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Stevie sladka se stava oblibenym sladidlem v potravinaifském primyslu. Sladkou chut zpusobuji diterpenické slouceniny tzv. steviol
glykosidy, které jsou nekalorické a maji sladivost asi 300 vyssi nez sacharosa. Pouze derivat rebaudiosid A ma pfijatelné senzorické
vlastnosti, ostatni analogy jsou nahorklé az nepfijemné horké. Jelikoz se toto sladidlo pouziva také k doslazovani napoju véetné oblibe-
nych ochucenych piv, byla vyvinuta rychla rutinni analyticka metoda stanoveni rebaudiosidu A v téchto napojich a limonadach pomoci
kapalinové chromatografie s UV detekci. Pro separaci steviol glykosid(i bylo vyuZito HILIC principu, ktery je vhodny pro velmi polarni
a hydrofilni analyty. Metoda je selektivni, dobfe opakovatelna a ma vysokou vytéznost 90—-100 %.

Jurkova, M. — OlSovska, J.: Determination of rebaudioside A in mixed beer, beer-based beverages and lemonades. Kvasny Prum.
61, 2015, No. 9, pp. 268-272

The plant Stevia rebaudiana (Stevia sweet) is becoming a favourite sweetener in the food industry. Sweet taste is caused by diterpenic
glycosides, so-called steviol glycosides, which lack calories while being 300 times sweeter than sucrose. While all the other glycosides
are slightly or even disagreeably bitter, rebaudioside A possesses desirable sensorial properties. Because this sweetener is used to
sweeten beverages including mixed beer, a fast routine analytical method was developed using HPLC with UV detection for determina-
tion of rebaudioside A in mixed beer and lemonade. The HILIC principle, which is suitable for separation of polar and hydrophilic analytes,
was used for separation of steviol glycosides. The method is selective, reproducible and has a high recovery of 90-100 %.

Jurkova, M. — OlSovska, J.: Feststellung des Rebaudiosids A in den auf Basis Bier und Limonaden hergestellten aromatisierten
Getranken. Kvasny Prum. 61, 2015, Nr. 9, S. 268-272

Far die Anwendung in der Nahrungsmittelindustrie ist Stevia SU3 ein beliebter StiBstoff geworden. Der stiBe Geschmack verursachen
diterpenische Verbindungen sogenannte Steviol Glykosiden, die Kalorienfreie sind, und ihre StBigkeit im Vergleich mit Saccharose etwa
300mal héher ist. Nur Derivat Rebaudiosid A hat akzeptable sensorische Eigenschaften, andere Analoge sind ein bisschen bis unange-
nehmen bitter. Weil dieser StBstoff wird zur NachsiiBung von Getranken einschlieBlich der beliebten flavored Biere angewandt, wurde
eine schnelle Routinemethode der Bestimmung des Rebaudiosids A in diesen und alkoholfreien Getrdnken mittels Fllssigkeitschroma-
tographie mit UV-Detektion entwickelt. Flir Separation der Steviol Glykosiden wurde ein HILIC Prinzip angewandt, das flir hochpolare
und Hydrophilanalyte geeignet ist. Es handelt sich um eine selektive Methode, mit einer guten Reproduzierbarkeit und guter Ausbeute

90-100 %.
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1 UvoD

Stevie sladka (Stevia rebaudiana) pochazi z Jizni Ameriky, je hoj-
né rozsifena také v Asii, zejména v Japonsku, a je uzivana jako pfi-
rodni nekaloricka ndhrada sacharézy.

V roce 1931 izolovali francouzsti chemici z listl rostliny zaklad-
ni glykosidy steviosid a rebaudiosid A. Jedna se o diterpenické
slouc¢eniny s vysokou sladivosti az 300x vy$$i neZ ma sacharosa.
Tyto latky jsou obsazeny i v ostatnich ¢astech rostliny s vyjimkou
kofenl. Podil steviosidu ¢ini cca 10 % a rebaudiosidu A 2-4 %
v suchych listech. Listy stevie obsahuji dalsi diterpenické slouce-
niny, avSak v niz§im zastoupeni. Obvykle je v listech pfitomno osm
steviol glykosidu: steviosid, steviolbiosid, rebaudiosid (A, B, C, D,
E) a dulcosid A. Diterpenické steviol glykosidy chutnaji nahorkle,
s vyjimkou rebaudiosidu A, ktery ma hofrkost minimalni. Nejvice
produkovany steviosid vykazuje znatelnou, nékdy az nepfijemnou
horkost (Prakash et al., 2008), a proto je v potravinafském a na-
pojarském primyslu vyuzivan pouze extrakt rebaudiosidu A. Jeho
extrakty se mohou liSit obsahem i Cistotou vysledného produktu
v zavislosti na plivodu rostliny a podminkach extrakéniho postupu.
Kromé steviol glykosidli mohou byt v extraktech stevie pfitomny
i latky, které zadnou sladkost nevykazuiji.

