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Akrylamid v potravinach vznika v pribéhu Maillardovy reakce a jeho prekurzory jsou redukujici cukry a aminokyselina asparagin. Reakéni
mechanismus vzniku akrylamidu v potravinach zavisi na slozeni potravin a na podminkach zpracovani.

Akrylamid vznika ve vyznamném mnozstvi tepelnou Upravou potravin nad 120 °C, maximum akrylamidu vznika pfi 150-180 °C. Pfi vys-
Sich teplotéch je vznik akrylamidu podstatné nizsi, protoze eliminaéni reakce je rychlejSi nez reakce vzniku akrylamidu.

Surovinou pro vyrobu sladu je je€émen, rostlina s obsahem dusikatych slou¢enin a s vysokym obsahem $krobu. V pribéhu sladovani se ve
sladu pisobenim enzymU zvy$uje obsah redukujicich cukr(i, béhem hvozdéni dochazi vlivem teploty k biochemickym zménam a vznikaji me-
lanoidinové latky. Tyto podminky jsou velmi vyhodné pro tvorbu akrylamidu. Zmény hladin akrylamidu byly sledovany ve sladu a nasledné ve
vyrobeném pivu.

Obsah akrylamidu se v zavislosti na typu sladu pohyboval v rozmezi 0,2-3,0 mg.kg™ a bylo potvrzeno teplotni maximum jeho vzniku
(160—170 °C). Pres jeho pomérné vysoky obsah ve sladu nebyl akrylamid detekovan v Zadném z analyzovanych vzorkd piva.

Mikulikova, R. — Svoboda, Z. — Bélakova, S. — Macuchova, S.: Monitoring of acrylamide in the course of malting and in beer. Kvasny
Prum. 54, 2008, No. 6, p. 181-185.

Acrylamide in food is produced in the course of Maillard’s reaction and its precursors are reducing saccharides and amino acid asparagin.
Reaction mechanism of the acrylamide formation in food depends on food composition and processing conditions.

Acrylamide is formed in a significant quantity by heat treatment of food above 120 °C, the highest quantity of acrylamide is created at
150-180 °C. At higher temperatures acrylamide creation is substantially lower as the elimination reaction is faster than that producing acry-
lamide.

Raw material for malt production is barley, a plant with content of nitrogen compounds and high content of starch. During malting enzy-
mes increase the content of reducing saccharides in malt, during kilning biochemical changes are induced by temperature, and melanoid
substances originate. These conditions are favorable for acrylamide creation.

Changes of acrylamide levels were followed in malt and subsequently in the produced beer.

Acrylamide content varied depending on the type of the malt in the scope of 0.2—3.0 mg.kg™* and thermal maximum of its origin (160-170 °C)
was confirmed. Despite its relatively high content in malt (from 0.2 to 3.0 mg.kg™), no acrylamide was detected in any of the analyzed sam-
ples of beer.

Mikulikova, R. — Svoboda, Z. — Bélakova, S. — Macuchova, S.: Die Akrylamidverfolgung wahrend des Malzbereitungsprozesses und
im Bier. Kvasny Prum. 54, 2008, Nr. 6, S. 181-185.

In den Lebensmitteln ensteht das Akrylamid wahrend der Maillardreaktion und seine Prekursoren sind die reduzierende Kohlenhydrate
und die Aminosaure Asparagin. Der Reaktionsmechanismus der Akrylamidherausbildung hangt von der Lebensmittelzusammensetzung und
von Verarbeitungsbedingungen ab. Das Akrylamid entsteht in einer bedeutenden Menge unter termischer Verarbeitung im Temperaturbereich
Uber 120 °C, die maximale Herausbildung ist bei den Temperaturen 150-180 °C. Unter Anwendung von héheren Temperaturen ist die Akry-
lamidherausbildung schon wesentlich niedriger, weil die Eliminationsreaktion ist schneller als die Herausbildungsreaktion. Der Rohstoff fiir
eine Malzproduktion ist die Gerste, eine Pflanze mit einem hohen Stérkegehalt und reich an die Stickstoffverbindungen. Wé&hrend der Kei-
mung im Malzprozess nimmt der Gehalt an die reduzierende Kohlenhydrate unter Enzymenwirkung zu, weil wahrend des Darrens unter dem
Einfluss der hohen Temperatur finden die biochemische Verédnderungen statt und entstehen die Melanoidinstoffen. Diese Bedingungen sind
fur eine Akrylamidherausbildung sehr verteilhaft. Weiterhin wurden die Akrylamidwerte im Malz und danach auch im Beir verfolgt.

