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stanovit stereocisomerni formy iso-alfa kyselin a zaroven stanovit koncentraci pripadné pfitomnych tetrahydroiso-alfa kyselin jejich se-
paraci na koloné s reverzni fazi C18. Jednotlivé skupiny latek se eluuji v oddélenych skupinach. Zbytky alfa kyselin, které nepresly na

iso-alfa kyseliny, stanoveni v podstaté nerusi.

Jurkova, M. — Horak, T. — Culik, J. — éejka, P. — Kellner, V.: Simultaneous determination of iso-alpha acids in their cis- and trans-
forms and tetrahydroiso-alpha acids. Kvasny Prum. 56, 2010, No. 3, p. 163—166.

The elaborated method enables the simultaneous determination of stereoisomer forms of iso-alpha acids and tetrahydroiso-alpha
acids using very modest way of separation on reverse phase on C18 column mobile phase without buffers. The groups of analysed com-
pounds elute separately. The rests of untransformated alpha acids to iso-alpha acids do not obstruct the analysis.
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sehr schonenden Weise die Stereo Isomer Formen der Iso-Alfa S&duren zu bestimmen und gleichzeitig durch die Separation auf der Ko-
lonne mit Reversphase C 18 die Konzentration von zuféllig anwesenden Tetrahydroiso-Alfa Sauren festzustellen. Die einzelnen Stoff-
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1 UVOD

Pfi varnim procesu alfa horké kyseliny prechazeji na iso-alfa ky-
seliny zodpovédné za horkou chut piva. Iso-alfa kyseliny jsou formo-
vany do dvou prostorovych isomer(: cis- a trans-, a to ve prospéch
cis- formy (pomér cis-/trans- forem byvéa 68/32) [1]. Béhem starnuti
piva je i forma cis- stabilngjsi na rozdil od formy trans-, ktera podléha
snadnéji oxidacnim reakcim vedoucim k tvorbé tékavych sloucenin,
véetné 2-ketond, které dale podléhaji kondenzaénim reakcim aldolo-
vého typu s aldehydy. Vznikajici slou¢eniny podstatné ovliviuji sen-
zorické vlastnosti piva. Je proto dllezité sledovat souvislosti nejen
mezi pocate€ni pfeménou alfa-kyselin na iso-alfa kyseliny, ale také
dale sledovat koncentrace iso-alfa kyselin ve vyrobeném pivu a je-
jich stabilitu béhem skladovani [2]. Sledovani jednotlivych forem cis-
a trans- iso-alfa kyselin ma vyznam pro sledovani starnuti piva, kdy
forma trans-, ktera je nachylnéjsi k oxidaci, vypovida také o ¢asové
stabilité horkosti piva.

Problém Ubytku iso-alfa kyselin a stability hofkosti piva mize byt
feSen pfidavanim stabilnich hydrogenovanych iso-alfa kyselin. V né-
kterych statech EU se proto redukované iso-alfa-kyseliny (zejména
tetrahydroiso-alfa-kyseliny) ve formé komerénich preparatt do piva
pridavaji.

Dosud pouzivana HPLC metoda EBC 7.9 pro stanoveniiso-alfa ky-
selin v pivu nebo v isomerizovanych chmelich neumoznuje rozliseni
jednotlivych cis- a trans-stereoisomeru iso-alfa kyselin. Je proto sna-
hou mnoha autor( vypracovat postupy, které by umoznily nejen roz-
liSeni jednotlivych forem iso-alfa kyselin, ale i identifikovat jednotlivé
slozky pfidavanych hydrogenovanych iso-alfa kyselin [3].

Cilem této prace bylo vypracovat metodu pro rozlieni cis- a trans-
forem iso-alfa kyselin a jejich soucasné stanoveni vedle pfipadné pfi-
tomnych tetrahydroiso-alfa kyselin. Pfiprava vzorku k analyze vychazi
z pfedchozi prace [4].