Celosvétovy trend ,znovuobjeveni stevie“ jako potravinového do-
plfiku znamenal prekonani fady predsudkl a prekazek ze strany lo-
bbistickych skupin, nebot stevie se stala vaznym konkurentem dosud
pouzivanych umélych sladidel. FDA ufad pro kontrolu potravin a 1é€iv
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1 INTRODUCTION

Sweet stevia (Stevia rebaudiana) is native to South America, plen-
tifully spread in Asia, especially in Japan and is used as a non-calo-
rific sugar substitute.

French chemists isolated basic glycosides stevioside and rebau-
dioside A from plant leafs in 1931. They are diterpenic compounds
with high sweetness, approximately 300 times sweeter than sucrose,
and are contained in all parts of this plant with the exception of roots.
Dry leaves contain about 10% of stevioside and 2—4% rebaudio-
side A. The stevia leaves contain altogether eight diterpenic steviol
glycosides: stevioside, steviolbioside, rebaudioside (A, B, C, D, E)
and dulcoside A; their concentration is minor. Diterpenic steviol gly-
cosides have a slightly bitter taste except for rebaudioside A, which
has minimal bitterness. The major produced compound, stevioside,
exhibits appreciable unpleasant bitterness (Prakash et al., 2008) and
rebaudioside A extract of is therefore the only one used in food and
beverage industry. Rebaudioside A extracts can differ in the content
and purity of the final product depending on plant origin and extrac-
tion technique. Apart from steviol glycosides, extracts of stevia can
contain also other compounds without any sweetness.

The worldwide “stevia rediscovery” as a food supplement re-
quired the overcoming of numerous obstacles presented by lobbyist
groups since it represented a significant competition to other artificial
sweeteners then in use. The US Food and Drug Administration FDA
recognized stevia as a food supplement only in 1995; before that
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v USA teprve v roce 1995 uznal stevii jako doplnék stravy. Do té doby
sméla byt pouzivana pouze v kosmetickém primyslu, ackoli jeji bez-
pec€né uzivani bylo znamo vice jak 1500 let. Postoj FDA byl ovlivnén
zejména zavadéjicimi studiemi profesora Mauro Alvareze z Brazilie
z roku 1988, které stevii pfipisoval antikoncepéni vlastnosti, dokonce
neplodnost muzl i zen. Musela byt proto provedena fada studii, ktera
tento mytus vyvratila. Témér o 40 let bylo proto zdrzeno odsouhlaseni
FDA stevie jako bézného sladidla, které nevykazuje zadny kontra-
ceptivni efekt. Ani zadné dalSi nejmodernéjsi studie vliv na infertilitu
nepotvrdily (Kumar et al., 2008).

Také v Evropské unii pfedchazela uznani stévie jako pfidatné lat-
ky do potravin s ozna¢enim E960 fada diskuzi a studii, které byly
ve svych postojich znaéné nejednotné. Teprve od 2. prosince 2011
byly steviol glykosidy v EU registrovany jako povolené nahradni sla-
didlo. Toto schvaleni se vztahuje na rebaudiosid A s obsahem nejmé-
né 95 % Cisté latky a na smési steviol glykosidu s celkovym obsahem
rovnéz vyssim nez 95 %.

Podle spole¢ného vyboru expertll pro potravinarska aditiva (JEF-
CA) Svétové zdravotnické organizace (WHO) a Organizace OSN pro
vyzivu a zemédélstvi (FAO) je pfijatelny denni pfijem pro steviol gly-
kosidy vyjadfeny jako ekvivalent steviolu 4 mg na kg télesné hmot-
nosti a den (US Food and Drug Administration, 2008, JEFCA 2008).
Jako nekalorické sladidlo si rebaudiosid A naSel cestu do véech od-
vétvi potravinarského primyslu, v ndpojovém primyslu se vyuziva
zejména ke slazeni limondad a sirupd. V posledni dobé se stéle ¢as-
téji objevuji na trhu piva ovocna, v nichz pravé rebaudiosid A nasel
velké uplatnéni. Jeho mirné nahotkla chut velmi dobfe ladi s hotkym
charakterem piva, a proto rebaudiosid A stale ¢astéji nahrazuje umeé-
la sladidla, napf. aspartam.

