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3-MCPD (3-chloropropane-1,2-diol) is a process contaminant formed during food processing, namely protein hydrolysis. This sub-
stance can also occur in a number of foods produced without hydrolysis, e.g. thermally processed cereals (malt, bakery products).
Precursors of 3 -MCPD may be endogenous lipids of cereals and chloride ions. 3-MCPD is classified as a possible human carcinogen
for which a tolerable daily intake (TDI) of 2 pg/kg of body weight was established. 3-MCPD content was studied in various kinds of malt.
Analysis of 3-MCPD content in malt samples was performed by gas chromatography with a mass detector. The limit of detection of
3-MCPD content in the analyzed malt samples was 10 pg.kg™'. The combined standard uncertainty of the method was 13%.

Mikulikova, R., Svoboda, Z., BeneSova, K., Bélakova, S., 2018: Procesni kontaminant 3-MCPD ve sladu. Kvasny Prum. 64(1): 6-9

Sloucenina 3-MCPD (3-chlorpropan-1,2-diol) je procesni kontaminant vznikajici pfi zpracovani potravin, predevsim pfi hydrolyze bil-
kovin. Tato latka se mUZe vyskytovat v fadé dalsich potravin vyrobenych bez hydrolyzy, napf. v tepelné upravenych cerealiich (sladu,
pecivu). Jako prekurzory vzniku 3-MCPD se zde pravdépodobné uplatnuji endogenni lipidy obilovin a chloridové ionty. 3-MCPD je
klasifikovan jako mozny lidsky karcinogen, pro ktery byl stanoven tolerovatelny denni pfijem (TDI) ve vysi 2 pg/kg télesné hmotnosti.
Obsah 3-MCPD byl sledovan v rdznych druzich sladu. Analyza obsahu 3-MCPD ve vzorcich sladu byla provedena metodou plynové
chromatografie s hmotnostnim detektorem. Mez stanoveni obsahu 3-MCPD v analyzovanych vzorcich sladu byla 10 pg.kg'. Kombino-

vana standardni nejistota metody byla 13 %.
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1 INTRODUCTION

At present, high emphasis is placed on food quality and safety.
Several toxic substances have been identified which do not naturally
occur in food but which may arise in them during their technological
and namely heat treatment. These are so-called process contami-
nants. 3-MCPD is one of these substances.

3-chloropropane-1,2-diol (3-MCPD) is a colorless liquid with
a pleasant aroma, easily soluble in water and ethanol, with a boiling
point of 213 °C. Its relative molecular weight is 110.54 g.mol" (WHO,
2013). It belongs to the group of chlorohydrins of glycerol or also
chloropropanols. In addition to 3-MCPD, the most commonly occur-
ring chloropropanols included 1,3-dichloro-2-propanol (1,3-DCP).
However, 2-chloro-1,3-propanediol (2-MCPD) and 2,3-dichloro-
1-propanol (2,3-DCP) were also found. In addition, monoesters and
diesters of chloropropanols where one or two hydroxyl groups are
acylated with a fatty acid residue (Patocka and Andélova, 2012)
have been discovered in foods (Patoc¢ka and Andélovd, 2012).

For the first time, 3-MCPD and other chloropropanols were discov-
ered in protein hydrolyzate in 1978 (Velisek and Hajslovd, 2009) and
since then they have been investigated as potential carcinogens and
mutagens (Kocourek and Hajslov4, 2007).

Chlorpropanols are produced in foods that at the same time con-
tain higher fat and salt contents, have low water activity and are ex-
posed to higher temperatures (Kocourek and Hajslova, 2007). Fats
are the precursor to the formation of chloropropanols in food. In par-
ticular, these are three lipid components: triacylglycerols, phospho-
lipids and glycerols. Chlorides, which are present in almost every
food in the form of salt, are essential. The primary products of the
reactions between these components are MCPD diesters, which are
hydrolysed to MCPD monoesters. Reaction between MCPD esters
and chlorides results in DCP esters and free chloropropanols are
subsequently formed by hydrolysis of esters (Patocka and Andélovg,
2012).

