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Reduced Xanthohumol Recovery after Solid Phase 
Extraction of Dark Beers 
In wort and beer the hop polyphenol xanthohumol (XN) is often determined after solid phase extraction (SPE). Recently 
researchers described substances in roasted malts that help to enrich XN in dark beers. The carrier effect that reduces 
losses during beer production may infl uence the SPE as well. We investigated the XN recovery in dark beer samples with 
and without SPE sample preparation. In SPE eluates the XN recovery signifi cantly decreased with increasing XN content 
compared to directly injected samples. Experiments on XN recovery in SPE passes repeatedly treated by SPE showed that 
this is not due to an overload of the sorbent. The use of SPE prior to XN determination in samples containing roasted sub-
stances proved to be ineffi cient compared to direct injection.
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1 Introduction

Power et al. isolated xanthohumol from hops in 1913 for the fi rst 
time. They named the yellowish substance as xanthohumol (XN) 
after “xanthos“ (greek: yellow) and „humulus“ (latin: hops) [17]. 
XN has been investigated by several medical scientists [6, 11, 18, 
22, 23]. It showed widespread health benefi ts such as antioxida-
tive or antimicrobial properties that have been summed up by 
Malaghäes et al. [15].

Beer is the only beverage that is traditionally produced with hops. 
But XN (Table 1) is extensively eliminated during the brewing 
process due to its non-polar properties or it is transformed into 
its isomeric fl avanone isoxanthohumol [10, 19]. So, because of 
the potential benefi ts of XN, various researchers work on techno-
logies for its enrichment in beer [1, 2, 3, 9, 13]. Special interest 
is on XN enrichment by roasted substance in dark beers. Several 
authors described the “carrier-effect“ of roasted substances that 
results in signifi cantly increased XN recoveries in beer [4, 5, 24]. 
Investigations by Wunderlich et al. confi rmed this result and the 
authors pointed out that these relevant roasted substances occur 
in chocolate roasted malt [26]. Formation of these substances pa-
rallels colour development. They also appear to have a molecular 
size between 300 and 600 kDa. Due to these “carrier”-substances, 
XN contents above 10 mg/l can be attained in beer. Higher grist 
load ratios of chocolate roasted malt may cause a burnt taste, but 
the resulting beers can be fi ltered or stabilised by PVPP without 
major losses [25, 26].

Up to now neither MEBAK [16] nor Analytica-EBC [7] de-
scribe a specifi c XN analysis method in hops and beer. Other 
publications on XN use liquid chromatography coupled with 
tandem mass spectrometry (LC-MS/MS) or high performance 
liquid chromatography coupled with diode array detector (HPLC-
DAD) applications [3, 8, 12, 14, 20, 24, 25]. The latter is more 
likely to be available in the modern brewing laboratory. It re-
cords spectra at each time point by the simultaneous detection 
of multiple wavelengths. Often EBC methods 7.7 and 7.8 [7] 
are used to determine iso-alpha-, alpha-, and beta-acids in hops 
and isomerised hop extracts. XN is co-extracted during sample 
preparation of these methods. It appears in the chromatogram 
and can be easily determined. Detection of XN in beer is more 
diffi cult due to the complex matrix. Some authors suggest a 
sample clean up and analyte concentration by solid phase extrac-
tion (SPE). Walker et al. carried out investigations on XN levels 
in stout and porter beers [24]. They observed higher XN contents 
in samples measured by LC-MS without SPE clean up com-
pared to measurements by HPLC and SPE sample preparation 
[24]. The effi ciency  of SPE procedures, which are based on 
adsorption and desorption under different chemical conditions, 
may be infl uenced by roasted substances that proved to be strong 
“carriers”. The aim of this study was to investigate suitability 
of sample clean-up by SPE for dark beer prepared with roasted 
malt.

2 Materials and methods

Experimental beers

An XN enriched beer and a conventional beer were produced. 
Initially both were prepared with pale wort using exclusively 
Pilsner malt. At the start of wort boiling liquid malt colour sole-
ly produced from chocolate roasted malt (SINAMAR®, Wey-
ermann®, Germany) was added to achieve a wort colour of 
80 EBC. Bitterness hopping was achieved by carbon dioxide 
extract to generate 75 mg alpha-acid/l. Additionally, an 80 % 
(w/w) XN hop product (XANTHOFLAV®, Hopsteiner®, Ger-
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many) was used for the XN enriched beer. This was added 
5 min before end of boiling to achieve 40 mg XN/l. Yeast 
(15,000,000 cells/ml) was pitched into both 12° Plato cast worts. 
Fermentation proceeded for 7 days at 12°C and was followed by 
2 days of maturation and one week of storage at 0°C. Both beers 
were fi ltered by KS 200 sheet fi lters (Pall Corporation, Germany). 
Finally the XN enriched and the conventional beers were blended 
to different XN contents (0 to 10 mg XN/l) at similar colour of 
80 EBC.