Der Akrylamidgehalt lag in der Abhé&ngigkeit an der Malzsorte im Bereich 0,2-3,0 mg.kg™, weiterhin wurde der Temperaturhéchstwert
(160 °C bis 170 °C) fur seine Entstehung bestatigt. Trotz dem verhaltnismaBig hohen Akrylamidgehalt im Malz wurde kein Akrylamid in den
danach hergestellten Bieren entdeckt.

Mukynukosa, P. — CBobopga, 3. — BenakoBa, C. — MayyxoBa, C.: HabniogeHue akpunamuaa s nepmoge cornogopalleHus U B nuBe.
Kvasny Prum. 54, 2008, Ho. 6, ctp. 181-185.

Akpunamug B nvLeBbIX NpodykTax obpasyeTcs B xofe peakumn Mavwnnapga v ero npekypcopamv ABAsoTCa pegyumpytowme caxapbl
1 amrMHOKMcoTa acnaparuH. MexaHuam o6pa3oBaHus akpunammaa B nNyLeBbIX NPOAYKTaX 3aBUCUT OT cocTaBa NpoAyKTOB U OT YCMOBUIA
06paboTku. Akpunamug obpasyetca B 3HAYMTENIbHOM KOJIMYECTBE TEensioBoW 06paboTkon npogykToB Hag 120 °C, makcumanbHoe
KonmyecTBo obpasyetcsa npu 150-180 °C. lMpu Bbicwen TemnepaType peakuns UCKYEeHUn ABnseTca 6onee O6bICTPOM Yem peakums
obpasoBaHus akpunammga.

CbipbeM ANns NMpou3BOACTBA COMOAA CKa3blBAaeTCA AYMEHb, pacTeHWe copepkallee a3oTUCTble COeAMHEHVS U MHOro Kpaxmana. B
nepvoAe ConoAopaLLeHNs B CONoae BO3aAeiCTBNEM (DEPMEHTOB MOBLILAETCA COAEP>KaHUe peayLmpyoLWMX caxapoB, B Nepuoae CyLUKu
NPOVCXOAST BO3AENCTBMEM TemnepaTypbl 6MOXMMYECKMe NepeMeHbl 1 06pasytoTcsa MennaHouaHble BelecTBa. OTW YCNoBUS SBNSIOTCS
O4eHb 6r1aronpusaTHLIMU A48 06pas3oBaHnsa akpunammuaa. MiameHeHus ypoBHen akpunamuga Habnoganucb B conoae 1 BnocneacTsun B
N3roTBMEHHOM M1BE.

CopepxaHve akpunamuaa B 3aBUCUMMOCTWM OT Tuna cofioga konebanock B npegenax oT 0,2 go 3,0 mg.kg”' v 6bin noaTBEpAeH
TemnepaTypHbIi MakcuMym ero obpasoBaHus (160—170 °C). Bonpeky OTHOCUTENbHO BbICOKOMY COAEPXaHWIo B COMOAE akpunamug He
6bIn onpefeneH B aHann3MpoBaHHbIX Npobax nuBa.

Kli¢ova slova: akrylamid, GC/MSD, slad, pivo
1 UVOD

V dubnu 2002 zvefejnil Svédsky narodni ufad (NFA — National Food
Administration) spolu se stockholmskou univerzitou nélez akryla-
midu, neurotoxické a potencialné karcinogenni latky, v potravinach
zpracovavanych pfi teplotach nad 120 °C [1-3]. Zejména vysoky ob-
sah akrylamidu byl nalezen v potravinach s vysokym obsahem
Skrobu, jako jsou potraviny z brambor a obili [4].

Akrylamid (obr. 1) je bila krystalicka latka, bez barvy a zapachu
[1], teplota tani je 84,5 °C, bod varu 125 °C. Je dobfe rozpustny ve
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1 INTRODUCTION

In April 2002 the Swedish National Food Administration together
with Stockholm University published the finding of acrylamide, neu-
rotoxic and potentially carcinogenic substance, in food processed at
the temperatures over 120 °C [1-3]. High acrylamide content was
found especially in food with high starch content, such as food from
potatoes and cereals [4].