The highest amount of 3-MCPD was found in protein hydrolysates
prepared by acid hydrolysis, i.e. in products such as soy or oyster
sauce (Lee and Khor, 2015). It has also been established in a wide
range of other foods such as biscuits, bakery products, coffee, meat
and fish products, soups, smoked products and some traditional in-
gredients such as special dark malts, processed starches and meat
extracts. In a lesser amount, chlorpropanols are found also in melted
and grilled cheeses and fermented salamis (Table 1).

Klicova slova: 3-MCPD, slad, plynova chromatografie, hmotnostni
spektrometrie

1 UVOD

V soucasné dobé je kladen vysoky ddraz na kvalitu a bezpecnost
potravin. Bylo zjisténo nékolik toxickych latek, které se pfirozené
v potravinach nevyskytuji, ale které v nich mohou vznikat béhem je-
jich technologického a predeviim tepelného zpracovéani. Jedna se
o tzv. procesni kontaminanty. Jednou z takovych latek je i 3-MCPD.

3-chlorpropan-1,2-diol (3-MCPD) je bezbarva kapalina s prijem-
nou vini snadno rozpustna ve vodé a etanolu s bodem varu 213 °C.
Jeji relativni molekulovd hmotnost je 110,54 g.mol’ (WHO, 2013).
Patfi do skupiny chlorhydrinG glycerolu nebo také chlorpropanold.
Mezi nejcastéji se vyskytujici chlorpropanoly patfi kromé 3-MCPD
také  1,3-dichlor-2-propanol  (1,3-DCP).  Nalezeny  byly ale
i 2-chlor-1,3-propandiol (2-MCPD) a 2,3-dichlor-1-propanol (2,3-
DCP). Déle byly v potravinach objeveny monoestery a diestery chlor-
propanold, kde jsou jedna nebo dvé hydroxylové skupiny acylovany
zbytkem mastné kyseliny (Patocka a Andélova, 2012).

Poprvé byly 3-MCPD a dalsi chlorpropanoly objeveny v bilkovin-
ném hydrolyzatu v roce 1978 (VeliSek a Hajslova, 2009) a od té doby
jsou zkoumany jako potencidlni karcinogeny a mutageny (Kocourek
a Hajslova, 2007).

Chlorpropanoly vznikaji v potravinach, které soucasné obsahu-
ji vyssi obsah tukd a soli, maji nizkou aktivitu vody a jsou vystavené
plsobeni vyssich teplot (Kocourek a Hajslova, 2007). Prekurzorem
pro vznik chlorpropanolll v potravinach jsou tuky. Pfedevsim to jsou
tii lipidické slozky: triacylglyceroly, fosfolipidy a glycerol. Nezbytna
je pritomnost chlorid(, které jsou v podobé soli pfitomné témér v ka-
zdé potraviné. Primarnimi produkty reakci mezi témito slozkami
jsou diestery MCPD, které se hydrolyzuji na monoestery MCPD.
Reakci esterl MCPD s chloridy vznikaji estery DCP a volné chlor-
propanoly nasledné vznikaji hydrolyzou esterl (Patocka a Andélo-
va, 2012).

Nejvétsi mnozstvi 3-MCPD bylo nalezeno v bilkovinnych hydroly-
zatech pfipravenych kyselou hydrolyzou, tedy ve vyrobcich jako sé-
jova nebo ustficovd omacka (Lee a Khor, 2015). Déle byl stanoven
i v Sirokém spektru dalich potravin jako jsou susenky, pekafské vy-
robky, kdva, vyrobky z masa a ryb, polévky, uzené vyrobky a v né-
kterych tradi¢nich pfisadach jako jsou specialni tmavé slady, uprave-
né skroby a extrakty masa. V mensim mnozstvi se chlorpropanoly
nachdzeji i v tavenych a grilovanych syrech a fermentovanych sala-
mech (tab. 1).
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Table 1 3-MCPD content in the individual foods (modified after
Velisek and Hajslova, 2009)

