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The concentration of total saccharides including polyols and sugars belongs to one of the main values of basic nutrition labelling infor-
mation of food as well as beer. The article informs about the method of these compounds, describes its chemical and analytical principles,
validation parameters and clearly explains how the method is applied in the beer analysis.
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Koncentrace celkovych sacharidd véetné polyolt, a z toho cukrd, patfi mezi jeden ze zakladnich Gdaji nutricniho znaceni potravin
a také piva. Clanek informuje o metodice stanoveni téchto latek, jeji chemické a analytické podstaté, validaénich parametrech a zejména

prehledné vysvétluje zplsob jeji aplikace v analyze piva.

Keywords: sugars, saccharides, beer, liquid chromatography

1 INTRODUCTION

The current legislation, the European Parliament Regulation and
Council Regulation No 1169/2011 (EU, 2011), require food commod-
ity producers to inform the consumers about the energy content of
foods and beverages. Another obligation resulting from this regula-
tion is nutrition labelling of food and many drinks, such as non-alco-
holic beer. One of the important nutritional parameters is the informa-
tion about the concentration of total carbohydrates and especially
sugars. According to the definition in the Regulation:

» Saccharides are every saccharide metabolized by a human in-

cluding polyols

* Sugars are mono- and disaccharides excluding polyols

The metabolism of saccharides by human cells means degrada-
tion of glucose (also fructose) polymers bonded by a-glycosidic
bond. A human enzyme apparatus is designed to cleave the
a-glycosidic bond to produce simple glucose molecules that are the
source of energy. Low-molecular carbohydrates called sugars are
immediately used by the organism. Therefore, they are sometimes
marked as burdening carbohydrates and are self-defined in nutrition
labelling. Oligosaccharides and polysaccharides are an energy po-
tential for the organism but in order to use it by the organism as an
energy source the glycosidic bonds in the digestive tract must be
enzymatically cleaved to sugars. Based on this fact, the Commission
Regulation (EU) No 117/2010 (EU, 2010) about determination of car-
bohydrates content determination and Commission Regulation No
900/2008 (EU, 2008) about the analytical methods and other techni-
cal establishment necessary for the implementation of the goods
export procedure were issued, which among others contain the obli-
gation of enzymatic cleavage of carbohydrates followed by determi-
nation of glucose by liquid chromatography.

The saccharides contained in beer originate from malt and they
are formed during the mashing step by enzymatic cleavage. Beer
contains so-called fermentable sugars such as fructose, glucose,
maltose and saccharide maltotriose, which are possible to analyze
according to EBC 8.7, EBC 9.2.7 and MEBAK 2.7.2. (EBC, 2009a; b;
MEBAK, 2013a) methods. Further, so-called oligosaccharides (dex-
trins), which are chains formed by the combination of 4 to 10 glucose
molecules (DP4-DP10, DP means “degree of polymerization”), can
be detected in beer at relatively significant concentrations. About one
third of the total carbohydrate content in beer is formed of polysac-
charides containing more than 10 units of glucose. The sum of all
saccharides mentioned above can be determined by the MEBAK
2.7.3 (MEBAK, 2013b) method, which is based on dehydration with
sulfuric acid to form 5-hydroxymethylfurfural, which gives together
with anthrone a colored product determined by colorimetry at 625
nm. However, this assay is not in compliance with the procedure
described in Commission Regulation (EU) No 117/2010. The dehy-
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1 UvVoD

Soucasna legislativa, Nafizeni Evropského parlamentu a poza-
davky Rady No. 1169/2011 (EU, 2011), uklada vyrobclim potravinai-
skych komodit povinnost informovat spotfebitele o energetickém
obsahu jednotlivych druhl potravin a napoja. Dali povinnosti vyply-
vajici z tohoto nafizeni je oznaCovat tzv. nutriéni slozeni potraviny
a fady napoju, jako napf. nealkoholického piva. Jednim z vyznam-
nych nutri¢nich parametr je informace o koncentraci celkovych sa-
charidl a z toho cukrll. Podle definice uvedené v natizeni je:

» Sacharidy — kazdy sacharid metabolizovany c¢lovékem, vcetné

polyol(

* Cukry — mono- a disacharidy bez polyolt

To, Ze je sacharid metabolizovan ¢lovékem, znamena, Ze se jedna
0 molekulu slozenou z molekul glukosy, popfipadé fruktosy vazané
a-glykosidickou vazbou. Enzymaticky aparat ¢lovéka je uzplsoben
pravé na Stépeni a-glykosidické vazby, za vzniku jednoduchych mo-
lekul glukosy, ktera je zdrojem energie. Nizkomolekularni sacharidy
jsou oznacovany jako cukry a jsou organismem ihned vyuzivany.
Proto se nékdy oznacuji jako sacharidy a jsou v nutri¢nim oznaceni
samostatné vymezeny. Oligosacharidy a polysacharidy jsou energe-
tickym potencialem pro organismus, ale aby je organismus mohl vy-
uzit jako energetického zdroje, musi byt v travicim traktu pfislusné
glykosidické vazby enzymaticky roz§tépeny pravé na cukry. Na za-
kladé tohoto faktu bylo vydano Nafizenim komise (EU) €. 117/2010
o stanoveni obsahu dextrint (EU, 2010) a Nafizenim Komise (EU)
€. 900/2008 o analytickych metodach a jinych technickych ustanove-
nich nezbytnych k provadéni rezimu vyvozu zbozi (EU, 2008), které
mimo jiné obsahuje povinnost enzymatického Stépeni sacharidi
s naslednym stanovenim uvolnéné glukosy metodou kapalinové
chromatografie.

