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Na reprezentativni skupiné 11 vzork(i chmele byla porovnana klasicka metoda vysokouginna kapalinova chromatografie (HPLC) se
stale vice rozsifenou ultra u¢innou kapalinovou chromatografii (UHPLC). Vysledky prace potvrdily, Zze i v pfipadé stanoveni a- a -hor-
kych kyselin zajistuje technika UHPLC rychlej$i prlichodnost vzorkl laboratofemi. Dal§im pfinosem je sniZzeni nejistoty vysledku stano-
veni, které je spojeno s nesrovnatelné vyssi separaéni schopnosti UHPLC systému. Zatimco plavodni HPLC metodou prejatou z Analy-
tiky EBC 7.7 jsme schopni 6 analyzovanych horkych latek rozdélit pouze ve formé 4 pikd (koeluuji n-humulon a adhumulon a dale
n-lupulon a adlupulon), v UHPLC médu bylo dosazeno kompletni separace vSech 6 analytu.

Jurkova, M. — Cejka, P. — OlSovska, J.: New trends in liquid chromatography and their utilization in analysis of beer and brewery
raw materials. Part 3. Comparison of HPLC and UHPLC determination of a- and p-acids. Kvasny Prum. 58, 2012, No. 6, p. 166—170.

The traditional method of High Performance Liquid Chromatography (HPLC) was compared with the currently increasingly used Ultra-
High Performance Liquid Chromatography (UHPLC) on a representative group of 11 hop samples. The results of this work confirmed that
the UHPLC technique ensures high throughput also in determination of a- and $-acids. Another benefit of this method is the decrease of
result uncertainty which is determined by high separation properties of the UHPLC system. While original HPLC method originating from
Analytica EBC 7.7 provides 4 separate peaks (co-elution of n-adhumulone and adhumulone and also of n-lupulone and adlupulone), all
6 analyzed bitter compounds were completely separated using UHPLC.

Jurkova, M. — Cejka, P. — OlSovska, J.: Neue Trends in der Fliissigkeit — Chromatographie und ihre Anwendung in der Brauroh-
stoffen- und in der Analyse des Bieres. Teil lll. Der Vergleich der HPLC und UHPLC Bestimmung von a- und B-Bittersduren.
Kvasny Prum. 58, 2012, Nr. 6, S. 166—170.

Die klassische Methode hoch wirkende Flussigkeit - Chromatographie (HPLC) wurde an einer reprasentativen Gruppe von 11 Hopfen-
mustern mit zunehmend benutzten Ultra wirkende Flissigkeit - Chromatographie (UHPLC = Ultra high performance liquid chromatogra-
phy) verglichen. Die erworbenen Ergebnisse haben es bestétigt, dass auch in Falle einer Anwendung der Technik UHPLC zur Bestim-
mung der a- und B-Sauren der Mustervorgang durch Labor schneller wurde. Der weitere Vorteil ist eine Verringerung der Unsicherheit
der Resultatsermittlung, die mit einer unvergleichbar héheren Separationsfahigkeit des UHPLC Systems verbunden wird. Derweil durch
die laut der EBC Analytik 7.7 angewandte HPLC Methode konnten 6 Bitterstoffen nur in der Form 4 Peaks (korrelierte n-Adhumulone und
Adhumulone und weiterhin auch n-lupulone und adlupulone) analysiert werden, im UHPLC Modus wurde die komplette Separation von

allen 6 Analyten erreicht.

Klicova slova: UHPLC - ultra vysokolcinna kapalinova chromato-
grafie, HPLC — vysokoucinna kapalinova chromatografie, a.-kyseliny,
B-kyseliny

1 UVOD

Historicky nejdéle a v soucasnosti také nejCastéji analyzovanymi
slozkami chmele jsou a-hofké kyseliny (dale a-kyseliny). Obsah téch-
to latek je zakladnim parametrem (vedle jinych senzoricky aktivnich
latek) pro ur€eni kvality chmele, nebot pfedevsim jejich obsah uréuje
prodejni cenu chmele. Proto je analytickym metodam stanoveni obsa-
hu a-kyselin ve chmelu vénovana velka pozornost. V pribéhu posled-
niho desetileti byl zaznamenan prfechod od méné specifickych titrac-
nich metod k metodam vice specifickym zalozenym na kapalinové
chromatografii. Postup stanoveni a- a p-horkych kyselin (dale p-kyse-
lin) kapalinovou chromatografii je od r. 1997 normalizovan a je zakot-
ven spolu s ostatnimi metodami uzivanymi ke zkouseni chmele v CR
v normé& CSN 46 2520 v &&sti 17. Tato norma vesmés vychazi z me-
tod EBC nebo MEBAK.V kapalinové chromatografii Ize stanovit vedle
a- i B-kyseliny, které maji odlisny charakter od a-kyselin, a jejich viast-
nosti a chovani jsou v souc¢asné dobé pfedmétem vyzkumu. V CR
v této oblasti Uzce spolupracuje VUPS, a.s. s Chmelafskym institu-
tem, s.r.o., a vysledky budou teprve publikovany.