Tab. 1 Obsah 3-MCPD v jednotlivych potravinach (upraveno podle
VeliSek a Hajslova, 2009)

3-MCPD 3-MCPD Obsah Obsah
Food content Food content Potravina 3-MCPD Potravina 3-MCPD
(ugkg™) (Hgkg") (Hgkg™) (Hgkg™)

bread <10-55 coffee <9-19 chléb <10-55 kava <9-19
bread crust 24-275 malt <10-850 chlebova kdrka 24-275 slad <10-850
toast bread 20-679 smoked ham <10-47 tousty 20-679 uzend Sunka <10-47

dough nuts 11-24 ham <5-22 koblihy 11-24 Sunka <5-22
chips <10-15 meat extracts <10-14 hranolky <10-15 masové extrakty <10-14
crisps 15 mince beef <10-71 brambrky 15 mleté hovézi maso <10-71
smoked fish <10-191 salamis <10-69 uzené ryby <10-191 salamy <10-69
cheeses <10-95 modified starches <10-488 syry <10-95 modifikované skroby <10-488

fats, oils <5-12 garlic (processed) 5-690 tuky, oleje <5-12 cesnek (zpracovany) 5-690

A large amount of 3-MCPD is found in the bread crust (up to 400
pg.kg™). The reason is the high temperature to which this part of
bread is exposed during baking. Similar situation is in the case for
fried toasts, where a larger area is exposed to a higher temperature
than inconventional bread and therefore there is a risk of higher
3-MCPD intake (Baer et al., 2010).

3-MCPD was found in roasted coffee and in larger quantities in
instant coffee. The composition of grain, which naturally contains so-
dium chloride and lipids accounts for the production of 3-MCPD dur-
ing roasting. (Baer et al.,, 2010)

3-MCPD can be found in roasted meat and meat products (salami,
bacon, ham, etc.). 3-MPCD not formed if the meat is firstly cooked in
water or steam. Very likely, a temperature above 100 °C and the ab-
sence of water is necessary for its production.

Study conducted in Germany found 3-MCPD in smoked meat. The
amount of the contaminant in this case depended on the length of
smoking and the type of wood used. In smoked products, 3-MCPD is
formed from the so-called liquid smoke from the 3-hydroxyacetone
precursor formed by the pyrolysis of cellulose (Baer et al., 2010;
Velisek and Hajslova, 2009).

Malt products, such as malt grains, malt flour, malt extract, and
products for dying and flavor additives contain a negligible amount of
3-MPCD. Presumably, contaminant is produced when drying at high-
er temperatures.

From the above overview, it is evident that 3-MCPD is present in
all foods in not a negligible amount. For this reason, it is necessary
to have a suitable analytical method for monitoring the 3-MCPD con-
tent in risky foods.

Although the structure of 3-MCPD is simple, its properties such as
the absence of a suitable chromophore, high boiling point and low
molecular weight make it difficult to perform the analysis. It is suitable
to use gas chromatography with mass detection (GC/MS) with deri-
vatization. The most used derivatives for this assay are cyclic deriva-
tives formed by reaction with phenylboronic acid or butyl borate, de-
rivatives with (heptafluorobutyryl)imidazole (HFBI) or cyclic ketone
derivatives (WHO, 2013).

2 MATERIAL AND METHODS

To determine the content of 3-MCPD in mass samples, an opti-
mized gas chromatograph with a mass detector was used following
a previous derivatization with phenylboronic acid.

2.1 Chemicals and instrumentation

3-MCPD (Sigma - Aldrich, USA), 3-MCPD-d5 (Sigma - Aldrich,
USA), phenyl boronic acid (PBA), purum =97% (Sigma - Aldrich,
USA), sodium chloride, p.a. (Merck, Germany), acetone and hexane
in HPLC purity (Sigma — Aldrich, Czech Republic), deionized water.