Sacharidy obsazené v pivu pochazeji ze sladu, kde vznikaji ve fazi
rmutovani enzymatickym Stépenim. V pivu jsou obsazeny tzv. zkva-
sitelné cukry jako fruktosa, glukosa a maltosa a sacharid maltotriosa.
Ty Ize stanovit metodami EBC 8.7, EBC 9.2.7 a MEBAK 2.7.2. (EBC,
2009a; b; MEBAK, 2013a). V pomérné vyznamnych koncentracich
Ize v pivu detekovat také tzv. oligosacharidy (dextriny), coz jsou fe-
tézce vzniklé spojenim molekul 4 az 10 jednotek glukosy (DP4 —
DP10, DP znaci zkratku z anglického ,degree of polymerization®).
Asi jednu tfetinu celkové koncentrace sacharidl v pivu tvofi polysa-
charidy obsahujici vice jak deset jednotek glukosy. Sumu vSech vy-
jmenovanych sacharidll Ize stanovit metodou MEBAK 2.7.3. (ME-
BAK, 2013b), ktera je zaloZzena na dehydrataci kyselinou sirovou
za vzniku 5-hydroxymethylfurfuralu. Ten poskytuje s anthronem ba-
revny produkt stanovovany kolorimetricky pfi 625 nm. Tato metoda
vS8ak nevyhovuje Nafizeni komise (EU) €. 117/2010. Podle tohoto
nafizeni musi byt metoda stanoveni sacharidd v napojich a potravi-
nach zalozena na enzymatické konverzi oligomerd a polymert sa-
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dration with sulphuric acid may increase the concentration of poly-
saccharides because also carbohydrates with B-glycosidic bond are
measured. According to the Regulation No 117/2010, the method for
determination of saccharides in beverages and food must be based
on the enzymatic cleavage of saccharide oligomers and polymers to
glucose units using amylase or amyloglucosidase; determination of
glucose must be then performed by HPLC method. During the devel-
opment of the method in our laboratory (Jurkovéa et al., 2014), it
turned out that efficacy of the enzymes is negatively influenced by
the presence of alcohol. Therefore, the method had to be optimized
to the maximum possible degree of conversion. The residual un-
cleavaged polymers, about 5% of the original carbohydrates, were
then determined simultaneously together with glucose by the HPLC
with the RI (Refractive Index) detector.

The same instrumentation and the HPLC method is used for deter-
mination of an original profile of oligosaccharides to DP10 and glyc-
erol (polyol) in sweet wort, bitter wort and beer. This method does not
require the enzymatic cleavage and the sample is only diluted and
filtrated prior HPLC determination.

2 THE METHODOLOGY

2.1 Sample preparation — enzymatic cleavage of saccharides

An amyloglucosidase from Aspergillus niger, (70 units/mg, Sigma
Aldrich, Czech Republic) is used for enzymatic cleavage of oligo-
and polysaccharides in beer. The cleavage is carried out in 100 mL
volumetric flasks placed in the thermostat at 60 °C for 120 minutes.
The solution of the amyloglucosidase cleaving enzyme is added to
the analyzed beer sample after the temperature reaches 60 °C. Sub-
sequently, the conversion is performed for 120 minutes, which is the
optimal time for maximal recovery of this enzymatic reaction. Then,
the cleavage is terminated by inactivation of the enzyme by the tem-
perature of 80 °C. Finally, the sample is centrifugated, cooled to the
room temperature and diluted 10 times by ultra-pure water.

2.2 Determination by HPLC

The analysis of saccharides was performed on a Rezex RSO -
Oligosaccharide ion exchange column in Ag* mode (200x10 mm;
Phenomenex, USA). This column works primarily as a molecular
sieve and it is made of styrene-divinylbenzene sulfonated with 4%
cross-linking. Carbohydrates and glycerol are eluted according to
their molecular size; it means that the smallest molecules of glycerol,
fructose and glucose are eluted as the last ones, while the oligosac-
charides elute earlier in dependence on their decreasing molecule
size (Phenomenex, 2014). The individual elution zones of saccha-
rides are then quantified by a highly sensitive refractometric detector
(Shodex RI-101).

The mobile phase consists only of ultrapure water (Millipore, USA).
Its purity (in particular, the low content of ion reducing Ag* cation to
neutral Ag) is important for the long life of the column because the
reduced Ag irreversibly clogs the pores in the column. Reducing car-
bohydrates themselves are also involved in the reduction of Ag ions
because in the aqueous phase there is a balance between their lin-
ear and cyclic forms, of which the linear form with the aldehyde group
is able to reduce the Ag ions. To prevent this mechanism, the amount
of matrix must be minimal; therefore, the samples are diluted prior
the analysis. The temperature of the column is 85 °C, the flow rate of
the mobile phase is 0.3 mL.min"", the injection volume is 10 pL. The
analytes used are glycerol, fructose, glucose, maltose, DP3 - DP10
oligosaccharides.

