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Pfitomnost proanthokyanidind, latek patficich do Siroké skupiny polyfenoll, je v pivu obecné spiSe nezadouci a to vzhledem k jejich
tendenci tvorit komplexy s proteiny, a tim zhorSovat jeho koloidni stabilitu. Na druhé strané, jsou tyto latky prospésné diky schopnosti
vazat volné radikaly a tim zlepSovat senzorickou stabilitu piva. Znalost profilu jednotlivych proanthokyanidinG v pivu a surovinach a jejich
individualniho chovani béhem celého technologického procesu by mohla napomoci pfi feSeni ukold spojenych se zlepSovanim senzoric-
ké i koloidni stability piva. Proto byla vypracovana nova metoda pro stanoveni proanthokyanidind pomoci kapalinové chromatografie ve
spojeni s hmotnostni detekci s vysokym rozliS§enim. Metoda byla vyuzita pro sledovani zmén profilu vybranych proanthokyanidint béhem
pivovarského procesu a nasledné také pro ovéreni specificity profilu proanthokyanidinti pro danou odrtidu ¢eského chmele.

Olsovska, J. — Zustakova, V. — Dusek, M. — Mikyska, A.: The proanthocyanidin profile in beer and its raw materials. Kvasny Prum.
61, 2015, No. 10-11, pp. 296—-304

The presence of proanthocyanidins, substances belonging to the general group of polyphenols in beer is generally rather undesir-
able due to their tendency to form complexes with proteins, and thereby degrade the colloidal stability of beer. On the other hand, these
substances are useful because of their ability to bind free radicals and thereby improve sensory stability of beer. The knowledge of the
profile of the proanthocyanidins in beer and raw materials and their individual behavior during the entire technological process could help
to address the challenges associated with improving the sensory and colloidal stability of beer. Therefore, we have developed a novel
method for determination of proanthocyanidins by liquid chromatography with high resolution mass detection. The method was used to
monitor changes in the profile of selected proanthocyanidins during the brewing process and consequently to verify the specificity profile
of proanthocyanidins for given variety of Czech hops.

OlSovska, J. — Zustakova, V. — Dusek, M. — Mikyska, A.: Profil von Proanthokyanidinen im Bier und in seinen Rohstoffen. Kvasny
Prum. 61, 2015, Nr. 10-11, S. 296-304

Die Anwesenheit der Proanthokyanidine im Bier, die zur breiten Gruppe von Polyphenolen gehéren, durch ihre Tendenz Komplexe mit
Proteinen zu bilden und damit die kolloidale Stabilitat des Bieres zu verschlechtern, ist vielmehr unerwiinscht. Auf der anderen Seite sind
diese Stoffe dank der Fahigkeit die freie Radikale zu binden, in der Lage die sensorische Stabilitat des Bieres zu verbessern. Die Kennt-
nis des Profils von einzelnen Proanthokyanidinen im Bier und in den Rohstoffen, ihr individuelles Verhalten wéhrend des ganzen tech-
nologischen Prozesses kénnte die Losung der Problematik einer Verbesserung der kolloidalen und sensorischen Stabilitat des Bieres
helfen. Deswegen wurde eine neue Methode zur Proanthokyanidinenbestimmung mittels Fllissigchromatographie mit der Massenspek-
trometrie mit hoher Aufldsung gekoppelt ausgearbeitet. Diese Methode wurde zur Verfolgung der Profilanderungen von ausgesuchten
Proanthokynidinen wahrend des Brauprozesses und anschlieBend auch die Spezifitat des Profils von Proanthokyanidinen fir gegebene

Sorte des tschechischen Hopfens zu Uberprifen, angewandt.

Kli¢ova slova: proanthokyanidiny, pivo, slad, chmel, vysokoucinna
kapalinova chromatografie, hmotnostni spektrometrie s vysokym
rozlisenim

1 UVOoD

Polyfenoly, sekundarni metabolity produkované zejména rostlina-
mi, jsou velkou a rGiznorodou skupinou sloucenin, kterd obsahuje
pfes 8000 dosud popsanych sloucenin. (Haslam et al., 1994). Proan-
thokyanidiny, znamé také jako kondenzované taniny neboli tfisloviny,
jsou v pfirodé po ligninu druhou nejrozsifenéjsi skupinou polyfenoll
(Lazarus et al., 1999). Molekuly flavan-3-ol(: pary isomer( katechi-
nu a epikatechinu, gallokatechinu a epigallokatechinu, afzelechinu
a epiafzelechinu (viz obr. 1) tvofi zakladni stavebni jednotku konden-
zovanych proanthokyanidind. Tyto flavan-3-ol jednotky maji typickou
C6-C3-C6 flavanoidni strukturu, ktera je tvofena tfemi kruhy, dvéma
aromatickymi kruhy (kruhy A a C) a heterocyklickym kruhem B (Pre-
dy et al., 2009). Kondenzaci téchto jednoduchych katechint vznikaji
proanthokyanidiny jako dimerni, oligomerni nebo az polymerni slou-
¢eniny. RGznorodost rGznych struktur proanthokyanidinG je dana jak
vlastni variabilitou monomernich jednotek, tj. poétem hydroxylovych
skupin na obou aromatickych kruzich A a C, tak i stereochemii na
asymetrickém uhliku C3 na kruhu B. K variabilité takeé pfispiva vlastni
typ interflavonoidni vazby, kde ke vlastni kondenzaci monomernich
jednotek katechintt mGze dojit bud mezi uhlikem C4 vys$si flavonoidni
jednotky a uhlikem C8 (vazba 4—8) nebo C6 (vazba 4—6) nizsi fla-
vonoidni jednotky (typ B), pfipadné typ A, kde je vazba tvofena pfes

Keywords: proanthocyanidins, beer, malt, hops, high performance
liquid chromatography, high resolution mass spectrometry

1 INTRODUCTION

Polyphenols, secondary metabolites produced mostly by plants,
are a large and diverse group of compounds, which contains over
8000 previously described compounds. (Haslam et al. 1994). Proan-
thocyanidins, also known as condensed tannins or tannins, are the
second most common group of polyphenols in the nature of after lig-
nin (Lazarus et al., 1999). Molecules of flavan-3-ols, pairs of isomers
of catechin and epicatechin, epigallocatechin and gallocatechin, and
afzelechin and epiafzelechin (see Fig. 1) are the basic structural
units of condensed proanthocyanidins. The flavan-3-ol units are typi-
cally C6-C3-C6 flavanoid structures which are formed by three rings,
the two aromatic rings (rings A and C) and a heterocyclic ring B (Pre-
dy et al., 2009). Condensation of these simple catechins yields pro-
anthocyanidins as dimeric, oligomeric or polymeric compounds. The
diversity of the various structures of proanthocyanidins is given by
the variability of monomeric units, i.e. the number of hydroxyl groups
on both of the aromatic rings A and C and the stereochemistry at
the asymmetric carbon C3 on ring B. The variability is also contri-
buted by a specific type of an interflavonoid bond, wherein the self-
-condensation of the monomeric units of catechins can occur either
between the carbon C4 of the higher flavonoid unit and C8 carbon
(link 4—8) or 6 (4—6 linkage) of the lower flavonoid unit (type B), or
the type A wherein the bond is formed via an ether bridge between
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Obr. 1 Monomerni jednotky proanthokyanidinG (Predy et al., 2009) /
Fig. 1 Monomer units of proanthocyanidins (Predy et al., 2009)

éterovy mustek mezi uhliky C2 a C7 (2—0—7) (Lazarus et al., 1999;
Santos-Bueiga et al., 2000; Predy et al., 2009). Také dal$i variabili-
ta vznika pfi samotné kondenzaci monomernich jednotek a vychazi
ze stereochemie téchto jednotek, pfi¢emz 2,3-cis enantiomery tvofi
[4B]-interflavonoidni vazbu, zatimco 2,3-trans enantiomery [4a]-in-
terflavonoidni vazbu. Struktury dimerl typu A a B jsou zobrazeny
na obr. 2.