Keywords: UHPLC — Ultra High Performance Liquid Chromatogra-
phy, HPLC — High Performance Liquid Chromatography, o.-acids, B-
acids

1 INTRODUCTION

a-Acids have been the most frequently analyzed hop compounds
ever since their discovery. The content of a-acids together with the
other sensorially active compounds is the basic parameter for hop
quality determination, because their concentration largely deter-
mines the sale prices of hop. Therefore considerable attention is paid
to analytical methods for determination of a-acids in the hop. The last
decade witnessed the transition from less specific titration methods
to a more specific method based on liquid chromatography. Since
1997, the method of a- and f-acids determination has been normal-
ized and embodied together with the other methods for hop testing in
the CSN 46 2520 standard, part 17. This standard comes from EBC
and MEBAK conventions. An advantage of liquid chromatography
methods is the possibility to determine not only a- but also -acids.
Their character, which is different compared with a-acids, is pres-
ently the subject of collective research at the Research Institute of
Brewing and Malting, PLC and Hop Research Institute Co., Ltd.,
Saaz and their results will be published later.
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Ve vSech typech analyz je prvotnim krokem extrakce a- a f-kyselin
(mékkych pryskyfic) do nepolarniho rozpoustédla. Titraéni metoda
vyuzivala zpoc¢atku extrakci do toluenu (Analytica-EBC, 2005a), ale
pozdéji byl tento extrakéni krok nahrazen extrakci do diethyletheru
v kyselém prostfedi (Analytica-EBC, 2005b). Extrakt je titrovan octa-
nem olovnatym za vzniku komplext s horkymi kyselinami, pfi¢emz
zména vodivosti systému je sledovana konduktometricky. Obsah
a-horkych kyselin ve chmelu je vyjadfen v hmotnostnich procentech
hodnotou KH (konduktometricka hodnota). Tato hodnota zahrnuje
obsah horkych a-kyselin, ale v disledku pfitomnosti nékterych latek
reagujicich také s octanem olovnatym je tato reakce méné specificka
a stanovena hodnota méné spravna. Podil B-kyselin je pfiblizné roz-
dil celkového obsahu mékkych pryskyfic a hodnoty KH.

Ethericky extrakt Ize také po centrifugaci a nafedéni v methanolu
analyzovat metodou HPLC. Chromatografickd metoda umozriuje
bud uplné, nebo ¢astecné oddéleni zon odpovidajicich jednotlivym
a-kyselinam, kohumulonu, n-humulonu a adhumulonu v zavislosti
na volbé kolony a mobilni faze. Obdobné jsou oddélené zény p-kyse-
lin, kolupulon, n-lupulon a adlupulon. Na rozdil od titra¢nich metod
jsou metody HPLC vysoce specifické a poskytuji hodnoty odpovida-
jici vice realnému stavu.

Je zfejmé, Ze spravnost a presnost stanoveni obsahu a-kyselin
ve chmelu a chmelovém extraktu zasahuje do obchodnich vztah(. Je
proto zajmem vSech subjektl, at pivovard nebo péstitelll a obchod-
nikd, aby vysledky analytickych laboratofi byly spravné a srovnatel-
né. Jednotnost a spravnost méfeni vysledkd v metodach HPLC je
zajisténa pouzivanim jednotného mezinarodniho kalibraéniho stan-
dardu, v sou¢asné dobé jiz tfetiho v pofadi, s oznacenim ICE3. Ev-
ropské laboratore se fidi metodami Evropské Pivovarské Konvence
(Analytica-EBC, 1998) a pravidelné se mohou zucastriovat mezina-
rodnich srovnavacich testl porfaddanych organizaci MEBAK. VUPS,
a.s., se pravidelné zucastriiuje dvakrat ro¢né kontrolnich testl orga-
nizovanych pod zastitou MEBAK a 6x ro€né mezinarodnich testl
BAPS (Brewing Analytes Proficiency Testing Scheme) a metody ur-
&ené pro zkoudeni chmele jsou akreditovany u Ceského institutu pro
akreditaci, o.p.s. (CIA).

