to produce a dark beer enriched in 
XN (3.5 mg/L) by using coloured malt (caramel malt, roasted 
malt and roasted malt extract) and a special XN hop extract 
combined with late hop usage during wort boiling. 

Key words: beer, health, hop, isoxanthohumol, polyphenols, 
xanthohumol. 

INTRODUCTION 
The hop plant (Humulus lupulus L.) is a dioecious 

plant of the Cannabacea family, cultivated in most temper-
ate sones of the world for its female inflorescences. Now-
adays, the plant is used in the brewing industry to add 
bitterness and aroma to beer12,13. Hops are very rich 
sources of prenylflavonoids, which are secreted along 

with bitter acids and essential oils by the lupulin glands of 
the inflorescences12. Xanthohumol (XN) is the main 
prenylflavonoid of hops (0.2-1.1%, w/w). In the hop resin, 
XN is accompanied by at least 13 related chalcones, all of 
which occur at 10-100 fold lower concentrations relative 
to XN16. XN is largely converted into its isomeric 
flavanone, isoxanthohumol (IXN), during wort boil-
ing18,19. In general, this is the reason why commercial 
beers around the world are characterised by a very low 
content of XN (maximum of 0.15 mg/L in conventional 
pale beers) and a high content of IXN (ranging from 0.04 
to 3.44 mg/L)18. However there are other factors responsi-
ble for the low content of XN. Large quantities of XN 
added with hops are removed during wort production 
together with the trub. Losses can be explained by the 
hydrophobic character of XN and the insufficient extrac-
tion of XN in wort11,24. During fermentation and filtration, 
XN concentrations decrease further. Beer stabilisation, 
especially with PVPP (polyvinylpolypyrrolidone), is asso-
ciated with a strong reduction of XN in beer11,24. 

In recent years there has been a growing interest in 
phenolic compounds and their presumed role in the pre-
vention of various degenerative diseases, such as cancer 
and cardiovascular disease. There have been more and 
more reports on the beneficial properties of polyphenols 
in hops. The most interesting of them is the prenylated 
chalcone XN. This compound has been found to have a 
range of interesting biological properties in vitro that may 
have therapeutic utility including hormonal (for relief of 
“hot flashes” and treatment of osteoporosis)14, antioxidant 
(for treating atherosclerosis)17, and inhibition of HIV-123, 
as well as its multi-mechanism classification as a potential 
“broad-spectrum” anticancer and cancer prevention agent 
(applicable to both breast and prostate cancers)5,9,10,20. IXN 
also shows positive health effects, although it seems to be 
less effective than XN2. Increasing the concentration of 
IXN in beer could potentially compensate for this disad-
vantage. In addition, pharmaceutical investigations are on-
going and it may be that other new positive effects will be 
discovered in which IXN could be more active than XN. 
In fact, in a recent patent application the anti-inflam-
matory effect of IXN and its “anti-aging” effect were 
rated higher than that of XN2. 
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The previously reported beneficial health effects 
associated with hops have attracted attention in the 
brewing community concerning the production of xantho-
humol-enriched hop extracts and beers. Various brewing 
studies have been carried out using XN-enriched hop 
products2,3,15,24. Stettner et al.15 and Biendl et al.3 used a 
hop extract produced by ethanol extraction followed by 
supercritical CO2 extraction. Beers obtained were high in 
IXN content (up to 8.6 mg/L), but only residues of XN 
(<0.1 mg/L) could be found. The use of higher XN-
enriched hop products (30-90%) did not increase the XN 
recovery in conventionally produced filtrated beers7. Since 
an XN dosage prior to filtration also leads to high losses, 
Forster et al.7 recommend the XN dosage after filtration to 
minimise costs. This procedure is limited to XN solubility 
in beer of 3 mg/L7 and does not conform to the German 
purity law of beer, which allows only the addition of hop 
extracts to hot wort24. 

As one of the first steps for XN enrichment in beer, 
‘XAN’ technology was developed by Back et al.1 and by 
Wunderlich et al.24. The main aspects of this technology 
are the hop dosage (with an XN-enriched hop product), 5 
min before the end of boiling, and wort cooling with cold 
brewing water to less than 80ºC, to inhibit the 
isomerisation. Using this ‘XAN’ technology, a XN 
content of about 1 mg/L was measured in a pale beer. 

Recently, Wünderlich et al.24 and Walker et al.21,22 
published the effects of dark, roasted substances on the 
XN content in beer. A study of special malts and cereals 
showed that the roasting process generated substances, 
which can inhibit XN isomerisation during wort boiling 
and increase the XN yield. In roasted barley extracts, the 
XN content increased with higher colour up to 350 EBC 
units22. 

The majority of the articles published about XN and 
IXN in beer are related to the determination of these 
compounds in the final beer and not about the fate during 
the entire brewing process. Stevens et al.19 studied the fate 
of XN and IXN during the brewing process. However, this 
research was carried out only for lager type beers pro-
duced according to normal brewing procedures. 

Because of the partial inhibition of this isomerisation 
during the production of stouts/porters, it was of interest 
to investigate the xanthohumol-enriched hop product 
(20% XN) in the context of this technology and to 
compare it to that in the production of a pilsner beer. The 
fate of XN and IXN was monitored with HPLC/DAD 
from hops to beer in all brewing trials. The results of 
brewing trials performed on a pilot-scale are reported. 