2 MATERIAL A METODY

2.1 Extrakce iso-alfa kyselin
5 ml odpénéného piva (odpénéniza pomociultrazvuku) se po opad-
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tetrahydroiso-alpha

1 INTRODUCTION

The bitter alpha acids changed into iso-alpha acids during boiling
process and the established iso-alpha acids are accountable for a
beer bitterness. The iso-alpha acids formed two stereoisomers: cis-
and trans- on the behalf of cis- form (the ratio of cis-/trans- forms is
usually 68/32) [1]. The cis—form more stable than a trans—form which
undergoes readily to oxidative reactions yielding to formation of
volatile compounds including of 2-ketones, which could undergo al-
dol-type condensations with aldehydes. The rising compounds influ-
ence the sensory features of beer significantly. Due to it the study of
relationships of initial conversion of alpha acids to iso-alpha acids are
very important and also further checking of concentrations of iso-al-
pha acids in produced beer and their stability during storage [2]. The
monitoring of individual forms cis- and trans- iso-alpha acids is im-
portant for checking of beer ageing, when the trans-form more proned
to oxidation predicates to the time stability of beer bitterness.

The problem of decomposition of iso-alpha acids and stability of
beer bitterness can be solved by addition of stable hydrogenated iso-
alpha acids. The reduced iso-alpha acids (namely tetrahydroiso-al-
pha acids) are therefore added to beer in form of commercial prod-
ucts in some EU countries.

Currently used HPLC EBC 7.9 method for determination of iso-al-
pha acids in beer or in isomerised hops does not allow resolution of
individual cis- and trans- isomers of iso-alpha acids.

There are efforts of many authors to elaborate some methods for re-
solution not only the individual forms of cis- and trans- isomer but also
to identification components of added hydrogenated iso-alpha acids [3].

The aim of this study was to work up a method for separation of
cis- and trans-form of iso-alpha acids and their simultaneous deter-
mination with tetrahydroiso-alpha acids present eventually. The sam-
ple preparation is the same as in the previous work [4].

2 MATERIAL AND METHODS

2.1 Extraction of iso-alpha acids
5 ml of degassed beer (ultrasonic degassing) after falling off the

Minutes

Obr. 1 Chromatogram stereoisomer( iso-alfa kyselin a tetrahydroiso-alfa kyselin (T1-T5)./ Fig. 1 Chromatogram of stereoisomers of iso-alpha

acids and tetrahydroiso-alpha acids (T1-T5)
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Obr. 2 Chromatogram stereoisomeru iso-alfa kyselin a tetrahydroiso-alfa kyselin spole¢né (T1-T5) s alfa kyselinami. /Fig. 2 Chromatogram
of stereoisomers of iso-alpha acids and tetrahydroisoalpha acids (T1-T5) together with alpha acids

nuti pény nanese na kondicionovanou extrakeni kolonku (STRATA X foam are applied on conditionated extraction columns (STRATA X 33
33 um/60 mg — Phenomenex). um/60mg — Phenomenex).

Kondicionace: 1,5 ml methanolu (Sigma Aldrich), potom 1,5 ml H,O Condition: 1.5 ml of methanol (Sigma Aldrich), after it 1.5 ml H,O
(ultracista, Millipore). (ultraclean, Millipore)

Po priichodu piva kolonkou se tato promyje 1,5 ml 5% vodnym roz- After passing of beer the extraction column is rinsed by 1.5 ml 5%
tokem methanolu za G€elem odstranéni polarnéjsich slou¢enin. Po-  methanol solution in water in order to remove more polar compounds.

I

T T
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Obr. 3 Chromatogram iso-alfa kyselin, tetrahydro-iso-alfa kyselin a alfa-kyselin ve vzorku zakoupeného piva / Fig. 3 Chromatogram of iso-
alpha acids, tetrahydro-iso-alpha acids and alpha-acids in thepurchased sample of beer
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tom se kolonka vysusipod proudem dusiku a vyeluuje se do odmérné
banky o objemu 5 ml methanolem.

Methanolem se doplni po znacku a promicha.