EBC metody pro stanoveni a- a f-kyselin jsou vypracovany pro
dosud nejrozsifenéjsi HPLC systémy. S rozvojem v instrumentaci
v kapalinové chromatografii si své misto vSak nalézaji i systémy
UHPLC, nebot poskytuji ve srovnani s klasickou HPLC nejen pod-
statné zkraceni doby analyzy a uUsporu rozpoustédel, ale také vy-
sledky s mnohem menSi nejistotou a lepsi opakovatelnosti (OlSov-
ska et al., 2012b). Podrobné informace o této nové technice jsme
uvefejnili v pfedchozich €islech tohoto periodika (OlSovska et al.,
2012a, 2012b). Celkovy ¢as analyzy obsahu horkych kyselin ve
chmelu maze byt dale jesté redukovan efektivnim extrakénim postu-
pem tlakové extrakce vypracovanym na VUPS (Culik et al., 2009).
Rychly extrakéni postup v kombinaci s moderni UHPLC technikou by
laboratofim pfinesl moznost velmi rychlého ziskavani dat a obchodni
verfejnosti v chmelafské oblasti vyznamné zvy$eni jistoty spravnosti
Udajil o obsahu a-kyselin.

2 MATERIAL A METODY

Pro porovnani obou UHPLC a HPLC metod pro stanoveni o-
a B-kyselin byly pouzity vzorky chmele s obsahem a-kyselin v roz-
mezi 1,4-8,5 hm. %.

Vzorky byly extrahovany a upraveny pro analyzy dle postupu po-
psaného v metodé EBC 7.7 (Analytica — EBC, €erven 2005).

Pro kalibraci byl pouzit mezinarodni kalibra¢ni standard ICE3 s cel-
kovym obsahem a-kyselin 44,64 % hm. a f-kyselin 24,28 % hm. Kali-
bracni roztok byl pfipraven navazenim 0,5g ICE3 s presnosti
na 0,1mg a rozpusténim do 100 ml methanolu a naslednym desetina-
sobnym zfedénim methanolem Cistoty pro gradient (Sigma Aldrich).

Chromatografické podminky HPLC

a- a B-kyseliny byly analyzovany na chromatografické koloné s re-
verzni fazi C18-Hop (250 x 4mm, velikost ¢astic 5 pm), Macherey
Nagel, Némecko. Separace probihala v izokratickém rezimu. Mobiln{
faze byla tvofena 850 ml metanolu (pro HPLC, Sigma Aldrich), 190 mi
vody (Millipore, €istota max. 5 ppb organickych latek) a 5ml kyseliny
fosfore¢né (p.a., Merck). Teplota kolony byla udrzovana pfi 35 °C,
pratok mobilni faze byl 0,8 ml/min a nastfik vzorku na kolonu byl 5 pl.
a- a B-kyseliny byly detekovany v UV oblasti podle Analytiky EBC pfi
314 nm.

K analyze byl pouzit kapalinovy chromatograf SpectraSYSTEM
(TSP, USA) s detektorem s diodovym polem (DAD). Sbér dat a vy-

The first step of all types of analyses is the extraction of a- and
B-acids (soft resins) into a nonpolar solvent. At the beginning, the
titration method used the extraction into toluene (Analytica-EBC,
2005a), but this solvent was later replaced by diethylether in acidic
conditions (Analytica-EBC, 2005b). The extract is titrated with lead
acetate leading to formation of complexes with a-acids and the
conductivity of this system is measured at the same time. The con-
tent of a-acids in the hop is expressed as % (w/w) alias LCV (lead
conductance value). This value summarizes the content of a-acids,
however, the reaction is less specific and the determined value is
less accurate in the presence of any compounds reacting with lead
acetate. The proportion of -acids is approximately the difference
between the total content of soft resins and the LCV value. Ethe-
real extract can be analyzed by HPLC following its centrifugation
and dilution in methanol. Chromatographic method enables either
complete or partial separation of a-acid zones, cohumulone, n-hu-
mulone, and adhumulone. The efficiency of the separation is de-
pendent on the chromatographic column and mobile phase used. A
similar chromatographic behavior was recorded in case of f3-acids,
colupulone, n-lupulone, and adlupulone. In contrast to titration
methods, the HPLC methods are more specific and provide results
better corresponding to real soft resins quantity.