Nejrozsifenéj$i metodou pro stanoveni steviol glykosidu je HPLC,
existuje také nékolik metod vyuzivajicich techniku tenkovrstvé chro-
matografie, kapilarni elektroforézy nebo nékteré spektroskopické
metody (NIR, VIS). Vybér separac¢nich podminek v HPLC je zavisly
na polarnich vlastnostech glykosidd, pfi volbé UV detekce je rozsah
pouzitelnych absorpci ziZen na oblast kratkych vinovych délek. Pre-
hled ptvodnich metod pouzivanych pro stanoveni steviol glykosid(
shrnuje prace z roku 1998 (Bovanova, 1998). Zverejnéné metody
HPLC popisuji separaci steviol glykosidli zejména na chromatogra-
fickych kolonach s funkénimi skupinami NH, nebo C18, mobilni fazi
tvofi vétsinou acetonitril nebo methanol v rizném poméru s vodou.
Optimalizaci podminek pro ziskani rebaudiosidu A z listl stévie po-
moci Soxhlet extraktoru s naslednym HPLC stanovenim na koloné
C18 s mobilni fazi acetonitril/'voda 80/20 (v/v) popisuje prace autoru
Afandi et al. (Afandi, 2013). Pfipravu kapalnych vzorkd na SPE (Solid
Phase Extracion) fazi pfed HPLC analyzou publikovali Bovanova et
al. (1998).

V soucasné dobé je pro separaci velmi polarnich a hydrofilnich
sloucenin pouzivana nova technika, zaloZzena na principu hydrofil-
nich interakci v kapalinové chromatografii (HILIC). Alpert (Alpert,
1990) navrhl oznaceni ,chromatografie hydrofilnich interakci® (HI-
LIC) pro chromatografii na kolonach typickych pro systémy s normal-
nimi fazemi, které ale vyuzivaji vodné-organické mobilni f4ze podob-
né jako RP systémy. Slovo ,hydrofiini“ charakterizuje afinitu k vodeé,
ktera se pfidava do mobilnich fazi pfi HILIC separacich na polarnich
kolonach. HILIC technika nalezla nejprve uplatnéni pfi separacich
sacharidd, aminokyselin a peptidi (Strege, 1998), v poslednich le-
tech ale rychle roste pocet nové vyvinutych novych kolon pro HILIC
a aplikaci pro separace v oblasti analyz Zivotniho prostredi, potravin,
pfirodnich latek i syntetickych Ié&iv, iontovych i neiontovych tenzidd.
Vyznamnou vyhodou HILIC separaci je zvy$ena citlivost analyz po-
moci kapalinové chromatografie s hmotnostni detekci diky zlepSené
ionizaci elektrosprejem (ESI) v mobilnich fazich s vysokym obsahem
acetonitrilu (Brown et al., 2002; Jandera, 2011).

Tohoto principu Ize vyuzit pro HILIC separaci steviol glykosidl
s UV detekci (Thermo, 2012). Pfi pouziti ELS detektoru (Evapora-
tive Light Scattering) Ize doséhnout oproti detekci UV zlepSeni meze
detekce a kvantifikace. Nevyhodou tohoto detektoru je vSak nutné
pouziti tékavé mobilni faze.

| kdyZ v odborné literature jiz existuje fada metod pro stanoveni
rebaudiosidu A a ostatnich steviol glykosidu, existuje jen malo po-
travinarskych laboratofi, kde se tato metoda rutinné provadi. To se
odrazi v cené této analyzy. Proto bylo cilem této prace vypracovani
analytické metody stanoveni rebaudiosidu A (obr. 1) v pivu a limo-
nadach pomoci dostupné techniky HPLC s UV detekci s vyuzitim
separaéniho principu HILIC. Struktura rebaudiosidu A s prevazuji-
cimi -OH skupinami sv&d¢i o jeji vysoké polarité. Pravdépodobna
hodnota logaritmu rozdélovaciho koeficientu mezi vodu a oktanol
(log P) je — 3,12. Hodnoty mens&i nez 1 charakterizuji polarni slou-

stevia could be used only in cosmetic industry although its safe use
was known more than 1500 years. The position of the FDA was influ-
enced by the misleading studies by the Brazilian Prof. Mauro Alvarez
in 1988, which described stevia as having contraceptive properties
and even causing infertility of men and women. A number of stu-
dies had to be performed to disprove this myth. Nearly 40 years thus
elapsed before FDA approved stevia as a common sweetener with-
out any contraceptive effect. None of the current studies has con-
firmed its effect on human fertility (Kumar et al., 2008).

