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Ultra uc¢inna kapalinova chromatografie (UHPLC), vyuzivajici principu separace na poréznich ¢asticich mensich nez 2 uym, byla vyuzi-
ta pfi separaci a stanoveni prostorovych forem iso-a-horkych latek v pivu. Nova UHPLC metoda byla srovnana s metodou HPLC pouzi-
vanou pro tato stanoveni ve VUPS z hlediska rychlosti analyzy, ucinnosti separace, spotfeby mobilni faze a kone¢né byly porovnany
opakovatelnosti obou metod. Vysledky studie potvrdily vSechny o¢ekavané vyhody UHPLC, metoda je 2,5 krat rychlejSi pfi zachovani
daného rozliSeni a vic jak desetinasobné Setfi spotfebu organickych rozpoustédel. Kromé ekonomickych vyhod se tato nova metoda
vyznacuje vysokou presnosti. Ta byla ovéfovana pomoci opakovatelnosti UHPLC metody pro obé formy iso-a-horkych kyselin. Zejména
pro trans-iso-horké kyseliny, které jsou vyznamnymi ukazateli starnuti piva béhem jeho skladovani nebo transportu, byla zjisténa lepsi
opakovatelnost UHPLC metody oproti HPLC.
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The Ultra High Performance Liquid Chromatography (UHPLC), which uses the principle of separation on sub-2 pm particles, was
tested for the separation and determination of steric forms of iso-a-acids in beer. The new UHPLC method was compared with the
HPLC method, which is used for iso-a-acid determinations in RIBM. The comparison was performed with respect to the speed of ana-
lysis, separation efficiency, mobile phase consumption, and finally repeatability. The results of this study determined all the expected
advantages of the UHPLC; while maintaining the resolution this method reduced analysis time 2.5 times compared to the previous
HPLC. In addition, the UHPLC reduces the consumption of organic solvents 10 times. Apart from the economic benefits the UHPLC
provides a high precision of the measurement, which was verified as repeatability of the UHPLC for both forms of iso-a-aids. Especial-
ly the trans-iso-a-isomers are significant indicators of beer aging during storage and transport. It was found that the repeatability of
UHPLC for the trans-isomers is better than the repeatability of HPLC.
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Die Ultra-Wirkende Flussigkeitschromatographie (UHPLC), die das Prinzip einer Separation auf den pordsen Teilchen mit dem Gros-
se unter 2 pm ausnutzt, wurde bei der Separation und Bestimmung von Raumformen der iso-a-Bitterstoffen im Bier angewandt. Im
Hinblick auf die Geschwindigkeit der Reaktion, die Separationsleistungsfahigkeit, Mobilphasenverbrauch wurde die neue UHPLC Me-
thode mit der im Forschungsinstitut fir Brauereien und Malzereien in Prag (VUPS Praha) fiir gleiche Messen benutzte Methode HPLC
verglichen und schlieBlich die Reproduzierbarkeit von beiden Methoden verglichen. Die experimentellen Ergebnisse haben alle voraus-
sichtlichen Vorteile der neuen UHPLC Methode bestétigt mit folgendem Resultat, die Methode sei 2,5 schneller und Verbrauch an orga-
nischen Lésungen betragt 10mal weniger. Neben den 6konomischen Beitrdgen kann man als der weitere Vorteil betrachtet werden die
héhere Genauigkeit der neuen Methoden, die durch die Messensreproduzierbarkeit der UHPLC fur beide Formen der iso-a-Bittersauren
geprift wurde. Insbesondere fiir die trans-iso-Bitterséuren, die eine bedeutenden Parameter der Alterung des Bieres binnen seines
Transport und Lagerung sind, wurde eine bessere Reproduzierbarkeit der UHPLC Methode gegen die HPLC Methode gefunden.

Klicova slova: UHPLC - ultraucinnd kapalinova chromatografie,
HPLC - Vysokoucinna kapalinova chromatografie, UHPLC kolony,
cis/trans-iso-o.-horké kyseliny

1 UVOD

Béhem varniho procesu se formuji iso-a-kyseliny ve dvou prosto-
rovych formach, cis- a trans- v poméru 2:1 ve prospéch stabilngjsi
cis-formy. Vlivem plsobeni faktord ovliviiujicich proces starnuti uby-
va rychleji forma trans-, coz se projevuje jednak snizenim horkosti
piva, jednak tvorbou senzoricky nezadoucich latek. Proto se moderni
technologické postupy, které hledaji zplsoby zpomaleni starnuti

Keywords: UHPLC — Ultra High Performance Liquid Chromato-
graphy, HPLC - High Liquid Performance Liquid Chromatography,
UHPLC columns, cis/trans-iso-a.-acids

1 INTRODUCTION

Iso-a-acids are formed during the brewing process in two steric
forms, cis- and trans-, in a ratio of 2:1 in favor of the more stable cis-
form. The factors influencing the beer aging process cause a faster
decrease of the trans-form, which results in both a decrease of beer
bitterness and the formation of sensory undesirable compounds.
Therefore modern technology processes, which look for the ways of
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piva, zamérfuji pravé na moznost zpomalit Ubytek iso-a-kyselin (De
Cooman et al., 2000).

