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A thorough look at hop

polyphenols

HOP ANALYSIS | Hops contain alarge amount of secondary me-
tabolites. Essential oil, bitter substances (resins) and polyphenols
are the best known and mostimportant ones. The amounts have to
be known exactly for the brewing process. Depending on type and
year of harvest, they are available for hop oil and bitter substances.

However, such detailed data is missing for polyphenols, with the

exception of xanthohumol. A complete listis presented here.

WITH MASS SPECTROSCOPY being
the tool of choice in today’s trace analysis,
it is possible to carry out a detailed inves-
tigation of phenolic compounds in hops.
Results obtained do not just extend variety
characterisation, they also serve as a start-
ing point for assessing the quality of a beer.

Total polyphenol concentration of dried
hop cones ranges from 3 to 8 percent and
depends on variety [3]. Polyphenols are
natural antioxidants which can positively
influence beer bitterness as well as percep-
tion of the beer body or mouthfeel [4-6].
In the plant kingdom, many phenolic com-
pounds are known. These include phenolic
carboxylic acids, flavan-3-ols or flavonol
glycosides. Some hop polyphenols, how-
ever, are not or only rarely found in other
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plants. The prenylated flavonoid xantho-
humol is a prominent example. Together
with bitter substances, it is specific to hops
and has been investigated and described in
numerous publications. Table 1 provides a
listofhop varietiesinvestigated aswell asan
overview of concentrations of alpha-acids,
beta-acids and xanthohumol, well-known
key components of hops. Data was col-
lected using HPLC-UV and has been taken
from the Hopsteiner homepage [7]. In-
house process control during hop process-
ing provided a large pool of samples of the
most diverse hop varieties. Monitoring for
hop polyphenols using LC-MS/MS analy-
sis was carried out on these samples from

the 2021 harvesting year. Monitoring did
notinclude xanthohumol. The more batch-
es of a variety are processed, the higher is
the number of samples investigated of this
variety. A batch contains max. 30 tons of
hops. Altogether, more than 400 individual
samples of 23 different hop varieties from
European main cultivation regions were
analysed. Most originated in Germany but
also in the Czech Republic, Slovenia and
Poland. Hop varieties from the US and
Australia were occasionally available. De-
tails of sample preparation and analytical
measurement parameters for the LC-MS/
MS method have been described in a publi-
cation of the technical journal BrewingSci-
ence [8].

> Multifidols

Multifidol glucosides (abbreviated to mul-
tifidols) were described in the plant Jat-
ropha Multifida L. (coral tree) for the first
time [9]. This substance class was discov-
ered in hops in 2005 [10]. Multifidols are
intermediate products and composed of
hard resin in hops formed during biosyn-
thesis of alpha-acids. It is a phloroglucin
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Fig. 1 Concentrations of co-multifidol-glucoside (Co-M-glc) and ad-mutifidol-glucoside (Ad-M-
glc) in mg/100 g of hops (2021 harvest) from Europe, the US and Australia (Graphs: all Hopsteiner)
Table 1 Variety-characteristic attributes of the hop varieties studied
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derivative with prenylated side chains oc-
curring in the form of various homologues
[11]. They exhibit anti-inflammatory prop-
erties and are perceived as bitter. Dresel et
al. were able to evidence them in beer and
determine the taste threshold values [5].
Fig. 1 lists the concentrations of co- and
ad-multifidol glucoside (co- and ad-M-glc)
determined as mean values, plus the num-
ber of samples analysed. A total of 32 hop
varieties from Europe, the US and Australia
were assessed. 129 samples of the Herkules
variety were analysed, the largest number
of any one variety.

The European varieties always con-
tained higher concentrations of co-M-glc
compared to ad-M-glc. The ratio between
the two homologues is variety-specific and
ranges from 1.6 (DE HTU) to 5 (DE MBA
or DE HBC). The highest concentration of
the two substances at 358.8 mg/100 g was
found for the Hallertauer Tradition (DE
HTR) hop variety from the 2021 harvest
whereas the lowest amount was measured
in the Hersbrucker Spit (DE HEB) variety.
That harvest contained higher concentra-
tions of multifidol glucosides compared to
the two previous harvests [12]. Concen-
trations in American hop varieties were
found to be considerably lower than in Eu-
ropean varieties. Only the US Bravo variety
(US BRO) had a co/ad-M-glc ratio of >1.
Though these two compounds are inter-
mediate products of biosynthesis of alpha-
acids, it was not possible to ascertain a cor-
relation between the multifidols and the
respective alpha-acid concentration (see
table 1). The US Eureka! (US EUE) variety
contained very high alpha-acid concentra-
tions, the concentration of multifidol glu-
cosides was very low.