Sample preparation SPE

Chemicals for SPE clean up were all of HPLC grade and pur-
chased from J.T. Baker, Holland. Solutions for conditioning, 
washing, and elution were acidifi ed by phosphoric acid (20 µl 
of 85 % per 10 ml). Preparing the SPE, C18ec columns (Strata 
18E, 1000 mg, 6 ml, Phenomenex, Germany) were washed with 
10 ml methanol and conditioned by 10 ml of an acidifi ed meth-
anol-water solution (1:2, v:v). Beer samples (100 ml) were 
sonicated to remove carbon dioxide. Foam residues that clung 
to the vessel were resolved by gently agitating the sample. Solids 
were separated by centrifugation at 3640 g for 15 min. Prior to 
SPE, the samples were carefully decanted and 10 ml superna-
tant was applied per column (Fig. 1). Slowly (approx. 3 ml/min) 
the samples were pulled through the column by vacuum (“pass”). 
The sorbent was cleaned up with 10 ml demineralised, acidifi ed 
water (“washing water”). After 45 sec of drying by applying a 
vacuum, XN was eluted with 7 ml acidifi ed methanol into a 10 ml
volumetric fl ask, which was fi nally fi lled up to 10 ml with aci-
difi ed methanol (“eluate”). The cleaned up sample was fi ltered 
through a syringe fi lter (Macherey-Nagel chromafi ll PET-45/25, 
Germany) into a vial for HPLC detection, discarding the fi rst 
2 ml as forerun.

Sample preparation direct injection

Analogous to SPE sample preparation, beer samples were treated 
in an ultrasonic bath and centrifuged. The supernatant was 
decanted and then directly transferred into a vial for HPLC de-
tection.

Further investigations

Besides measurement of samples without SPE clean up and 
complete SPE clean up, respectively, the “pass” (Fig. 1) was 
directly injected to the HPLC system to identify XN that is not 
retained by the column material. In further investigations, the 
“pass” of one beer sample (10 mg XN /l) was repeatedly cleaned 
up (three times) by SPE. In doing so, 20 ml sample was applied 
to the SPE column and the resulting “passes” were analysed by 
direct injection.

HPLC parameters

XN contents were determined by a Hewlett Packard 1090 Se-
ries II HPLC system coupled with an internal DAD. The HPLC 
conditions are described in table 2. Chromatograms of XN were 
manually integrated. Pure XN (Phytochem, Germany) was used 
as external standard for quantifi cation. 

3 Results and discussion

In comparison to direct injection the XN recovery in SPE cleaned 
up samples decreases with increasing XN content (Fig. 2). Addi-
tionally, the XN recovery in the SPE pass increases, so that the 
sum of eluate and pass XN contents is approximately the same as 
the XN content determined by direct injection. Therefore further 
losses during the washing step can be neglected. Reasons for 
the reduced performance of the SPE may be due to an overload 
of the C18 sorbent. The pass was tested again by repeated SPE 
(Fig. 3). Although the XN content decreases from SPE to SPE, 
there is always a similar portion that is not retained by the sor-
bent. This indicates that the predominant equilibrium between the 
mobile and solid phases infl uences XN retention. It seems likely 
that this is due to the reaction between XN and chocolate roasted 
substances, which change chemical properties of XN or at least 
result in the formation of complexes that have different chemical 
properties. These chemical properties allow inhibition of XN 
isomerisation observed by Walker et al. [24] and may explain the 
fi nding by Wunderlich et al. that PVPP treatment is less effi cient 
for XN removal in dark beers than in pale beers [26]. The high XN 
concentrations in dark beers (e.g. 10 mg XN/l), that signifi cantly 
exceed the ethanol:water (5:95; v:v) solubility of XN (3.5 mg/l, 
Table 1) confi rm that chemical properties have changed.

4 Summary

The aim of this study was to identify infl uences of SPE on XN 
recovery in dark beers. Measurements of directly injected samples 
were compared to samples measured after SPE clean up. With 
increasing XN content the XN recovery in SPE eluats decreased. 
Repeated SPE clean up of SPE passes revealed that reduced effi -
ciency of SPE is not due to an overload of the sorbent but due to 
changed chemical conditions. We conclude that the SPE clean-up 
methodology applied in this study is not a suitable approach for 
the quantifi cation of XN in liquids with roasted substances.
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Appendix

Table 1 Chemical properties of XN [21]

CAS registry number 569-83-5, 6754-58-1
Synonym 1-[2,4-dihydroxy-6-methoxy-3-(3-methyl-but-2-enyl)-phenyl]-3-(4-hydroxy-phenyl)-propenone
Molecular formula C21H22O5 
Molecular weight 354.40
Melting point 172°C
solubility
in H2O 0.0013 g/l (23°C), 0.0011 g/l (8°C)
in ethanol: H2O (5:95; v:v) 0.0035 g/l (23°C), 0.0018 g/l (8°C)

Table 2 HPLC-DAD conditions for XN detection

Column Macherey-Nagel EC-125/4
 Nucleodur 100-5 C18ec
 Ser.No.: 7111-087
Flow rate 0.8 ml/min
Temperature 38°C
Injection volume 25 µl
Eluate A Distilled H2O with 1 % phosphoric acid
Eluate B Acetonitrile
Eluate gradient 0–3 min: A = 60 %, B = 40 %
 3–11,5 min: A = 25 %, B = 75 %
 11,5–16 min: A = 0 %, B = 100 %
 16–18 min: A = 60 %, B = 40 %
Wavelength 370 nm

Synonym 1-[2,4-dihydroxy-6-methoxy-3-(3-methyl-but-2-enyl)-phenyl]-3-(4-hydroxy-phenyl)-propenone

solubility
in H2O 0.0013 g/l (23°C), 0.0011 g/l (8°C)
in ethanol: H2O (5:95; v:v) 0.0035 g/l (23°C), 0.0018 g/l (8°C)

21 22 5

Molecular weight 354.40

Wavelength 370 nm

Eluate B Acetonitrile

Injection volume 25 µl

Flow rate 0.8 ml/min

Fig. 1 SPE clean up
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Fig. 2 XN recovery with and without SPE sample preparation

Fig. 3 XN recovery in passes repeatedly treated by SPE