Proanthokyanidiny, tvofené vyhradné z jednotek katechinu a/nebo
epikatechinu, jsou oznaovany jako prokyanidiny, a dale se déli
na prokyanidiny A a B podle typu interflavonoidni vazby (Predy et
al., 2009). Skupina prokyanidini B se nadale déli na prokyanidiny
s interflavonoidni vazbou (4—8), coz jsou prokyanidiny B1 (epika-
techin-(43—8)-katechin), B2 (epikatechin-(4f—8)-epikatechin), B3
(katechin-(4a—8)-katechin), B4 (katechin-(4a—8)-epikatechin), a na
prokyanidiny s interflavonoidni vazbou (4—6) — zde jde o prokyanidi-
ny B5, B6 a B8. Dalsi dobfe popsanou skupinou jsou prodelfinidiny
(viz obr. 3), které jsou tvoreny dimery obsahujicimi spole¢né mono-
merni jednotky katechinu a galokatechinu, jako je napfiklad prodel-
finidin B3 (gallokatechin-(4a 8)-katechin) a prodelfinidin B9 (epiga-
llokatechin-(4a—8)-katechin), které byly izolované z piva (Stevens
et al., 2002).

Vzhledem k tomu, ze se proanthokyanidiny vyskytuji v mnoha dru-
zich rostlin, jsou pfitomny také v fadé potravin a napoji (Es-Safi et
al., 2006). Bézné se vyskytuji v bobulovitém ovoci (hroznech révy
vinné, angrestu, ¢erném a cerveném rybizu, jefabinach, ¢erném
bezu), v €aji a v rdznych ofesich (Prior et al., 2005). Jednim z vy-
znamnych zdroji proanthokyanidinG je také pivo a sladové napoje,
nebot proanthokyanidiny jsou pfirozenou slozkou je€mene a chmele.
V tab. 1 jsou uvedeny vyznamné zdroje proanthokyanidin(i a jejich
pramérné koncentrace.

Proanthokyanidiny jsou ocefiovany predevSim pro své antioxi-
dacni vlastnosti, které jsou dany jejich schopnosti vychytavat volné
radikaly a alkyl peroxyl radikaly. Jejich pfitomnost v potravé a néapo-
jich podporuje ochranu proti kardiovaskularnim onemocnénim, imu-
nitnim porucham a neurodegenerativnim onemocnénim. Biologicka
aktivita proanthokyanidint zavisi na chemické strukture, koncentraci
a stupni polymerace (Stevens et al., 2002; Hellstrom et al., 2008).

Béhem technologického procesu vyroby piva se proanthokyanidi-
ny obsazené ve chmelu a sladu snadno extrahuji do piva diky své
vysoké rozpustnosti (Predy et al., 2009). Primérny obsah proantho-
kyanidinG v pivu se pohybuje okolo 20 mg.I". Odhadované mnozstvi
proanthokyanidind, které je zavislé na odridé chmele, geografickém
puvodu rostliny, na pribéhu sklizné a na ¢erstvosti chmelové surovi-
ny, se pohybuje v rozsahu 0,5-5 % (Li et al., 2006). Dvorakova a kol.
(2008) uvedli ve své praci primérnou sumu proanthokyanidint a fla-

A =lyp = vazba Cd= C6
OH aCl==(—=C7

B-typ- Cd4-= C§

Obr. 2 Struktura dimerd proanthokyanidind (dimer B-typu s vazbou
C4—C8 nebo s vazbou C4—C6, dimer A-typu s vazbou C4—C6
a C2-0-C7) (Predy et al., 2009) / Fig. 2 Structure of proanthocyanidin
dimers (dimer of B-type with C4— C8 or C4—6 bond, dimer of A-type
with C4—C6 and C2-C7-0 bond) (Predy et al., 2009)

Obr. 3 Zakladni struktura proanthokyanidint: R,, R, = H, propelar-
gonidiny; R, = H, R, = OH, prokyanidiny; R, R, = OH, prodelfinidiny
(Santos-Buelga et al., 2000)/ Fig. 3 The basic structure of proantho-
cyanidins: R1, R2 = H, propelargonidins; R1 = H, R2 = OH, procyani-
dins; R1, R2 = OH, prodelfinidins (Santos-Buelga et al., 2000)

carbons C2 and C7 (2—-0—7) (Lazarus et al., 1999; Santos-Bue-
iga et al., 2000; Predy et al., 2009). Also, another variation arises
during the actual condensation of monomeric units and is based on
the stereochemistry of these units, the 2,3-cis enantiomers forming
a [4B]-interflavonoid bond, while 2,3-trans enantiomers [4a]-inter-
flavonoid bond. Structures of dimers A and B are shown in Fig. 2.
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Tab. 1 Primérny obsah proanthokyanidin(i ve vybranych zdrojich
(Wu et al., 2004; Gu et al., 2003) / Table 1 Average content of
proanthocyanidins in selected sources (Wu et al., 2004; Gu et al.,
2003).

Zdroj proanthokyanidint Pramérny obsah (mg/100 g)

Source of proanthocyanidins Average content (mg/100 g)

Ovoce / Fruit

Cerny rybiz / Blackcurrant 147.8 + 33.0

Angrest / Gooseberry 134.0 + 45.6

Cerny jefab / Black rowan berry  |663.7 + 15.1

Bez / Lilacs 23.3+11.2

Cerveny rybiz /Redcurrant 60.8 +2.3

Broskve / Peaches 67.3 +20.9

Nektarinky / Nectarines 22.8+14.6

Kiwi / Kiwi 3716

Brusinky / Cranberries 418.8 + 75.3

Boruvky / Blueberries 27.0+£17.5

Ostruziny / Blackberries 8.9+0.1

Maliny / Raspberries 30.2+23.4

Jahody / Strawberries 145.0 + 24.9

Zelené hrozno / Green grapes 81.5+15.0

Cervené hrozno / Red grapes 61.0+12.3

Banany / Bananas 40+0.6

Orechy/ Nuts

Pekanové / Pecan 494.1 +£86.2

Liskove / Hazelnuts 500.7 + 152.0

Pistacie / Pistachios 237.3+52.0

Mandle / Almonds 184.0 + 48.2

Vlasské / Walnuts 67.3+14.7

Napoje / Beverages

Cervené vino / Red wine 313.0+5.0

Pivo / Beer 23.0+20

Grepovy dzus / Grapefruit juice 231.0+2.0

Jablkovy dzus / Apple juice 9.0+ 0.1

Suroviny pro vyrobu piva / Raw materials for beer production

Chmel / Hops 500 - 5000 v susiné (Li et al.,
2006)

Slad* / Malt* 35-85

*vysledky byly ziskany z databaze analytické laboratofe VUPS, Pra-
ha / *The results were obtained from analytical laboratory database,
the RIBM Prague

van-3-olG v rGznych odriidach je€mene a pfislusnych sladech. Ve
sladu byl zji§tén obsah 764 az 1422 mg CE/kg a v pdvodnim jeémeni
892 az 2000 mg CE/kg (CE=ekvivalent katechinu). Autofi se domni-
vaji, Ze je tato skute¢nost zplisobena tepelnou Upravou jeémene, kdy
pfi sladovani dochazi k degradaci téchto latek, coz ma za nésledek
jejich niz8i koncentraci v pfislusném sladu.