The 3-MCPD content in the analyzed samples was determined
with the Trace GC Ultra Finnigan gas chromatograph combined with
the Trace DSQ Thermo Finnigan mass detector. Separation was per-
formed on a SLB-5MS capillary column (column length 60 m x
0.25 mm internal diameter, film thickness 0.25 mm, Supelco, USA),
helium (purity 5.5) was used as the carrier gas.

2.2 Samples
Totally 22 samples of malt produced in malt houses in the Czech
Republic were analyzed. Pale Pilsner malt — 8 samples, Munich malt

Velké mnozstvi 3-MCPD se nachazi v chlebové kirce (az 400
pg.kg™"). Dlvodem je vysokd teplota, které je vystavena pravé tato
¢ast chleba béhem peceni. Podobné je tomu i u opékanych toust(,
kde je ale vysoké teploté vystavena vétsi plocha nez u klasického
chleba, a tudiz je zde riziko vyssiho pfijmu 3-MCPD (Baer et al.,
2010).

3-MCPD byl nalezen v prazené kavé a ve vétSim mnozstvi v in-
stantni kavé. Za tvorbu 3-MCPD béhem prazeni je zodpovédné slo-
zeni zrna, které prirozené obsahuje chlorid sodny a lipidy. (Baer et
al.,, 2010)

3-MCPD se mUze nachazet v pe¢eném masu a v masnych vyrob-
cich (saldmy, slanina, Sunky atd.). 3-MPCD se netvofi, pokud je
maso upraveno varenim ve vodé nebo v pare. Pravdépodobné je pro
jeho tvorbu nezbytna teplota nad 100 °C a nepfitomnost vody.

Daldi potravinou, ve které byl ve studii uskute¢néné v Némecku
nalezen 3-MCPD, je uzené maso. Mnozstvi kontaminantu v tomto
piipadé zéviselo na délce uzeni a na druhu pouzitého dfeva. U uze-
nych vyrobkd vznikd 3-MCPD v tzv. tekutém koufi z prekurzoru
3-hydroxyacetonu, ktery vznikd pfi pyrolyze celulosy (Baer et al.,
2010; Velisek a Hajslov4, 2009).

Vyrobky ze sladu jako jsou napt. sladova zrna, sladova mouka,
sladové extrakty a vyrobky uréené pro barveni a dochucovani obsa-
huji nezanedbatelné mnozstvi 3-MPCD. Kontaminant tady pravdé-
podobné vznika pfi suseni za vyssich teplot.

Z uvedeného prehledu je zfejmé, ze 3-MCPD se vyskytuje
ve vsech potravindch v nezanedbatelném mnozstvi. Z tohoto dlivo-
du je nutné mit vhodnou analytickou metodu ke sledovéani obsahu
3-MCPD v rizikovych potravinach.

Ackoli méd 3-MCPD jednoduchou strukturu, jeho vlastnosti jako je
absence vhodného chromoforu, vysoky bod varu a nizkd molekulova
hmotnost, ztézuji provedeni analyzy. Vhodné je poufziti spojeni ply-
nové chromatografie s hmotnostni detekci (GC/MS) za pouziti deri-
vatizace. Nejpouzivanégjsi derivaty pro toto stanoveni jsou cyklické
derivaty vytvorené reakci s kyselinou fenylboritou nebo butylboritou,
dale derivaty s heptafluorobutyrylimidazolem (HFBI) nebo cyklické
derivaty ketond (WHO, 2013).

2 MATERIAL A METODY

Ke stanoveni obsahu 3-MCPD, po predchozi derivatizaci fenylbo-
rovou kyselinou, ve vzorcich sladu byla pouzita optimalizovana me-
toda plynové chromatografie s hmotnostnim detektorem.