It is evident that accuracy and precision of determination of a.-ac-
ids in hop and hop extract affect the marketing and trade relations.
Hence, all subjects as breweries, growers, and traders, are interest-
ed in accurate and comparable results of analytical laboratories.
Good reproducibility and accuracy of results obtained by HPLC
methods is ensured by using unified international calibration stand-
ard ICE3, which is presently already the third in a series. European
laboratories follow the methods of European Beer Convention (Ana-
lytica EBC, 1998) and they can regularly participate in international
proficiency testing organized by MEBAK. RIBM takes part in profi-
ciency testing organized by MEBAK regularly two times a year and in
BAPS (Brewing Analytes Proficiency Testing Scheme) regularly six
times a year. Additionally, methods for hop analysis are accredited by
the Czech Accreditation Institute (CIA).

EBC methods for a- and p-acids are developed for the most com-
monly used HPLC systems. In parallel with the development of liquid
chromatography instrumentation the UHPLC systems start replacing
it in the analytical field. The benefit of this new system is not only re-
duction of analysis time and consumption of organic solvents, but
also more repeatable results with considerably lower uncertainty
(OlSovska et al., 2012b). Information about UHPLC was described in
more detail in previous issues of this journal (OlSovska et al., 2012a,
2012b). The total analysis time of the content of bitter acids in the
hop could be eventually reduced by an effective pressure extraction
procedure, which was developed also at RIBM (Culik et al., 2009).
The rapid extraction together with modern UHPLC technique could
bring to laboratories the possibility of sample high-throughput, and,
moreover it could ensure more accurate data on the content of a-
acids for traders in the hop commaodity.

2 MATERIAL AND METHODS

Hop samples with the content of a-acids ranging from 1.4 to 8.5%
(w/w) were used for comparison of UHPLC and HPLC methods. The
samples were extracted and prepared for LC analysis according to
EBC method 7.7 (Analytica — EBC, June 2005).

The international calibration standard ICE3 was used for the method
calibration; the total content of a- and p-acids was 44.64 % (w/w) and
22.28 % (w/w), respectively. The calibration solution was prepared as
follows. ICE3 (0.5g) was weighed with 0.1 mg precision, dissolved in
100ml methanol, and diluted ten times with methanol (Gradient
Grade, Sigma Aldrich).

Chromatographic conditions HPLC

a- and (-acids were analyzed on chromatographic column with
C-18 Hop reversed phase (250 x 4 mm, particle size 5 ym), Machery
Nagel, Germany. The separation was in isocratic mode. The mobile
phase was a mixture of 850ml of methanol (for HPLC, Sigma
Aldrich), 190 ml of water (Millipore, purity max. 5 ppb of organic com-
pounds) and 5ml of phosphoric acid (analytical grade, Merck). The
column temperature was 35 °C, the flow rate was 0.8 ml/min, and the
injection volume was 5 pl. a- and f-acids were detected in UV at
314 nm according to Analytica EBC.

Analyses were performed on SpectraSYSTEM liquid chromato-
graph (TSP, USA) with diode array detector (DAD). The data collec-
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hodnoceni bylo provedeno chromatografickym softwarem Chrom-
Quest pro Windows NT.

Chromatografické podminky UHPLC

UHPLC analyzy byly provedeny na koloné BEH C18 (2,1 x 50mm
I.D, velikost ¢astic 1,7 um), Waters, teplota kolony byla 25 °C, prutok
mobilni faze byl 0,4 ml/min. Dvouslozkova mobilni faze byla tvofena
vodnym roztokem TFA - voda (0,1:99,9, v/v) (A) a acetonitrilem (B).
Separace analytl byla provedena gradientovou eluci z 50% (B)
do 80% (B) za 6 min zakon¢enou 2 min ekvilibraénim krokem. Na-
stfik vzorku na kolonu byl 2 pl. a- a B-kyseliny byly detekovany v UV
oblasti pfi vinové délce 314 nm.

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).