Vyvoji analytickych metod pro stanoveni cis- a trans- forem iso-o-
kyselin je vénovana pozornost nejen z hlediska jejich Setrné izolace
z piva (SPE extrakce), ale také z hlediska jejich dokonalé separace
a dostate¢né citlivého stanoveni v pivu metodami kapalinové chro-
matografie. V sou¢asné dobé jsou v pivovarstvi pouzivany zejména
metody klasické HPLC. Ale i do této oblasti za¢inaji pronikat techniky
rychlé chromatografie zalozené na separaci na kolonach s ¢asticemi
mensimi nez 2 pm, neboli ,sub-2- pm*, jejichz G¢innost se s rostouci
linearni pratokovou rychlosti prakticky neméni. Jestlize k separaci
pouzijeme takovéto kolony, mluvime pak o ultra U¢inné kapalinové
chromatografii (UHPLC), jejiz zakladni principy byly popsany v ¢&is-
le 2, 2012 tohoto ¢asopisu. Pomoci UHPLC Ize dosahnout stejné
dobré, Casto i lepSi separace nez v HPLC mddu, ale v podstatné
kratSich ¢asech. Vyssi zpétné tlaky, které jsou dlisledkem jemného
zrnéni UHPLC kolon, umoZznuji zvladnout nové vyvinuta specialni
Cerpadla, dokonala tésnost celého systému a s tim spojena fada no-
vych technickych prvkl tvofici UHPLC systém. Kromé rychlosti se-
parace je dalsi vyhodou UHPLC velmi nizka spotfeba rozpoustédel
(az desetinasobna uspora oproti HPLC) a nizké nastfiky vzorku
na kolonu (1-2 pl).

UHPLC byla vyuzita pfi vyvoji nové metody stanoveni cis- a trans-
izomer( iso-a-kyselin v pivu. Parametry separace byly srovnavany
s klasickou HPLC metodou bézné uzivanou ve VUPS (Vyzkumny
ustav pivovarsky a sladarsky); kromé rychlosti analyzy a ucinnosti
separace byly srovnavany hodnoty opakovatelnosti (r,,) dosazenych
vysledkd z obou metod.

Separace iso-a-kyselin a jejich izomerl obsazenych v pivu se béz-
né provadi na reverzni C18 stacionarni fazi, mobilni faze je tvofena
pufrem Ci kyselinou v kyselé pH oblasti a organickym modifikatorem
acetonitrilem (ACN). S vyvojem stacionarnich fazi odolnych v Siroké
oblasti pH, tedy i v oblasti alkalické, vznikaji metody separace, které
vyuzivaji i tuto oblast pH (Hofta et al., 2007). Dobra selektivita téchto
kolon umozriuje stanoveni iso-a-kyselin, jejich oxidaénich produktt
a rdznych forem hydrogenovanych iso-o-kyselin sou¢asné v jedné
analyze. Metoda stanoveni obsahu cis- a trans- izomer( iso- a-kyse-
lin za neutralnich ¢i slabé zasaditych podminek (Harms et Nitzsche,
2001) byla vyuzita v praci pfi stanoveni zmén pomeéru cis/trans forem
béhem skladovani piva pfi riznych teplotach (Strakova et al., 2007).
Je vSak nutno podotknout, Ze v alkalickém prostfedi dochazi k pre-
méné a tedy posunu rovnovahy z a-kyselin na iso-a-kyseliny (Basa-
fova et al., 2010). Dosud nebylo zdokumentovano, v jaké mife maze
tato izomerizace ovlivnit vysledek analyzy pfi separaci téchto latek
v alkalickém prostredi.

Pro Ucely nasi studie byla proto zvolena plvodni varianta s hodno-
tou pH mobilni faze v kyselé oblasti.

2 MATERIAL A METODY

Pro porovnani obou metod UHPLC a HPLC pro stanoveni izomer(
cis- a trans- iso-a-kyselin byla vybrana tuzemska piva vykazujici hot-
kost v rozsahu 25-34 mg/I celkového obsahu iso-a-kyselin. Iso-o-
kyseliny byly z piva izolovany technikou SPE na extrakénich kolon-
kadch Phenomenex podle dfive popsaného postupu (Jurkova et al.,
20083).

V obou metodach byl pouzit jako externi standard mezinarodni
kalibraéni standard (ICS) dicyklohexylamin iso-a-kyselin s obsahem
62,3 % iso-a-kyselin ozna¢eny DCHA-Iso, ICS-13.

Zasobni roztok kalibraéniho standardu byl pfipraven navazenim
20mg ICS — I3 s pfesnosti na 0,1 mg a rozpusténim do 100 ml met-
hanolu, gradient grade 99,8% (Merck), okyseleného kyselinou fosfo-
re¢nou, p.a. (Merck), 0,5 : 1000 (v/v). Pro metodu HPLC byl zasobni
roztok kalibraéniho standardu zfedén 10x, pro metodu UHPLC byl
zfedén 20x, vzdy okyselenym methanolem pouzitym pro zasobni ka-
libraéni roztok.