> Other study results

Flavonols and multifidols are bound to sug-
ars in hops. The best-known representa-
tives are quercetin-3-rutinoside (Q-rut),
also known as rutine, quercetin-3-gluco-
side (Q-glc) and kaempferol-3-glucoside
(k-glc). As flavonol glycosides are very sol-
ubleinwater, concentrations ofup to Smg/1
are found in beer. Their concentrations in
hops are variety-specific and amount to
max. 1 percent in total. In addition to ru-
tine, quercetin-glucoside and kaempferol-
glucoside, this study provided additional
data for kaempferol-3-rutinoside (K-rut),
myricetin-3-glucoside, hesperidin-7-ruti-
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VARIETY-CHARACTERISTIC ATTRIBUTES OF THE HOP
VARIETIES STUDIED
Variety % alpha- % beta- % xantho-
abbrevia- | Origin Hop variety acidsEBC | acidsEBC | humol EBC
tion [1] 7.7[2] 7.712] 7.15[2]
DE HKS Germany Herkules 13.0-17.0 | 4.0-5.5 0.6-0.8
DE PER Germany Perle 4.0-9.0 25-45 0.4-0.6
DEHTR Germany Hallertauer Tradition | 4.0-7.0 3.0-6.0 0.3-0.5
DEHMG | Germany Hallertauer Magnum | 11.0-16.0 | 5.0-7.0 0.4-0.5
DE HEB Germany Hersbrucker Spat 1.5-4.0 2.5-6.0 0.2-0.3
DESIR Germany Saphir 2.0-4.5 40-7.0 0.3-0.4
CZSAZ Czech Rep. Saazer 28=3.8 30=50 0.2-0.4
DETET Germany Tettnanger 2.5-5.5 3.0-5.0 0.3-0.4
DE SSE Germany Spalter Select 3.0-6.5 2.5-5.0 0.3-0.5
SISSA Slovenia Super Styrian Aurora | 7.5-8.8 3.3-5.0 0.3-0.6
DEHAL |Germany | HalerteverMitel 5055 | 30-50 | 02-03
SISGC | Slovenia Styrian Golding 40-70 | 25-45 | 01-03
Celeia
DE MBA Germany Mandarina Bavaria 7.0-10.0 40-7.0 0.4-0.8
SISGB | Slovenia | Surian Golding 30-70 | 40-70 | 03-04
Bobek

DE CAL Germany Callista 2.0-5.0 5.0-10.0 0.3-0.6
DEPLA Germany Polaris 19.0-23.0 | 4.0-6.0 0.7-1.0
DE AKO Germany Akoya 8.0-10.0 40-5.0 0.9-1.0
DE SOL Germany Solero 9.0-10.0 5.0-6.0 0.7-0.8
PLLUB Poland Lublin 3.0-45 25=38.5 0.2-0.3
DENBR Germany Northern Brewer 6.0-10.0 3.0-5.0 0.5-0.7
DEHTU Germany Hallertauer Taurus 12.0-17.0 | 4.0-6.0 09-1.0
DE SPA Germany Spalter 25=55 3.0-5.0 0.2-0.3
DEHBC Germany Hallertau Blanc 9.0-12.0 40-6.0 0.2-0.4
USCAS USA Cascade 45-7.0 45-7.0 0.1-04
US suL USA Sultana 13.0-15.0 | 4.0-5.0 0.5-0.7
USEUE USA Eureka! 17.0-199 | 46-6.0 0.5-0.6
USBRO USA Bravo 14.0-17.0 | 3.0-5.0 0.8-1.0
USCEN USA Centennial 9.5-11.5 3.5-45 0.3-0.5
USLOT USA Lotus 13.0-17.0 | 5.5-6.0 0.8-1.0
USCPO USA Calypso 12.0-14.0 | 5.0-6.0 0.5-0.7
USLDP USA Lemondrop 5.0-7.0 4.0-6.0 0.2-0.3
AU GXY Australia Galaxy 11.0-16.0 | 5.0-9.0 0.7-0.8
Table 1 Source: Hopsteiner

noside as well as for the aglycones kaemp-
ferol, quercetin and myricetin. It was not
possible to detect hesperidin-rutinoside or
myricetin in the hop varieties investigated.

Very low concentrations were detected of
myricetin-3-glucoside and the two agly-
cones kaempferol and quercetin. Fig. 2 ac-
cordingly shows the results of the four most
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Fig. 3 Concentrations of flavan-3-ols catechin (C) and epicatechin (EC) in mg/100 g of hops (2021
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Fig. 4 Concentrations of procyanidins B1, B2 and B3 in mg/100 g of hops (2021 harvest) from Eu-
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Table 2 Spread of individual data (min/max) and mean values (* standard deviation (o)) for hop
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dominant flavonol glycosides in hops.