If the analyzed sample contains sucrose, it is completely degraded
to glucose and fructose in the aqueous mobile phase with the Ag
ions at 85 °C. Therefore, the separation of sucrose is performed on
NH, columns where this phenomenon does not occur.

In order to determine saccharides in the wort, the original sample
must be diluted 50 times, the beer sample mast be degassed and
diluted 10 times. The sample must be diluted exclusively using ul-
trapure water with a high degree of deionization. Concentrations of
the samples should be ranged in linear part of calibration curve, oth-
erwise the samples need to be further diluted.

Calibration solutions are prepared from the sugar standards as of
D-(+)-glucose anhydrous, D-(-)-fructose, maltose monohydrate
(Merck, Czech Republic) and polyols as glycerol (99% Sigma-Al-
drich, Czech Republic). Five hundred milligrams of each sugar (to
the nearest 0.1 mg) is diluted in the solution of 0.5 g/100 mL glycerol
to the accurate volume of 100 mL. This stock solution is further di-
luted with deionized water in order to obtain calibration solutions in

charidd na glukosu pomoci amylasy nebo amyloglukosidasy, stano-
veni glukosy musi byt provedeno metou HPLC. Jak se ukazalo pfi
vyvoji metody (Jurkova et al., 2014), G€innost enzymU je negativné
ovlivnéna pfitomnosti alkoholu. Proto bylo potfeba metodu optimali-
zovat na maximalni mozny stupen konverze. Nerozstépené oligome-
ry a polymery, zhruba asi 5% ptvodnich sacharidd, jsou pak stano-
veny spole¢né s glukosou metodou HPLC s RI (Refractive Index)
detekci.

Stejna instrumentace a HPLC metoda je pouzivana také pro zjis-
téni plvodniho profilu oligosacharid( do DP10 a glycerolu (polyolu)
ve slading, mladiné a pivu, metoda nevyZaduje enzymatické stépeni
a vzorek je pouze vhodné nafedén a Zfiltrovan.

2 METODIKA

2.1 Priprava vzorku - ezymatické stépeni sacharidi

K enzymatickému $tépeni oligo- a polysacharidd v pivu se pouziva
amyloglukosidaza z Aspergillus niger (70 units/mg, Sigma Aldrich,
Ceska republika). Stépeni probiha ve 100ml odmérnych barikach
vloZenych do termostatu pfi teploté 60 °C po dobu 120 minut. Roztok
Stépiciho enzymu amyloglukosidasy se pfida k analyzovanému
vzorku piva az po vytemperovani na pozadovanou teplotu 60 °C,
od té doby se pocita doba 120 min potfebna k optimalnimu stupni
konverze. Po jejim uplynuti je Stépeni ukon€eno inaktivaci enzymu
pfi teploté 80 °C. Vzorek se odstfedi, ochladi na laboratorni teplotu
a 10 x zfedi ultraCistou vodou.

2.2 HPLC stanoveni

Pro komplexni analyzu sacharidt piva a sladiny byla pouzita Re-
zex RSO - Oligosaccharide kolona s iontovou vymeénou v Ag* cyklu
(200x10mm; Phenomenex, USA). Tato kolona, vyrobena ze sulfono-
vaného styren-divinylbenzenu se 4 % zesiténim, funguje pfedevsim
jako molekularni sito. Sacharidy a glycerol jsou eluovany v poradi
podle rozmérh molekul, to znamen4, Ze jako posledni jsou eluovany
malé molekuly glycerol, fruktosa a glukosa, zatimco oligosacharidy
eluuji dfive, a to v pofadi sestupném vzhledem ke stupni polymerace
(Phenomenex, 2014). Jednotlivé eluujici zony sacharidl jsou pak
kvantifikovany vysoce citlivym refraktometrickym detektorem
(Shodex Rl —101).

Mobilni faze je tvofena pouze ultraistou vodou (Millipore, USA).
Jeji Cistota (zejména nizky obsah iontd redukujicich kationt Ag*
na neutralni Ag) je dalezita pro dlouhou zivotnost kolony, nebot vyre-
dukované Ag nenavratné ucpava pory v koloné. Na redukci Ag iontd
se podileji i samotné redukujici sacharidy, nebot ve vodné mobilni
fazi nastava rovnovaha mezi linearni a cyklickou formou, z nichz li-
nearni forma s aldehydickou skupinou je schopna redukovat Ag ion-
ty. Nastfik matrice na kolonu musi byt proto omezen na minimum
a vzorky jsou prfed vlastni analyzou vétSinou fedény. Kolona je tem-
perovana na 85 °C, pritok mobilni faze je 0,3 ml/min, objem nastiiku
je 10 pl. Stanovované analyty jsou glycerol, fruktosa, glukosa, malto-
sa, oligosacharidy DP3 — DP10.