Odhaduje se, Ze okolo 70-80 % proanthokyanidin{i v pivu pochazi
z jeCmene, zatimco pouze 20-30 % pochazi z chmele (Stevens et
al., 2002). Zadna presnéjsi studie vSak dosud nebyla publikovana.
Podle zatim dostupné literatury jsou proanthokyanidiny z chmele
strukturné velmi podobné proanthokyanidinim v jeémeni (sladu),
podle téchto pramen( je hlavni rozdil ve vy$Sim podilu gallokatechi-
novych oligomernich jednotek v je€meni.

Obsah polyfenolt v meziproduktech pivovarské vyroby a pivu je
dulezity pro koloidni stabilitu vyrobku. Proteiny, zejména proteiny bo-
haté na aminokyselinu prolin, tvofi s anthokyanogeny nerozpustné
komplexy, které jsou pfic¢inou neiédouciho zékalu piva pFi jeho skla-
dovani (Kadlec et al., iz8i
s monomery katechinu a eplkatechlnu intenzivnéjsi zakal zplisobuje
predevsim prokyanidin B3, a zejména prodelfinidin B3 (Kadlec et al.,
2009; Siebert et al., 1996).

Proanthocyanidins consisting exclusively of units of catechin and/or
epicatechin are referred to as procyanidins, and are further divided
into procyanidins A and B, according to the type of the interflavonoid
bond (Predy et al., 2009). Group of procyanidins B further divides
to procyanidins divided into procyanidins with interflavonoid bond
(4—38), i.e. groups B1 (epicatechin-(43—8)-catechin), B2 (epicate-
chin-(43—8)-epicatechin), B3 (catechin-(4a—8)-catechin), B4 (cate-
chin- (4a—8)-epicatechin) and procyanidins with interflavonoid bond
(4—6) including procyanidins B5, B6 and B8. Another group includes
the well described prodelfinidins (see Fig. 3), which are formed by
dimers containing common monomeric units of catechin and gallo-
catechin, such as prodelfinidin B3 (gallocatechin-(4a— 8)-catechin)
and prodelfinidin B9 (epigallocatechin-(4a—8)-catechin) which have
been isolated from beer (Stevens et al., 2002).

Since proanthocyanidins are present in many plant species, they
are also present in many foods and beverages (Es-Safi et al., 2006).
They are commonly found in berryformed fruits (grapes, goosebe-
rries, black and red currants, rowanberries, black elderberry), in tea
and various nuts (Prior et al., 2005). One of the major sources of
proanthocyanidins is also beer and malt beverages, as proanthocy-
anidins are a natural component of barley and hops. Table 1 shows
the major sources of proanthocyanidins and their average levels.
Proanthocyanidins are especially valued for their antioxidant proper-
ties, which are determined by their ability to scavenge free radicals
and alkyl peroxyl radicals. Their presence in foods and beverages
promotes protection against cardiovascular disease, immune disor-
ders and neurodegenerative diseases. Biological activity of proan-
thocyanidins depends on the chemical structure, concentration and
degree of polymerization (Stevens et al., 2002; Hellstrom et al.,
2008).

During the technological process of beer production, proanthocy-
anidins contained in the hops and malt are easily extracted into the
beer due to their high solubility (Predy et al., 2009). The average con-
tent of proanthocyanidins in beer is around 20 mg.I". The estimated
amount of proanthocyanidins, which is dependent on the variety of
hops, the geographical origin of the plants, the course of the harvest
and the freshness of the hop raw material is in the range of 0.5 - 5%
(Li et al., 2006). Dvorakova et al. (2008) reported on the average
amount of proanthocyanidins and flavan-3-ols in different varieties of
barley and corresponding malts. The malt was found to contain 764
to 1422 mg CE/kg, and the main barley 892-2000 mg CE/kg (CE =
catechin equivalent). The authors believe that this is caused by the
heat treatment of barley in the malting which degrades these com-
pounds, which results in their lower concentrations in the respective
malt.

It is estimated that about 70 to 80% proanthocyanidins in beer
originates from barley, while only 20 to 30% comes from the hops
(Stevens et al., 2002). No accurate studies have as yet been pub-
lished. Judging by the available literature, hop proanthocyanidins are
structurally very similar to proanthocyanidins in barley (malt); accor-
ding to these sources the main difference is in a higher share of
gallocatechin oligomeric units in barley.

The content of polyphenols in beer production intermediates and
beer is important for the colloidal stability of the product. Proteins,
particularly proteins rich in the amino acid proline, form insoluble
complexes with anthocyanogens causing undesirable haze during
beer storage (Kadlec et al., 2009). A haze of lower intensity is formed
by complexes with the catechin and epicatechin monomers, intense
turbidity is caused mainly by procyanidins B3 and B3 and in particu-
lar prodelfinidin (Kadlec et al., 2009; Siebert et al., 1996).

In terms of positive contribution of proanthocyanidins, their balan-
ced content is beneficial to the sensory profile of beer. These com-
pounds have the ability to scavenge free radicals from beer (viz. the
principle of natural antioxidants), and thereby slow down the oxida-
tion beer or stabilize its organoleptic characteristics and increase its
sensory stability (Whittle et al., 1999). Furthermore, some of these
substances affect the fullness of beer, its astringency and aftertaste
(Langstaff et al., 1993). This fact should be considered when stabili-
zing beer because a disproportionate reduction in their content can
affect the overall character of the finished beer.

Several methods have been developed in the past for the separa-
tion and identification of the structures of proanthocyanidin analogs.
Taylor et al. separated proanthocyanidins extracted from hops by
column chromatography on Sephadex LH-20 using gradient elution
with a mobile phase constituted by methanol, water and acetone
(Taylor et al., 2003). The resulting fractions were analyzed by two-
-dimensional thin layer chromatography and gel permeation chroma-
tography. Final elucidation of the structures was carried out using
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Z hlediska pozitivniho pfispévku proanthokyanidin(i k senzorické-
mu profilu piva je jejich vyvazeny obsah prospésny. Tyto latky maji
totiz schopnost odstranovat z piva volné radikaly (princip pfirozenych
antioxidant(), a tim zpomaluji oxidaci piva, neboli stabilizuji jeho or-
ganoleptické vlastnosti a zvySuji jeho senzorickou stabilitu (Whittle
et al., 1999). Mimoto nékteré tyto latky ovliviuji plnost piva, trpkost
a doznivani horkosti (Langstaff et al., 1993). Tuto skute¢nost je nut-
no uvazit pfi stabilizaci piva, nebot neumérné snizeni jejich obsahu
mUze mit vliv na celkovy charakter vysledného piva.