MATERIALS AND METHODS 
Reagents and samples 

Ortho-phosphoric acid (85%) was purchased from 
Riedel-de Häen (Seelze, Germany). Methanol (HPLC 
grade) was purchased from LabScan (Dublin, Ireland) and 
acetonitrile (HPLC grade) from Sigma-Aldrich (Seelze, 
Germany). Xanthohumol (90%) was kindly supplied by 
Hopsteiner (Mainburg, Germany) and isoxanthohumol 
(≥98%) was purchased from Alexis Biochemicals 
(Lausen, Switzerland). High-purity water from a Milli-Q 

system (Millipore, Bedford, MA, USA) was used for all 
chemical analyses and glassware washing. Stock solutions 
of XN and IXN were prepared weekly in pure methanol. 
In this medium, the compounds are soluble and stable. 

For the antioxidant activity assessment, 2,2-diphenyl-
1-picrylhydrazyl (DPPH, Sigma-Aldrich) and methanol 
analytical-reagent grade (VWR, Darmstadt, Germany) 
were used. The determination of the reducing power was 
performed by using potassium ferricyanide (Sigma-
Aldrich), iron (III) chloride hexahydrate (Sigma-Aldrich), 
methanol analytical-reagent grade (VWR) and trichloro-
acetic acid (TCA, Sigma-Aldrich). 

Hop pellets type 90 (Saaz variety, crop 2006) were a 
kind gift from the Hop Research Institute Co., Ltd. (Žatec, 
Czech Republic). The XN-enriched hop extract was pur-
chased from the Barth-Haas Group (Nürnberg, Germany). 
The different kinds of malt (pilsen, caramel and roasted) 
were a kind gift from the Litovel Brewery (Litovel, Czech 
Republic). 

Beer production 

The different brewing trials were performed in the pilot 
brewery (60 L wort scale) at the Department of Fermenta-
tion Chemistry and Bioengineering of the Institute of 
Chemical Technology (ICT, Prague). 

Mashing was a double mash process with a mashing-in 
temperature of 55°C, with further rest at 72°C. For the 
first (pilsner-control) and second (pilsner – trial 1) trials, 
only barley malt of the pilsen-type (8.0 kg; colour: 2-3 
EBC units) was used for mashing. For the third trial (stout 
– control) and fourth trial (stout – trial 2) the grist was as 
follows: 7.6 kg of pilsen-type malt (colour: 2-3 EBC 
units), 0.4 kg of caramel malt (colour: 140 EBC units) and 
0.3 kg of roasted malt (colour: 850 EBC units). For the 
fifth trial (stout – trial 3) the grist was: 7.6 kg of pilsen-
type malt (colour: 2-3 EBC units), 0.4 kg of caramel malt 
(colour: 140 EBC units), 0.3 kg of roasted malt (colour: 
850 EBC units) and 0.22 kg of roasted malt extract 
(SINAMAR – colour: 8000-9000 EBC units, Bamberg, 
Germany). 

Wort was separated by the classical lautering process. 
The hopping rate was intended to result in the same 
number of bittering units (EBC BU) for all beers, that is, 
approximately 30 EBC BU. For the first (pilsner control) 
and third (stout control) trials, hop pellets (200 g of Saaz 
variety, harvested in 2006) were added in three portions. 
The first portion (80 g) was added at the beginning of 
wort boiling; the second portion (80 g) was added 30 min 
after the wort was brought to a boil; the last portion (40 g) 
was added 10 min before the end of the 90 min-boil 
period. For the second (pilsner – trial 1), fourth (stout – 
trial 2) and fifth (stout – trial 3) trials, hop pellets (160 g 
of Saaz variety, harvested in 2006) and a special XN-
extract (40 g, Barth-Haas Group) were added in different 
portions. The first portion (80 g of pellets) was added in 
the beginning of the wort boil; the second portion (80 g of 
pellets) was added 30 min after the wort was brought to a 
boil; the last portion (40 g of XN-extract) was added 10 
min before the end of the 90 min-boil period. 

The wort obtained after trub removal and cooling at 
8°C for a maximum of 12 h, was transferred to the 
fermentation tank. Fermentation was carried out with 
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bottom-fermenting yeast strain 95, purchased from 
Research Institute of Brewing and Malting, Plc. (Prague, 
Czech Republic), using 14×106 viable cells per mL. The 
primary fermentation process took place at 8°C for 7 
days. A cold maturation was carried out for 21 days at 
2°C. The final volume of beer was approximately 50 L. 
Each of the batches of beer was filtered (only with 
kieselguhr) and kept at 4°C until further analysis. PVPP 
was not used for stabilisation, as this polymer is respon-
sible for a large decrease in the XN and IXN content in 
beer24. The whole process for the preparation of the yeast, 
wort and the fermentation tubes, including the filling and 
inoculation of the tubes, was carried out under aseptic 
conditions. 

Brew samples and sample preparation 

Samples were collected at various stages during the 
brewing process and treated as follows prior to chromato-
graphic analyses: 

(1) Hops. XN and IXN were determined in the differ-
ent hop samples by the method previously developed and 
optimised by this group (Magalhães et al.13). Hop pellets 
were coarsely ground in a mortar and passed through a 
No. 20 sieve, whereas the hop extracts were directly son-
icated with methanol/formic acid (99:1, v/v). An aliquot 
(100 mg) was extracted with 10 mL of methanol/formic 
acid (99:1, v/v) mixture by ultra-sonication for 10 min 
and shaken for 10 min. After centrifugation (3500 g for 5 
min), the remaining pellet was re-extracted for 10 min 
using 10 mL of fresh extraction solvent. The combined 
extracts were filtered through a 0.2-μm nylon membrane 
filter (Schleicher & Schuell, Microscience) and homogen-
ised with vortex agitation. The clear light green methanol-
ic extract (2.5 mL) was diluted to 100 mL with methanol-
formic acid (99:1) before analysis by HPLC-DAD. 