Pokud analyzovany vzorek obsahuje sacharézu, v prostfedi vod-
né mobilni faze a stfibrnych iontd kolony pfi teploté 85 °C dochazi
k jeji tplné degradaci na glukosu a fruktosu. Pro stanoveni sacharo-
sy se proto voli separace na NH, kolonach, kde k tomuto jevu nedo-
chazi.

Pfi stanoveni sacharidll ve sladiné a mladiné se plvodni vzorek
musi nafedit 50krat, pivo se po odpénéni a odstranéni oxidu uhli€ité-
ho fedi 10krat. K fedéni se pouziva vyhradné ultracista voda s vyso-
kym stupném deionizace. Zjisténé hodnoty koncentraci zfedénych
vzorkl by se mély nachazet v linearni ¢asti kalibraéni kfivky, jinak je
potfeba vzorky vice fedit.

Pro pripravu kalibraénich roztokd se pouzivaji standardy zaklad-
nich cukr(, a to: D(+)-glukosa bezvodé, D(-)-fruktosa a maltosa mo-
nohydrat (Merck, Ceska republika), a pro stanoveni polyoll glycerol
(99 %, Sigma-Aldrich, Ceska republika). Do 100 ml odmérky se na-
vazi 0,59 (s pfesnosti 0,1 mg) kazdého standardu cukru a doplni se
po rysku roztokem glycerolu o koncentraci 0,5 g/100ml. Tento z&-
sobni roztok je dale postupné fedén deionizovanou vodou tak, aby
byly ziskany kalibraéni roztoky v rozsahu koncentraci 0,001 az 0,1
g/100ml. Maltosa a vyssi oligosacharidy jsou vyhodnocovéany podle
bezvodé maltosy. Koncentrace pro maltosu jsou proto v kalibraci na-
sobeny koeficientem 0,950002.

Na obr. 1 a 2je uveden pfiklad analyzy sacharid(i v realném vzor-
ku nealkoholického piva pfed a po enzymatickém Stépeni. Z jejich
porovnani je zfejmy narlst koncentrace glukosy zplsobeny vice jak
95 % konverzi sacharidd. JelikozZ je enzymatické Stépeni proces dy-
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the concentration ranging from 0.001 to 0.1 g/100 mL. Maltose and
higher oligosaccharides are evaluated according to anhydrous malt-
ose, therefore, concentrations for maltose are corrected in the cali-
bration by the coefficient of 0.950002.

Fig. 1 and 2 show an example of a saccharides analysis in a real
sample of non-alcoholic beer before and after enzymatic cleavage.
As seen from their comparison, the increase of glucose concentra-
tion caused by saccharides conversion is higher than 95%. Since the
enzymatic cleavage process is dynamic, residual DP oligomers re-
main in the solution at the time of its interruption. Even though they
represent the minor part, they must be included into the calculation
of the total saccharides content. Further, the correction is of the
changed volume caused by addition of enzyme solution to the beer
sample as well as correction of enzymatic activity depending on the
alcohol content (see Table 1) must be considered when total sac-
charides are determined.

The efficacy of the amyloglucosidase enzyme is regularly verified
by adding a known concentration of maltodextrin (4 g/100 mL), to
a non-alcoholic beer sample. Both, the original non-alcoholic beer
and non-alcoholic beer with the addition of maltodextrin are ana-
lyzed, and the difference between these two results is used to ex-
press the efficacy of the enzyme.

2.3 Quantification of glucose from DP3 to DP10

Due to the poor availability and high cost of oligomer standards,
DP3-DP10 oligomers concentrations are evaluated by maltose
standard. Resulting DP concentrations are then multiplied by relative
response factors obtained from the comparison of the response of
maltose during the method development. The factors 1.1 and 1.3
were obtained for DP3 and DP4, respectively. The concentrations of
DP5-DP10 are very low and their response factor ranges from 1.4 to
1.6. Therefore, the factor value of these analytes was approximated
to 1.5.

2.4 Calculations

For the calculation of the concentrations of the individual saccha-
rides in sweet original wort, wort and beer, i.e. without enzymatic
cleavage, the following equation is used:

Cpsm=0Cy-d

namicky, v okamziku jeho pferu$eni v roztoku zlstavaji zbytkové DP
oligomery, a i kdyz pfedstavuji minoritni ¢ast, musi byt zahrnuty
do vypoctu celkového obsahu sacharidd. Pfi vypoctu celkové kon-
centrace sacharidC je dale provedena korekce na zménu objemu
vzorku pfidanim roztoku enzymu (dle pouzitych objemu) a korekce
na ucinnost enzymu v zavislosti na obsahu alkoholu (tab. 7).

Ucinnost enzymu amyloglukosidasy je pravidelné ovéfovana po-
moci pfidavku zndmé koncentrace maltodextrinu (4 g/100ml) do ne-
alkoholického piva. Enzymaticky jsou $tépeny plvodni nealkoholic-
ké pivo a nealkoholické pivo s pfidavkem maltodextrinu a u obou je
zméfen celkovy obsah sacharidi po $tépeni. Rozdil obou hodnot
vyjadfeny v procentech vzhledem k hodnoté pfidavku maltodextrinu
(100 %) vyjadfuje Gginnost Stépeni.