3 VYSLEDKY A DISKUSE

Na obr. 1 je uveden chromatogram HPLC analyzy podle metody
EBC 7.7, kde a-kyseliny eluuji ve dvou zénach (kohumolon v samo-
statné zoné a n-humulon s adhumulonem ve spolec¢né zéng). Ob-
dobny profil eluénich zén v obou systémech mély i f-kyseliny. Po op-
timalizaci metody UHPLC, kdy bylo pouzito zcela jiného typu kolony
s ¢asticemi menSimi nez 2 ym, neboli ,,sub-2- ym*, a o kterém jsme
podrobnéji psali v pfedchozich &lancich (OlSovska et al., 2012a),
bylo dosazeno v kombinaci se zménou mobilni faze obsahujici vétsi
podil polarnéjsi slozky Uplné separace vsech tfi zén o- i B-kyselin
(viz obr. 2). Bézné se v analytickych pracich setkavame s fenomé-
nem mnohanasobné uc¢innosti UHPLC kolon oproti klasickym HPLC
kolonam, ale vétSinou se jedna o zlepSeni separace pik(, které se
i v klasickém mddu alespon ¢astecné délily. V pfipadé déleni n-hu-
mulonu od adhumulonu (a stejné n-lupulonu od adlupulonu) se po-
dafilo novou UHPLC metodou separovat dvé zony, které v HPLC
metodé nevykazovaly ani naznak déleni. Navic doslo k vyznamnému
zkraceni doby analyzy a- a p-kyselin z 25 minut na 8 minut. To se
odrazi ve vysoké prichodnosti vzorkl laboratofi s podstatné snize-
nymi naklady na spotfebu rozpoustédel. V UHPLC mdédu byla pouzi-
ta velice jednoducha mobilni faze, a to voda s pfidavkem 0,1 % (v/v)
TFA a acetonitril. Spotfeba této organické faze vzhledem k rychlosti
analyzy je minimalni (asi 2ml na jednu analyzu véetné ekvilibrace),
coz metodu vyrazné zlevriuje. V pripadé HPLC je na jednu analyzu
spotfebovano 17 ml organické faze (methanolu).

Obr. 1 HPLC chromatogram extraktu chmele (odrtda Sladek)
Chromatografické podminky: Kolona C18-Hop (250 x 4 mm, velikost
¢astic 5 pm), Macherey Nagel; teplota kolony 35 °C; pratok mobilni
faze 0,8 ml/min; mobilni faze 850 ml methanolu, 190ml vody a 5ml
kyseliny fosfore¢né; izokraticka eluce; objem nastfiku 5 pl; UV detek-
ce 314 nm

Fig. 1 HPLC chromatogram of hop extract (Sladek variety)
Chromatographic conditions: Column C18-Hop (250 x 4 mm, particle
size 5 ym), Macherey Nagel; column temperature 35 °C; mobile
phase flow 0,8 ml/min; mobile phase composition 850 ml of metha-
nol, 190ml of water and 5 ml of phosphoric acid; isocratic elution; in-
jection volume 5 pl; UV detection at 314 nm
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tion was carried out using chromatography software ChromQuest for
Windows NT.

Chromatographic conditions UHPLC

UHPLC analyses were performed on BEH C18 Waters column
(2.1 x 50mm 1.D, particle size 1.7 pm), column temperature was
25 °C, and mobile phase flow was 0.4 ml/min. The two-component
mobile phase was formed by aqueous solution of TFA-water (0.1:99.9
v/v) (A) and acetonitrile (B). The separation of analytes was carried
out by gradient elution from a starting point at 50% (B) to 80% (B)
within 6 min. The analytical run was terminated with an equilibration
step of 2 min. The injection volume was 2 pl. a- and f-acids were
detected by UV at 314 nm.

The Acquity UPLC™ (Waters) chromatograph was used for the
analyses together with 2996 PDA detector operating at wavelengths
ranging from 194 to 600 nm. Data were processed by Empower 2
(Waters) software.

3 RESULTS AND DISCUSSION

HPLC chromatogram obtained according to EBC 7.7 method is
depicted in Fig. 1. a-Acids elute in two zones; cohumulone elutes in
a discrete zone whilst n-humulone and adhumulone co-elute in
a common zone. A very similar elution profile was obtained when
-acids were separated. When the UHPLC method was optimized,
a complete separation of all three zones was obtained for a- and
B-acids (see Fig. 2). An absolutely different type of column was
used in UHPLC mode compared to HPLC. This column is based on
the principle of “sub-2 um” and we described this special column
type in our previous article (OlSovska et al., 2012a). In the literature
one can usually encounter the phenomenon of multiple increase of
performance of UHPLC columns as compared with HPLC columns.
Using of a new UHPLC method with modified mobile phase (with a
higher content of more polar component) lead to a total separation
of peaks in the case of n-humulone and adhumulone (and analo-
gously n-lupulone and adlupulone), which were not at all separated
in HPLC. Furthermore, analysis time significantly decreased from
25 min in HPLC to 8 min; this facilitates high-throughput of samples
and cost reduction of solvent consumption. A very simple mobile
phase, 0.1% TFA in water (v/v) and acetonitrile, was used in the
UHPLC mode. The consumption of organic modifier was minimal
due to the speed of analysis (approximately 2ml per one analysis
including equilibration step), which leads to the price reduction of