(2) Unhopped wort. A specific method was developed 
for wort analysis, which included an extraction/concentra-
tion step using Sep-Pak Plus C18 RP cartridges (500 mg, 
Macherey-Nagel). Wort samples were degassed by gentle 
swirling in a beaker followed by sonication over 5 min. 
Degassed wort (200 mL) was acidified with 1.0 mL of 
85% ortho-phosphoric acid. The acidified sample (20 mL) 
was passed through the C18 RP cartridge, previously 
conditioned by passing methanol (3 mL) and rinsed with 
3 mL of solution A (0.2 mL of 85% ortho-phosphoric acid 
in 50 mL of Millipore water and 50 mL of methanol). 
After drying the column with vacuum and nitrogen gas in 
a LiChrolut drying unit (Merck, Germany), 3.0 mL of 
solution B (0.2 mL of 85% ortho-phosphoric acid in 100 
mL of Millipore water) was passed through the column. 
The column was again dried with vacuum under nitrogen 
gas. The retained XN and IXN were eluted with 3 mL of 
solution C (0.1 mL of 85% ortho-phosphoric acid in 90 
mL of methanol and 10 mL of Millipore water) and 20 μL 
of this extract was injected into the HPLC column at the 
temperature of 25°C. 

(3) Wort sampled. Wort was sampled 10 min, 20 min, 
30 min, 40 min, 60 min, 80 min and 90 min after addition 
of hops. These samples were treated in the same manner 
as the unhopped wort. 

(4) Wort sampled after cooling. The treatment 
applied was the same as for the unhopped wort. 

(5) Spent hops. After transfer of the wort to the 
fermentation vessel, solids remaining in the kettle were 
allowed to settle for about 10 min, and the spent hops 
were quantitatively recovered using a coarse sieve. The 
weight of the wet spent hops was determined. With oven 
drying, a weighed portion was heated at 100°C, and the 
loss of weight was used to calculate the moisture content 
of the sample for a correct determination of XN and IXN 
in spent hops. The wet spent hops were treated in the 
same manner as hops. 

(6) Hot trub. Trub is the insoluble precipitate that 
results from protein coagulation and simpler nitrogenous 
constituents that interact with carbohydrates and polyphe-
nols. Fine solids were allowed to resettle after recovery of 
the spent hops. The deposit, consisting mainly of coagu-
lated protein (trub) and finer hop particles, was drained as 
a slurry from the bottom of the brew kettle. The slurry 
was weighed, and an aliquot was filtered through a What-
man No. 1 paper. With oven drying, a weighed portion 
was heated at 100°C, and the loss of weight was used to 
calculate the moisture content of the sample for a correct 
determination of XN and IXN in trub. The sample was 
then treated in the same way as hops. 

(7) Samples collected during the primary fermenta-
tion. The samples were drawn from the fermentation ves-
sel and treated the same as the unhopped wort. 

(8) Raw beer. After maturation, raw beer was collected 
and treated the same as the unhopped wort. 

(9) Beer after filtration with kieselguhr. This was 
treated the same as the unhopped wort. 

Chromatographic system  
and operating conditions 

The analyses were performed with a HPLC system 
Waters Alliance 2695 separation module with Photo 
Diode Array detector 2996 connected to a PC computer 
running the software program Empower (Waters, Milford, 
USA). Separations were achieved on a Varian (Varian 
Inc., Palo Alto, USA) RP C18 column (250 mm x 4.6 mm, 
5 μm) with a linear solvent gradient, starting on injection, 
from 40% to 100% B (acetonitrile) in A (1% aqueous 
formic acid) over 15 min, followed by 100% B for 5 min. 
The flow-rate was 0.8 mL/min and the detection wave-
lengths of XN and IXN were about 370 nm and 290 nm 
respectively. 

Sensory evaluation 
Sensory evaluation of the beers was carried out with a 

panel composed of 14 tasters of Czech and Portuguese 
nationality. All beers were tasted at 6-7°C and evaluated 
according to parameters such as the quality of bitterness, 
bitterness intensity, aroma intensity, foreign aroma inten-
sity, foreign taste intensity, fullness and CO2 impression. 
The parameters were rated on the following scale (with 
1.0 interval steps): 1 = very weak; 2 = weak; 3 = 
moderate; 4 = strong; 5 = very strong; with the exception 
of the quality of bitterness that was rated on a 5 point 
scale with a different meaning (from 1 = pleasant to 5 = 
unpleasant). A special emphasis was placed on the inten-
sity and quality of bitterness. All beer samples were also 
classified in a ranking using a 10 point scale (from 1 = 
excellent to 10 = very poor). 
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For each group of samples, the tasting was performed 
on the same day in a controlled room (temperature, noise, 
individuality of the taster) so that unbiased results were 
obtained. An average of the experimental values to each 
sensorial attribute was calculated in order to evaluate the 
profile of each sample. 

Wort and Beer Analysis 

Standard wort and beer analyses were carried out 
according to Analytica-EBC. Beer gravity (°P), fermenta-
bility (% real degree of fermentation), colour (EBC units), 
pH and ethanol (% v/v) were monitored using a SCABA 
5600 Automatic Beer Analyser (Tecator AB, Sweden). 
Bitterness (BU) of wort and beer, which is mainly due to 
iso-alpha-acids, was measured as recommended by the 
European Brewery Convention (Analytica-EBC, section 
7, method 7.8, Nürnberg: Fachverlag Hans Carl, 2000). 

Determination of total polyphenols (EBC) 

The content of total polyphenols in the different brew-
ing trials was measured as described in Analytica-EBC, 
section 9, method 9.11, Nürnberg: Fachverlag Hans Carl, 
2000). 