Also in European Union extensive discussions and often mutually
contradictory studies preceded the recognition of stevia as food sup-
plement with designation E960.

Steviol glycosides were registered by EU as permitted sweetener
only on December 2, 2011. This approval concerns rebaudioside A
with the content of at least 90% of pure substance and mixtures of
sterol glycosides with a total content higher than 95%.

According to the Joint Committee of Experts for Food Additives
(JEFCA) of World Health Organization (WHO) and of Food and
Agriculture Organization of the United Nations (FAO) the accept-
able daily intake of steviol glycosides is 4 mg of steviol per kg body
mass a day (US Food and Drug Administration, 2008, JEFCA 2008).
The sweetener rebaudioside A has found application in all branches
of food industry as a non-calorific sweetener; it is used especially
for sweetening of lemonades and syrups in beverage industry. Fruit
beers sweetened with rebaudioside A have recently appeared in-
creasingly often on the market. The slightly bitter taste of rebaudio-
side A harmonizes with the bitter beer character and it replaces more
and more artificial sweeteners such as aspartam.

The widespread method for determination of steviol glycosides is
HPLC, though there exist also some methods using thin layer chro-
matography, capillary electrophoresis or spectroscopic methods
(NIR, VIS). The choice of HPLC separation conditions is dependent
on the polar character of the glycosides, the choice of UV detection
restricts the range of applicable absorbance to short wavelengths.
An overview of earlier methods used for determination of steviol
glycosides was written by Bovanova (1998). The HPLC methods
describe a separation of steviol glycosides especially on columns
with NH, or C18 functional groups; the mobile phases include most-
ly acetonitril or methanol with water in various rations. Afandi et al
(Afandi, 2013) described the optimization of conditions to obtain
rebaudioside A from stevia leaves using Soxhlet extractor with sub-
sequent HPLC determination on C18 column with mobile phase
acetonitrile/water 80/20 (v/v). Bovanova et al. (Bovanova, 1998)
published the preparation of liquid samples by SPE prior to HPLC
analysis.

A new technique based on hydrophilic interactions in liquid chro-
matography (HILIC) is currently used to separate very polar and hy-
drophilic compounds. Alpert (Alpert, 1990) suggested term “chroma-
tography of hydrophilic interactions” (HILIC) for chromatography on
columns typical for systems with normal phases, which however are
using water-organic mobile phases like the RP systems. The word
“hydrophilic” characterizes the affinity to water added to mobile phas-
es in HILIC separations on polar columns. The HILIC technique was
first used for separation of saccharides, amino acids and peptides
(Strege,1998). However, the number of newly developed columns for
HILIC and applications for separations in the area of environment,
foods, natural compounds, synthetic drugs and nonionic surfactants
has grown very quickly in the last years. An important benefit of
HILIC separations is higher sensitivity of LC-MS analyses because
of improved electrospray ionization (ESI) in mobile phases with high
content of acetonitrile (Brown at al., 2002; Jandera, 2011).

This principle can be used for HILIC separation of steviol glyco-
sides with UV detection (Thermo, 2012). Compared to UV detec-
tion, the use of ELS detector (evaporative light scattering) provides
improvement of the limits of quantification and detection. The disad-
vantage of this detector is the necessity to use volatile mobile phase.

Though the relevant literature contains many methods for determi-
nation of rebaudioside A and other steviol glycosides, only a few food
laboratories use this method routinely. This is reflected in the cost of
this analysis. This study therefore aimed at setting up an analytical
method for the determination of rebaudioside A (Fig. 1) in mixed beer
and lemonade using an available HPLC technique with UV detection
and HILIC separation principle.

The structure of rebaudioside A with prevailing —OH groups deter-
mines its high polarity. The probable value of logarithm of distribution
coefficient between water and octanol (log P) is — 3.12. Values lower
than 1 characterize the polar compounds (author's comment, see the
Dictionary of Food Compounds on CD-ROM, 2004).
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¢eniny (poznamka autora, viz. Dictionary of Food Compounds with
CD-ROM, 2004).
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Obr. 1 Struktura rebaudiosidu A / Fig. 1 Structure of rebaudioside A

2 MATERIAL A METODY

2.1 Chemikalie a rozpoustédla

Rebaudiosid A, HPLC standard >96 % (Sigma-Aldrich).