Chromatografické podminky HPLC

Separace byla provedena na koloné s reverzni fazi (Alltima C18,
5 um, 150 x 4,6 mm, Alltech) s pfedkolonkou C18 (4 x 3mm, Pheno-
menex), za pouziti linearniho gradientu dvouslozkové mobilni faze
(A) a (B). Faze (A) byla tvofena ultracistou vodou (Millipore) s obsa-
hem max. 5 ppb organickych latek, okyselenou kyselinou fosfore¢-
nou na hodnotu pH 2,7. Faze (B) byla tvofena ACN, gradient grade
> 99,9 % (Sigma Aldrich). Na poc¢atku analyzy obsahovala mobilni
faze 52 % ACN, béhem 30minutové analyzy se obsah acetonitrilu li-

slowing down beer aging, focus on the possibility how to reduce the
drop in the concentration of iso-a-acids (De Cooman et al., 2000).

During the development of analytical methods for determination of
cis-/trans-iso-a-acids, close attention is paid to the isolation of these
compounds from beer (SPE extraction) and to the complete separa-
tion and sufficiently sensitive determination in the beer using the lig-
uid chromatography methods. In the present, classical HPLC meth-
ods are used for the purpose. However, new chromatography
techniques based on separation on columns packed with sub-2 pm
particles are being increasingly used in the analysis of beer. The ef-
ficiency of these columns does not change when the linear velocity
increases. The chromatography employing these columns is called
Ultra High Performance Chromatography (UHPLC). The principles of
this method were described in issue 2, 2012 of the journal. An identi-
cal and often better separation can be achieved using UHPLC in
comparison with HPLC; furthermore, the analysis time is significantly
shorter. The higher backpressure, which is caused by extremely
small particle size in UHPLC columns, has been overcome using
special and newly developed pumps, absolute narrowness of the
whole system, and a number of technical elements forming the new
UHPLC system. Apart from the separation speed a further advan-
tage of UHPLC is very low consumption of organic solvents (up to
10-fold lower compared to HPLC), and a very small injection volume
(1-2 pl).

The UHPLC was used for the development of a new method of
cis- and trans-iso-a-acids determination in beer. The separation pa-
rameters were compared with the classical HPLC method, which is
used in RIBM (Research Institute of Brewing and Malting). Besides
comparing the speed of analysis and separation efficiency the values
of repeatability (r,,) of the two methods were confronted.

The separation of iso-a-acids and their isomers in beer is usually
performed on the reversed C18 stationary phase. The mobile phase
is prepared as a buffer with acid pH or the aqueous solution of any
acid. Acetonitrile (ACN) is usually used as organic modifier. The de-
velopment of highly resistant stationary phases in a wide pH range
reaching up to alkali values gives rise to new methods of separation
using this pH range (Hofta et al., 2007). The good selectivity of these
columns enables the simultaneous determination of iso-Ifa-acids,
their oxidative products, and different forms of hydrogenated iso-a-
acids. The HPLC method of determination of cis- and trans- isomers
of iso- a-acids under neutral or weak alkali conditions (Harms et
Nitzsche, 2001) was used in the study concerning the cis-/trans- ratio
changes during beer storage under various temperature conditions.
(Strakova et al., 2007). However, it is necessary to note that alkali pH
causes the transformation of a-acids to iso-a-acids and thus a shift
in the equilibrium (Basarova et al., 2010). The dependence of isomer-
ization on the analysis at alkaline pH has not yet been documented.

The original variant of mobile phase with acidic pH was chosen for
the purpose of our study.

2 MATERIAL AND METHODS

Domestic beers with the bitterness ranging from 25 to 34 mg/l
were chosen for comparing the efficiency of UHPLC and HPLC
methods in the determination of cis- and trans-iso-a-acids. The iso-
a-acids were isolated from the beer using the SPE technique on the
extraction columns Phenomenex according to a previously described
procedure (Jurkova et al., 2003).

The iso-a-acid dicyclohexylamine containing 62.3% of iso-a-acids
and highlighted as DCHA-Iso, ICS-13, which is an international cali-
bration standard (ICS), was used as an external standard for the
calibration in both methods.

The stock solution of the calibration standard was prepared by di-
lution of ICS-13 (20mg) weighed with the precision of 0.1mg in
100ml of gradient grade methanol (99.8%, Merck). Prior to the dilu-
tion, the methanol was acidified with phosphoric acid (p.a. Merck) in
an acid-methanol ratio of 0.5 : 1000 (v/v). For HPLC and UHPLC, the
calibration standard was diluted tenfold and twentyfold with acidified
methanol, respectively.

HPLC chromatographic conditions

The separation was performed on a reversed phase column (Alti-
ma C18, 5 pm, 150 x 4.6 mm, Alltech) protected by a C18 pre-column
(4 x 3mm, Phenomenex). The linear gradient was applied and two-
component mobile phase (A) and (B) was used. Phase (A) with pH
2.7 was prepared from ultrapure water (Millipore) with a maximum
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nearné zvysil na 67 %. Ekvilibraéni ¢as po skonceni separace byl
10 minut. Pratok mobilni faze byl 1,5 ml/min, teplota kolony byla
40 °C. Analyty byly detekovany v UV oblasti pfi 275 nm. Objem na-
stfiku na kolonu byl 10 pl.