Pro separaci a identifikaci struktur analogd proanthokyanidint bylo
v minulosti vyvinuto nékolik metod. Taylor et al. separoval proantho-
kyanidiny extrahované z chmele na chromatografické koloné Sepha-
dex LH-20 za pouziti gradientové eluce s mobilnimi fazemi tvofenymi
methanolem, vodou a acetonem (Taylor et al., 2003). Vysledné frakce
byly analyzovany pomoci dvoudimenzionalni tenkovrstevné chromato-
grafie a gelové permeacni chromatografie. Kone¢na elucidace struktur
byla provedena pomoci hmotnostni detekce na MALDI-TOF, pomoci
které Taylor popsal oligomerni struktury do stupné polymerace 15.

Magalh&ese et al. publikoval praci, ve které popsal separaci ka-
techinu a epikatechinu, a dale objasnil strukturu vice nez 30 poly-
fenolickych latek zahrnujicich kromé proanthokyanidinG také napf.
xanthohumol a kvercetin. Tyto latky extrahoval z chmele, smés ab-
sorboval na PVPP (polyvinylpolyprrolidon), a nasledné je desorboval
smési aceton/voda (7:3, v/v). Elucidace ziskanych slou¢enin byla
provedena pomoci kapalinové chromatografie ve spojeni s hmot-
nostni detekci (Magalhaese et al., 2010).

Li et al., ktery pouzil k identifikaci nové izolovanych proanthokyani-
dinl ze 13 odrd chmele metody HPLC-APCI-MS (vysokouginna ka-
palinova chromatografie s hmotnostni detekci, chemicka ionizace)
a HPLC-ESI-MS (ionizace elektrosprejem), poprvé popsal zavislost
zastoupeni jednotlivych analogl proanthokyanidind ve vzorku chme-
le na jeho odradé (Li et al., 2006).

Jeho hypotéza byla ovérena ve studii autortl OlSovska et al., ktefi
potvrdili zavislost profilu proanthokyanidind na odridé chmele. Au-
tofi provedli studii na odridach ¢eského chmele (Sladek, Premiant,
Zatecky polorany ¢ervenak a Agnus) ze sklizni 2011 (11 vzorkd z 9
lokalit) a 2012 (40 vzork( z 24 lokalit). Kromé opakované odriidové
zavislosti byla prokdzana variabilita profilt v zavislosti na lokalité da-
ného vzorku. Pro ziskani profild studovanych latek byla v této praci
pouzita technika UHPLC-TOF-MS (ultrau€inna kapalinova chroma-
tografie s hmotnostni detekci na principu doby letu), srovnavany byly
profily 40 proanthokyanidinC s nejvy$sim stupném polymerace 5 (OI-
Sovska et al., 2013).

Vyznamnou studii tykajici se obsahu a profilu anthokyanogen
v je¢meni proved! kolektiv autord Whittle et al., ktery izoloval a identifi-
koval vice nez 50 struktur pomoci HPLC-ESI-MS (Whittle et al., 1999).
Také Whittle zjistil vyznamnou korelaci mezi profilem analogtl proan-
thokyanidin(i a odrlidou je€mene. Vyvinuta metoda vSak z divodu ¢a-
sové narocénosti (150 minut) neni vhodna pro rutinni stanoveni.

Autofi Dvorakova et al. pouzili techniku HPLC-ESI-MS pro identi-
fikaci monomernich a oligomernich flavan-3-old v deseti odriidach
je€mene a pfislusnych sladech (Dvofakova et al., 2008).

Cilem této prace bylo vyvinout rychlou efektivni a reprodukova-
telnou metodu pro stanoveni proanthokyanidind v pivu, jeho mezi-
techniky, kapalinové chromatografie s hmotnostni detekci. K detekci
byl pouzit hybridni hmotnostni detektor na bazi kvadrupdlu a orbitalni
pasti. Metoda byla pilotné pouzita pro zjiSténi distribuce a chovani
nékterych proanthokyanidind b&hem vyrobniho procesu a ovéfeni
zavislosti profil proanthokyanidint na chmelové odridé.

2 MATERIAL A METODY

2.1 Chemikalie
_ Aceton (99,9%), siran hofecnaty a chlorid sodny (p.a) (Lach:ner,
Ceska republika).

Acetonitril (99,9%), methanol (99,9%), kyselina mravenéi (pro LC-
-MS), probenecid (=98%) katechin (>99,0%), epikatechin (=97,0%),
(Sigma-Aldrich, USA).

Prokyanidin A2 (99,84%), B1 (>95%), B2 (95,38%) (Phytochem,
Némecko). Dusik (99,996%) (Messer, Némecko).

Deionizovana voda (vodivost >18 MQ) (Mill-Q Integral 3, Merck
Milipore, USA).

2.2 P¥iprava roztoki standardu
Zasobni roztoky standard( proanthokyanidinG byly pfipraveny
pfesnym navazenim 1 mg standardu a naslednym rozpusténim

mass spectrometry on MALDI-TOF, using which Taylor described
oligomeric structures to the polymerization degree of 15.

Magalhaes et al. described the separation of catechin and epica-
techin, and also clarified the structure of more than 30 polyphenols
including, apart from proanthocyanidins, also e.g. xanthohumol and
quercetin. He extracted these substances from hops, absorbed the
mixture on PVPP (polyvinylpolypyrrolidone) and subsequently de-
sorbed them with acetone/water (7:3, v/v). Elucidation of resulting
compounds was performed by liquid chromatography with mass de-
tection (Magalhées et al., 2010).

Li et al. identified newly isolated proanthocyanidins from 13 hop
varieties by HPLC-APCI-MS (high performance liquid chromatogra-
phy with mass spectrometry, chemical ionization) and HPLC-ESI-MS
(electrospray ionization). They were the first to describe the depen-
dence of content of proanthocyanidin analogues in hops samples on
hops variety (Li et al., 2006).

Their hypothesis was verified by OlSovska et al., who confirmed
the dependence of the proanthocyanidin profile on the variety of
hops. The authors conducted a study on Czech hops varieties (Sla-
dek, Premiant, Saaz and Agnus) harvested in 2011 (11 samples
from 9 locations) and 2012 (40 samples from 24 sites). In addition
to repeated varietal dependence they demonstrated profile variabi-
lity depending on the location of the sample. To obtain the profile of
the studied compounds they used UHPLC-TOF-MS equipment (ul-
tra-performance liquid chromatography with mass detection on the
time-of-flight principle). 40 proanthocyanidin profiles were compared
with the highest polymerization degree of 5 (OlSovska et al., 2013).
An important study on the content and profile of anthocyanogens in
barley was performed by Whittle et al., who isolated and identified
more than 50 structures using HPLC-ESI-MS (Whittle et al., 1999).
Whittle also found a significant correlation between the profile of pro-
anthocyanidin analogues and barley variety. The method, however, is
not suitable for routine determinations due to the time requirements
(150 minutes).

Dvorakova et al. used the HPLC-ESI-MS technique to identify the
monomeric or oligomeric flavan-3-ols in ten varieties of barley and
corresponding malts (Dvorakova et al., 2008).

The aim of our study was to develop a rapid, efficient and repro-
ducible method for the determination of proanthocyanidins in beer,
intermediate products and raw materials using state-of-the-art in-
strumental techniques, liquid chromatography with mass spectrome-
try. The hybrid mass detector based on quadrupole and an orbital
trap was used. The method was used to determine the distribution
and behavior of some of proanthocyanidins during the manufacturing
process and verification of the proanthocyanidin profiles as depen-
dent on hop variety.

2 MATERIALS AND METHODS

2.1 Chemicals

Acetone (99.9%), magnesium sulfate and sodium chloride (analy-
tical grade) (Lach:ner, Czech Republic).