Deionizovana voda, obsah organickych latek < 4 ppb (Millipore,
USA)

Acetonitril, Chromasolv, gradient grade pro HPLC > 99,9 %, Sigma
Aldrich

Methanol, Chromasolv, gradient grade pro HPLC > 99,9 %, Sigma
Aldrich

Strikackové filtry celulosové s pérovitosti 0,2 um (SISw, Praha).

2.2 Pfiprava vzorku

Vzhledem k vy$Si koncentraci rebaudiosidu A v limonadéach jsou
tyto vzorky pfed analyzou pouze pfedcistény. Vzorky piv s mnohem
niz§im obsahem sladidla je nezbytné také zakoncentrovat, a to tak,
aby se méfené hodnoty pohybovaly v oblasti kalibraéni kfivky rebau-
diosidu A. Pro cisténi i zakoncentrovani rebaudiosidu A byly pouzity
extrakeni kolonky C18, E 1000 mg/6 ml (Strata, Phenomenex, USA).
Extrakéni kolonka byla nejprve kondicionovana (postupné 10 ml
methanolu, 10 ml deionizované vody), poté byl na kolonku nanesen
vzorek limonéady (5 ml) nebo piva (25 ml). Zachyceny vzorek na ad-
sorbentu byl promyt (10 ml 20% acetonitrilu v deionizované vodg)
a konecné eluovan do smési acetonitril — methanol v poméru 1:1
(v/v) o objemu 5 ml. Precistény vzorek byl po filtraci na celulosovém
filtru (pdrovitost 0,2 pm) nadavkovan na kolonu (5 pl).

2.3 Priprava kalibraénich roztoku

Rozsah kalibra¢ni kfivky byl zvolen tak, aby vyhovoval stanoveni{
rebaudiosidu A jak v limonadach, tak v ochucenych pivech s niz-
8i koncentraci nez 1 mg/l (takové vzorky jsou prekoncentrovany).
Kalibraéni roztoky byly pfipraveny rozpusténim standardu do mo-
bilni faze. Zasobni roztok rebaudiosidu A byl pfipraven navazenim
100 mg s pfesnosti + 1 mg standardu rebaudiosidu A a rozpusténim
ve 100 ml odmérce. Kalibra¢ni roztoky o koncentracich 1, 5, 10, 20
a 50 mg/100 ml analytu byly pfipraveny fedénim pfislusnych objem
zasobniho roztoku mobilni fazi.

2.4 HPLC stanoveni

Pro stanoveni rebaudiosidu A byla pouzita metoda kapalinové
chromatografie s UV detekci pfi 210 nm na kapalinovém chromato-
grafu Dionex Ultimate 3000 (Thermo Scientific) vybavenym ovlada-
cim a procesovacim softwarem Chromeleon 7.

Pro separaci polarniho rebaudiosidu A od ostatnich latek pfitom-
nych v matricich piva i limonady byla pouzita kolona Acclaim Mixed —
Mode WAX 1(2,1 x 150 mm; 5 pm; Thermo Scientific) v HILIC modu.

2 MATERIAL AND METHODS

2.1. Chemicals and solvents

Rebaudioside A, HPLC standard > 96% (Sigma — Aldrich)

Deionized water, content of organic compounds < 4 ppb (Millipore,
USA)

Acetonitrile, Chromasolv, gradient grade, for HPLC > 99.9%, Sig-
ma Aldrich

Methanol, Chromasolv, gradient grade, for HPLC > 99.9%, Sigma
Aldrich

Syringe cellulosic filters 0.2 pm porosity (SISw, Prague).

2.2. Sample preparation

Samples of lemonades are only pre-purified before analysis in
view of the higher concentration of rebaudioside A. Samples of
mixed beer, with much lower content of the sweetener, must be
pre-concentrated so that the measured values will fit into the range
of the calibration curve of rebaudioside A. The extraction columns
C18, E 1000 mg/6 ml (Strata, Phenomenex, USA) were used for
purification and pre-concentration. The extraction column was first
conditioned step by step with10 ml of methanol, 10 ml of deionized
water and after that a sample of lemonade (5 ml) or mixed beer
(25 ml) was applied on the column. The sample captured on the ad-
sorbent was washed (10 ml of 20% acetonitrile in deionized water)
and eluted into 5 ml of the mixture of acetonitrile — methanol in a 1:1
(v/v) ratio. The purified sample was loaded on the column after filtra-
tion on cellulose filter.