Obr. 2 UHPLC chromatogram extraktu chmele (odrida Sladek)
Chromatografické podminky: Kolona BEH C18 (2.1 x 50mm 1.D, ve-
likost ¢astic 1.7 pm), Waters; teplota kolony 25 °C; pratok mobilni
faze 0,4 ml/min; mobilni faze (A) TFA—voda (0.1:99.9, v/v), (B) aceto-
nitril; gradientova eluce z 50% (B) do 80% (B) za 6 min, ekvilibrace 2
min; objem nastfiku 2 pl; UV detekce 314 nm

Fig. 2 UHPLC chromatogram of hop extract (Sladek variety)
Chromatographic conditions: Column BEH C18 (2.1 x 50mm I.D,
particle size 1.7 ym), Waters; column temperature 25 °C; mobile
phase flow 0,4 ml/min; mobile phase composition (A) TFA-water
(0.1:99.9, v/v), (B) acetonitrile; gradient elution from 50% (B) to 80%
(B) within 6 min, equilibration 2 min; injection volume 2 pl; UV dete-
ction at 314 nm
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a-Kyseliny vykazuji v UV spektru tfi maxima 237, 285 a 322 nm
(obr. 3). Podle metody EBC 7.7 je k detekci horkych kyselin pouZita
vinova délka 314 nm. Déle tato metoda predepisuje jednobodovou
kalibraci prochazejici po¢atkem. Za téchto podminek byly vyhodno-
ceny obsahy a- a 3-kyselin metodami HPLC a UHPLC v 11 vzorcich
chmele. V tab. 1 je uveden prehled analyzovanych vzorkd chmele
spole¢né s konduktometrickou hodnotou KH. V tab. 2 jsou uvedeny
vysledky méfeni celkového obsahu a- a B-kyselin obéma srovnava-
nymi metodami a rozdil A mezi vysledky obou metod. V poslednim
sloupci je uvedena teoreticka hodnota meze opakovatelnosti r,; vy-
pocitana pro jednotlivé hladiny (maximalni povoleny rozdil mezi dvé-
ma stanovenimi v jedné laboratofi) vychazejici z metodiky EBC, kap.
7.7. Hodnoty skuteéného a teoretického rozdilu vychazejiciho z opa-
kovatelnosti metody byly spolu porovnany. Z tab. 2 je patrné, ze v pfi-
padé a-kyselin dava metoda UHPLC mirné vys$si vysledky (v primé-
ru 0 0,13 % hm.), avSak tyto rozdily jsou pro vSechny vzorky (kromé
jednoho) nizsi nez povolend opakovatelnost. U B-kyselin jsou rozdily
kladné i zaporné, avSak opét (kromé jednoho vzorku) pod teoretic-
kou mezi opakovatelnosti. Lze tedy prohlasit, Ze obé metody jsou
srovnatelné.

Obr. 3 UV spektrum kohumulonu

UV spectrum bylo naméreno pomoci UHPLC-DAD detektoru béhem
separace a-kyselin za podminek uvedenych v ¢asti Material a meto-
dy. Ostatni a-kyseliny mély shodné UV spektrum s maximy 237, 285
a 322 nm

Fig. 3 UV spectrum of cohumulone

The UV spectrum was measured using UHPLC-DAD detector during
the separation of a-acids under conditions mentioned in Materials
and Methods. The other a-acids had the same UV maxima at 237,
285 a 322 nm

the method. When bitter acids were analyzed by HPLC, 17ml of
organic modifier (methanol) was used.