2.3 Kvantifikace oligomerti DP3 az DP10

Vzhledem ke $patné dostupnosti a vysoké cené standard( oligo-
merd, jsou koncentrace oligomerd DP3-DP10 vyhodnoceny pomoci
standardu maltosy a ziskané hodnoty koncentraci jsou pak nasobe-
ny relativnimi odezvovymi faktory vzhledem k maltose pro jednotlivé
oligomery, ziskané samostatnym méfenim pro vSechny oligomery
v&etné maltosy metodou standardniho pfidavku. Pro DP3 byl ziskan
faktor 1,1; pro DP4 1,3. Vzhledem k nizké koncentraci oligomeru
DP5 — DP10 a jejich rozpéti odezvovych faktord v Gzkém rozmezi
1,4-1,6 byla hodnota faktoru pro tyto analyty aproximovéana na hod-
notu 1,5.

2.4 Vypocty

Pro vypocet koncentraci jednotlivych sacharid v pivu, sladiné
nebo mlading, tj. bez enzymatického Stépeni, pouzijeme néasledujici
rovnici

Cipsm =Cy-d

kde ¢, ; = je koncentrace jednotlivého sacharidu v pivu, sladiné
nebo mladiné, c, je zméfenéa koncentrace jednotlivého sacharidu a d
je prislusné fedéni.

Celkovy obsah monosacharidi a oligosacharidd DP2 az DP10
v pivu, sladiné nebo mladiné bez Stépeni, je potom souctem zjiste-
nych koncentraci

[mV] 7
f
154 l-
o | o FI
Q x
2 10+ I| e ® S 2
B ~ | @~ © N o« ) ° oo
> s| 2o o g N N 5 - |
g ®\ ax358 2 & : g 3
S 080 2 o § @ |m c 3 |
> 51 PP T o = Il vl = £ m |
qEF ¥ = X I | ll“‘ > 2 - |
| AN A J 5 7 N
5 . £ { : 2 1) q |
. - f A EEA -erams? Loty e . |
0 10 20 30 40 50 [min.]
time / ¢as
Fig. 1 Chromatogram of the real beer sample (non-alcoholic beer) before enzymatic cleavage
Obr. 1 Chromatogram realného vzorku nealkoholického piva pfed enzymatickym Stépenim
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Fig. 2 Chromatogram of the real beer sample (non-alcoholic beer) after enzymatic cleavage
Obr. 2 Chromatogram realného vzorku nealkoholického piva po enzymatickém Stépeni



Determination of Sugars and Saccharides in Beer

Kvasny Prum.
64/2018 (2) 61

where ¢, ; . is the resulted concentration of individual saccharide
in beer (p), sweet wort (s) and wort (m), ¢, is the measured concen-
tration of individual saccharides in sample, and d is dilution.

The total amount of monosaccharides (sugars) and oligosaccha-
rides till DP10 in beer (p), sweet wort (s) and wort (m) without enzy-
matic cleavage is the sum of individual concentrations

Cpsm=2Cq.d

where ¢, s  is the total concentration of saccharides till DP10 in
beer (p), sweet wort (s) and wort (m), ¢, is measured concentration
of individual saccharides in the sample and d is dilution.

The assay of enzymatic cleavage of saccharides in beer for deter-
mination of total concentration of all cleavable saccharides contains
step which are taken into account in the following equation with re-
lated correction factors:

c,=2¢c,.d.e/f

where ¢, is the total concentrations of saccharides in beer includ-
ing glycerol, ¢, is the measured concentration of individual saccha-
rides in the sample, dis dilution, e is correction factor of volume after
the addition of enzyme to the sample, fis the correction factor (re-
covery coefficient) of the enzyme efficacy which depends on the al-
cohol content in beer (see Table 1).

2.5 Validation parameters

Validation parameters such as repeatability, (rys), instrumentation
limit of quantification (ILOQ), method limit quantification (MLOQ),
and a coefficient of variation at MLOQ concentration in 10 times rep-
lication (CV) are given in Table 2.

3 VERIFICATION OF THE METHOD

In order to verify the accuracy of the method, a comparison of the
total saccharide concentration with the real beer extract was per-
formed. Usually, the real extract of beer is formed by saccharides,
proteins, organic acids, minerals and other minor compounds. De-
tailed information on the nutritional composition of beer will be pub-
lished in the following article: OlSovska et al: The value of beer en-
ergy published in August 2018.

An overview of tested samples, 10 non-alcoholic (samples 1-10)
and alcoholic (samples 11-20) beers is given in Table 3.

The total saccharides content in tested non-alcoholic beers ranged
from 3.07 to 7.53 g/100 mL with a corresponding extract from 3.17 to
7.94%. This corresponds to 90.5 to 97.9% of the actual extract. An
average value of percentage of saccharides in the real extract is
94.3%. The total saccharide content in tested alcoholic beers ranged
from 3.19 to 4.35 g/100 mL with a corresponding extract from 3.44 to
5.02%. Also, saccharides in alcohol beers represent 88.44% of the
extract in average. A higher percentage of saccharides in the real
extract in non-alcoholic beers is caused by a lower degree of fermen-
tation, while the percentage content of other compounds is then
lower than with conventional alcoholic beer. Based on these results,
it can be stated that the method provides the accurate results (Jur-
kova et al., 2014).