2.1 Pouzité chemikalie a pristroje

3-MCPD (Sigma - Aldrich, USA), 3-MCPD-d5 (Sigma - Aldrich,
USA), fenylborova kyselina (PBA), purum =97 % (Sigma - Aldrich,
USA), chlorid sodny, p. a. (Merck, Némecko), aceton a hexan v cis-
toté pro HPLC (Sigma — Aldrich, CR), deionizovana voda.

Pro stanoveni obsahu 3-MCPD v analyzovanych vzorcich byl po-
uzit plynovy chromatograf Trace GC Ultra Finnigan, kombinovany
s hmotnostnim detektorem Trace DSQ Thermo Finnigan. Separace
byla provedena na kapilarni koloné SLB-5MS (délka kolony 60 m x
0,25 mm vnitini prdmér, tloustka filmu 0,25 mm; Supelco, USA), jako
nosny plyn bylo pouzito helium o ¢istoté 5.5.

2.2 Vzorky
Celkem bylo analyzovéno 22 vzorkd sladu vyrobeného ve sladov-
nach v Ceské republice. Slad svétly plzensky - 8 vzorkd, slad mni-
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- 4 samples, pale wheat malt - 2 samples, caramel pale — 4 samples and
black malt — 4 samples.

2.3 Sample preparation for GC/MSD

Internal standard (3-MCPD-d5) and 30 ml of hexane / acetone
mixture (1:1, v/v) were added to a milled sample of malt (about 5 g).
The resulting mixture was homogenized with a rod homogenizer for
1 min and then extracted in an ultrasonic bath for 20 min. After ex-
traction, the homogenate was quantitatively transferred to centrifuge
tubes and centrifuged. The supernatant was transferred to a sepa-
rating funnel containing 10 ml of water. After extraction, the lower
aqueous layer was separated and the organic layer was re-extracted
with 10 ml of water. The pooled aqueous extracts were evaporated in
vacuum at 55 °C to dryness. The evaporation residue was dissolved
in 2 ml of 20% sodium chloride solution. The sample was transferred
to a 10 ml vial, 0.4 ml of PBA solution was added and the vial was
sealed with a septum. Derivatization was carried out for 20 min at 90
°C. After cooling to room temperature, 2 ml of hexane was added
and the sample was shaken. The hexane phase containing the
3-MCPD derivative was analyzed by GC/MS.

2.4 Sample analysis with GC/MSD

For the determination of the content of 3-MCPD derivatives in the
analyzed samples, a Trace GC Ultra Finnigan gas chromatograph
combined with the Trace DSQ Thermo Finnigan mass detector was
used. The capillary column SLB-5MS (column length 60 m x 0.25 mm
internal diameter, film thickness 0.25 mm) was used for separation.
The injector temperature was 250 °C (splitless), column temperature
was programmed from 80 °C (1 min) to 250 °C (37 min) with a gradi-
ent of 10 °Cmin’. The helium carrier gas flow was 1.5 mlmin’,
a sample injection of 1 ml. The mass selective detector worked in
SIM mode, with positive electron impact (El) ionization. Identification
and quantification of 3-MCPD derivatives was performed on the ba-
sis of retention time and specific ions m/z 91, 147, 196 (3-MCPD)
and m/z 93, 150, 201 (3-MCPD-d5). lons m/z 91 and 196 (3-MCPD)
and m/z 93 and 201 (3-MCPD-d5) were used for qualitative analysis.
Quantification was performed using a calibration curve (ions m/z 147
(3-MCPD) and m/z 150 (3-MCPD-d5)).

3 RESULTS AND DISCUSSION

The prepared samples were analyzed on a gas chromatograph
with a mass detector. Quantification was performed using a calibra-
tion curve (Fig. 1), which was linear in the range of 6.9-1030 pg.kg™’
(r* = 0.9999). The linear range was sufficient to analyze real sam-
ples. The limit of quantification (LOQ) of 3-MCPD in malt samples
analyzed by GC/MSD was 10 pg.kg” and the limit of detection (LOD)
of 3 pg.kg'. The sample extraction yield ranged from 75 to 80%. The
combined standard uncertainty of the method was 13%. The 3-MCPD
content in the analyzed samples is shown in Table 2.

