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Prace byla zamérena na ovéreni moznosti pouziti spektroskopie v blizké infracervené oblasti pro rychlou detekci pfitomnosti mykoto-
xinG v obilkach jeémene jarniho. Pro analyzy byly pouzity vzorky zrna deseti odrld je€émene jarniho ziskané z polnich pokusu s pfiroze-
nou a umélou infekci Fusarium spp. Kalibraéni modely pro dva mykotoxiny deoxynivalenol a nivalenol byly vytvofeny s pouzitim hodnot
stanovenych metodou vysokorozliSovaci kapalinové chromatografie spojené s hmotnostni spektrometrii na pracovisti Vysoké Skoly
chemicko-technologické v Praze. Pfipravené kalibraéni modely s korelaénimi koeficienty 0,85 pro nivalenol a 0,82 pro deoxynivalenol Ize
pouzit pro pfedbézné rozliSeni jejich obsahu v zrnu je€mene v rozmezi hodnot stanovenych analytickou metodou.

Bradacova, M. — Bezdékova, K. — Smutna, P.: Determination of mycotoxins in barley grain by FT-NIR Spectroscopy. Kvasny Prum.
60, 2014, No. 10, pp. 254-257

Our objective was to study the application of the Near Infrared Spectroscopy for determination of mycotoxins in spring barley grains.
The samples of 10 spring barley cultivars from field trials with natural and artificial infection of Fusarium spp. were assayed. The content
of mycotoxins in grains was analysed at the Institute of Chemical Technology, Prague by a reference method of ultra-high performance
liquid chromatography coupled with ultra-high resolution mass spectrometry and obtained data were used for development of calibration
models for two mycotoxins — deoxynivalenol and nivalenol. The models with correlation coefficient 0.85 for nivalenol and 0.82 for de-
oxynivalenol are applicable to preliminary screening of samples in the range of values assayed by the analytical method.

Bradacova, M. — Bezdékova, K. — Smutna, P.: Die Anwendung der FT-NIR Spektroskopie fiir die Bestimmung von Mykotoxinen
im Gerstenkorn. Kvasny Prum. 60, 2014, Nr. 10, S. 254-257

Der Artikel befasst sich mit der Uberprifung der Anwendungsmdglichkeit der FT-NIR Spektroskopie fir eine schnelle Detektion der
Anwesenheit von Mykotoxinen in der Grasfrucht der Sommergerste. Fur die Analysen wurden Kornmustern von zehn Sommergersten-
sorten, die aus den Feldversuchen mit naturlicher und kiinstlicher Infektion Fussarium spp. gewonnen wurden. Die Kalibrationsmodelle
fur zwei Mykotoxine Deoxynivalenol und Nivalenol wurden unter Anwendung von durch die Methode der Hochleistungsfliissigchromato-
graphie gegebenen Werten auf dem Institut fiir Chemische Technologie Prag (VSCHT Praha) zusammengefasst. Die vorbereitete Kali-
brierungsmodelle mit den Korrelationskoeffizienten (0,85 fuir Nivalenol und 0,82 fir Deoxynivalenol) kdnnen fir die vorlaufige Auflésung

ihres Gehalts im der Wertebereich angegeben durch die analytische Methode angewandt werden.

Kli¢ova slova: jecémen, deoxynivalenol, nivalenol, FT-NIR,
mykotoxiny

1 UvVoD

Spektroskopie v blizké infratervené oblasti s Fourierovou trans-
formaci (FT-NIR) je rychla fyzikalni nedestruktivni metoda vhod-
na pro analyzy obsahovych latek v zemédeélskych produktech. Je
zalozena na méreni ubytku infracerveného zareni po kontaktu se
vzorkem. Tento Ubytek Ize méfit v reZzimu reflektance nebo transmi-
tance. Fourierova transformace je matematicka metoda, jejiz po-
moci jsou naméfené interferogramy prevadény na spektra. Ziskana
spektra je nutné vzdy vztahnout k hodnotam stanovenym referenéni
analytickou metodou, v nasem pfipadé kapalinovou chromatografii.
NIR spektroskopie se dosud pouziva hlavné pro stanoveni obsa-
hu vody, dusikatych latek, Skrobu, oleje atd., jez jsou ve vzorcich
zastoupeny v jednotkach az desitkach procent. Jsou vSak vyvijeny
i kalibrace pro latky zastoupené v mensim mnozstvi. Gaspardo et
al. (2012) stanovovali fumonisiny B, a B, v mleté kukufici s koncent-
raci 0,417—-11,845 mg.kg™. Tripathi a Mishra (2009) vyvinuli metodu
pro kvantifikaci aflatoxinu B, v chilli v rozmezi 15-500 pg.kg™, ktera
mUzZe byt vyuzita pro odliseni kontaminovanych vzork( pred dal$imi
Upravami.