Acrylamide (Fig. 1) is a white crystalline substance, colorless and
odourless [1], with melting temperature 84.5 °C and boiling point



182

KVASNY PRUMYSL
ro¢. 54 /2008 — ¢islo 6

vodé (2155 g.I"" pfi 30 °C), methanolu (1550
g.I"" pfi 30 °C), ethylacetatu (126g.I"" pfi 30
°C), nerozpustny je v heptanu a benzenu.
Pevny akrylamid je stabilni pfi laboratorni
teploté, ale mlze polymerizovat pfi zahfi-
vani nebo pfi oxidativnim plsobeni.
Akrylamid v potravinach vznika v pribéhu

CH,

Ner”

125 °C. It dissolves readily in water (2155 g.I!
at 30 °C), methanol (1550 g.I"" at 30 °C), et-
hylacetate (126 g.I"" at 30 °C), it is insoluble
in heptane and benzene. Solid acrylamide is
stable at the laboratory temperature but it can
polymerize upon heating or oxidation acting.

Acrylamide in food originates in the course

O—=—0

\NHZ

Maillardovy reakce a jeho prekurzory jsou
redukujici cukry a aminokyselina asparagin.
Reakéni mechanismus vzniku akrylamidu
v potravinach zavisi na slozeni potravin a na
podminkach zpracovani [5].

Za hlavni mechanismus vzniku akrylamidu jsou povazovany re-
akce mezi volnou geneticky kédovanou neesencialni aminokyseli-
nou asparaginem a redukujicimi cukry pfi teplotach nad 120 °C, kdy
vznikd cela fada velmi reaktivnich karbonylovych slouc¢enin[5, 6]
(obr. 2).

Rozeznavaji se tfi faze reakci [7, 8]:

* Pocatecni faze zahrnuje tvorbu glykosylaminu, nasledovanou

Amadoriho pfesmykem.

* e stfedni fazi dochazi k dehydrataci a fragmentaci sacharid(i do-
provazejici Streckerovu degradaci aminokyselin.
e V zavére€né fazi prochazi Strecker(iv aldehyd dal§imi redukénimi

a dehydrataénimi reakcemi za vzniku akrylamidu.

Vedle téchto moznosti bylo na modelovych systémech prokazano,
ze za urcitych podminek se na tvorbé akryalmidu podili i akrolein
a kyselina akrylova po reakci s asparaginem v potravinach boha-
tych na lipidy [8].

Pfi zkoumani modelového systému smési glukosy a asparaginu
byl zjistén vliv teploty a také doby zahfivani. Tvorba akrylamidu
byla nizka v teplotnim rozsahu 120-140 °C, pokud se zvySila na
160-180 °C, obsah akrylamidu se v matrici dramaticky zvysil. Po
dosazeni teploty 180 °C dochazi k naslednému poklesu tvorby ak-
rylamidu. Pokles tvorby akrylamidu pfi vy8Sich teplotach lIze vy-
svetlit tim, Ze akrylamid jako meziprodukt Maillardovy reakce dale
reaguje za vzniku jinych slouc¢e-

Obr. 1/ Figure 1 Strukturni vzorec akrylamidu
(C3HsNO, CAS 79-06-1) / Structural formula
of acrylamide (CsHsNO, CAS 79-06-1)

of Maillard’s reaction and its precursors are
reducing sugars and amino acid asparagine.
Reaction mechanisms of acrylamide forma-
tion in food depends on food composition and
processing conditions [5].

Reactions between free genetically coded nonessential amino acid
asparagine and reducing sugars at temperatures above 120 °C are
considered a main mechanism of acrylamide formation, a number of
very reactive carbonyl compounds originates [5, 6] (Fig. 2).

There are three phases of reactions [7, 8]:

e initial phase includes glycosylamine, followed by Amadori rearran-
gement

¢ In the middle phase, dehydration and fragmentation of saccharides
accompanying Strecker degradation of amino acids occur.

¢ In the final phase, Strecker aldehyde undergoes further reduction
and dehydration reactions and acrylamide is created.

Besides this, model systems proved that under certain conditions
also acrolein and acryl acid participate in acrylamide formation after
reaction with asparagine in food rich in lipids [8]. Research on the
model system of the mixture of glucose and asparagine showed the
effect of temperature and time of heating. Acrylamide formation was
low within the temperature range of 120-140 °C; if increased to 160-
180 °C the acrylamide content in matrix increased dramatically. Af-
ter reaching the temperature of 180 °C acrylamide production sub-
sequently declines. The decline in acrylamide formation at higher
temperatures can be explained by the fact that acrylamide as an in-
termediate product of Maillard’s reaction further reacts and other com-
pounds originate [9].