Measurement of the reducing power  
of brewing trials 

The assessment of the ferricyanide reducing power 
(FRP) was carried out as described by Dvořáková et al.6 
with slightly modifications. Briefly, a 1 mL beer sample 
was mixed with 2.5 mL of phosphate buffer (0.2 M, pH 
6.6) and 2.5 mL of K3Fe(CN)6 (1% w/v). The mixture 
was incubated at 50°C for 20 min. Then 2.5 mL of TCA 
(10%, w/v) was added to the mixture, which was centri-
fuged at 1000 g for 10 min. The upper layer (2.5 mL) 
was mixed with 2.5 mL of deionised water and 0.5 mL 
of FeCl3.6H2O (0.1%, w/v), and the absorbance was 
measured at 700 nm. The absorbance increase of the 
reaction mixture indicates increasing reducing power. 
The calibration curve was performed with quercetin, and 
the results are expressed as mg of quercetin equivalents 
(QE) per litre. 

RESULTS AND DISCUSSION 
Determination of xanthohumol  
and isoxanthohumol in wort and beer 

Method performance. For an accurate quantification 
of XN and IXN in wort and beer, it is necessary to take 

into consideration any losses of these compounds that can 
occur during the extraction/concentration stage of analy-
sis. In order to test this, two different types of wort and 
beer (pale and dark) were fortified with various aliquots 
of XN and IXN standards to construct method calibration 
curves by plotting prenylflavonoids areas as a function of 
the increment of the standard added to the sample. High 
recoveries of these prenylflavonoids were observed for all 
beer samples, ranging from 95 to 98% (Table I). However, 
the recoveries of XN and IXN were slightly lower for 
wort samples, ranging from 88 to 92% (Table I). The 
presence of sugars in the wort samples probably reduced 
the recoveries of the compounds in the solid phase 
extraction procedure. In addition, it was observed that the 
slopes obtained for the different standard addition curves 
were very similar (Table I), showing that the quantitation 
process was not affected by the differences in beer and 
wort matrices and method calibration can be performed 
by spiking different beer and wort samples. A coefficient 
of variation (C.V.) lower than 3% was obtained in six 
replicate measurements for wort and beer samples, 
showing that the method has an acceptable repeatability 
(data not shown). 

Producing a xanthohumol-enriched beer 

Based on the health-promoting properties of XN, the 
production of an enriched beer in this substance would be 
of interest to the brewing industry, from the perspective of 
pointing out the benefits that beer could bring to consum-
er health. In terms of brewing, XN-enriched extracts are 
the only means to increase the XN content in beer to a 
measurable amount. For that purpose, efforts were applied 
to produce an enriched beer in XN from a XN-enriched 
hop product (20.3% w/w) and compare the efficiency of 
this XN extract in the production of pale and dark beers. 

The hopping rate for each beer was intended to result 
in the same number of bittering units (EBC BU), that is, 
approximately 30 EBC BU. Usually the dosage of XN-
enriched hop product (if used in the beginning or during 
wort boiling) cannot only be calculated on the basis of the 
alpha-acid content, as hard resins provide an important 
proportion of the bitterness of this product. However in 
the brewing trials performed in this work, the XN-en-
riched hop extract was added approximately at the end of 
the wort boil. Therefore the contribution of this type of 
hop product to the bitterness of beer was very low in 
comparison to the contribution of hop pellets added in the 
beginning (first addition) and during wort boiling (second 

Table I. Standard addition curve parameters and recovery factors (%) for the determination of XN and 
IXN in beer and wort. 

Calibration curve 
equation (y = a + bx) 

Phenolic compounds Samples a b 
Correlation 

coefficient (r2) 
Recovery 
factor (%) 

Xanthohumol Beer A 5.8E03 1.46E05 0.9992 97.0 
 Beer B 3.1E03 1.49E05 0.9995 95.5 
 Wort A 2.1E03 1.37E05 0.9897 88.0 
 Wort B 2.3E03 1.39E05 0.9902 88.8 
Isoxanthohumol Beer A 4.4E04 7.3E040 0.9989 96.2 
 Beer B 2.3E04 7.2E040 0.9990 98.0 
 Wort A 1.8E03 6.7E040 0.9920 91.2 
 Wort B 1.9E03 6.8E040 0.9935 92.0 
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addition). The XN, IXN, alpha and beta acid content 
added in the hopping stage was calculated based on the 
results given for each one of the hop products and the 
mass of the hop product added (Table II). 

As can be seen in Table III, the results obtained for 
original extract (°P) bitterness (EBC BU) were quite 
similar for the five boiled worts, showing that the boiling 
step was conducted under conditions as similar as possi-
ble. Furthermore, it can be concluded that the boiling 
stage was not significantly affected by the different hop 
products used. 

The fate of XN and IXN during all brewing trials was 
investigated and analysed in detail, as can be seen below. 

Pilsner control 

In the first brewing experiment, a pilsner-type beer was 
brewed with 200 g of hops, of which 80 g of pellets was 

added in the beginning of wort boiling, 80 g of pellets 
added 30 min after boiling and 40 g of pellets as “finish 
hops” (Table II). Only barley malt of the pilsen-type was 
used for mashing in this trial. The amounts of XN and 
IXN, present at various stages of the brew or in the waste 
materials, were determined and expressed as percent of 
the prenylflavonoid amount in the hops (Fig. 1). As can be 
seen in Fig. 1, 21% of the hops’ XN was found in the 
spent hops. Therefore we can conclude that XN was 
incompletely extracted from the hops into the wort and 
that 79% was effectively extracted. However, the amount 
of XN measured in wort (as XN and IXN) after cooling 
was approximately 39%. The difference (40%) could 
largely be explained by the adsorption to the coagulated 
proteins (hot trub, 18%), which settled out of the wort at 
the end of boiling. After settling, a higher amount of IXN 
than XN was found, as a result of isomerisation, yet more 

Table II. Dosage of the different hop products used in the  pilot-scale brewing trials. 