The Solero (DE SOL) hop variety con-
tained by far the highest amounts of fla-
vonol glycosides. It is described in the lit-
erature [13] that quercetin concentrations
are higher than kaempferol glucoside. The
ratio ranges from 1.3 for the German Pola-
ris (DE PLA) hop variety to 7.2 for the US
Bravo (US BRO) variety. A ratio between 2
and4wasfoundinmost Europeanvarieties.
The German Hallertau Blanc (DE HBC)
hop variety had the highest concentration
ofkaempferol glucoside of 39 mg/100 gand
Hallertauer Magnum (DE HMG) the low-
est of just 5 mg/100 g. As far as quercetin
and kaempferol glucoside are concerned,
a higher concentration of quercetin-ruti-
noside compared to kaempferol rutino-
side was found. The amount of kaempferol
rutinoside exceeded the concentration of
quercetin rutinoside only in the two vari-
eties Polaris (DE PLA) and Cascade (US
CAS). US Centennial (US CEN) and the
Australian Galaxy variety (AU GXY) are
varieties having a ratio of 1:1 of these two
substances. It was also observed that higher
concentrations of kaempferol-glucoside
compared to kaempferol-rutinoside were
found, except for in Hallertauer Magnum
(DEHMG), Solero (DE SOL), US Cascade
(US CAS), US Centennial (US CEN), US
Lotus (USLOT) and Galaxy from Australia
(AU GXY). The same pattern could also
be observed for quercetin-glucoside and
quercetin-rutinoside. More quercetin-
glucoside was found, with the exception of
hopvarietiesmentioned. It should be noted
thatnotonly flavonolsbound to glucose are
suitable for variety differentiation, as de-
scribed by Kammhuber in 2012 [13], but
also the two flavonols bound to the disac-
charide rutinose.

> Group of flavan-3-ols

Catechin, its epimer epicatechin and gal-
locatechin are the most important repre-
sentatives of the group offlavan-3-ols. They
are presentin unbound form and also as di-,
oligo- and polymers. Chains of up to eight
units (oligomers) are referred to as proan-
thocyanidins. The term tannins refers to
polymers. The four procyanidins B1, B2,
B3and B4 are dimers composed exclusively
ofthe monomers catechin and epicatechin.
They are principal components of pro-
cyanidins in each hop variety, amounting
to about 80% of the total concentration of
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this substance group [3]. Maltis the main [l gppE Ay OF INDIVIDUAL DATA (MIN/MAX) AND MEAN

contributor of flavan-3-ols to the brew-

ing process while hops accounts for just VALUES (i- STANDARD DEVIATION (0))

al?out 20-30 percent. During Wort b0111r.1g, ... for hop varieties with number of samples n > 10 for selected representatives of the sub-

slightly soluble complexes with proteins stance classes analysed

were formed and removed together with .

the trub. Remaining polyphenols and pro- lelr)lretl‘{] n Co-M-glc Q-rut c PB3

teins can cause haze over the storage period -

[14-15]. Fig. 3 summarises the results for . . Mean (t o) | 168.3(£35.9) | 11.6(+2.8) | 46.7(+10.2) 8.2(¢5.3)

the two flavan-3-ols catechin and epicat- Min-Max | 105.4-271.8 | 6.8-18.7 | 23.8-80.7 | 13.1-43.4

echin. The Spalter Select (DE SSE) hop va- Mean (+0) | 148.6(+36.4) | 103(:2.7) | 92.4(£21.1) | 65.7(:13.2)

riety contained the highest concentration DEPER 69 -

of these two substances, i.e. 224 mg/100 . Min-Max | 87.3-256.0 | 6.1-179 | 51.9-126.3 | 24.5-92.4
The Polaris (DE PLA) variety had just Mean (t0) | 247.2(+49.7) | 13.5(+3.4) | 139.9(+32.0) | 89.6(+18.5)

one tenth of the concentration found in the PERTR % ieMax | 1448-3514 | 88-237 | 68.3-2100 | 47.2-1254

Spalter Select variety and thus the lowest

concentration. It was frequently noted that oG | 3 | Mean(O) | 609(168) | 29.6(282) | 322(:6.) | 265(:61)

catechin was more dominant than epicat_ Min-Max 37.3-97.2 12.1-52.6 15.2-49.3 17.8-41.7

echin. A ratio of 1:1 was measured in the oeres | 15 Mean(tc) | 8.7(+4.4) | 23.6(+3.7) | 105.6(+11.9) | 78.5(+5.5)

varieties Mandarina Bavaria (DE MBA), ;