Raw material for production of
malt is barley, a plant with con-

nin [9].

Surovinou pro vyrobu sladu je
je€men, rostlina s obsahem du- 0 N R
sikatych slou€enin a s vysokym HZNMCOOH " O/\/

obsahem $krobu. V pribéhu sla-
dovani se v jeémeni plsobenim
enzymu zvySuje obsah redukuji-
cich cukrd, béhem hvozdéni do-
chazi vlivem teploty k bioche-
mickym zménam a vznikaji
melanoidinové latky. Tyto pod-
minky jsou velmi vyhodné pro
tvorbu akrylamidu [10].

asparagin H

a-ny 2 Y a ¢
a-hydroxycarbon compounds
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COOH OH

asparagin-N-glukosid
asparagin-N-glucoside

- H,0

tent of nitrogenous substances
and high starch content. In the
course of malting, activity of en-
zymes increases content of re-
opound ducing sugars in malt, during kil-

Z H ning biochemical changes are

OH

N o induced by temperature and me-

TON/\ lanoidin substances originate.

Ho” o These conditions are favorable
for acrylamide formation [10].

The most frequently methods

used for acrylamide determina-

OH
R

Amadoriho produkt
Amadori product

Nejvice pouzivanymi meto- tion are [11]:

dami pro stanoveni akrylamidu in o — * High-performance liquid chro-

jsou [11]: N oH l matography with mass spectro-

e vysokoucinna kapalinova chro- i o “\Q\R ine 2w metry
matografie s hmotnostni spekt- ‘ Ho oM : Lo *Gas chromatography with
rometrii NV\R Ho” o (?/QR mass spectrometry.

* plynova chromatografie s hmot- I Schiffova bize C e Before the analysis of acryla-
nostni spektrometrii. "~ o °© mide with the GC-MS method,
Pfed analyzou akrylamidu betain Schiffovy baze l oxazolidi-5-on the malt samples were derivati-

metodou GC/MS byly vzorky betaine Schiff base oxazolidin-5-one zed by bromation [12—13].

sladu derivatizovany bromaci
[12, 13]. Vyhodou bromace ak-
rylamidu je, ze produktem je
vice tékava a méné polarni slou-
¢enina s lepSimi hmotnostnimi
charakteristikami. Vysledny de- l

‘%

- co,

rivat je snaze extrahovan z vod-
nych roztokd a mulze byt lépe
detekovan GC/MS metodou.
Konverze akrylamidu na 2,3-
dibrompropionamid byla prove-
dena pfidanim bezvodého bro-
midu  draselného,  kyseliny
bromovodikové a nasycenym

H

H,N o
N OH
(PN

oH X R

azomethinylid

H,N /O " o
ol — %

dekarboxylovany Amadoriho produkt
decarboxylated Amadori product

The advantage of acrylamide
bromation is that the product is
a more volatile and less polar
compound with better mass cha-
racteristics. The resulting deri-
vate is readily extracted from
aqueous solutions and it can be
better detected with the GC —MS
method. Conversion of acryla-
mide to 2,3-dibromopropiona-
mide is usually performed by ad-
dition of anhydrous potassium
bromide, hydrobromic acid and
saturated solution of bromine

N

aminoketon
+

HN

Y

akrylamid
acrylamide

roztokem bromové vody. Pfida-

water. By adding trietylamine,

nim triethylaminu byl nestabilni
2,3-dibrompropionamid pfeve-
den na stabilngjsi derivat 2-
brompropenamid [13].

Obr. 2 / Figure 2 Mechanismus tvorby akrylamidu z asparaginu
v pfitomnosti a-hydroxykarbonylovych slou¢enin [1] / Mechanism of
aacrylamide formation from asparagin in the presence of a.-hydro-
xycarbonyl compounds [1]

unstable 2,3-dibromopropiona-
mide was converted to more
stable derivate 2-bromopropena-
mid [13].
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2 MATERIAL A METODY
2.1 Standardy a chemikalie

Tab. 1 Pfehled analyzovanych vzork{l specidlnich a barevnych
sladl / Survey of the analyzed samples of special and colored

2 MATERIALS AND METHODS
2.1 Standards and Chemicals
Standards: acrylamide (1 mg.ml)

Druh sladu / Kind of malt

in methanol (Absolute Standards,
USA), ('3C;) acrylamide (1 mg.ml")