 Hop product Dosage (g) 
Alpha acids 

(mg/L) Beta acids (mg/L) 
Xanthohumol 

(mg/L) 
Isoxanthohumol 

(mg/L) 

80 ga 043 052 2.7 -- 
80 gb 043 052 2.7 -- 

Pellets type 90e 

40 gc 021 026 1.3 -- 

Pilsner – control 

Total 200 g 107 130 6.7 -- 
80 ga 043 052 2.7 -- 
80 gb 043 052 2.7 -- 

Pellets type 90 / 
XN-enriched hop 

productf 40 gd 001 001 135 10 

Pilsner – trial 1 

Total 200 g 087 105 140 10 
80 ga 043 052 2.7 -- 
80 gb 043 052 2.7 -- 

Pellets type 90 / 
XN-enriched hop 

product 40 gd 001 001 135 10 

Stout – trial 2 

Total 200 g 087 105 140 10 
80 ga 043 052 2.7 -- 
80 gb 043 052 2.7 -- 

Pellets type 90 / 
XN-enriched hop 

product 40 gd 001 001 135 10 

Stout – trial 3 

Total 200 g 087 105 140 10 
80 ga 043 052 2.7 -- 
80 gb 043 052 2.7 -- 

Pellets type 90 

40 gc 021 026 1.3 -- 

Stout – control 

Total 200 g 107 130 6.7 -- 
a Addition of hop pellets at the beginning of the wort boil. 
b Addition of hop pellets after 30 min of wort boiling. 
c Addition of hop pellets 10 min before the end of the 90 min-boiling period. 
d Addition of XN-enriched hop product 10 min before the end of the 90 min-boiling period. 
e Composition of pellets type 90: XN – 0.20%, IXN – < LOD, alpha acids – 3.2%, beta-acids – 3.9%, total resins – 15%. 
f Composition of XN-enriched hop product: XN – 20.3%, IXN – 1.50%, alpha acids – 0.10%, beta-acids – 0.10%, total resins – 90%. 

Table III. Beer and pitching wort analysis. 

Sample Parameter Pilsner control Stout control Pilsner trial 1 Stout trial 2 Stout trial 3 

Pitching wort Original extract (°P) 11.1 11.2 11.1 11.0 11.5 
 Fermentability 64.3 59.1 67.4 60.1 60.5 
 Bitterness (EBC BU) 52.5 50.0 49.0 54.0 51.5 
 Colour (EBC) 9.0 61.9 12.8 58.0 92.7 
 pH 5.48 5.18 5.53 5.11 5.10 
Beer Colour (EBC) 7.3 53.4 8.1 51.7 74.1 
 pH 4.56 4.81 4.62 4.71 4.67 
 Ethanol (% v/v) 5.36 4.11 5.57 4.04 4.06 
 Bitterness (EBC BU) 31.3 31.2 30.8 29.9 29.5 
 Total polyphenols (mg/L) 290.3 318.2 272.2 334.6 332.9 
 Reducing power (mg QE/L)  294.6 301.2 303.6 292.7 314.6 
 Xanthohumol (mg/L) 0.06 0.72 0.20 2.0 3.5 
 Isoxanthohumol (mg/L) 1.50 1.35 5.70 5.65 4.59 
 Utilisation (XN + IXN)  18.8% 25.0% 3.9% 5.1% 5.3% 
 % XN (relative to total – XN + IXN) 3.8% 34.8% 3.4% 26.1% 43.3% 



VOL. 114, NO. 3, 2008   251 

XN was recovered from the hot trub. Stevens et al.19 
reported that IXN shows a higher affinity for the wort 
carbohydrates (as soluble complexes) than XN, and this 
interaction may reduce the pool of free IXN available for 
binding to trub proteins. This may explain the large 
amount of XN found in hot trub in comparison to IXN. 

As can be seen in Fig. 1, the fermentation process is 
also responsible for a decrease in the content of XN and 
IXN, mainly due to the adsorption of these compounds to 
yeast cells. An additional 18% of XN was lost due to 
adsorption to yeast cells. The overall yield of XN dropped 
to approximately 19% in the beer after filtration; at this 
stage, approximately 96% of the amount of XN was 
present as IXN. The superior content of IXN (1.5 mg/L) 
in comparison with the XN content (0.06 mg/L) in the 
final beer is due to the high isomerisation rate of the 
chalcone into the flavanone during wort boiling. The 
combined losses (spent hops, hot trub and fermentation 
process) totalled 57%, leaving 24% of the amount of XN 
initially present in the hops unaccounted for. The fate of 
the ‘missing’ amounts of XN was further investigated. 

Stout control 

In the third brewing trial, a stout-type beer was brewed 
with the same scheme of hop dosage that was used for 
pilsner trial (Table II). However, for this trial, the grist 
was: 7.6 kg of pilsen-type malt, 0.4 kg of caramel malt 
and 0.3 kg of roasted malt (8.4% of coloured malt). The 
amount of XN and IXN present at various stages of the 
brew or in the waste materials was determined and ex-
pressed as percent of the prenylflavonoid amount in the 
hops (Fig. 2). As can be seen in Fig. 2, 17% of the hops’ 
XN was found in the spent hops. Therefore, we can 
conclude that XN was incompletely extracted from the 
finish hops into the wort and that 83% must have been 
extracted. However, the amount of XN measured in wort 

(as XN and IXN) after cooling was approximately 52%. 
The difference (31%) could largely be explained by the 
adsorption to the coagulated proteins (hot trub, 13%). 