Acetonitrile (99.9%), methanol (99.9%), formic acid (LC-MS), pro-
benecid (>98%), catechin (>99.0%), epicatechin (>97.0%) (Sigma-
-Aldrich, USA).

Procyanidins A2 (99.84%), B1 (> 95%), B2 (95.38%) (Phytochemi-
cal, Germany). Nitrogen (99.996%) (Messer, Germany).

Deionized water (conductivity> 18 Mohm) (Milli-Q Integral 3, Merck
Millipore, USA).

2.2 Preparation of standard solutions

Stock solutions of proanthocyanidin standards were prepared by
accurately weighing 1 mg of the standard and dissolving it in 1 mg.I"
of MeOH. Working solutions were prepared by diluting stock solutions
to a final concentration of 1 mg.I". The working solution was used
to prepare ten calibration solutions (for individual proanthocyanidin
standards) such that 2; 5; 10; 20; 50; 100; 200 and 800 ml of solution
(c =1 mg.I-1), 100 ml of internal standard (probenecid, ¢ = 1 mg.I"")
was pipetted into ten glass vials and made up to a total volume of
1 ml by methanol/water (50:50, v/v). Working solutions were prepa-
red always fresh. Stock solutions were stored in a freezer at -21 °C.

2.3 Preparation of wort, green beer and beer samples by the
QuUEChERS method
Samples were taken during the brewing process from reproducible
batches differing only in the hops variety. 10 ml of sample (sweet
wort, wort, green beer or beer) was pipetted into a 50 ml plastic tube
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v 1 ml MeOH. Pracovni roztoky byly pfipraveny fedénim zasobnich
roztokl na finalni koncentraci 1 mg.I"". Z pracovniho roztoku bylo pfi-
praveno deset kalibra¢nich roztokl (pro jednotlivé standardy proan-
thokyanidinu) tak, Zze do deseti sklenénych vialek se odpipetovalo
2; 5; 10; 20; 50; 100; 200 a 800 pl pracovniho roztoku (c = 1 mg.I"),
100 pl vnitfniho standardu (probenecid, ¢ = 1 mg.I"") a vSe bylo do-
plnéno na celkovy objem 1 ml roztokem methanol/voda (50:50, v/v).
Pracovni roztoky byly pfipravovany vzdy Cerstvé. Zasobni roztoky
byly uchovavany v mrazaku pfi -21 °C.

2.3 Priprava vzorku sladiny, mladiny, mladého piva a piva
metodou QUEChERS

Vzorky byly odebirany pfi varnim procesu z reprodukovatelnych
varek liSicich se pouze pouzitou odrlidou chmele. 10 ml vzorku
(sladiny, mladiny, mladého piva nebo piva) bylo odpipetovano do
plastové 50 ml kyvety (Pozn.: vzorek piva musel byt pfed analy-
zou vloZen na 10 minut do ultrazvukové 14zné pro odstranéni oxidu
uhli¢itého). Ke vzorku bylo pfidano 10 ml acetonitrilu, kyveta byla
dlkladné uzavfena a vzorek byl 1 min intenzivné protfepan na tre-
pacce. Nasledné byla do vzorku pfidana smés soli, 4 g MgSO,a 1 g
NaCl, a vzorek byl 1 min intenzivné protfepavan. Vzorek byl nasled-
né odstfedén pfi 5000 min' po dobu 7 minut. Po odstfedéni bylo
300 pl organické faze odpipetovano do 1,5 ml vialky, pfidano 50 pl
vnitfniho standardu probenecidu (c = 1 mg.l""), 600 pl destilované
vody a 50 pl 2% mravenéi kyseliny ve vodé pro zvySeni stability
proanthokyanidinu. Takto pfipraveny vzorek byl nasledné davkovan
na chromatografickou kolonu.

2.4 Priprava vzorkd chmele

Pro ziskani profili proanthokyanidind ve chmelu byly pouzity vzor-
ky chmele ze sklizné 2014. Vzorky pochéazely z riznych lokalit Ceské
republiky a jednalo se o odridy Zatecky polorany ¢ervenak (ZPC),
Sladek, Agnus a Premiant. Pfiblizné 1 g suSenych hlavek chmele
rozemletych najemno v tfistivém mlynku byl viozen do Erlenmayero-
vy banky spole¢né s 250 ml 70% acetonu s vodou. Volny prostor
v barice byl napinén dusikem tak, aby nasledujici extrakce (tfepani
40 minut) probihala v inertni atmosféfe. Poté byl vzorek prefiltrovan
pres skladany filtr. Z filtratu bylo odebrano 5 ml vzorku, ktery byl
odparen dosucha na vakuové odparce pfi 40 °C. Poté byl odparek
v barice rozpustén v 1 ml methanolu. Vzorek pro LC-MS analyzu byl
pfipraven smichanim 200 pl chmelového extraktu s 20 pl vnitfniho
standardu a 780 pl destilované vody.

2.5 HPLC-HRMS analyza

Vzorky byly analyzovany na HPLC systému Dionex Ultimate 3000
(Thermo Scientific) ve spojeni s hmotnostnim spektrometrem s vy-
sokym rozliSenim (Thermo-Q-Exactive, Thermo Scientific). Pro se-
paraci latek byla pouzita chromatografickd kolona XSELECT HSS
T3 (2,1x100 mm, velikost €astic 2,5 pm). Mobilni faze byla tvore-
na roztoky 0,1% (obj.) mravenci kyseliny ve vodé (A) a 0,1% (obj.)
mravenci kyseliny v acetonitrilu (B). Eluce probihala v gradientovém

(Note: beer sample before analysis had to be placed for 10 minutes
in an ultrasonic bath to remove carbon dioxide). To the sample was
added 10 ml of acetonitrile, the cuvette was tightly closed and the
sample was vigorously shaken for 1 min on a shaker. Subsequently,
the sample was supplied with a mixture of salts, 4 g MgSO4 and
1 g NaCl, and shaken vigorously for 1 min. The sample was then
centrifuged at 5000 min-' for 7 minutes. After centrifugation, 300 ml
of the organic phase was pipetted into a 1.5 ml vial 50 ml of an inter-
nal standard probenecid (c = 1 mg.I") was added along with 600 ml
of distilled water and 50 ml of 2% formic acid in water to increase the
stability of proanthocyanidins. The sample thus prepared was then
applied on the chromatographic column.

2.4 Preparation of hops samples

Hops harvested in 2014 was used to obtain profiles of proantho-
cyanidins in hops samples. The samples came from different locali-
ties in the Czech Republic and included the Saaz (SDRs), Sladek,
Agnus and Premiant varieties. Approximately 1 g of dried hop cones
in a finely comminuted in a mincer was placed in an Erlenmeyer
flask together with 250 ml of 70% acetone and water. Free space in
the flask was filled with nitrogen so that subsequent extraction (40-
min shaking) was carried out in an inert atmosphere. The sample
then was filtered through a fluted filter. A 5 ml sample was collected
from the filtrate and evaporated to dryness in a vacuum evaporator at
40 °C. Then, the residue in the flask was dissolved in 1 ml methanol.
A sample for LC-MS analysis was prepared by mixing 200 ml of the
hop extract with 20 ml of the internal standard and 780 ml of distilled
water.