K analyze byl pouzit kapalinovy chromatograf SpectraSYSTEM
(TSP, USA) s detektorem PDA. Sbér dat a vyhodnoceni bylo prove-
deno chromatografickym softwarem ChromQuest pro Windows NT.

Chromatografické podminky UHPLC

— UHPLC analyzy byly provedeny na koloné BEH C18 (2.1 x 50 mm
1.D, velikost ¢astic 1.7 pm), Waters, teplota kolony byla 40 °C, pri-
tok mobilni faze byl 0,4 ml/min. K detekci byl pouzit UV detektor
s diodovym polem (PDA), vyhodnoceni bylo provedeno pfi vinové
délce 275 nm. DvousloZkova mobilni faze byla tvofena vodnym
roztokem (ultradista voda, Millipore) kyselin nebo pufrem tak, aby
se hodnoty pH mobilni faze pohybovaly v rozmezi 1,6 az 3,08 (A)
a acetonitrilem (B). V pribéhu optimalizace metody byly pouzity
nasledujici mobilni faze:TFA, pH 1,6 (0,1% TFA obj., pfipravena
pfidanim 100 pl koncentrované TFA; 99.95% ULC/MS, Biosolve,
Netherlands) do 100 ml ultragisté vody;

—TFA, pH 2,7 (0,01% TFA obj. pfipravena pfidanim 10 pl koncentro-
vané TFA; 99.95% ULC/MS, Biosolve, Netherlands) do 100 ml ul-
tracisté vody; pouzitim této mobilni faze bylo dosazeno nejlepsi
separace, proto byla vybrana jako optimalini (viz sekce ,3. Vysledky
a diskuse®);

— Mravenéan amonny, 5mM, pH 3,08 (pfipraven titraci 5 mM kyseliny
mravenéi 99%, Merck, Némecko, vodnym roztokem hydroxidu
amonného 29%, A. C. S. reagent Sigma—Aldrich, Némecko, do po-
Zadovaného pH 3,08).

Gradientova eluce byla optimalizovana s ohledem na minimalni
Cas analyzy a dosazeni maximalniho rozliSeni stanovovanych latek.
Gradient s pocatkem 48% faze (B) linearné vzrustal do 55% (B)
za 11 minut. Nasledoval 2minutovy isokraticky krok pfi obsahu 55%
(B) a 3minutovy ekvilibraéni krok pfi po¢ate¢nich podminkach 48%
(B). Objem nastfiku na kolonu byl 2 pl.

UHPLC analyzy byly provedeny na kapalinovém chromatografu
Acquity UPLC™ (Waters) s 2996 PDA detektorem operujicim v roz-
mezi vinovych délek od 194 do 600 nm. Data byla vyhodnocovana
softwarem Empower 2 (Waters). Chromatogramy k interpretaci byly
extrahovany pfi vinové délce 275 nm, sample rate byl nastaven
na hodnotu 20 pts s™"a filtracni konstanta na hodnotu 0.5.

3 VYSLEDKY A DISKUSE

Na obr. 1 je uveden UHPLC chromatogram rozdélenych izomerd
iso-a-kyselin, na obr. 2jje pro srovnani uveden HPLC chromatogram,
oba chromatogramy byly naméfeny za optimalnich podminek uvede-
nych v kapitole 2 pro dané metody. Chromatogram potvrzuje tvrzeni,
ze UHPLC metoda je rychlejsi, v tomto pfipadé 2,5 krat pfi porovna-
ni celkového ¢asu analyzy. V pfipadé UHPLC ma posledni eluujici
pik cis-iso-ad-humulonu reten¢ni ¢as 4,9 min, cela délka analyzy
véetné vymyvaciho kroku je 13 min, ekvilibrace byla 3 min, celkem
tedy 16 min. V pfipadé HPLC analyzy eluoval posledni stanovovany
pik cis-iso-ad-humulonu ve 12. minuté, celkova analyza trvala 30
min, ekvilibraéni krok 10 min, celkem tedy 40 min.V obou pfipadech
pokracéuje gradient i po eluci iso-slou¢enin z divodu eluujich zbytko-
vych a- a B-kyselin, jejichz retence je vy$si nez retence iso-o-kyselin.
Jestlize stanoveni a- a p-kyselin neni pozadovano (zkracena verze
metody), Ize gradient zkratit zafazenim rychlého vymyvaciho kroku
s vysokym procentem organické faze po 5. minuté v UHPLC a po
12. minuté v HPLC mddu (viz obr. 1 a 2). Bez tohoto vymyvaciho
kroku by se a- a B-kyseliny na koloné hromadily a postupné interfe-
rovaly v naslednych méfenich. V takovém pfipadé se ukazuje, jak
markantni je rozdil mezi obéma metodami nejen v ¢asové prodleve,
ale i v celkové spotfebé organického rozpoustédla. Ta ¢ini v hrubém
odhadu pfi celém gradientu 32 ml/10 vzorkd v médu UHPLC
a 360 ml/10 vzorkd v médu HPLC. To potvrzuje vice jak 10nasobnou
usporu organickych rozpoustédel, kterou jsme avizovali v pfedcho-
zim ¢lanku.