Z takto upraveného vzorku se na kolonu nastfikuje 10 ul.

2.2 Chromatograficka separace a stanoveni
K analyze byla zvolena kolona s reverzni fazi (Alltima C18, 5 um,
150x4,6 mm, Alltech) s pfedkolonkou C18 4x3 mm (Phenomenex).
Mobilni faze je dvouslozkova: A je ultraista voda (Millipore) s ob-
sahem max.5 ppb organickych latek, okyselena kyselinou fosfore¢-
nou na hodnotu pH 2,8, B je acetonitril (ACN) kvality gradient grade
(Sigma Aldrich).
Pouzity gradient pro separaci: 0. min. 52% ACN, 40. min 72% ACN.
Analyza trva 40 minut s ekvilibraénim ¢asem 15 minut.
Jednotlivé slozky byly detekovany v oblasti UV, v pfipadé iso-alfa
-kyselin pfi 275 nm, v pfipadé tetrahydro-iso-alfa kyselin pfi 253 nm.
Teplota kolony byla 35 °C, pritok byl 1,5 ml/min a nastfik 10 ul.
K analyze byl pouzit stavebnicovy kapalinovy chromatograf Spect-
raSYSTEM (TSP, USA) s UV detekci s diodovym polem. Sbér dat
a vyhodnoceni byly zajistény chromatografickym softwarem Chrom-
Quest pro Windows NT.

3 VYSLEDKY A DISKUSE

Iso-alfa kyseliny byly eluovany v 6 eluénich zénach, kde 3 pasy od-
povidaly trans — formam co-humulonu, n-humulonu a ad-humulonu
a 3 pasy cis — formam co-humulonu, n-humulonu a ad-humulonu. Od-
délené za skupinou elu¢nich zén iso-alfa kyselin byly eluovany tet-
rahydroiso-alfa kyseliny (obr. 7).

Pfipopsanych separa¢nich podminkach byly tetrahydro-iso-alfa ky-
seliny eluovany pouze v 5 zonach. V oblasti tetrahydroiso-alfa kyse-
lin eluuji téz alfa kyseliny, jejich pfipadnou pfitomnost ve vzorku mu-
sime pfedpokladat (obr. 2).

Pik oznageny T4 za téchto separacnich podminek koeluuje s jed-
nou z prostorovych forem odpovidajici poslednimu piku T5.

Alfa kyseliny eluuji ve 2 vyrazngjSich zénach, které neinterferuiji
s tetrahydro-iso-alfa kyselinami, a v jedné nevyrazné zone, ktera vy-
kazuje ¢astecny prekryv s posledni zénou tetrahydroiso-alfa kyselin.
Tato skute€nost nebrani pfi kvalitativnim dlkazu pfitomnosti tetra-
hydro-iso-alfa kyselin vedle iso-alfa-kyselin, avSak pfi kvantitativnim
stanoveni by méla byt tato skute¢nost zahrnuta do nejistoty stano-
veni.

Metoda byla odzkouSena vzhledem ke stanoveni cis-a trans- fo-
rem iso-alfa kyselin na fadé vyzkumnych vzorkd a nékterych vzorkd
z obchodni sité. U nékterych zakoupenych vzork( piv byla nalezena
pfi HPLC analyze reten¢ni shoda piku s tetrahydroiso-alfa kyselinami
(obr. 3). Vzhledem k relativni hofkosti tetrahydroiso-alfa kyselin 1,5-
1,9 (relativni horkost iso-alfa kyselin je 1,00) [1,5] muze jiz pfidavek
nékolika mg/l tetrahydroiso-alfa kyselin zlepSovat senzorické vlast-
nosti piva. Napfiklad ve studii sledovani stability trans-iso-alfa hof-
kych kyselin [5] a kontroly hofkosti byly nalezeny v zahrani¢nich le-
zackych pivech jiz hodnoty od 2,9 mg/l pfidanych tetrahydroiso-alfa
kyselin pro zachovani horkosti béhem jejich skladovani.