As can be seen in Fig. 2, the influence of yeast, during 
the primary fermentation and maturation, on the XN and 
IXN content was again verified. An additional 22% of XN 
was lost due to adsorption to yeast cells. Of the XN 
originating from the hops, 25% was eventually found in 
the beer after filtration with kieselguhr; at this stage, 65% 
of this had been converted to isoxanthohumol. In 
comparison with the pilsner control (96% of the amount 
of XN was present as IXN), these results are indicative of 
the isomerisation-inhibiting effect of the stout production 
process, which resulted in remarkably high levels of XN 
in the beer (0.72 mg/L). Presumably, XN is bound to the 
roasted substances, present in roasted malt and black malt 
extract, during wort boiling preventing isomerisation, as 
previously discussed by Wünderlich21,24. The roasted sub-
stances may act as a carrier and transport XN throughout 
the brewing process. Recently published papers have 
revealed that the use of small quantities of roasted malt 
improved XN solubility and its recovery21,22,24. The com-
bined losses (spent hops, hot trub and fermentation pro-
cess) totalled 51%, leaving 24% of the amount of XN 
initially present in the hops unaccounted for. 

A feature that should be highlighted in Figs. 1 and 2 is 
the superior utilisation of XN and IXN during all wort 
boiling in the stout control in comparison to the pilsner 
control. For the stout control (Fig. 2), the amount of total 
prenylflavonoids (XN an IXN) measured in wort after 
cooling was 222 mg whereas the pilsner control had a 
content of 163 mg (Fig. 1). The interpretation of this 
striking behaviour in the two types of worts is quite 
difficult because of the various processes occurring at the 
same time during the boiling step, e.g. polyphenol ex-
traction, polyphenol-polyphenol and protein-polyphenol 

Fig. 1. Prenylflavonoid (XN and IXN) content measured in the first brewing trial (pilsner – control). Brewing stages: for more details, 
see Brew Samples and Sample Preparation under Materials and Methods. 
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bonds, polyphenol-polysaccharide aggregations, polymer-
ised compound precipitations, water evaporation, forma-
tion of degradation compounds from protein and poly-
phenols, etc8. The intensity and the rate of those reactions 
depends on the quantity of polyphenol and nitrogen com-
pounds, on the enzymatic activity, on the access of oxy-
gen and on the presence of quantitatively minor compo-
nents such as vitamins, purines, pyrimidines and their 
derivatives, as well as on inorganic substances, heavy 
metals and organic acids8. 

Compared to pilsner malt, dark malts (e.g. roasted 
malts and caramel malts) are subjected to higher produc-
tion temperatures during the kilning, leading to more 
intensive non-enzymatic browning (Maillard reactions)4. 
The degree of non-enzymatic browning is a key factor in 
malt quality, as it not only involves the formation of 
colour but also the generation of antioxidants, such as 
melanoidins and reductones, which are known for their 
high antioxidant activity. They can act as radical scaven-
ger for reactive oxygen species such as superoxide, perox-

Fig. 2. Prenylflavonoid (XN and IXN) content measured in the third brewing trial (stout – control). Brewing stages: for more details, 
see Brew Samples and Sample Preparation under Materials and Methods. 

Fig. 3. Prenylflavonoid (XN and IXN) content measured in the second brewing trial (pilsner – trial 1). Brewing stages: for more 
details, see Brew Samples and Sample Preparation under Materials and Methods. 
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ide and hydroxyl radicals and thus are able to interfere 
with deterioration or degradation reactions4. This hypothe-
sis can justify in some way the higher utilisation of XN 
and IXN in the stout production in comparison to the pils-
ner control. Maillard reaction products (MRPs) can inhibit 
the oxidative process of XN and IXN during the wort 
boiling. 

Pilsner trial 1 

In the second brewing experiment, a pilsner-type beer 
was brewed with 200 g of hops, of which 80 g of pellets 
was added in the beginning of wort boiling, 80 g of pellets 
added 30 min after boiling and 40 g of XN-enriched hop 
extract as “finish hops” (Table II). Only barley malt of the 
pilsen-type was used for mashing in this trial. The fate of 
XN and IXN during the brewing process was investigated 
(Fig. 3). As can be seen in Fig. 3, 60% of the hops’ XN 
was found in the spent hops, reflecting the brief contact 
between the finish hops and the boiling wort. In compar-
ison to the pilsner control (21% of XN in spent hops), this 
inefficient extraction of XN can probably occur due to the 
matrix effect of the XN-enriched hop product. One pos-
sible way to increase the yield of extraction of XN from 
hops is to add the XN product earlier (e.g. 20 min before 
the end of boil). Therefore, we can conclude that XN was 
incompletely extracted from the finish hops into the wort 
and that 40% was effectively extracted. Nevertheless, the 
amount of XN measured in wort (as XN and IXN) after 
cooling was approximately 8%. Only very low quantities 
of non-isomerised XN could be detected at this stage. The 
difference (32%) could largely be explained by the ad-
sorption to the coagulated proteins (hot trub, 20%). As 
can be seen in Fig. 3, the fermentation process is also 
responsible for a decrease in the content of prenylflavo-
noids due to the adsorption of these compounds to yeast 

cells (5% of XN adsorbed to yeast cells). The overall 
yield of XN dropped to approximately 4% in the beer 
after filtration; at this stage, the final beer is characterised 
by a higher content of IXN (5.7 mg/L) in comparison with 
the XN content (0.2 mg/L), reflecting the high isomeri-
sation rate during wort boiling. A substantial loss of XN 
(11%) could not be accounted for. 