The UV spectrum of a-acids shows three maxima at 237, 285, and
322 nm (see Fig. 3). The wavelength of 314 nm and one-point cali-
bration was used according to EBC. 7.7. The content of a- and
-acids was measured by HPLC and UHPLC under these convention
conditions in 11 hop samples. Tab. 1 gives an overview of analyzed
hop samples together with LCV values. The values of total a- and
B-acids content obtained by the two chromatographic methods to-
gether with their difference A are summarized in Tab. 2. The theo-
retical value of repeatability r,, calculated for individual levels follows
from EBC 7.7 and expresses the permitted difference between two
parallel results in one laboratory. The values of real and theoretical
difference derived from method repeatability were compared. As
shown in Tab. 2, UHPLC gives moderately higher results in case of
a-acids (on average 0.13% higher). Nevertheless, for all samples
(except for one case) these differences are lower than the permitted
repeatability. Both positive and negative differences were found with
a-acids; except for one case they were again below theoretical re-
peatability. The two methods can thus be considered comparable.

Two hop samples (Sladek and Saaz) with different concentration
levels of a- and f-acids were chosen for comparison of validation
parameters. Both hop samples were measured repetitively (n=8)

Tab. 1 Prehled testovanych vzorkd chmele a jejich konduktometricka
hodnota KH / An overview of tested hop samples and their lead con-

ductance value (LCV)
1.40.3.572 co-humulon
2R8 Vzorek chmele / Hop sample | KH,, /LCV, ., | KH /LCV *
b 1 | Sladek/Sladek 10.18 11.05
1.204 2 | Premiant/Premiant 9.74 10.76
1.10; 3 | Zatec/Zatec 3.43 3.71
1.004 4 Bor/Bor 8.80 9.39
o 284.4 il 5 | ZPC/Saaz 2.21 2.42
< < = -
diso] 6 ZPC/Saaz 2.12 2.28
. 7 | Zatec/Zatec 3.38 3.65
8 ZPC/Saaz 3.31 3.57
0.604 —
9 ZPC/Saaz 2.27 2.45
oo 10 | Bor/Bor 8.89 9.55
040 11 | zPC/Saaz 3.52 3.80
220.00 24000 260.00 280.00 300.00 320.00 340.00 360.00 380.00
i) * KH pfepoctena na susinu / * LCV recalculated to dry material

Tab. 2 Srovnani obsahu a- a B-kyselin ve vybranych vzorcich chmele ziskaného metodou HPLC a UHPLC / Comparison of the content of

a- and B-acids in tested hop samples obtained by HPLC and UHPLC

a-kyseliny (% hm.) / a-acids (% w/w) B-kyseliny (% hm.) / B-acids (% w/w)
HPLC UHPLC A ros HPLC UHPLC A Fos
1 8.67 8.54 0.13 0.37 3.88 3.87 0.01 0.22
2 8.35 8.15 0.20 0.36 5.02 4.58 0.44 0.25
3 2.95 2.76 0.19 0.19 5.26 5.21 0.05 0.27
4 7.15 713 0.02 0.33 5.14 5.23 -0.09 0.27
5 1.72 1.59 0.13 0.15 3.62 3.63 -0.01 0.22
6 1.51 1.37 0.14 0.14 3.43 3.50 -0.07 0.21
7 2.81 2.57 0.24 0.18 5.21 5.14 0.07 0.26
8 2.75 2.67 0.08 0.19 5.31 5.47 -0.16 0.28
9 1.88 1.81 0.07 0.16 3.77 3.88 -0.11 0.22
10 7.63 7.55 0.08 0.34 5.41 5.35 0.06 0.27
11 2.92 2.78 0.14 0.19 5.30 5.52 -0.22 0.28
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Tab. 3 Srovnani valida¢nich charakteristik HPLC a UHPLC metody / The comparison of HPLC and UHPLC validation parameters

Sladek — validacni parametry / Sladek — validation parameters HPLC UHPLC
Mez opakovatelnosti (% hm.) r, pro a-kyseliny / Repeatability (% w/w) r,, for a-acids 0.22 0.03
Mez opakovatelnosti (% hm.) r, pro p-kyseliny / Repeatability (% w/w) r,, for p-acids 0.22 0.06
Odhad nejistoty (%) pro a-kyseliny / Uncertainty estimate (%) for a-acids 4.6 0.26
Odhad nejistoty (%) pro p-kyseliny / Uncertainty estimate (%) for p-acids 4.8 1.04
ZPC - validaéni parametry / Saaz — validation parameters HPLC UHPLC
Mez opakovatelnosti (% hm.) r,. pro a-kyseliny / Repeatability (% w/w) r,, for a-acids 0.22 0.03
Mez opakovatelnosti (% hm.) r..pro p-kyseliny / Repeatability (% w/w) r,, for -acids 0.22 0.06
Odhad nejistoty (%) pro a-kyseliny / Uncertainty estimate (%) for a-acids 4.6 0.74
Odhad nejistoty (%) pro p-kyseliny / Uncertainty estimate (%) for p-acids 4.8 0.80