Plzensky / Pilsener
Mnichovsky / Munich

in methanol (Cambridge Isotope La-
boratories, USA), 2,3-dibromopropi-

Standardy: akrylamid (1 mg.ml'')  malts
v methanolu (Absolute Standards,
USA), (3C;) akrylamid (1 mg.ml")
v methanolu (Cambridge Isotope | Svéty slad /
Laboratories, USA), 2,3-dibromo- | Pale malt
propionamid (1 mg.ml') v metha- Speciélni slad /
nolu (Absolute Standards, USA). Special malt

Kourovy / Smoked
Melanoidinovy / Melanoidin

onamide (1 mg.ml") in methanol (Ab-
solute Standards, USA).

Chemikéllie: brém, bro,mid, dra.- Karamelovy slad / | CARAPILS® Chgmicals: brom!ne, .potass!um
selny, kyselina bromovodikova, thi- Caramel Malt CARAHELL® bromide, hydrobromic acid, sodium
osiran sodny a triethylamin (Merck, CARARED® thiosulphate and trietylamine were all
Némecko). CARAAMBER® obtained from Merck (Germany).

Rozpoustédla: methanol, ethyla- CARAMUNICH® Dissolvents: methanol, ethylace-
ceté? v Cistoté pro HPLC ((_)hrom- CARAAROMA® tate in purity for HPI_.C (Chromservis
servis, s. r. 0., Ceska republika). e S| CARAFA® s.r.o., Czech Republic).

Roasted malt CAAFA®SPECIAL

2.2 Vzorky sladu

2.2 Samples of malt

Vzorky sladu pro analyzu akryla- | PSeni¢ny slad /

PSeni¢ny — svétly/ Wheat — pale
PSeniény-tmavy / Wheat — dark
CARA — WHEAT

PSeni¢ny-prazeny / Wheat — roasted

Samples of barley malt for the ana-
lysis of acrylamide were taken in the
course of malting (kilning). The first
sample was taken at 60 °C and the

midu byly odebirany v pribéhu sla- | Wheat malt
dovani (hvozdéni). Prvni vzorek byl

odebran pfi 60 °C a posledni pfi210

°C. Teplotni interval pfi odebirani Zitny slad /
sladovanych vzorkd byl 10 °C. Dale Rye malt

byly analyzovany vzorky special-

Zitny-svétly / Rye — pale
Zitny-karamelovy / Rye — caramel
Zitny-prazeny / Rye — roasted

last one at 210 °C. Thermal interval
of sampling was 10 °C. In addition,
samples of special and colored malts

nich a barevnych sladu (tab. 1).

2.3 Vzorky piva

Vzorky piv pro analyzu akrylamidu byly zakoupeny v obchodni siti.
Bylo analyzovano 17 vzorkud svétlého vyéepniho piva, 10 vzorku le-
zakl a 12 vzork( tmavého piva.

2.4 Priprava pevnych vzorkt

K pomletému vzorku sladu (5 g) bylo pfidano 10 pl vnitfniho stan-
dardu (akrylamid — 3C;) a 50 ml destilované vody o teploté 60 °C.
Po dvacetiminutové sonifikaci v ultrazvukové lazni byl homogenat
kvantitativné pfeveden do centrifuga¢nich zkumavek a odstfedovan
pfi 8000 min-' po dobu 30 minut. K 5 ml supernatantu byly pfidany
2 g bromidu draselného a kyselina bromovodikova (vysledné pH 0-1).
Po vychlazeni byly pfidany 2 ml bromové vody. Obsah v barice byl
promichan a barika umisténa do nadoby s ledovou drti na 10 hodin
do lednice. Po ukonceni bromace byl pfebyte€ny brom titrovan thio-
siranem sodnym (1 M roztok) do odbarveni. Obsah banék byl pfeve-
den do teflonovych centrifuga¢nich zkumavek, do kazdé zkumavky
bylo pfidano 5 ml ethylacetatu a suspenze byla protfepana. Poté byl
obsah zkumavek odstfedén pfi 5000 min-' po dobu 5 minut. Po od-
stfedéni byl z organické faze odpipetovan 1 ml do plastové mikroz-
kumavky a pfidan triethylamin (0,2 ml). Mikrozkumavky byly protfe-
pany a po 15 minutach odstfedény pfi 5000 min-' po dobu 5 minut.
Po odstfedéni byl obsah zkumavek preveden do sklenénych vialek
a analyzovan na GC/MS.