4 MONITORING OF SUGARS AND
SACCHARIDES IN CZECH BEERS

Research Institute of Brewing and Malting has been providing the
method of “Determination of sugars and total saccharides” since

Table 2 Validation parameters of the method
Tab. 2 Valida¢ni parametry metody

Cpsm =2Cq . d

kde ¢, 5 ) je koncentrace vSech sacharidd v pivu, sladiné nebo
mlading, ¢, je zméfena koncentrace kazdého sacharidu a d je pfi-
slusné fedéni.

Laboratorni postup enzymatického $tépeni sacharidd v pivu pro
zjisténi celkové koncentrace sacharidd, tj. i téch v pivu pfitomnych
ve formé polysacharidid a glycerolu, v sobé zahrnuje kroky, které jsou
zohlednény ve vypoctu odpovidajicimi korekénimi faktory:

c,=2¢c,.d.e/f

kde ¢, je celkovy obsah sacharidl v pivu vCetné glycerolu, ¢,; je
zméfena koncentrace jednotlivych sacharidd a glycerolu, d je pfi-
sludné fedéni, e je korekeni faktor zmény objemu po pfidavku rozto-
ku enzymu a f je korekéni faktor G€innosti enzymu, jehoz hodnota
zavisi na obsahu alkoholu v objemovych procentech (viz tab. 7).

Table 1 Recovery coefficient in dependence on alcohol content (% vol.)
Tab. 1 Koeficient vytéznosti v zavislosti na obsahu alkoholu (% obj.)

Alcohol (% vol.) Recovery coefficient
Alkohol (% obj.) Koeficient vytéZnosti
0-0.5 % 1
0.5-1 % 0.98
1-2 % 0.97
2-4 % 0.95
4-6 % 0.92
6-10 % 0.9

2.5 Validaéni parametry

Valida¢ni parametry metody, opakovatelnost (rgs), limit kvantifikace
pristroje (ILOQ), limit kvantifikace metody (MLOQ) a varia¢ni koefici-
ent pfi koncentraci MLOQ a deseti opakovanich (CV) je pro jednotli-
vé sacharidy uveden v tab. 2.

3 OVERENI METODY

Pro ovéreni spravnosti metody bylo pouzito srovnani celkové kon-
centrace sacharidd s realnym extraktem piva, ktery je tvofen pravé
sacharidy, dale bilkovinami, organickymi kyselinami, mineralnimi lat-
kami a dal$imi minoritnimi slou¢eninami (podrobné informace o nu-
triénim slozeni piva budou zvefejnény v nasledném ¢lanku OlSovska
et al: Energeticka hodnota piva, ktery vyjde srpnu 2018).

V tab. 3 je uveden prehled srovnavanych vzorkd, 10 nealkoholic-
kych (vzorky 1-10) a 10 alkoholickych (vzorky 11-20) piv.

V nealkoholickych pivech byl nalezen obsah celkovych sacharidd
od 3,07 do 7,53 g/100ml s odpovidajicim rozpétim extraktu od 3,17
do 7,94 %. To odpovida 90,5 az 97,9 % skute€ného extraktu s pra-
mérnou hodnotou 94,3%. Obsah celkovych sacharidd v alkoholic-
kych pivech se pohyboval v rozmezi 3,19 az 4,35 g/100ml s odpovi-
dajicim extraktem 3,44 az 5,02 %. Sacharidy v téchto alkoholickych
pivech tedy predstavuji 86,5 az 92,7 %. Vys$S§i procento sacharid(
v extraktu v nealkoholickych pivech je zpUsobeno niz§im stupném
prokvaseni, procentni obsah ostatnich slouc¢enin je pak nizsi nez
u bézného alkoholického piva. Vzhledem k témto vysledkim Ize kon-
statovat, Ze metoda poskytuje spravné vysledky (Jurkova et al.,
2014).

Parameter/ e - e total sgccharidgs
I(;a/:%rgit]rl) glukosa fruktosa maltosa DP4 — DP10 glycerol celkové sacharidy
ILOQ 0.001 0.001 0.001 0.001 0.001 -

CV (%) 7.04 9.09 10.3 - 9.61 -

MLOQ 0.01 0.01 0.01 0.01 0.01 -

Fos 0.02 0.02 0.02 0.02 0,15 0.2
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Table 3 Comparison of results of total saccharides and real beer extracts
Tabulka 3 Srovnani vysledku celkovych sacharidi a skute¢ného extraktu