PFi pfevodu metody HPLC na UHPLC a jeji optimalizaci bylo zji$-
téno, Ze jsou retenéni ¢asy studovanych latek, izomerl iso-a-kyse-
lin, vyrazné ovliviiovany pH mobilni faze. | malé zmény pH ve sle-
dovaném intervalu pH (1,6 az 3,08) se projevi velkym posunem
retenci pfi shodném gradientu organického modifikatoru. Pfi pH 2,7
(0,01% TFA) bylo dosazeno velmi dobré separace iso-o-kyselin
v médu UHPLC, kdy retenéni ¢as posledniho eluujiciho piku iso-

organic compound content of 5 ppb, and phosphoric acid. Phase (B)
was gradient grade acetonitrile (>99.9%, Sigma Aldrich). The linear
gradient started with 52% of ACN, the content of ACN linearly in-
creasing within 30 min to the final concentration of 67 %. The equili-
bration time was 10 minutes. The flow rate was 1.5 ml/min and the
column temperature was 40 °C. The analytes were detected in the
UV area at 275 nm. The injection volume was 10 pl.

The SpectraSYSTEM (TSP, USA) liquid chromatograph with PDA
detector was used for the analysis. The data collection and data
processing was carried out with the ChromQuest software for Win-
dows NT.

UHPLC chromatographic conditions

— UHPLC analyses were performed on the BEH C18 column (2.1 x
50mm I.D., 1.7 ym), Waters, the column temperature was 40 °C
and the mobile phase flow was 0.4 ml/min. The diode array detec-
tor (PDA) was used for detection; analytes were detected at
275 nm. The two-component mobile phase was composed of ace-
tonitrile (B) and aqueous solution of acids or buffers (ultrapure wa-
ter, Millipore) with pH ranging from 1.6 to 3.08 (A). During the opti-
mization the following mobile phase (A) were tested:

—TFA, pH 1.6 (0.1% vol., prepared as a solution of 100 pl TFA,
99.95% ULC/MS, Biosolve, Netherlands) in 100 ml of ultrapure wa-
ter;

—TFA, pH 2.7 (0.01% TFA vol., prepared as a solution of 10 pl,
99.95% ULC/MS, Biosolve, Netherlands) in 100 ml of ultrapure wa-
ter; using of this conditions was achieved the best separation, thus,
this phase was finally chosen as optimal (see section “3. Results
and Discussion”);

Ammonium formate, 5mM, pH 3.08 (prepared using titration of
5mM formic acid (99%, Merck, Germany) with aqueous solution of
ammonium hydroxide, 29%, A.C.S. reagent, Sigma Aldrich, Germa-
ny to the final pH of 3.08).

The gradient elution was optimized in terms of the minimal analy-
sis time and maximal resolution of determined compounds. The final
gradient conditions were as follows: the gradient started at 48% of
phase (B) and grew linearly up to 55% (B) within 11 min. The subse-
quent isocratic step at 55% (B) and equilibration step starting at final
condition of 48% (B) were 2 min and 3 min, respectively. The injection
volume was 2 pl.

UHPLC analyses were performed on Acquity UPLC™ (Waters)
chromatograph with the 2996 PDA detector operating in the range
from 194 to 600 nm. Data were processed with Empower 2 software
(Waters). Chromatograms were extracted at 275 nm before interpre-
tation, data sample rate was set at 20 pts/s and filter constant was
0.5.

3 RESULTS AND DISCUSION

Comparison of UHPLC and HPLC chromatograms of separated
iso-a-acids isomers is given in Fig. 1 and Fig. 2, respectively. Both
chromatograms were measured under optimal UHPLC and HPLC
conditions described in Materials and Methods. Fig. 1 confirms that
the UHPLC method is faster than HPLC; the analysis time was re-
duced 2.5 times in comparison with HPLC method. In the UHPLC,
the last eluting peak of cis-iso-ad-humulone had the retention time of
4.9 min, the total analysis time including the wash step was 13 min,
and equilibration step was 3 min. Thus, the total analysis time was
16 min. In the HPLC, the last eluting peak of cis-iso-ad-humulone
eluted at 12 min, the gradient wash step lasted 30 min, and the equi-
libration step was 10 min, the total HPLC analysis time being thus
40 min. In both events, the gradient is continuing also after elution of
cis-iso-ad-humulone because residual a- and 3-acids can elute even
later. If the detection of a- and B-acids is not required (reduced meth-
od version) then it is possible to reduce the gradient by implementing
a fast wash step with a high content of organic modifier after 5™ and
12" min in UHPLC and HPLC mode, respectively (see Fig. 1 and 2).
If the wash step is not included or if it is not sufficient, the residual
a- and B-acids can accumulate on the column and can subsequently
interfere in the following analyses. The comparison revealed a notice-
able difference between the two methods. Apart from the marked
difference in the time of analysis a huge difference in the consump-
tion of organic solvents is evident. While the ACN consumption under
our experimental conditions in the UHPLC mode is 32 ml per 10 sam-
ples, in the HPLC mode it is 360ml per 10 samples, i.e. ten times
more.
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Obr. 1 UHPLC chromatogram realného vzorku piva / Fig. 1 UHPLC
chromatogram of real beer sample

Eluce prostorovych izomer( iso-kyselin v pofadi: trans-iso-co-humu-
lon (2,7 min), cis-iso-co-humulon (3,0 min), trans-iso-n-humulon
(3,7 min), cis-iso-n-humulon (4,0 min), trans-iso-ad-humulon (4,4
min), cis-iso-ad-humulon (4,9 min).