The 3-MCPD content in malts moved in the interval of <10.0 - 95.0
pg.kg?. The 3-MCPD content in pale beers, Munich beers and wheat
pale malts was under the LOD. These values were substantially low-
er than those reported in the literature (Veliek and Hajslovd, 2009),
this is probably caused by another malting technology. The values of
3-MCPD in caramel pale malts were in the interval of <10.0 - 15.0
pg.kg’. These values do not exceed the maximum limit for 3-MCPD
in acid hydrolysates of proteins and soy sauces, which is 20 pg.kg
of the product with 40% dry matter (ES, 2006). The highest 3-MCPD
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Fig. 1 Calibration curve 3-MCPD
Obr. 1 Kalibraéni kfivka 3-MCPD

chovsky — 4 vzorky, slad pseni¢ny svétly — 2 vzorky, slad karamelovy svét-
ly — 4 vzorky a slad barvici - 4 vzorky.

2.3 Priprava vzork( pro GC/MSD

K pomletému vzorku sladu (cca 5 g) byl pfidan vnitini standard
(3-MCPD-d5) a 30 ml smési hexan / aceton (1: 1, v / v). Vznikla smés
byla homogenizovana 1 min ty¢ovym homogenizatorem a nésledné
extrahovdna 20 min v ultrazvukové lazni. Po extrakci byl homogenat
kvantitativné preveden do centrifugacnich zkumavek a odstfedén.
Supernatant byl prenesen do délici nalevky obsahujici 10 ml vody.
Po extrakci byla spodni vodna vrstva oddélena a organickd vrstva
byla znovu extrahovdna 10 ml vody. Spojené vodné extrakty byly od-
pareny ve vakuu pfi teploté 55 °C do sucha. Zbytek po odpareni byl
rozpustén ve 2 ml 20% roztoku chloridu sodného. Vzorek byl pfene-
sen do 10ml vialky, bylo pfidano 0,4 ml roztoku PBA a vialka byla
uzaviena septem. Derivatizace probihala 20 min pfi 90 °C. Po vy-
chlazeni na laboratorni teplotu byly pfidany 2 ml hexanu a vzorek byl
protfepan. Hexanové faze obsahujici derivat 3-MCPD byla analyzo-
vana GC/MS.

2.4 Analyza vzorka pomoci GC/MSD

Pro stanoveni obsahu derivatl 3-MCPD v analyzovanych vzorcich
byl pouzit plynovy chromatograf Trace GC Ultra Finnigan, kombino-
vany s hmotnostnim detektorem Trace DSQ Thermo Finnigan. K se-
paraci byla pouzita kapilarni kolona SLB-5MS (délka kolony 60 m x
0,25 mm vnitini prdmeér, tloustka filmu 0,25 mm). Teplota injektoru
byla 250 °C (splitless), teplota kolony byla naprogramovana od 80 °
C (1 min) do 250 °C (37 minut) s gradientem 10 °C.min™". Pritok nos-
ného plynu helia byl 1,5 ml.min", nastik vzorku 1 ml.

Hmotnostné selektivni detektor pracoval v SIM médu, s pozitivni
elektron impakt (El) ionizaci. Identifikace a kvantifikace derivatd
3-MCPD byla provedena na zdkladé reten¢niho casu a specifickych
iontd m/z 91, 147, 196 (3-MCPD) a m/z 93, 150, 201 (3-MCPD-d5).
lonty m/z 91 a 196 (3-MCPD) a m/z 93 a 201 (3-MCPD-d5) byly po-
uzity pro kvalitativni analyzu. Kvantifikace byla provedena pomoci
kalibra¢ni kfivky (ionty m/z 147 (3-MCPD) a m/z 150 (3-MCPD-d5)).