2.3. Preparation of calibration solutions

The range of the calibration curve was chosen to comply with
determination of rebaudioside A in both lemonades and in mixed
beers with concentration lower than 1 mg/l (these samples were pre-
concentrated). The calibration solutions were prepared by dissolv-
ing a standard in mobile phase. The stock solution of rebaudioside
A was prepared by weighing 100 mg of rebaudioside A standard with
accuracy + 1 mg and its dissolution in 100 ml in graduated flask.

The other calibration levels of analyte, i.e. 1, 5, 10, 20 and 50
mg/100 ml were prepared by dissolving stock solution in appropriate
volumes of mobile phase.

2.4. HPLC determination

HPLC with UV detection at 210 nm on Dionex Ultimate 3000 liquid
chromatograph (Thermo Scientific) with Chromeleon 7 control and
processing software was used for determination of rebaudioside A.
The column Acclaim Mixed — Mode WAX 1 (2.1 x 150 mm; 5 pym;
Thermo Scientific) in HILIC mode was used for separation of polar
rebaudioside A from other compounds present in beer and lemonade
matrices. The mobile phase consisted of acetonitrile and 10 mM am-
monium formate at pH 3.00 = 0.05 in a ratio of 80/20 (v/v) in isocratic
mode. The flow rate of mobile phase was 0.5 ml/min, the column was
temperature-controlled at 40 °C, and injection volume was 5 pl.

3 RESULTS AND DISCUSSION

The method was optimized for mixed beer and lemonade matrices,
and its validation involved verification of linearity, repeatability and
recovery of the method.

3.1 Selectivity

As follows from Fig. 2, the elution zone of rebaudioside A is dis-
tinctly separated from other polar analytes even for its very low con-
centration in the sample. The last minority component elutes at 7.04
min while the elution zone of rebaudioside A is at 7.95 min. The total
separation of rebaudioside A from other components complies with
the requirements for a good selectivity of the method. This is given by
the use of HILIC mode which has a markedly better selectivity to po-
lar compounds and thus to rebaudioside A than the usual non-polar
columns. Another advantage of the HILIC mode is a higher sensitiv-
ity; it is 10 — 1000-fold higher for hydrophilic analytes than reverse
mode techniques.

3.2 Linearity

The linearity was verified in a calibration range of 1-50 mg/l where
the detector response of rebaudioside A has clearly a linear depend-
ence. It is evident from table 1 that the concentrations of rebaudio-
side A in the original mixed beer appear in the close proximity of the
lower point of the calibration curve.
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Obr. 2 Chromatogram separace vzorku piva obsahujici rebaudiosid A / Fig. 2 Chromatogram of separation of beer sample containing rebau-

dioside A

Kolona Acclaim Mixed — Mode WAX 1(2,1 x 150 mm; 5 pm), mobilni faze acetonitril a 10 mM mravenéan amonny 80/20 (v/v) v izokratickém
rezimu. Pratok mobilni faze 0,5 ml/ min, teplota kolony 40 °C, nastfik vzorku 5 pl. Retenéni ¢as rebaudiosidu A 9,75 min / Column Acclaim
Mixed — Mode WAX 1 (2.1 x 150 mm; 5 um), mobile phase acetonitrile and 10 mM ammonium formate 80/20 (v/v) in isocratic mode. Flow rate
of mobile phase 0.5 mi/min, temperature of column 40 °C, injection volume 5 pl. The retention time of rebaudioside A is 9.75 min

Mobilni faze byla tvofena acetonitriem a 10 mM mravenéanem
amonnym o pH 3,00 +0,05 v poméru 80/20 (v/v) v izokratickém rezi-
mu. Pritok mobilni faze byl 0,5 ml/ min, kolona byla termostatovana
pfi 40 °C, nastfik vzorku byl 5 pl.

3 VYSLEDKY A DISKUSE

Metoda byla optimalizovana pro matrice pivo a limonady, v ramci
validace byla ovéfovana linearita metody, jeji opakovatelnost a vy-
téznost.

3.1 Selektivita

Jak vyplyva z obr. 2, eluéni zéna rebaudiosidu A je zfetelné od-
délena od ostatnich polarnich analytd, a to i v pfipadé velmi nizké
koncentrace ve vzorku. Posledni minoritni slozka eluuje v ¢ase 7,04
min, eluéni zéna rebaudiosidu A az v éase 9,75 min. Uplna separa-
ce rebaudiosidu A od ostatnich slozek vyhovuje podminkam dobré
selektivity metody. Tato skute€nost je dana pouzitym HILIC médem,
kterda ma vyrazné lepsi selektivitu k polarnim latkam, a tedy rebau-
diosidu A, ve srovnani s béznymi nepolarnimi kolonami. Dal$i vy-
hodou HILIC médu je vysSi citlivost, nebot pro hydrofilni analyty je
ve srovnani s reversnimi technikami 10 az 1000 x vySSi.