2.5 HPLC-HRMS analysis

Samples were analyzed on a Dionex HPLC Ultimate 3000 (Ther-
mo Scientific) system in conjunction with a high resolution mass
spectrometer (Thermo-Q Exactive, Thermo Scientific). Chromatogra-
phic column XSELECT HSS T3 (2,1x100 mm, particle size 2.5 mm)
was used for separation of substances The mobile phase consisted
of a 0.1% (vol.) formic acid in water (A) and 0.1% (vol.) formic acid in
acetonitrile (B). Elution was carried out in the gradient mode (min/B)
of 0/5, 1/5, 13/70, 18/100, 22-25/5. The total time of separation was
25 minutes. The column temperature was 40 ° C. Flow rate of mo-
bile phase was 0.4 ml.min"'. The volume of sample injected on the
column was 2 ml.

MS/MS experiment was performed in negative ionization mode
using resolution 35000 and a 2 Da isolation window. MS/MS data
were acquired using the “Data Independent Acquisition” (DIA)
mode, when the selected precursor masses were fragmented in
HCD (Higher- Energy Collisional Dissociation) collision cell and
the analytes were detected and quantified based on the speci-
fic product ions in MS/MS fragmentation spectra (see Table 2).
The measured signals were recorded and processed using the Ther-
mo Xcalibur 2.2 software. Subsequently, the data were exported into
the OriginPro 8.5 program (OriginLab, USA), to be further processed.

Tab. 2 MS parametry pro sledované analyty a skupiny analytli z fragmenta¢niho MS/MS spektra (normalizované kolizni energii NCE: 30) /
Table 2 MS parameters for the analytes and the analytes from the fragmentation MS/MS spectrum (normalized collision energy NCE: 30.

- S Matersky ion Kvantifikac¢ni ion
B ) | Summeryioomia | Porention on'miz | Quanication on
K 4.8
CsH:,0; 289.1 125.0242
EK 6.2
(E)G CisH .0, 305.1 125.0242
(E)K-(E)A CyoH26014 531.1 289.0720
(E)K-(E)K Prokyanidin B1 / Procyanidin B1 5.2
(E)K-(E)K Prokyanidin B3/ Procyanidin B3 4.5 CaoH2601 5771 407.0775
(E)K-(E)K Prokyanidin B/ Procyanidin B 5.8
(E)K=(E)K Prokyanidin A2 / Procyanidin A2 8.8 CyoH2.04, 5751 289.0720
(E)K-(E)G CyoH26015 593.1 407.0775
(E)G-(E)G CgoH6014 609.1 125.0242
(E)K-(E)K-(E)K CysHzs01s 865.1 407.0775

K — katechin, EK- epikatechin, (E)K — katechin nebo epikatechin — nerozliSeno, (E)A-afzelechin nebo epiafzelechin — nerozliseno, (E)G-gallo-

katechin nebo epigallokatechin — nerozliSeno

K — catechin, epicatechin EK-, (E)K — catechin or epicatechin — unspecified, (E)A-afzelechin or epiafzelechin — unspecified, (E)G — galloca-

techin or epigallocatechin — unresolved
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médu (min/B) 0/5, 1/5, 13/70, 18/100, 22-25/5. Celkova doba sepa-
race byla 25 minut. Teplota kolony byla 40 °C. Pratok mobilni faze byl
0,4 ml.min-'. Objem vzorku davkovany na kolonu byl 2 pl.

MS/MS experiment byl méfen v negativnim ionizaénim maodu, pfi
pouzitém rozliSeni 35000 a izolaénim oknu 2 Da. MS/MS data byla
ziskana pouzitim médu ,,Data independent acquisition“ (DIA), kdy vy-
brané hmoty prekurzort byly fragmentovany v HCD (Higher-Energy
Collisional Dissociation) kolizni cele a sledované analyty byly dete-
kovany a kvantifikovany na zakladé specifickych produktovych iontl
v MS/MS fragmentacnich spektrech (viz tab. 2).

Namérené signaly byly zaznamenavany a zpracovany pomoci
softwaru Thermo Xcalibur 2.2. Nasledné byla data exportovana do
programu OriginPro 8.5 (OriginLab, USA), kde byla dale zpracovana.

3 VYSLEDKY A DISKUZE

3.1 Optimalizace metody

Pfi optimalizaci metody byla testovana hodnota normalizované
kolizni energie, s cilem ziskat MS/MS spektra pro reprodukovanou
a spravnou kvantifikaci.

Normalizovana kolizni energie (NCE) byla optimalizovana tak, aby
ziskana MS/MS spektra obsahovala reprodukovatelnou a dobfe vy-
povidajici fragmentaci. Z testovanych hodnot NCE 20, 30 a 40 byla
jako optimalni zvolena hodnota 30, pfi které byla ziskana reprodu-
kovatelna MS/MS spektra s bohatou fragmentaci. Pfi pouziti NCE
20 nedochazelo k dostate¢né fragmentaci iont(. Naopak pfi pouziti
vy$8i NCE nez 30, dochéazelo az k pfili§ rozsahlé fragmentaci iontd,
ktera byla pro vyhodnoceni nepfehledna.

3.2 Interni validace metody

Kalibrace metody byla provedena v koncentraénim rozmezi od 5
do 200 pg.I". V tomto koncentraénim rozsahu byla zjiStovana linea-
rita signalu hmotnostniho detektoru (plochy pfislusného piku). Kaz-
dy bod kalibra¢ni kfivky pfislusného standardu byl vypocten z Sesti
opakovanych méfeni. Ze ziskanych hodnot ploch, normalizovanych
na plochu interniho standardu, byly sestrojeny kalibraéni kfivky a vy-
pocteny rovnice regrese a hodnoty determinacniho koeficientu R2,
viz tab. 3.

Z kalibra¢nich krivek byl odvozen limit kvantifikace (LOQ) jako nej-
niz8i bod kalibraéni kfivky, ktery splfiuje kritérium RSD opakovatel-
nosti mensi nez 20 %.

Pro ovéreni opakovatelnosti metody byl pfipraven vzorek chme-
lu (Sladek) Sestkrat stejnym postupem. Poté byly extrakty zméfeny
a nasledné byla vypocitana koncentrace (mg.kg'). Ze ziskanych
koncentraci vybranych proanthokyanidinii (katechin, epikatechin,
prokyanidin B1 a prokyanidin B2) byla vypoctena relativni smérodat-
na odchylka primeéru RSD %, ktera vyjadfuje opakovatelnost metody
(viz tab. 4). Pro vSechny analyzované standardy byla RSD mensi
nez 20 %, coz svédci o dobré opakovatelnosti metody.

Vytéznost metody byla stanovena tak, ze byly uréeny hodnoty kon-
centraci vybranych latek v plvodnim chmelu. Tyto vzorky byly oboha-
ceny roztoky standard(i na dvou koncentra¢nich urovnich, a to o kon-
centracich odpovidajicich plvodni 50% a 100% koncentraci. Z rozdilu
obsahu analytd v plvodnim chmelu a chmelu s pfidavkem byla vy-
poctena vytéznost zvlast pro kazdou koncentraéni droveri (50 a 100%
pridavku, viz tab. 4). VytéZnost se na obou koncentra¢nich hladinach
pohybovala v rozsahu 98—118 %, coz svédc¢i o dobré vytéznosti me-
tody. V souladu s jiz dfive popsanymi vysledky je tedy 70% aceton
pro extrakci proanthokyanidini z chmele optimalni (Predy et al., 2009;
Taylor et al., 2003). Z dobré vytéZznosti metody Ize také usuzovat na
dobré separac¢ni podminky a podminky MS detekce.