Pro srovnani validaénich parametrd HPLC a UHPLC metod
na dvou koncentracnich hladinach byly vybrany dva vzorky chmele
(Sladek a ZPC) s rozdilnou hladinou o- a B-kyselin. Oba vzorky
chmele byly zméreny opakované (n=8) a z namérenych dat byla vy-
poc¢tena mez opakovatelnosti a odhad relativni nejistoty (k=2) pro
a- i B-kyseliny. Odrida Sladek (KH 10,18) obsahovala 8,57 = 0,1
hm. % o- kyselin a 3,81 + 0,04 hm. % B-kyselin. Odrida Zatecky
polorany Eervendk (KH 3,52) obsahovala 2,81 + 0,03 hm. % a-kyse-
lina 5,57 + 0,06 hm. % B- kyselin. Z tab. 3 je patrné, ze meze opako-
vatelnosti i odhady nejistoty pro a- i -kyseliny jsou v pfipadé pouziti
UHPLC metody vyznamné niz§i, ve v8ech pfipadech az o jeden rad.

4 ZAVER

Tato studie uzavira trojdilny serial ¢lanka, které se zabyvaly novou
generaci chromatografickych kolon a s nimi spojenou instrumentaci
kapalinové chromatografie, rozsifenou pod ndzvem ultra uc¢inna ka-
palinova chromatografie (UHPLC). V prvnim dile jsme predstavi-
li tuto novou technologii a popsali jeji pfinos v porovnani s klasic-
kymi metodami HPLC, ktery vyplyva ze zakladniho principu této
instrumentace a ktery se bezesporu pozitivné promitd do ekono-
mickych nakladl na analyzu. Pro ovéreni tohoto tvrzeni byly vypra-
covany dvé aplika¢ni studie v oboru pivovarské analytiky.

Na pfikladu stanoveni iso-a-kyselin v pivu a dale na stanoveni a-
a B-kyselin ve chmelu bylo potvrzeno, Ze kromé ekonomickych pfino-
sl (Uspora Casu a energii a rozpoustédel v dusledku vyznamného
zkraceni doby analyzy) poskytuje tato metoda méfeni s mensim roz-
ptylem vysledk(. Metody pivovarské analytiky vychazeji z uréitych
konvenci, které zatim predpokladaji pouziti starSich typd HPLC pfi-
stroji. Na zakladé obou studii Ize vSak konstatovat, Zze pouZiti
UHPLC dava pfi zachovani definovanych parametrd méreni (zplsob
detekce, kalibrace a kvantifikace) srovnatelné vysledky s metodou
HPLC, a proto Ize pouzivat oba typy instrumentalnich technik, aniz
by byla ohrozena spravnost vysledkd.
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and the repeatability and relative uncertainty estimate (k=2) were
calculated. The Sladek variety (KH 10.18) contained 8.57 + 0.1%
(w/w) and 3.81 + 0.04 % (w/w) of a- and B-acids, respectively. The
Saaz variety contained 2.81 + 0.03 %(w/w) and 5.57 + 0.06 % (w/w)
of a- and p-acids, respectively. As follows from Tab. 3, the repeat-
ability and relative uncertainty estimate for - and $-acids are sig-
nificantly (more than ten times) lower in all cases when the UHPLC
is used.

4 CONCLUSIONS

This study is the last of a series of three studies, which dealt with
a new generation of chromatographic columns and related liquid
chromatography instrumentation known as Ultra High Performance
Liquid Chromatography (UHPLC). In the first part, we introduced this
new technology and described its enormous advantages over the
classical HPLC method, which result from the basic principle of UH-
PLC instrumentation, and which will undoubtedly positively reflect in
economical costs per analysis. Two useful studies were performed in
the area of beer analysis to verify this claim.

The usefulness of the new method was confirmed on the example
of iso-a-acid determination in beer and further on determination of
a- and p-acids in hop. Besides an economic benefit (reduction of
time, energy and organic solvents as a result of significant analysis
time reduction) this method affords measurement with lower vari-
ance of results. The current methods of beer analysis are based on
some conventions that presume the use of old HPLC instrument
types. Based on both studies it is possible to state that the use of
UHPLC provides comparable results with HPLC, when defined
measure parameters (the way of detection, calibration and quantifi-
cation) are maintained. Therefore, both types of LC can be used with-
out compromising the accuracy of the results.
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