Stout trial 2 

In the fourth brewing trial, a stout-type beer was 
brewed with the same scheme of hop dosage that was 
used for pilsner trial 1 (Table II). However, for this trial, 
the grist was: 7.6 kg of pilsen-type malt, 0.4 kg of caramel 
malt and 0.3 kg of roasted malt (8.4% of coloured malt). 
XN and IXN amounts present in the brew at various steps 
or in the waste materials were quantified and expressed as 
percent of the prenylflavonoid amounts in the hops (Fig. 
4). 

As can be seen in Fig. 4, a yield of 13% of XN (as XN 
and IXN) was noted after wort cooling. In comparison to 
the pilsner trial 1, the amount of non-isomerised XN 
detected at this stage was quite superior (35%), reflecting 
the isomerisation-inhibiting effect of some substances that 
exist in caramel or roasted malt. It was further verified the 
higher utilisation of hops’ XN during all wort boiling in 
comparison to the pilsner trial 1. For the stout trial 2 the 
amount of total prenylflavonoids (XN and IXN) measured 
in wort after cooling was 1007 mg (Fig. 4) whereas the 
pilsner trial 1 had a content of 641 mg (Fig. 3). The dif-
ference for such results was previously discussed. 

In this trial 46% of XN added with hops was measured 
in the spent hops, reflecting again the brief contact of XN 
product with wort. However, this value was lower than 
that verified in pilsner trial 1, suggesting a better solu-
bility of XN in dark wort and its higher recovery from 

Fig. 4. Prenylflavonoid (XN and IXN) content measured in the fourth brewing trial (Stout – trial 2). Brewing stages: for more details, 
see Brew Samples and Sample Preparation under Materials and Methods. 
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hops. The amount of XN found in hot trub was 26%. Fur-
ther losses arose during fermentation (7%) and cold break 
removal (not determined in this work). The overall yield 
of XN dropped to approximately 5% in the beer after 
filtration with kieselguhr; at this stage, 74% of the amount 
of prenylflavonoids was present as IXN. The content of 
XN and IXN in the final beer is 2.0 mg/L and 5.6 mg/L, 
respectively. A substantial amount of XN (16%) could not 
be accounted for. 

Stout trial 3 

In the last brewing trial, a stout-type beer was brewed 
with the same scheme of hop dosage that was used for 
stout trial 2 (Table II). The grist for mashing was the same 
that was used in the previous trial with the exception of 
addition of roasted malt extract (SINAMAR). SINAMAR 
is a unique pure malt extract used only as a beer coloring 
agent. XN and IXN were quantified during all important 
steps in the brewing process (Fig. 5). 

As can be seen in Fig. 5, 48% of the hops’ XN was 
found in the spent hops. Therefore, we can conclude that 
XN was incompletely extracted from the hops into the 
wort and that 52% was effectively extracted. However, the 
amount of XN measured in wort (as XN and IXN) after 
cooling was equal to 16% (65% as non-isomerised XN). 
The difference (36%) could largely be explained by the 
adsorption to the coagulated proteins (hot trub, 28%), 
which settled out of the hot wort at the end of boiling. 
Further losses occurred during fermentation (9% of XN 
adsorbed to yeast cells) and cold break removal (not 
determined). The overall yield of XN dropped to approxi-
mately 5% in the beer after filtration; at this stage, only 
57% of the amount of XN was present as the isomerised 
form (3.5 mg/L of XN and 4.6 mg/L of IXN). These 
results are indicative that the utilisation of black malt 
extract had great influence in the isomerisation of the 
chalcone into the flavanone. The combined losses (spent 
hops, hot trub and fermentation process) totalled 85%, 

leaving 10% of the amount of XN initially present in the 
hops unaccounted for. 

In our small sampling, a correlation between the XN 
content and beer colour was found (R2 = 0.76). However, 
in a recent study by Wunderlich et al.24, it was concluded 
that not all colouring substances are responsible for XN 
enrichment. In this study, the brews with roasted malt, 
roasted cereal and roasted malt beer showed a higher XN 
content than the other brews. Nevertheless, a result that 
was not expected was that a beer with a colour of 78 EBC 
produced with CARAAROMA malt presented a lower 
content of XN. This may be due to different substances, 
e.g., Maillard products, which are synthesised during the 
kilning and roasting process depending on time and 
temperature24. 

Regarding reducing power, it was found that there 
were no significant differences between the brewing trials. 
On the other hand, a good correlation was found between 
the total polyphenol content and the reducing power mea-
sured by the FRP method. Therefore, we can conclude 
that probably there are other substances beyond polyphe-
nols that can contribute to the reducing power evaluation, 
mainly reducing compounds from the Maillard reactions. 

Fate of the “missing” XN amounts 

Substantial amounts of XN (24% in the pilsner control, 
24% in the stout control, 11% in the pilsner trial 1, 16% in 
the stout trial 2 and 10% in stout trial 3) were missing 
from the total amounts measured in the final products 
(i.e., beer, yeast, hot trub and spent hops). Part of these 
amounts could be attributed to less than full recovery of 
waste products and measurement errors. Although efforts 
were made to recover XN and IXN from the spent hops 
and hot trub, some losses did occur. On the other hand, 
the errors that occurred in the pilot scale experiments 
were usually higher than in laboratory experiments, due to 
the more arduous control of all variables in the brewing 
process. Another explanation for the missing amounts 

Fig. 5. Prenylflavonoid (XN and IXN) content measured in the fifth brewing trial (Stout – trial 3). Brewing stages: for more details, 
see Brew Samples and Sample Preparation under Materials and Methods. 
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could be the participation of XN in chemical reactions 
besides isomerisation, such as oxidation reactions. Ad-
sorption of XN to the cold-precipitated proteins (cold 
trub) can also be associated with the amounts of XN lost 
during the brewing process, as previously reported by 
Stevens19. However, the content of XN in cold trub was 
not determined in this work. 