Hallertau Blanc (DE HBC), Polaris (DE Min-Max 3.1-16.3 19.3-31.0 | 83.0-120.2 | 69.7-85.1

PLA)and the US hopvarieties Cascade (US oesm | 1y | Mean(o) | 2033(2402) | 253(246) | 1221(:219) | 90.8(219.7)

CAS), Sultana (US SUL) and Eureka! (US Min-Max | 121.7-259.2 | 18.6-34.0 | 7541557 | 51.5-122.5

EUE). The German varieties Solero (DE Mean (o) | 170.3(237.7) | 21.5(¢4.8) | 134.1(£32.3) | 92.5(+14.2)

SOL) and Hallertauer Taurus (DE HTU), CZSAZ 12

the US varieties Bravo (US BRO), Centen- Min-Max | 115.9-220.6 | 16.8-34.7 | 74.5-188.8 | 73.0-121.6

nial (US CEN) and Lotus (USLOT) as well Mean (to) | 199.8(£36.5) | 21.2(+4.2) | 156.4(+33.1) | 109.0(+19.3)

as the Australian Galaxy (AU GXY) variety PETET | T I inMax | 128.6-2500 | 16.1-299 | 85.6-194.4 | 69.4-136.1

contained more epicatechin than catechin.

When looking at the procyanidins, it is im- a2 SSUceloosteney

portant to bearin mind that procyanidin B1

is composed of the monomers epicatechin
and catechin whereas procyanidin B2 in-
cludes only epicatechin and procyanidin
B3 only catechin as monomers.

Procyanidins
Analogous to the data for the monomers,
the Spalter Select (DE SSE) variety was the
hop variety richest in procyanidin whereas
Polaris (DE PLA) had the lowest concen-
tration (fig. 4).

Procyanidin B3 was identified as the
most dominant compound among the
procyanidins analysed. In addition, the
hop varieties assessed can be divided into
three groups. Group 1 had the following
sequence of procyanidins: B3>B2>B1. It
included the varieties Hallertauer Mag-
num (DE HMG), Hallertauer Taurus (DE
HTU), Mandarina Bavaria (DE MBA), Po-
laris (DE PLA), Hallertau Blanc (DE HBC)
and Solero (DE SOL) and all US hop vari-
eties, with the exception of Calypso (US
CPO), Lemondrop (US LDP) and Lotus
(US LOT). Group 2, however, contained
more procyanidin B3 than B1 and this was
more elevated than B2 (B3>B1>B2). It in-

cluded all remaining European varieties as
well as the two US varieties Calypso (US
CPO) and Lemondrop (US LDP). Accord-
ing to current data, the last Group 3 with
B3=B2>B1 incorporates only the US Lo-
tus (US LOT) variety. Phenolic carboxylic
acids are not just found in hops. Like the
flavan-3-ols, malt raw material is the main
contributor to the brewing process. Spe-
cific phenolic carboxylicacids could also be
seentobeinvolvedin age-related haze [15].
However, concentrations in hops were
very low [3]. Ferulic acid, p-hydroxyben-
zoic acid, p-, m- and o-coumaric acid were
also investigated. o- and m-coumaric acids
were not found in any of the hop varieties
studied. Only 17 of the 32 varieties analysed
contained concentrations of > 1 mg/100 g
of one or several compounds studied. The
Perle (DE PER) hop variety, for example,
contained amounts of > 1 mg/100 g of feru-
lic acid (1.2 mg/100g), p-hydroxybenzoic
acid (1.0 mg/100 g) and p-coumaric acid
(1.1 mg/100 g), whereas the Polaris (DE
PLA) variety contained concentrations of
1.7 mg/100 g of ferulic acid and 2.1 mg/100

g of p-coumaric acid, the highest concen-
trations of this substance class. No differ-
ence between European and US varieties
was found.

) Variety evaluation and conclusion

Mean values but also the spread of individ-
ual data are important for variety evalua-
tion. Table 2 shows, in addition, the relative
standard deviation (o) as well as minimum
and maximum values for hop varieties of
which more than 10 samples were studied.
Individual representatives of the substance
classes investigated are also listed as exam-
ples. Data prioritises co-multifidol-glu-
coside (Co-M-glc), quercetin-rutinoside
(Q-rut), catechin (C) and procyanidin B3
(PB3). The results showed wide spreads in
concentrations and illustrate the necessity
of studying a large number of samples.

In conclusion, in order to obtain reliable
and representative results, the mean value
from at least 10 samples is required. When
studying just 3 to 9 samples, a variety-de-
pendent bias is found whereas less than 3
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samples provide just a possible snapshot
and have to be supplemented by additional

samples. m
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