Sample ReaJ e’xtract Total s_accharides’ Saccharjde percc_enfage
Vzorek Skutecny extrakt Sacharidy celkoveé Podil sacharidt
(% wiw) (g/100 mL) (%)
Nonalcoholic/Nealkoholické
1 3.17 3.07 96.8
2 3.31 3.24 97.9
3 4.58 4.39 95.8
4 4.46 4.31 96.6
5 5.01 4.70 93.7
6 3.70 3.43 92.7
7 4.80 4.48 93.2
8 3.33 3.05 91.7
9 7.94 7.53 94.8
10 3.49 3.16 90.5
Mean/Pramér 4.27 3.70 94.3
Alcoholic/Alkoholické
11 4.28 3.94 92.1
12 3.44 3.19 92.7
13 4.55 4.03 88.6
14 417 3.70 88.7
15 4.09 3.55 86.8
16 4.26 3.74 87.8
17 5.02 4.35 86.7
18 4.59 3.97 86.5
19 4.31 3.74 86.8
20 413 3.62 87.7
Mean/Pramér 4.58 4.21 88.44

2012. This method was accredited in 2013 by the Czech Accredita-
tion Institute according to ISO EN 17025, in 2014 it was published in
a foreign impacted journal Food Analytical Methods (Jurkova et al.,
2014) and certified by the Office for food of Ministry of Agriculture of
the Czech Republic.

Many Czech breweries routinely use the analysis of saccharides
and sugars for food labelling. The obtained data from 2016 and 2017
were statistically processed and evaluated.

4.1 Determination of oligosaccharides in sweet wort

The profile of oligosaccharides till DP10, which is possible to be
performed using the method described above without enzymatic
cleavage, is depicted in the Fig.3. This method is used if we want to
know a composition of sweet wort or wort, namely, for the information
about the concentration of fermentable sugars. After the integration of
chromatographic peaks at the given example in the Fig. 3, we obtain
concentrations of particular oligosaccharides. These data are shown
in the Table 4; the resulting concentration 8,58 g/100 mL informs about
the sum of sugars and oligosaccharides from DP3 to DP10.

[mV]

4 APLIKACE METODY, MONITORING
CUKRU A SACHARIDU V CESKYCH
PIVECH

VUPS metodiku stanoveni cukr( a sacharidd pro nutriéni znaceni
piva provadi jiz od roku 2012, v roce 2013 byla akreditovana Ceskym
institutem pro akreditaci podle normy ISO EN 17025, v roce 2014
byla metodika publikovana v zahrani¢nim recenzovaném Casopise
Food Analytical Methods (Jurkova et al., 2014) a certifikovana Ufa-
dem pro potraviny na Ministerstvu zemédé&lstvi CR. Rada &eskych
pivovard jiz rutinné vyuziva metodu stanoveni sacharidll a cukr( pro
znaceni téchto hodnot na etiketach. Ziskana data za obdobi 2016
a 2017 byla statisticky zpracovana a vyhodnocena.

4.1 Stanoveni profilu oligosacharidti ve sladiné

Na obr. 3 je profil sacharidi do DP10, kterou Ize provést popsanou
HPLC metodou bez pfedchoziho enzymatického Stépeni. Tato meto-
da je vhodna pro uréeni sacharidického slozeni sladiny nebo mladi-
ny, zejména z divodu obsahu zkvasitelnych cukrl. Po integraci
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Fig. 3 Separation of dextrins DP10 in sweet wort (without enzymatic cleavage)

Obr. 3 Separace dextrinli DP10 ve sladiné (bez enzymatického Stépeni)
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Table 4 The values of saccharides in model samples
Tab. 4 Hodnoty sacharidd v modelovych vzorcich

Saccharide Sweet.wort (Fig. 3) Be.er bevforev cvleavgge (Fig. 1) Begr after vclfzavage (Fig. 2)

Sacharid Sladina (obr. 3) Pivo pred stépenim (obr. 1) Pivo po Stépeni (obr. 2)
(9/100 mL) (9/100 mL) (g/100 mL)

Fructose 0.31 0.02 0.07

Glucose 1.48 0.03 4.05

Maltose 4.45 2.18 0.08

DP3 1.44 0.66 0.05

DP4 0.40 0.20 0.00

DP5 0.17 0.06 0.00

DP6 0.14 0.07 0.00

DP7 0.08 0.05 0.00

DP8 0.06 0.05 0.08

DP9 0.03 0.04 0.00

DP10 0.02 0.00 0.00

Sum/Celkem 8.58 3.35

SUGARS/CUKRY 2.23

SACCHARIDES/SACHARIDY 4.55*

* the value corrected using recovery coefficient
* hodnota upraven korekci na vytéznost

4.2 Determination of total saccharides and sugars in beer

For the purpose of determining total saccharides and sugars,
namely, for beer nutrition labelling, the following procedure is used.
Firstly, the sugar content of the beer is measured without enzymatic
cleavage. The original beer sample is only diluted, then the glucose,
fructose and maltose are determined and counted together with the
determination of glycerol. Then, the concentration of sugars is deter-
mined. The example of the analysis of sugars is shown in Fig 1 and
the respective values are given in Table 4. In the second step, beer
is enzymatically cleaved and about 95% of all saccharides are con-
verted to glucose. The content of the resulting glucose and the re-
sidual non-cleaved saccharides are determined by the HPLC. The
example of the HPLC analysis of total saccharides is shown in Fig. 2
and the respective values are shown in Table 4.