2.5 P¥iprava vzorki piva

K 50 ml odpénéného piva (20 minut sonifikace na ultrazvukové
1azni) bylo pfidano 10 ul vnitfniho standardu (akrylamid — '3C,). Z takto
upraveného piva bylo odebrano 5 ml, ke kterym byly pfidany 2 g bro-
midu draselného a kyselina bromovodikova (vysledné pH 0-1). Po
vychlazeni bylo dale postupovano jako u analyzy pevného vzorku.

2.6 Instrumentace a chromatografické stanoveni

Pro stanoveni obsahu bromoderivatu akrylamidu ve vzorcich sladu
a piva byl pouzit plynovy chromatograf Trace GC Ultra Finnigan, kom-
binovany s hmotnostnim detektorem Trace DSQ Thermo Finnigan.
Separace byla provedena na kapilarni koloné DB — WAX (délka ko-
lony 30 m x 0,25 mm vnitfni pramér, tloustka filmu 0,25 um; J&W Sci-
entific, USA), kolona udrzovana pfi 50 °C (1 min), poté teplotni pro-
gram 15 °C.min' do 150 °C (5 min). Teplota PTV (teplotné
programovatelny injektor) 200 °C — Splitless méd (1 min). Teplota
transfer line byla 200 °C. Hmotnostné selektivni detektor pracoval
v SIM médu, s pozitivni elektron impakt (El) ionizaci. PouZzity nosny
plyn: hélium s pritokem 1,5 ml.min-'. V téchto podminkach byl re-
tencni ¢as akrylamidu a ('3Cs) akrylamid derivatt 16,34 min.

Identifikace 2-brompropenamidu byla provedena na zakladé re-
tenéniho ¢asu a pro 2-brompropenamid specifickych iontl m/z 149
a 151, kvantifikace byla provedena pomoci kalibraéni kfivky. Pro spo-
lehlivost vysledk( a dosazeni maximalni selektivnosti byl pouzit jako
vnitfni standard izotopicky znaéeny akrylamid (1,2,3-3C;), m/z 152
a 154.

were taken (Tab. 1).

2.3 Samples of beer

Samples of beers for the analysis of acrylamide were bought in re-
tail stores. 17 samples of pale dispensed beer, 10 samples of lager
beer and 12 samples of dark beer were analyzed.

2.4 Preparation of solid samples

10 pl of internal standard (**C; acrylamide) and 50 ml of distilled wa-
ter 60 °C were added to the sample of ground malt (5 g). After sonifica-
tion (20 min) in ultrasonic bath the homogenate was transferred quanti-
tatively into centrifugal tubes and centrifuged at 8000 rpm for 30 minutes.
Two grams of potassium bromide and hydrobromic acid (resulting pH
0-1) were added to 5 ml of supernatant. After cooling, 2 ml of bromine
water was added. Content in the flask was stirred and the flask was pla-
ced in a container with crushed ice for 10 hours into the refrigerator. Af-
ter bromination the excess bromine was titrated with sodium thiosulp-
hate (1 M solution) to discoloration. Content of the flasks was transferred
to teflon centrifugal tubes, 5 ml of ethylacetate was added to each tube
and the suspension was shaken. Afterwards the content of tubes was
centrifuged at 5000 rpm for 5 minutes. After centrifugation, 1 ml of or-
ganic phase was delivered with a pipette to a plastic microtube and tri-
ethylamine (0.2 ml) was added. Microtubes were shaken and after15 mi-
nutes centrifuged at 5000 rpm for 5 minutes. After centrifugation the tube
content was delivered to glass vials and analyzed on GC/MSD.