Elution of steric iso-acid isomers in the order: trans-iso-co-humulone
(2.7 min), cis-iso-co-humulone (3.0 min), trans-iso-n-humulone
(3.7 min), cis-iso-n-humulone (4.0 min), trans-iso-ad-humulone (4.4
min), cis-iso-ad-humulone (4.9 min).

Obr. 2 HPLC chromatogram reélného vzorku piva/ Fig. 2 HPLC chro-
matogram of real beer sample

Eluce prostorovych izomer( iso-kyselin v pofadi: trans-iso-co-humu-
lon (6,6 min), cis-iso-co-humulon (7,5 min), trans-iso-n-humulon (8,8
min), cis-iso-n-humulon (9,4 min), trans-iso-ad-humulon (10,5 min),
cis-iso-ad-humulon (11,8 min).

Elution of steric iso-acid isomers in the order: trans-iso-co-humulone
(6.6 min), cis-iso-co-humulone (7.5 min), trans-iso-n-humulone (8.8
min), cis-iso-n-humulone (9.4 min), trans-iso-ad-humulone (10.5
min), cis-iso-ad-humulone (11.8 min).
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latky (cis-iso-ad-humulon) byl 4,9 min. Toto pH bylo zvoleno jako
optimalni i vzhledem k jeho pouziti k separaci iso-a-kyselin v HPLC
modu, kdy retenéni ¢as tohoto piku je 12 min. Snizeni pH na hod-
notu 1,6 (0,1% TFA) vedlo k téméf Ctyfnasobnému prodlouzeni
retenénich ¢asu. Posledni eluujici pik cis-iso-ad-humulon mél re-
tenéni ¢as 19 min a navic piky trans-iso-ad-humulonu a cis-iso-n-
humulonu nebyly rozdélené. Naopak zvyseni pH na hodnotu 3,08
(5mM mravenéan amonny) se projevilo vyraznym zkracenim re-
tenénich ¢asu. VSechny izomery iso-a-kyselin eluovaly v rozmezi 1.
a 2. minuty, izomerni formy trans- a cis- vSak nebyly ani u jedné
z kyselin od sebe rozdéleny.

PFi testovani vhodnych aditiv do vodné mobilni faze byly srovnava-
ny TFA, kyselina mravenéi a kyselina fosfore¢na. Kyselina fosfore¢na
je bézné pouzivana v pavodni HPLC metodice. Ukdzalo se vsak, ze
tato kyselina neni vhodna v UHPLC mddu, nebot piky eluovanych
latek byly zna¢né deformované. Nejlepsich separaénich parametrQ
bylo dosazeno za pouziti TFA, proto byla zvolena jako optimalni adi-
tivum. Pfi optimalizaci gradientu bylo nutné snizit po¢ate¢ni procento
organické faze na 48 %, nebot pfi stejném procentu jako v HPLC
(52 %) dochazi v UHPLC k rychlé eluci nedostate¢né separovanych
iso-latek. Toto sledovani opét koreluje s teorii UHPLC, kdy separova-
né latky prochazeji UHPLC kolonou za mnohem vy3Siho tlaku (az
pétinasobného) nez v pfipadé HPLC. V gradientu byla upravena také
hodnota koneéného procenta organického modifikatoru, misto pu-
vodnich 67 % stacilo k separaci latek 55 % ACN. Konec¢né i doba li-
nearniho gradientu byla zredukovana z 30 na 11 min.

Poslednim krokem byla optimalizace nastfiku. Jestlize se v HPLC
pouziva chromatograficka kolona o rozmérech 150 x 4,6 mm a meto-
da UHPLC vyuziva kolony s mnohem mensim vnitfnim objemem, tj.
s rozméry 50 x 2,1mm, musi dojit zakonité pfi pfevodu metody
ke zmen&eni davkovaného objemu. PFi nastficich vyssich nez 2 pl
dochazelo k pretizeni UHPLC kolony, které se projevilo rozstépenim
pikud. PFi davkovani objemu 2 pl bylo dosazeno optimalniho rozdéleni
vSech stanovovanych latek s vyhovujici citlivosti, ktera odpovidala
kvantifikacnim limitim dané metody. Nové optimalizovana UHPLC
metoda byla srovnana se stavajici HPLC metodou z hlediska opako-
vatelnosti. Ta byla zjisténa z hodnot koncentraci izomeru iso-a-kyse-
lin ve 4 realnych vzorcich piv u obou metod, kazdy vzorek byl méfen
dvakrat. Vyhodnoceni bylo provedeno na zékladé zmérfenych ploch
pikd odpovidajicich trans- a cis- formam iso-co-humulonu, iso-ad-
humulonu a iso-n-humulonu. Vysledky stanoveni a hodnoty opakova-
telnosti pro jednotlivé formy cis- a trans- iso-a-kyselin a pro celkové