Jelikoz analyzované iso-alfa kyseliny a tetrahydroiso-alfa kyseliny
eluuji v Sesti resp. péti elu¢nich zénach, jsou pfi kvantitativnim vy-
hodnoceni pouzity odezvové faktory vypocitané jako pomér kon-
centrace standardu (mg/l) a souctu ploch v§ech pikl pfislusného
standardu. Jedna se o kalibraci konvenéné pouzivanou v pivovarstvi
pro stanoveni iso-alfa kyselin (metoda EBC 7.9).

Mez stanoveni je podstatné ovlivnéna kvalitou detektoru, tedy jeho
pomérem signdlu k Sumu.
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The column is after that dried under nitrogen stream and is washed
by methanol to 5 ml flask and adjusted by methanol to graduated
mark and mixed up.

10 wl of this sample are injected on the column.

2.2 Chromatographic separation and determination

The column with reverse phase (Alltima C18, 5 um, 150x4,6 mm,
Alltech) with precolumn C18 4x3 mm (Phenomenex) was chosen to
analysis.

Mobile phase consist of two component part: A is ultraclean water
(Millipore) with content max. 5 ppb organic compounds, acidified by
phosphoric acid to pH 2.8, B is acetonitril (ACN) gradient grade qual-
ity (Sigma Aldrich).

The gradient used to separation: 0. min. 52% ACN, 40.min. 72% ACN.

The analysis takes 40 minutes including 15 minutes of equilibration.

Individual components were detected in UV area, in the case of
iso-alpha acids it was 275 nm and in case of tetrahydroiso-alpha acids
it was 253 nm.

The column temperature was 35 °C, the flow was 1.5 ml/min and
10 ul were injected on the column.

The modular liquid chromatograph SpectraSYSTEM (TSP, USA)
with DAD was used to analysis. Data acquisition and evaluation were
realised by chromatographic software ChromQuest for Windows NT.

3 RESULTS AND DISCUSSION

The iso-alpha acids are eluted in 6 zones, where 3 zones agreed
with trans- forms of co-humulone, n-humulone and ad-humulone and
3 zones agreed with cis- forms co-humulone, n-humulone and ad-
humulone. The group of tetrahydroiso-alpha acids was eluted behind
the group of iso-alpha acids separately (Fig. 7).

The tetrahydroiso-alpha acids are eluted only in 5 zones in described
experimental conditions. The alpha acids, their possible presence we
suppose, elute in the area of tetrahydroiso-alpha acids (Fig. 2)

The peak T4 coelutes with one form belonging to peak T5.

The alpha acids elute in two conspicuous zones without any inter-
ferences with tetrahydroiso-alpha acids and in one peak zone with in-
terference with the last zone of tetrahydroiso-alpha acids. This fact does
not hinder to qualitative evidence of tetrahydroiso-alpha acids besides
the iso-alpha acids, but by quantitative determination this fact should
be mentioned by calculation of an uncertainty of the determination.

The method was successfully used for the determination of cis-
and trans-iso-alpha acids for many research samples and some com-
mercial samples. The retention time of HPLC peaks in commercial
beer samples were identical with peaks of tetrahydroiso-alpha acids
(Fig. 3). With regard to relative bitterness value of tetrahydroiso-al-
pha acids 1.5-1.9 (relative bitterness of iso-alpha acids is 1.00) an
addition of few mg/l of tetrahydroiso-alpha acids can improve sen-
sory features of beer. For example the values from 2.9 mg/l of tetrahy-
droiso-alpha acids were found during storage in foreign lager beers
by monitoring of bitter acids [5].

Due to the elution of iso-alpha acids and tetrahydroiso-alpha acids
6 and 5 zones respectively, the response factors are used as the ra-
tio of standard concentrations and all areas corresponding standard.
This calibration mode is used in brewing analytics conventionally
(method EBC 7.9).

The limit of determination is influenced by a quality of detector
namely by ratio signal / noise.
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