3.3 Aplikace metody
Optimalizovana metoda byla pouzita pro sledovani koncentraéni-
ho profilu flavan-3 ol a proanthokyanidin(i (katechin, epikatechin,

3 RESULTS AND DISCUSSION

3.1 Optimization of the method

The optimization of the method involved testing the value of nor-
malized collision energy in order to obtain MS/MS spectra for repro-
ducible and correct quantification.

Normalized collision energy (NCE) was optimized so as to obtain
MS/MS spectra containing reproducible and readily informative frag-
mentation. The value of 30 was chosen as the optimum from the tes-
ted NCE values 20, 30 and 40; it gave reproducible MS/MS spectra
with a rich fragmentation. When using the NCE 20, the fragmentation
of ions was insufficient. Conversely, when using NCE higher than
30 the fragmentation of ions was too extensive, which stymied the
evaluation.

3.2 Internal validation of the method

Calibration of the method was performed in the concentration
range from 5 to 200 pg.I". In this concentration range we determined
the linearity of the mass detector signal (area of the relevant peak).
Each point of the calibration curve of an appropriate standard was
calculated from six repeated measurements. Calibration curves were
constructed from the values of the areas normalized to the area of
the internal standard and regression equations and the value of the
determination coefficient R? were calculated, see Table 3.

The calibration curves were used to derive the limit of quantifica-
tion (LOQ) as the lowest point of the calibration curve which satisfies
the repeatability criterion RSD lower than 20%.

To verify the repeatability of the method, a sample of hops (Sladek)
was prepared six times with the same procedure. The extracts were
measured and the concentration (mg.kg') was calculated. Relative
standard deviation of the mean RSD %, which indicates the repeata-
bility of the method (see Table 4), was calculated from the obtained
concentration of selected proanthocyanidins (catechin, epicatechin,
procyanidin B1 and procyanidin B2). RSD was less than 20% for all
analyzed standards, indicating good repeatability of the method.

The yield of the method was established by determining the con-
centrations of selected substances in the original hops. These sam-
ples were enriched with standard solutions at two concentration le-
vels, corresponding to the initial concentrations of 50% and 100%
concentration. The difference between the content of the analytes in
the original hops and hops with the addition served for calculating the
yield separately for each concentration level (50 and 100% addition,
see Tab. 4). The yield at both concentration levels ranged from 98
to 118%, indicating a good yield of the method. In accordance with
the previously described results 70% acetone is therefore optimal for
extraction of proanthocyanidins from hops (Predy et al., 2009; Taylor
et al,, 2003). The good yield of the method also indicates good con-
ditions of separation and MS detection.

3.3 Application of the method

The optimized method was used for monitoring the concentration
profile of flavan-3-ols and proanthocyanidins (catechin, epicatechin,
procyanidin B1, B2, B3) during the brewing process (Fig. 4, 5, 6, 7and
8). Concentration profiles of catechin, epicatechin, procyanidin B1 and
B2 have the same pattern. In wort, when individual proanthocyanidins
are derived only from barley, the concentration of these substances
is initially low. After wort boiling their concentration increases signifi-
cantly, suggesting that these substances originate mainly from hops.
Subsequently, during the main fermentation and maturation, their con-
centration decreases (precipitation with proteins).

A different behavior is seen with the concentration profile for pro-
cyanidin B3, which has the highest concentration in wort and then
decreases linearly. From this dependence it can be concluded that
procyanidin B3 is not contained in hops.

Furthermore, the graph shows that the concentration of catechin
in wort (Fig. 4) during hopping differs for various different hop vari-

Tab. 3 Kalibrace metody v rozsahu 5 pg.I'" az 200 pg.l"", LOQ a jeho RSD % / Table 3 Calibration of the method in the range of 5 ug.l"'

— 200 pg.I', LOQ and its RSD %

Analyt Rovnice regrese R? LOQ [pg.I"] RSD %
Analyte Regression equation

Katechin / Catechin y =0.00044 c — 0.00323 0.9996 10 2.4
Epikatechin / Epicatechin y =0.00109 c—- 0.00662 0.9986 5 12.6
Prokyanidin B1 / Procyanidin B1 y = 0.00060 ¢ — 0.00323 0.9951 10 9.7
Prokyanidin B2 / Procyanidin B2 y = 0.000091c — 0.00669 0.9935 10 5.2
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Tab. 4 Opakovatelnost a vytéznost metody / Table 4 Repeatability and recovery of the method

Analyt Opakovatelnost Vytéznost Vytéznost
Analyte Repeatability s 50% pridavkem s 100% pridavkem
RSD % Yield with 50% addition Yield with 100% addition
Katechin / Catechin 16.5 113 100
Epikatechin / Epicatechin 13.6 100 98
Prokyanidin B1 / Procyanidin B1 19.7 111 118
Prokyanidin B2 / Procyanidin B2 14.0 103 114

prokyanidin B1, B2 a B3) béhem pivovarského varniho procesu (obr.
4, 5, 6, 7 a 8). Koncentraéni profily katechinu, epikatechinu, proky-
anidinu B1 a B2 maji stejny priibéh. Ve sladiné, kdy jednotlivé pro-
anthokyanidiny pochazeji pouze z je€émene, je koncentrace téchto
latek zprvu nizka. Po chmelovaru jejich koncentrace vyrazné stoupa,
z ¢ehoz Ize usuzovat, ze tyto latky pochazeji prevazné z chmele. Na-
sledné se v prabéhu hlavniho kvaseni a zrani piva jejich koncentrace
snizuje (precipitace s bilkovinami).

Rozdilny prdbéh ma koncentracni profil prokyanidinu B3, jehoz
koncentrace je nejvyssi ve slading, a poté linearné klesa. Z této za-
vislosti Ize vyvodit, ze prokyanidin B3 neni obsazen ve chmelu.
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Obr. 4 Koncentra¢ni profil katechinu béhem varniho procesu.
1—-modifikace ZPC4979,2—-modifikace ZPC4980,3-ZPC, 4—Kazbek
/ Fig. 4 Catechin concentration profile during the brewing process
1 — Saaz modification 4979, 2 — Saaz modification 4980, 3 — Saaz,
4 — Kazbek
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Obr. 5 Koncentracni profil epikatechinu béhem varniho procesu.
1-modifikace ZPC 4979, 2—modifikace ZPC 4980, 3-ZPC,4—Kazbek
/ Fig. 5 Epicatechin concentration profile during the brewing process
1 — Saaz modification 4979, 2 — Saaz modification 4980, 3 — Saaz,
4 — Kazbek

eties. Epicatechin concentration in wort (Fig. 5) for Kazbek variety
coincides with that for hops 4980 (modification of Saaz hops). The
concentration of procyanidins B1 in the wort has the same hop 4979
(modification SDRs) and Saaz. Procyanidin B2 concentration in wort
is the same in both samples of modification Saaz 4979 and 4980.
These samples contain about a five times higher B2 concentration
compared to variety Kazbek. The small scatter of B3 content in wort
(Fig. 8) is given by the uncertainty of measurement and the techno-
logy of sample preparation.