The Table 4 shows a contribution of saccharides above DP10 to
the total concentration of saccharides in beer. If we count the sepa-
rated saccharides in the beer which was not enzymatically cleaved,
we will get the concentration of 3.35 g/100 mL (in our specific exam-
ple). If enzymatic cleavage is performed, the total saccharide con-
centration is 4.55 g/100 mL. The difference between these two val-
ues is 1.20 g/100 mL and corresponds to the concentrations of
saccharides above DP10. It is not possible to ignore this amount
from the nutritional point of view because it contributes to the total
saccharides compounds with 26%. This difference applies to all
beers, based on our monitoring, we can say, about 30% of beer sac-
charides in beer have a higher degree of polymerization than DP10.

5 CONCLUSIONS

The method of saccharides determination by the HPLC with the RI
detection on an ion exchange chromatographic column in the Ag*
cycle can be used for sugars as well as saccharides determination in
beer, sweet wort and wort with the following uses. The first applica-
tion, which provides information on a mashing efficiency, is the deter-
mination of fermentable sugars and oligosaccharide profiles in sweet
wort and wort. In this case, the sample is only diluted and immedi-
ately chromatographically analyzed. If we want to know the concen-
tration of sugars and glycerol in beer for nutritional labelling of beer,
we will use the method in the same way. Finally, to determine the
total saccharides concentration in the beer for nutritional labelling,
enzymatic cleavage of saccharides to glucose is performed and,
subsequently, the glucose is determined by HPLC-RI. The method is
well repeatable, it has a good recovery and provides excellent re-
sults in interlaboratory tests.
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chromatografickych pikt uvedeného ptikladu ziskdme hodnoty cuk-
rd a oligosacharidd uvedenych v tab. 4. Vysledna koncentrace sa-
charidd 8,58 g/100 ml udavéa koncentraci do DP 10.

4.2 Stanoveni celkovych sacharidl a z toho cukr v pivu

Pro potteby stanoveni celkovych sacharidi a z toho cukrq, ze-
jména pro nutri¢ni znaceni piva, se pouziva nasledujici postup. Nej-
dfive se zméfi obsah cukrd v pivu bez $tépeni, originalni pivo se
pouze nafedi a stanovi se obsah glukosy, fruktosy a maltosy a tyto tfi
hodnoty se se€tou. Zaroven je stanoven glycerol. Takto ziskame
hodnotu cukru. Ptiklad analyzy je uveden na obr. 1 a pfislusné hod-
noty jsou uvedeny v tab. 4. V druhém kroku je pivo enzymaticky Sté-
peno a zhruba 95% vSech sacharidd je pfevedeno na glukosu. Po-
moci HPLC stanoveni je zjistén obsah vzniklé glukosy a pfipocten
obsah zbytkovych nerozstépenych sacharidl, ¢imz ziskdme hodno-
tu celkovych sacharidll. Pfiklad HPLC analyzy celkovych sacharidd
je uveden na obr. 2 a pfislusné hodnoty jsou uvedeny v tab. 4.

Z tab. 4 je zfejmé, jak velka ¢ast sacharidll s vy$§im polymeraénim
stupném nad DP10 je v pivu obsazena. Pokud seteme separované
sacharidy v pivu, které nebylo $tépeno, ziskame v naSem konkrét-
nim pfikladu hodnotu 3,35 g/100 ml. Pokud provedeme enzymatické
Stépeni, celkova hodnota sacharidt je 4,55. Rozdil mezi témito hod-
notami, tedy 1,20 g/100 ml, je koncentrace sacharidd nad DP10, kte-
ré, jak je vidét, nelze z nutriéniho hlediska zanedbat, nebot tvofi
26% celkové koncentrace sacharid(l. Tento rozdil je platny pro
vSechna piva, Ize konstatovat, ze zhruba 30 % tvofi v pivu sacharidy
s vy§8im stupném polymerace nez DP10.

5 ZAVER

Metodu stanoveni sacharid(l pomoci HPLC s RI detekci na chro-
matografické koloné s iontovou vymeénou v Ag* cyklu Ize vyuzit pro
stanoveni cukru i sacharid(l v pivu, sladiné i mladiné s nésledujicimi
moznostmi vyuziti. Prvni aplikace, ktera poskytuje informaci o u¢in-
nosti rmutovani, je stanoveni profilu zkvasitelnych cukrd a oligosa-
charidd ve sladiné a mladiné. V tomto pfipadé je vzorek pouze vhod-
né naredén a ihned chromatograficky analyzovan. Pokud chceme
zn4t koncentraci cukrl a glycerolu v pivu pro nutriéni znaceni piva,
pouzijeme metodu stejnym zplisobem. Kone¢né pro zjisténi celkové
koncentrace sacharidl v pivu pro nutriéni znaceni provedeme enzy-
matické Stépeni na glukosu a tu pak stanovime metodou HPLC-RI.
Metoda je dobfe opakovatelna, méa dobrou vytéZznost a v ramci mezi-
laboratornich testll poskytuje vyborné vysledky.
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