3 VYSLEDKY A DISKUSE

Pripravené vzorky byly analyzovéany na plynovém chromatografu
s hmotnostnim detektorem. Kvantifikace byla provedena pomoci ka-
libra¢ni kfivky (obr. 1), kterd byla linedrni v rozmezi 6,9 -1030 pg.kg™
(r* = 0,9999). Lineérni rozsah byl dostate¢ny pro analyzu realnych
vzorkl. Mez stanoveni (LOQ) 3-MCPD ve vzorcich sladu metodou
GC/MSD byla 10 pg.kg' a mez detekce (LOD) 3 pgkg'. VytéZnost
extrakci vzorkd se pohybovala v rozmezi 75 az 80 %. Kombinovana
standardni nejistota metody byla 13 %. Vysledky obsahu 3-MCPD
v analyzovanych vzorcich uvédi tab. 2.

Obsah 3-MCPD ve sladech se pohyboval v intervalu <10,0 - 95,0
pug.kg'. Ve svétlych plzenskych sladech, sladech mnichovskych
a ve sladech p3eni¢nych svétlych byl obsah 3-MCPD pod mezi sta-
noveni. Tyto hodnoty jsou podstatné nizsi, nez uvadi literatura (Veli-
Sek a Hajslova, 2009) a tato skutecnost je pravdépodobné zpusobe-
na jinou technologii sladovani. V karamelovych svétlych sladech
byly hodnoty 3-MCPD v intervalu <10,0 - 15,0 pug-kg™'. Coz jsou hod-
noty, které ani nepfekroci stanoveny maximalni limit pro mnozstvi

Table 2 3-MCPD content in the analyzed malt samples
Tab. 2 Obsah 3-MCPD v analyzovanych vzorcich sladu

Identifikace vzorku _1
Sample identification 3-MCPD (mg.kg")
Pilsen pale malt

Slad svétly plzefisky (n = 8) <100
Munich malt

Slad mnichovsky (n = 4) <100

Pale wheat malt <100

Slad p3enicny svétly (n = 2) ’
Caramel pale malt

Slad Karamelovy svétly (n = 4) <100-15.0
Black malt

Slad barvici (n = 4) 55.0-95.0
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values for black malts were 55.0 — 95.0 ug.kg, which corresponds to the
results reported in the literature (Divinova et al., 2007).

4 CONCLUSIONS

In this study, the content of 3-MCPD in different types of malt was de-
termined. These were pale malts (light Pilsen, Munich, wheat pale and
caramel pale) and black malt. The assay was carried out using the GC/
MSD method was used, before which 3-MCPD was derivatized with phe-
nylboronic acid.

The presence of 3-MCPD was not confirmed in pale malts. High
3-MCPD content was determined only in black malts. These are products
which are exposed to very high temperatures. The contaminant forma-
tion during roasting and its content in black malts can be minimized by
selecting suitable conditions in the process of malt roasting.

3-MCPD is included in the 2A group as a potential human carcinogen.
In 2001, the EFSA set a maximum daily intake (ADI) of 2 2 pug.kg™ of body
weight.

Currently the only existing legislative limit sets the maximum values
for 3-MCPD in acid hydrolysates of proteins and in soy sauces of 20 ug.
kg™ of product with 40% dry matter (ES, 2006). However, the EU Commis-
sion issued the Recommendation No. 2014/661 on the monitoring of 2-
and 3-MCPD levels and their esters in food, which demonstrates the im-
portance of the issue not only in the Czech Republic but also within the
EU (EU, 2014).

Since the malt in the final beer product is diluted in the rate from 1:10
(i.e. 1 kg of malt per 10 kg of product) to 1: 100 (Basarova and Cepicka,
1985; Basarova, 2010), the content of 3-MCPD in pale and black malts
does not represent a potential hazard to consumers.
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