Sensory evaluation 

The tasting panel could differentiate the stout brewed 
with the XN product (stout – trial 3) from the control beer 
(Fig. 6). The quality of the bitterness was placed as 
somewhat higher and described as more harmonic. In 
recent published papers2,3,15, it was observed that the 
addition of XN influenced the bitterness in beer positively 
(finer, more harmonic). It was also shown that the addi-
tion of flavonol glycosides and prenylated hop flavonoids 
to beer influenced the mouthfeel and improved flavour 
stability. Regarding the stout produced with the XN pro-
duct (stout – trial 2), no significant differences in quality 
of bitterness were found in comparison to the stout con-
trol. The situation was reversed in the pilsner brewed with 
XN-enriched hop product. In this case the quality of bit-
terness was lower than in the stout trials. 

As previously discussed, the contribution of the XN-
enriched hop product (last hop dosage in trials 1, 2 and 3) 
to the bitterness intensity of beer was very low in com-
parison to the contribution of hop pellets added in the 
beginning (first addition) and during wort boiling (second 
addition). The percentage of alpha-acids in hop that is 
actually extracted into the beer and that contributes to the 
bitterness of the beer is very low (5%) for short-term 
additions (typically at the end of boiling). Therefore the 
bitterness intensity of all brewing trials should depend 
almost exclusively on the pellet’s contribution. From the 
results shown in Table III, it can be observed that the bit-
terness of all trial beers, measured analytically, was ap-
proximately the same. However the tasting panel could 
differentiate the stouts from the pilsners in respect to the 

bitterness intensity (Fig. 6). It is well described in the 
literature that the bitterness evaluation of a beer is 
influenced by several factors including the content of eth-
anol, degree of sweetness, fullness/body, the content and 
type of phenols, and the temperature of beer tasting. An 
increase in the degree of sweetness can mask the bitter-
ness of a beverage. On the other hand, ethanol increases 
the intensity of the bitter taste, as well as the duration of 
the bitter sensation. Ethanol evaporates more quickly than 
water and helps the volatilisation of compounds that pro-
duce the aftertaste profile. The bitterness of some com-
pounds, especially phenolics, can be enhanced by the con-
tent of ethanol. From the results shown in Table III, it can 
be observed that the ethanol content (% v/v) of pilsner 
beers (control – 5.36% and trial 1 – 5.57%) was higher 
than in the stout beers (control – 4.11%, trial 2 – 4.04% 
and trial 3 – 4.06%) brewed in this work. These results 
can probably justify the higher bitterness intensity found 
in pilsner beers during sensorial evaluation. However, the 
bitterness in beer is a very complex issue and has to be 
seen from a bifocal perspective, the psychophysical per-
spective with ongoing findings about taste perception and 
taste interactions on one side and on the other side 
suitable analytical means to determine bitterness in rela-
tion to individual sensory perceptions. The non-linear 
relationship between bitterness intensity and concentra-
tion of active bittering compounds, together with yet 
poorly understood sensory interactions of bitterness with 
other beer taste qualities are further challenges to be first 
understood and then included in bitterness determinations. 

Another feature that should be highlighted in Fig. 6 is 
the superior intensity of aroma detected in the pilsner and 
stout controls in comparison to the other trials. A wide 
range of volatile substances contribute to the aroma of 
beers, including esters, sulphur containing compounds, 
and essential oils from hops. The longer a hop boils, the 
more aromatic and flavour aspects of the boil disappear 
and bitterness becomes predominant. With a short time of 
hop boiling or late hop dosage, the majority of these 

Fig. 6. Sensorial evaluation of the different brewing trials. Several parameters were rated on the following scale: from 1 (very weak) to
5 (very strong); with the exception of the quality of bitterness: from 1 (pleasant) to 5 (unpleasant).The total ranking of beers was rated 
from 1 (very good) to 10 (very poor). 
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flavours and aromatic aspects are preserved without cre-
ating bitterness. In the brewing controls (pilsner and stout) 
the last portion of hops added at the end of boiling was 
pellets (variety Saaz), whereas the other brewing trials 
were brewed with the XN-enriched hop product in the 
final step. The Czech variety Saaz has a relatively high 
ratio of oils to resins. The excellent feature of fine Saaz 
aroma hops is the well-balanced and harmonious content 
of individual components giving beer a typical and pure 
hop aroma. Effectively, the late dosage of Saaz pellets (10 
min before the end of wort boiling) in brewing controls 
enhanced the aroma intensity described by the tasting 
panel. 

CONCLUSIONS 
The work presented has shown that it is possible to 

produce a dark beer enriched in XN by using coloured 
malt (caramel malt, roasted malt and roasted malt extract) 
and by replacing the use of commercial hop products 
(supercritical CO2 extract, ethanolic extract or pellets) by 
a special XN hop extract combined with late hop usage 
during wort boiling. Effectively, the use of dark malts 
revealed a strong and positive effect on the thermal 
isomerisation of XN into IXN. In respect to the sensory 
evaluation, the bitterness quality of the XN enriched beer 
(stout – trial 3) was rated somewhat higher and described 
as more harmonic. 
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