The transformation of the HPLC method to the UHPLC and its
optimization revealed a strong dependence of the retention time of
studied compounds, iso-a-acids, on the mobile phase pH. Even
small changes in the monitored pH range (from 1.6 to 3.08) give rise
to a significant shift of the retention under the maintenance of the
organic modifier gradient. A very good separation was achieved in
UHPLC mode at pH 2.7, when the retention time of the last eluting
peak belonging to iso-a-acid (cis-iso-ad-humulone) was 4.9 min.
This pH proved as optimal even for usage in HPLC mode, where the
retention time of this peak is 12 min. When the pH was decreased to
1.6 (0.1% TFA) the retention times was extended four times and the
last determined peak of cis-iso-adhumulone eluted at 19" min. Ad-
ditionally, the peaks of trans-iso-ad-humulone and cis-iso-n-humu-
lone were not separated. On the contrary, when the pH was increased
to 3.08 (5mM ammonium formate) the retention times were notice-
ably reduced. All iso-a-isomers eluted in the range from 1 to 2 min,
but isomeric forms cis- and trans- of any acids were not separated.

TFA, formic acid, and phosphoric acid were tested as potential ad-
ditives to the aqueous part of the mobile phase. Phosphoric acid is
commonly used in the original HPLC method. However, this acid was
found to be unsuitable in the UHPLC mode, because all the peaks
were considerably deformed. Finally, TFA proved to be the optimal
additive because its usage showed the best separation parameters.
During the gradient optimization it was necessary to decrease the
initial content of organic modifier to 48%, because the use of the
same percentage of ACN as in HPLC (52 %) caused fast peak elu-
tion with insufficient separation. This observation is in correlation with
the UHPLC theory according to which the analytes pass through the
column under much higher pressure (up to five times) compared to
HPLC. The final content of ACN in the gradient was also changed,
the percentage of 55 % being sufficient for good and fast separation
instead of the original 67 %. Finally, the time of duration of the linear
gradient was also reduced, specifically from 30 to 11 min.

The last step was the optimization of the injection volume. Regard-
ing the different column dimension of 150 x 4.6 mm and 50 x 2.1 mm
in HPLC and UHPLC, respectively, the injection volume should be
reduced during the method transfer. Injection volume higher than 2 pl
caused overloading of UHPLC column, which appeared in the peak
splitting. When 2 pl of the sample was loaded on the column it en-
sured a very good separation of all determined compounds with con-
venient sensitivity which was in accordance with the quantification
limits of the method.
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koncentrace iso-a-kyselin v obou systémech HPLC i UHPLC jsou
uvedeny v tab. 1 a 2. Opakovatelnost r,, byla vypo&itana podle vzor-
cer, =8 x2,8, kde s je smérodatna odchylka vypocitana pro rizné,
ale podobné vzorky méfené za podminek opakovatelnosti:

s?=2D?/2n, kde D, je rozpéti hodnot dvou stanoveni.

Metoda UHPLC poskytuje lepsi nebo srovnatelnou opakovatelnost
s metodou HPLC pro vSechny cis- a trans- formy iso-a-kyselin s vy-
jimkou cis-formy co-humulonu a n-humulonu, ktery je s lepsi opako-
vatelnosti méfen metodou HPLC. Tento jev Ize pfisuzovat lepsi geo-
metrii vétSiny pik( pfi UHPLC separaci, kterd se projevi v presnéjsi
integraci a tim i kvantifikaci.

Dale Ize konstatovat, ze metoda UHPLC je schopna poskytnout
vysledky s mensim rozptylem a je tedy presnéjsi v uréeni koncentra-
ci trans- forem, které jsou povazovany za jeden z indikatord vypovi-
dajicich o stabilité nebo starnuti piva béhem jeho skladovani nebo
transportu.

The repeatability of the new UHPLC method was compared with
the original HPLC method and was calculated from the values of the
iso-a-concentration values in 4 real beer samples, every sample was
measured in duplicate. The evaluation was carried out from the peak
areas of both trans- and cis- forms of iso-co-humulone, iso-ad-humu-
lone, and iso-n-humulone. The results of individual concentrations
and repeatability values of all studied isomers in both UHPLC and
HPLC systems are given in Tab. 7 and 2. The repeatability r,, was
calculated according to the formula r,, = s, x 2,8, where s is standard
deviation calculated for various, but similar, samples measured un-
der the conditions of repeatability:

s?=2D?2/2n, where D, is the range of values from two determinations.

The UHPLC method affords a comparable or even better repeat-
ability compared to the HPLC for the all cis- and trans-iso-a-acids
with the exception of cis-isomers of co-humulone and n-humulone.
This could be probably caused by better geometry of UHPLC peaks
leading to better peak integration and thus, better quantification.