3.2 Linearita

Linearita byla ovéfena v uvedeném kalibraénim rozsahu 1 — 50
mg/100 ml, kde ma prokazatelné odezva detektoru linearni zavislost
na koncentraci rebaudiosidu A.

Z tab. 1je zfejmé, Ze hodnoty koncentrace rebaudiosidu A se v pU-
vodnim vzorku ochuceného piva pohybuji v tésné blizkosti spodniho
bodu kalibraéni zavislost.

3.3 Opakovatelnost a vytéZznost metody

Pro zjisténi opakovatelnosti a vytéznosti metody byla pouzita li-
monada typu Cola a pivo ochucené ovocnym vytazkem, oboji s de-
klarovanym obsahem rebaudiosidu A. U obou vzorkl byla stanove-
na koncentrace sledovaného analytu. Kazdy vzorek byl extrahovan

Tab. 1 Opakovatelnost metody/ Table 1 Repeatability of the method

3.3 Repeatability and recovery of the method

A Cola-type lemonade and mixed beer flavored with fruit extract,
both with the stated content of rebaudioside A, were used for deter-
mination of repeatability and recovery of the method. The concentra-
tion of the monitored analyte was determined for both samples. Each
sample was extracted on a SPE column and subsequently analyzed
on a chromatographic column. The determined content of rebaudio-
side A in each sample and repeatability (expressed as a limit of re-
peatability) are given in Table 1. The permissible difference between
two parallel determinations (limit of repeatability) in both the beer
and the lemonade is 0.42 mg/100 ml, which attests to the good preci-
sion of the method.

The repeatability of the method was determined using standard
addition of rebaudioside A to samples of mixed beer and lemonade.
Two distinct concentrations of the standard were prepared to elimi-
nate mistakes in the dosage of different volumes of standard added
into the beer and the lemonade. A solution having the concentration
of 1000 mg/100 ml water was prepared for spiking of lemonade while
a solution of 100 mg/100 ml water was prepared for spiking beer.
The standard was added into 100 ml volumetric flasks to achieve two
different concentrations. With both matrices, an adequate volume of
the standard was filled up to the graduation mark.

The dosage of 1 ml or 2 ml of standard solution into lemonade
caused an increase of the analyte concentration to about 10 resp.
20 mg/100 ml. The dosage of 2 ml resp. 4 ml of standard solution
into beer signified the increasing the concentration of analyte by
about 2 or 4 mg/100 ml. Every concentration level was determined
twice. The results are given in Table 2. The recovery of the method
for lemonades and mixed beer ranges in the interval from 101.9% to
102.8% and from 90.2% to 93.1%, respectively. This fact is appar-
ently caused by larger matrix effect in beer and by pre-concentration
of beer before analysis. Due to the solubility of the analyte in alcohol
its partial leak occurs during of sorption and washing of SPE column.

The HILIC technique permits the separation of rebaudioside A from
other polar compounds also in the very complicated beer matrix,
which would not be possible using conventional polar column due
to the high polarity of rebaudioside A. The elimination of co-elution

1 2 3 4 5 pramér / average s* re*
LIMONADA / LEMONADE
(mg /100 ml) 6.41 6.58 6.67 6.80 6.52 6.59 0.15 0.42
OCHUCENE PIVO / MIXED BEER
(mg/100 ml) 1.92 1.98 1.78 1.67 1.65 1.80 0.15 0.42

*smérodatna odchylka / standard deviation, ** opakovatelnost / repeatability
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Stanoveni rebaudiosidu A v ochucenych pivech, ndpojich na bazi piva a limonadach

na SPE kolonce a nésledné analyzovan na chromatografické kolo-
né. Stanoveny obsah rebaudiosidu A v kazdém vzorku a opakovatel-
nost stanoveni (vyjadfena jako mez opakovatelnosti) jsou uvedeny
v tab. 1. Pfipustny rozdil mezi dvéma paralelnimi stanovenimi (mez
opakovatelnosti) v pfipadé piva i limonady v plvodnim vzorku &ini
0,42 mg/100 ml, coz vypovida o dobré pfesnosti metody.