2.5 Preparation of liquid samples or preparation of beer
samples

Ten pl of the inner standard (acrylamide — '°Cs) were added to 50 ml
of defoamed beer (20 min of sonification in an ultrasonic bath). Two
grams of potassium bromide and hydrobromic acid (resulting pH 0—1)
were added to 5 ml of the treated beer. After cooling, the procedure
was the same as in the analysis of the solid sample

2.6 Instrumentation and chromatographic determination

Gas chromatograph Trace GC Ultra Finnigan with the mass de-
tector Trace DSQ Thermo Finnigen was used for the assessment of
bromine derivate in malt and beer samples. Separation was carried
out on the column was a DB — WAX capillary column (30m x 0.25mm
i.d., 0.25 um film thickness; J&W Scientific, USA), the column was
held at 50 °C (1 min), then programmed at 15 °C.min" to
150 °C (5 min). The temperature of the PTV (Programmable Tempe-
rature Vaporizing) injector was 200 °C — Splitless mode (1 min). Tran-
sfer line temperature was 200 °C. Mass selective detector operated
in selected ion monitoring (SIM) mode with positive electron impact
(El) ionization. The carrier gas used: helium with a flow 1.5 ml.min-".
Under these conditions, the retention time of acrylamide and ('3C;)
acrylamide derivatives was 16.34 min.

Identification of 2-brompropenamide was conducted on the basis of
retention time and for 2-brompropenamide specific ions m/z 149 and
151, quantification was performed using a calibration curve. To attain
reliable results and maximum selectivity, isotopically marked acryla-
mide (1,2,3-3C3) /m/z 152,154 was used as an internal standard.
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Obr. 3 / Figure 3 Zavislost tvorby akrylamidu na teploté hvozdéni /
Dependence of acrylamide formation on kilning temperatures

3 VYSLEDKY A DISKUSE

Kalibraéni kfivka byla linearni v rozmezi 30620 pg.kg™ (koncent-
race akrylamidu v redlném vzorku) s korelaénim koeficientem 0,9989,
mez stanoveni 25 ug.kg™. Vytéznost vzorkl obohacenych izotopicky
znaéenym ('3Cs;) akrylamidem se pohybovala v rozmezi 72—-86 %.

Vysledky zavislosti tvorby akrylamidu na teploté hvozdéni ukazuje
obr. 3.V pribéhu hvozdéni dochazi k tvorbé akrylamidu jiz od 60 °C.
Vysvétlenim vzniku akrylamidu pfi teplotach od 60 do 110 °C je dlou-
hodobé plsobeni teplot nad 60 °C. Slad se predsousi az 10 hodin
pfi teplotach od 55-65 °C, poté nasleduje vyhfati na dotahovaci tep-
lotu, ktera je pro dany slad specificka (80—225 °C), trvajici od 1,5 h do
2,5 h. Maximéalni tvorba akrylamidu byla zjisténa v teplotnim intervalu
150—-170 °C. Pak nasleduje pokles tvorby akrylamidu. Snizeni tvorby
akrylamidu pfi vy$Sich teplotach Ize zdlivodnit tim, Ze akrylamid jako
meziprodukt Maillardovy reakce dale reaguje za vzniku dalSich slou-
¢enin reakci neenzymatického hnédnuti [7, 8].

Obsah akrylamidu u specialnich a barevnych sladd znazorriuje obr.
4. Tvorbu akrylamidu v barevnych a specialnich sladech, které se ty-
picky pfipravuji prazenim su$eného sladu, je mozné srovnavat s pro-
cesem prazeni kavy [14]. U svétlych sladl se obsah akrylamidu po-
hyboval v rozmezi hodnot 630-660 pg.kg'. Obsah akrylamidu ve
specialnim melanoidinovém sladu byl 2210 ug.kg"'. Melanoidinovy
slad ma stejny obsah akrylamidu jako slad odebrany v pribéhu hvoz-
déni pfi 130 °C.

Tento vysoky obsah akrylamidu odpovida podminkam pfipravy me-
lanoidinového sladu, kdy je podporovan vznik slouéenin Maillardovy
reakce v priib&hu hvozdéni. Zitny slad ma niz&i hodnoty akrylamidu
v karamelovém i prazeném sladu, nez je¢né slady pfipravované pfi
stejnych teplotach. Nizsi obsah akrylamidu je zplsoben jinym obsa-
hem asparaginu a redukujicich cukrd v rozlusténém Zzitném sladu.
Stejnym zplisobem Ize vysvétlit niz§i obsah akrylamidu v p$eni¢nych
sladech.

V prazeném je¢ném sladu je nejvy$Si obsah akrylamidu u sladu
CARAFA® SPECIAL. Nejvyssi obsah akrylamidu ze v§ech analyzova-
nych sladd byl zjistén u sladu typu CARAMUNICH (3084,15 pg.kg™).
Tato vysoka hodnota akrylamidu odpovida zpUtsobu vyroby karame-
lového sladu (teplota hvozdéni 150-170 °C) a je v souladu se zjisté-
nou teplotni zavislosti tvorby akrylamidu v pribéhu hvozdéni.