Tab. 1 Stanoveni cis- a trans- forem iso-a-kyselin metodou HPLC / Determination of cis- and trans- forms of iso-a.-acids using the HPLC method

co-humulon / co-humulone n-humulon / n-humulone ad-humulon / ad-humulone
vzorek / sample trans- cis- trans- cis- trans- cis-
1a 25 5.83 3.54 10.29 0.74 2.22
1b 2.47 5.82 3.68 10.54 0.59 2.38
rozpéti D1/ range D1 0.03 0.01 0.14 0.25 0.15 0.16
2a 2.6 5.59 3.82 10.28 0.85 2.7
2b 2.72 5.64 3.91 10.27 0.92 2.44
rozpéti D2 / range D2 0.12 0.05 0.09 0.01 0.07 0.26
3a 4.96 10.43 3.79 9.87 1.03 2.45
3b 4.87 10.28 3.75 9.87 1.05 2.37
rozpéti D3 / range D3 0.09 0.15 0.04 0 0.02 0.08
4a 2.27 5.05 2.8 8.45 0.83 2.41
4b 2.19 5.1 2.82 8.37 0.85 2.4
rozpéti D4 / range D4 0.08 0.05 0.02 0.08 0.02 0.01
sr? 0.00373 0.00345 0.00371 0.00863 0.00353 0.01246
S, 0.06103 0.05874 0.06093 0.09287 0.05937 0.11164
opakovatelnost / repeatability 0.17 0.16 0.17 0.26 0.17 0.31

Tab. 2 Stanoveni cis- a trans- forem iso-a-kyselin metodou UHPLC / Determination of cis- and trans- forms of iso-o.-acids using the UHPLC

method
co-humulon / co-humulone n-humulon / n-humulone ad-humulon / ad-humulone
vzorek / sample trans- cis- trans- cis- trans- cis-
1a 2.11 6.5 3.08 11.61 0.66 2.25
1b 2.09 6.41 3.07 11.5 0.59 2.28
rozpéti D1/ range D1 0.02 0.09 0.01 0.11 0.07 0.03
2a 2.15 6.22 3.25 11.11 0.69 2.45
2b 2.15 6.22 3.25 11.03 0.66 2.42
rozpéti D2 / range D2 0 0 0 0.08 0.03 0.03
3a 4.91 12.18 3.38 11.04 0.76 2.37
3b 4.84 11.86 3.28 10.77 0.77 2.34
rozpéti D3 / range D3 0.07 0.32 0.1 0.27 0.01 0.03
4a 1.75 5.31 2.15 9.15 0.64 2.27
4b 1.73 5.3 2.15 9.05 0.6 2.19
rozpéti D4 / range D4 0.02 0.01 0 0.1 0.04 0.08
sr? 0.00071 0.01383 0.00126 0.01267 0.00094 0.00114
S, 0.02669 0.11758 0.03553 0.11258 0.03062 0.03373
opakovatelnost / repeatability 0.07 0.33 0.10 0.32 0.09 0.09
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Tab. 3 Srovnani parametrd metod UHPLC a HPLC / Comparison of UPLC and HPLC method parameters
UHPLC HPLC

Kolona / Column

ACQUITY UPLC BEH C18, Waters
(50 x 2.1 mm, 1.7 ym)

Altima C18, Alltech
(150 x 3.9 mm, 5 pm)

Pratok / Flow Rate (ml.min") 0.4 1.5
Objem nastfiku / Injection Volume (ul) 2 10
Celkova doba analyzy / Total analysis time 16 40

(min)

Mobilni faze A / Mobile phase A TFA (pH 2.7) H.PO, (pH 2.7)
Mobilni faze B / Mobile phase B ACN ACN

Lineérni gradient / Linear Gradient

48 %—55 % béhem 11 min / within 11 min

52 %—67 % béhem 30 min / within 30 min

Spotfeba ACN / ACN Consumption

32 ml na 10 vzorkll / per 10 samples

360 ml na 10 vzorkd / per 10 samples

Tab. 3 sumarizuje popsané rozdily a vyhody nové UHPLC metody
ve srovnani s pdvodni HPLC.

4 ZAVER

Nova generace kapalinové chromatografie UHPLC zaloZzena
na vyspélejsi pfistrojové technice je pfinosem nejen ekonomickym
(kratSi doba analyz s malymi spotfebami rozpoustédel), ale také po-
souva pivovarskou analytiku do oblasti pfesnéjSiho méreni s mensim
rozptylem vysledkd, jak bylo v této studii demonstrovano na pfikladu
stanoveni prostorovych izomeru iso-a-kyselin.

Podékovani
Tato prace je soucasti Vyzkumného zaméru MSM6019369701.
Autofi dékuji firmé Waters za laskavé zapUjceni kapalinového
chromatografu Acquity UPLC™.
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Furthermore, it could be established that the use of the UHPLC
method results in a smaller variance and thus a more accurate con-
centration determination of trans- forms, which are considered as an
indicator of beer stability or beer ageing during storage or transport.

The Tab. 3 summarizes described differences and advantages of
newly developed UHPLC method comparing the original HPLC
method.

4 CONCLUSION

The new generation of UHPLC liquid chromatography based on
more advanced instrumental technique is not only more economical
(reduced analysis time with low consumption of solvents) but it also
shifts the analysis of beer to the area with more accurate measure-
ment and lower variance of results, which was demonstrated in this
study on the example of determination of steric iso-a-acid isomers.
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