Vytéznost metody byla zjisStovana pomoci standardniho pridavku
rebaudiosidu A. Ke vzorku limonady a ochuceného piva byl pfidan
standard rebaudiosidu A o dvou raznych koncentracich a z rozdilu
pfed a po pfidani byla vypoétena vytéznost metody. Aby byly eli-
minovéany chyby, které by vznikly davkovanim fadové odliSnych ob-
jem0 pfi pfidavku do ochuceného piva a limonady, byly pfipraveny
standardni roztoky odliSnych koncentraci: pro limonadu byl pfipra-
ven roztok o koncentraci 1000 mg/100 ml, pro pivo o koncentraci 100
mg/100 ml. V obou pfipadech byl pfidan standardni pfidavek tak,
aby se dosahlo dvou odliSnych koncentraénich urovni. Do 100 ml od-
mérné barky byl vzdy pfidan odpovidajici objem standardniho rozto-
ku a doplnén pfislusnou matrici po zna€ku. Do limonady byly davko-
vany 1 ml resp. 2 ml standardniho roztoku, coz znamenalo zvySeni
koncentrace analytu v limonadé o 10 resp. 20 mg/100 ml, do piva
byly pfidany 2 ml resp. 4 ml standardniho roztoku, coz znamenalo
zvySeni koncentrace analytu v matrici piva o 2 resp. 4 mg/100 ml.
Na kazdé koncentra¢ni urovni bylo stanoveni provedeno 2x. Vysled-
ky jsou uvedeny v tab. 2. Vytéznost metody se pro limonady pohybu-
je vintervalu 101,9 % az 102,8 %, pro piva mezi 90,2 % az 93,1 %.
Tento fakt je zfejmeé zplisoben vétSim matricnim efektem v pivu a za-
koncentrovanim piva pfed analyzou, vzhledem k rozpustnosti tohoto
analytu v alkoholu dochazi pfi sorpci a promyvani na SPE kolonku
k jeho ¢aste¢nému uniku.

Aplikace HILIC techniky umozriuje selektivné oddélit rebudiosid A
od ostatnich polarnich latek i z velmi komplikované matrice piva, coz
by vzhledem k vysoké polarité rebaudiosidu A nebylo mozné dosah-
nout pomoci béznych poléarnich chromatografickych kolon. Elimina-
ce koeluce rebaudiosidu A s jinymi slozkami vzorku zabezpecuje
spravnost stanoveni bez nadhodnoceni vysledku. Ostatni analytické
parametry jsou ve shodé s publikovanymi metodami s UV detekci
v oblasti kratkych vinovych délek.

4 ZAVER

Vypracovana metoda pro stanoveni rebaudiosidu A poskytuje do-
state¢né presné (opakovatelnost 0,42 mg/100 ml) a spravné (vytéz-
nost 90 az 100 %) vysledky. Rozpustnost rebaudiosidu A v alkoholu
vysvétluje posun rovnovahy na extrakéni kolonce, a tak i nizsi vytéz-
nost z piva ve srovnani s nealkoholickou limonadou. Koncentrace re-
baudiosidu A v béznych vzorcich piva a limonady po Upravé na SPE
kolonce vyhovuji linearni kalibraéni zavislosti v oblasti od 1 do 50
mg/100 ml analytu.
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Tab. 2 VytéZnost metody / Table 2 Recovery of the method

of rebaudioside A with other polar compounds assures the accuracy
of determination without overrating of the results. All other analytical
parameters are in the agreement with the results of other published
methods with UV detection in the range of short wavelengths.

4 CONCLUSION

The newly developed method to determination of rebaudioside A
shows satisfactory precision (repeatability 0.42 mg/100 ml) and ac-
curacy (recovery 90-100%). The solubility of rebaudioside A in alco-
hol explains the equilibrium shift on extraction column, and thus also
a lower recovery from beer in comparison to non-alcoholic lemonade.
The concentration of rebaudioside A in mixed beer (or a beer-based
beverage) and lemonade after its treatment on the SPE column com-
plies with a linear calibration relationship in the range from 1 to 50
mg/100 ml of the analyte.
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Pl aonceriace | prcavek ebaudosi A1 [ L, o fGreenece | upeanost
LB ¢ i Original concentration of Clpllte v rEoRL TR s 2 pConcem‘raz‘ion a?'ter spike Ft‘ecoo very
rebaudioside A (mg/100ml) (g/100ml) (mg/100ml)* (%)

LIMONADA / LEMONADE
pridavek 1/ spike 1 6.6 10 16.8 101.9
pridavek 2/ spike 2 6.6 20 27.2 102.8
OCHUCENE PIVO / MIXED BEER
pridavek 1/ spike 1 1.8 2 3.7 93.1
pridavek 2/ spike 2 1.8 4 5.4 90.2

*pramér ze dvou stanoveni / average of two determinations