PFes vysoky obsah akrylamidu ve sladech byl u vSech analyzova-
nych vzorku piv jeho obsah pod mezi stanovitelnosti (< 25 pg.I"). Tato
skute€nost zfejmé souvisi s procesem vyroby piva, kdy na vystirku
se pouzije 2—4 hl vody na 100 kg sypani.

4 ZAVER

Analyzy sladu prokézaly zavislost obsahu akrylamidu na teploté
hvozdéni. Se zvysuijici se teplotou hvozdéni nardstal obsah akryla-
midu ve sladu az do teploty 180 °C. P¥i jeSté vySSich teplotach ob-
sah akrylamidu klesd, coz je zplUsobeno vstupem akrylamidu do
dalSich reakci neenzymatického hnédnuti. Vy$S$i obsahy akrylamidu
byly zjistény ve specialnich a barevnych sladech, coz souvisi s vyssi
teplotou hvozdéni pfi jejich vyrobé. Obsah akrylamidu v analyzo-
vanych vzorcich piva byl pod mezi detekce pouzité GC/MS metody
(< 25 pg.I'").

Obr. 4 / Figure 4 Obsah akrylamidu ve speciélnich sladech / Acryla-
mide content in special malts

3 RESULTS AND DISCUSSION

Calibration curve was linear in the range from 30 to 620 pg.kg™”
(acrylamide concentration in a real sample) with the correlation co-
efficient of 0.9985, Limit of Quantification (LOQ) was 25 ug.kg™. Re-
covery of samples enriched with marked ('3C5) acrylamide varied wit-
hin the range from 72—86 %.

Fig. 3 shows the results of the dependence of acrylamide forma-
tion on kilning temperature. During kilning acrylamide is already cre-
ated from 60 °C. Formation of acrylamide at temperatures from 60 to
100 °C can be explained by a long-term effect of temperatures above
60 °C for. Malt is pre-dried for even 10 hours at temperatures of
55-65 °C, then malt is kilned at temperatures for the given type of
malt (to 225 °C) lasting from 90 minutes to 2.5 hours follows. Maxi-
mum acrylamide formation was detected in the thermal interval
150-170 °C. Then decline in acrylamide formation follows. Decline in
acrylamide formation with higher temperatures can be explained by
the fact that acrylamide as an intermediate product of Maillard’s re-
action further reacts and this reaction of non-enzymatic browning pro-
duces other compounds [7-8].

Fig. 4 shows acrylamide content in special and colored malts.

Formation of acrylamide in colored and special malts which are ty-
pically prepared by roasting kilned malt, can be compared to the cof-
fee roasting process [14]. In pale malts acrylamide content moved in
the range of 630-660 png.kg™. Acrylamide content in special Mela-
noidin malt was 2210 ug.kg'. Melanoidin malt has the same acryla-
mide content as the malt sampled in the course of kilning at 130 °C.

This high content of acrylamide corresponds to the Melanoidin malt
preparation conditions that support creation of compounds of Mail-
lard’s reaction in the course of kilning. Rye malts have lower acryla-
mide values in caramel and roasted malts compared to barley malts
prepared at the same temperatures. Lower acrylamide content is cau-
sed by different contents of asparagines and reducing sugars in mo-
dified rye malt. Similarly, lower acrylamide content in wheat malts can
be explained.

In roasted barley malts, the highest acrylamide content is in the
malt CARAFA® SPECIAL. The highest acrylamide content of all the
malts analyzed was detected in malt of the type CARAMUNICH
(3084.15 ug.kg™). This high value of acrylamide corresponds to the
method of caramel malt production (kilning temperature 150—170 °C)
and is in compliance with the found thermal dependence of acryla-
mide formation during kilning.

Despite high acrylamide level in malts, its content in all the mana-
lyzed samples of beers was under the LOQ (< 25 ug.I™"). This fact is
apparently connected with the process of beer production, when for
mashing 2—4 hl of water per 100 kg of grist is used.

4 CONCLUSION

Malt analyses proved the dependence of acrylamide content on
the kilning temperatures. With the increasing temperature of kilning,
the acrylamide contentin malt increased to the temperature of 180 °C.
With temperatures above 180 °C the acrylamide content declines,
this is caused by the involvement of acrylamide into further reactions
of non-enzymatic browning.

Higher acrylamide contents were found in special and colored
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