Like the previously described methods (OlSovska et al., 2013; Li
et al. 2006) this method was also used for monitoring the specificity

] T T T T
n
5+ o E
1
S 4 ;
= T w "
=
= {
:;-' ik -
=
E ®1,23
5 o2f
kS 4
= L -
1k -
$ =
ﬂ T T T T
sladina ilading miadé pivo pivo

Obr. 6 Koncentracni profil prokyanidinu B1 béhem varniho procesu.
1 — modifikace ZPC 4979, 2 — modifikace ZPC 4980, 3 — ZPC, 4 —
Kazbek / Fig. 6 Concentration profile of procyanidin B1 during the
brewing process 1 — Saaz modification 4979, 2 — Saaz modification
4980, 3 — Saaz, 4 — Kazbek
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Obr. 7 Koncentracni profil prokyanidinu B2 béhem varniho procesu.
1 — modifikace ZPC 4979, 2 — modifikace ZPC 4980, 3 — ZPC, 4 —
Kazbek / Fig. 7 Concentration profile of procyanidin B2 during the
brewing process 1 — Saaz modification 4979, 2 — Saaz modification
4980, 3 — Saaz, 4 — Kazbek
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Obr. 8 Koncentraéni profil prokyanidinu B3 béhem varniho procesu.
1 — modifikace ZPC 4979, 2 — modifikace ZPC 4980, 3 — ZPC, 4 —
Kazbek / Fig. 8 Concentration profile of procyanidin B3 during the
brewing process 1 — Saaz modification 4979, 2 — Saaz modification
4980, 3 — Saaz, 4 — Kazbek

Daéle je z grafti patrné, ze koncentrace katechinu v mladiné (obr. 4)
je pfi chmeleni raznymi odriidami chmele rozdilna. Koncentrace epi-
katechinu v mladiné (obr. 5) se shoduje u odridy Kazbek s chmelem
4980 (modifikace ZPC). Koncentraci prokyanidinu B1 v mladiné ma
shodnou chmel 4979 (modifikace ZPC) a ZPC. Prokyanidin B2 v mla-
diné ma stejnou koncentraci v obou vzorcich modifikace ZPC 4979
a 4980; tyto vzorky obsahuji asi pétinasobné vyssi koncentraci B2
oproti odrlidé Kazbek. Maly rozptyl obsahu B3 v mladiné (obr. 8) je
dan nejistotou méfeni a technologii pfipravy vzorku.

Podobné jako dfive popsané metody (OlSovska et al., 2013; Li et
al. 2006) byla vypracovana metoda také pouzita pro sledovani odrd-
dové specifity chmele na zakladé skupin proanthokyanidint, které
jsou uvedeny v tab. 3. Ziskané profily testovanych padesati vzorkl
chmele byly statisticky zpracovany.

Vysledky klastrové analyzy relativniho zastoupeni monomernich
jednotek a oligomerd, proanthokyanidinii (obr. 9) zcela jasné odlisily
odridy chmele, a to i z pohledu genetické pfibuznosti odriid. Ceské
odriidy s podilem ZPC v genomu se od tohoto tradiéniho chmele od-
liSuji méné nezli odriidy vzdalené. Geneticky vzdalené jsou odriidy
Kazbek a Agnus, které se radi do skupiny americkych chmelu (Atlas
Ceskych odrid chmele, 2012). Kazbek ma v plvodu plané kavkazské
chmele, Agnus odrtdy ZPC, Sladek, Bor, Fuggle a Northern Brewer.
Bliz&i ZPC jsou odriidy chmele Sladek a Premiant. Obé tyto odridy
maji v pdvodu vyznamny podil ZPC. Je zfejmé, Ze geneticky plvod
chmele koresponduje s chemotaxonomickym profilem proanthokya-
nidin( chmele. Vysledky ziskané novou metodou pIné potvrdily zavé-
ry pfedchozi studie (OlSovska et al., 2013).

4 ZAVER

Cilem této prace bylo optimalizovat podminky separace proan-
thokyanidint ve vybranych pivovarskych surovinach pomoci vy-
sokoucinné kapalinové chromatografie ve spojeni s hmotnostnim
spektrometrem s vysokym rozliSenim a nasledné tuto metodu vyuzit
pro sledovani profilu vybranych proanthokyanidinCi (katechin, epika-
techin, prokyanidin B1, B2 a B3) béhem pivovarského procesu. Byl
potvrzen predpoklad, ze jednotlivé koncentrace se béhem procesu
méni. Koncentrace katechinu, epikatechinu, prokyanidinu B1 a B2
v mladiné prudce stoupla oproti koncentraci ve sladiné, z ¢ehoz vy-
plyva, ze tyto latky jsou pfi varnim procesu extrahovany z pouzitého
chmele. Naopak prokyanidin B3 pochazi pouze z je€mene, nebot
jeho koncentrace béhem varniho procesu linearné klesa. Vysledny
pokles vSech sledovanych PAs je zplisobeny technologickym proce-
sem pfi vyrobé piva (precipitace s bilkovinami a nasledné odstrario-
vani kal(l). Dale bylo potvrzeno, Ze profil proanthokyanidin( je speci-
ficky pro danou odridu ¢eského chmele.

PODEKOVANI
Tato prace byla vypracovana za podpory MZE-RO1014-Vyzkum
kvality a zpracovani sladafskych a pivovarskych surovin.
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Obr. 9 Klastrova analyza. Odrddova specifita chmele (ZPC — Zatecky
polorany Cervenak, SLA — Sladek, PRE — Premiant, AGN — Agnus,
KAZ — Kazbek) / Fig. 9 Cluster analysis. Varietal specificity of hops
(ZPC — Saaz, SLA — Sladek, PRE — Premiant, AGN — Agnus, KAZ
— Kazbek)

of hop varieties based on the groups of proanthocyanidins shown in
Table 3. The resulting profiles of the fifty hop samples tested were
statistically processed.

The results of cluster analysis of the relative representation of mo-
nomeric units and oligomers of proanthocyanidins (Fig. 9) clearly dis-
tinguish the varieties of hops, even in terms of genetic relatedness.
Czech hops varieties with a share of Saaz in the genome differ from
this traditional hop less than remote varieties. Varieties Kazbek and
Agnus are genetically distant as they belong to a group of American
hops (Atlas of Czech hop varieties, 2012). Kazbek has a Caucasian
origin of wild hop varieties, Agnus is near the varieties Saaz, Sladek,
Bor, Fuggle and Northern Brewer. Nearer to Saaz hops are varieties
Sladek and Premiant. Both these varieties possess a significant pro-
portion of Saaz. It is clear that the genetic origin of hops corresponds
with the chemotaxonomic profile of hops proanthocyanidins. Results
obtained by the new method fully confirmed the conclusions of previ-
ous studies (OlSovska et al., 2013).

4 CONCLUSIONS

The aim of this study was to optimize the conditions for the se-
paration of proanthocyanidins in selected brewing materials by high
performance liquid chromatography coupled with high resolution
mass spectrometry and then use this method to monitor the profile of
selected proanthocyanidins (catechin, epicatechin, procyanidin B1,
B2 and B3) during the brewing process. It confirms the assumption
that the individual concentrations change during the brewing proce-
ss. The concentration of catechin, epicatechin, procyanidin B1 and
B2 in the wort rose sharply relative to the concentration in the sweet
wort, indicating that in the brewing process these substances are
extracted from the hops. Conversely, procyanidin B3 comes only
from barley, because its concentration during the brewing process
decreases linearly. The resulting decline in all monitored PAs is due
to the technological process in the production of beer (precipitation
with proteins and subsequent sludge removal). It was also confirmed
that the profile of proanthocyanidins is specific for given variety of
Czech hops.
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