Mykotoxiny jsou sekundarni metabolity hub rodu Fusarium
a dal8ich. Jejich pfitomnost v potravinach a krmivech mlze zpG-
sobovat zdravotni komplikace lidem i hospodarskym zvifatim,
proto je jejich vyskytu vénovana velkd pozornost. V zrnu obilo-
vin se Casto vyskytuje deoxynivalenol (DON) a nivalenol (NIV).
Pro nékteré mykotoxiny, stejné jako pro dalsi kontaminujici latky
v potravinach, byly stanoveny limitni hodnoty, které jsou uvede-
ny v Nafizeni komise ES ¢.1881/2006. Pro infekci rostlin Fusa-
rium spp. je velmi dllezity prabéh povétrnostnich podminek, pfi-
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1 INTRODUCTION

Fourier transform near-infrared spectroscopy (FT-NIR) is fast
physical non-destructive method applicable to analysis of composi-
tion of various agricultural products. It is based on measurement of
infrared radiation loss rate after a contact of beam with a sample. It
is possible to measure the loss rate in reflectance or transmittance
mode. The Fourier transformation is a mathematic method for the
conversion of measured interferograms into spectra. Obtained spec-
tra have to be always related to values determined by a reference
analytical method — in case of mycotoxins it is liquid chromatogra-
phy. The NIR spectroscopy is used mainly for determination of water
content, proteins, starch and oil, i.e. main compounds in concentra-
tion up to tens of percents. Calibrations for substances in smaller
quantities have been created as well. Gaspardo et al. (2012) as-
sayed fumonisins B, and B, in milled corn with the concentration of
0.417-11.845 mg.kg™. Tripathi and Mishra (2009) prepared a meth-
od for quantification of aflatoxin B, in red chili powder in the range
of 15-500 pg.kg™, which can be used for discrimination of contami-
nated lots before processing.

Mycotoxins are secondary metabolites produced by Fusarium
spp. and others Fungi. An occurrence of mycotoxins in food and
feed can cause severe health problems for humans and livestock,
therefore high attention is given to their presence in food and feed-
stuffs. Cereals are often contaminated with mycotoxins deoxyniva-
lenol (DON) and nivalenol (NIV). For some mycotoxins as well as
for other foodstuff contaminants the critical limits are set in Com-
mission Regulation (EC) No 1881/2006. The weather conditions are
very important for Fusarium spp. infection on cereals, especially hot
and humid weather during anthesis and the early seed develop-
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znivé je teplé a vlhké pocasi béhem kveteni a tvorby zrna (Xu,
2003). Klasy mohou byt napadeny nékolika druhy rodu Fusarium
spp., které mohou mit mirné odliSné naroky na optimalni teplo-
tu i délku doby, po kterou je potfebna zvySena vlhkost prostfe-
di pro jejich rozvoj. Dal$im faktorem, ktery ovliviiuje mnozZstvi
mykotoxind v obilovinach, je agrotechnika péstovani, zejména
pfedplodina a zplUsob zpracovani pldy. Z toho vyplyvéa roénikové
kolisani vyskytu jednotlivych mykotoxini a nutnost jejich pravi-
delného sledovani (Polidenska, 2011). Pfitomnost mykotoxini je
mozné stanovit Elisa testy (Sto¢kova a Chrpova, 2012; Dzuman
et al., 2014a) nebo kapalinovou chromatografii s detekci pomoci
hmotnostni spektrometrie (Zachariasova et al., 2010; Vaclavikova
et al., 2013). Pozornost je vénovana také moznému pfechodu my-
kotoxinli do potravin rostlinného plvodu i do Zivo¢isnych produktl
jako nasledek zkrmovani kontaminovaného obili. Bélakova et al.
(2013) sledovala vyskyt deoxynivalenolu v pivech z obchodni sité
a uvadi, Ze obsah mykotoxin(i v pivovarskych surovinach a pivu
nepfedstavuje vyznamné zdravotni ohrozeni. Stoc¢kova a Chrpova
(2012) stanovovaly obsah deoxynivalenolu a zearalenonu (ZEA)
ve vejcich, pfiéemz vzorky obsahovaly jen nizké koncentrace ZEA
a nebyla potvrzena pfitomnost DON. Malachové et al. (2010) se
zabyvala obsahem mykotoxinl v jarnim jemeni a jejich pfenosem
do sladu. Ve vzorcich je€émene ze ¢tyr skliziiovych let (2005-2008)
nepfekrocily hodnoty DON limity stanovené ES. Vaclavikova et al.
(2013) stanovovala zmény obsahu enniantin( v jednotlivych fazich
vyroby piva a chleba a konstatovala, Ze b&hem zpracovani jejich
obsah klesa.

Jeémen jarni patfi k vyznamnym pé&stovanym obilninam, v Ceské
republice je pouzivan zejména na vyrobu sladu. Vzhledem k zavaz-
nosti mykotoxinG jako kontaminantd této potravinarské suroviny je
potfebné vytvofit dostupné metody pro jejich jednoduché a rychlé
stanoveni. Nasim cilem bylo vytvofit kalibraci pro pfistroj FT-NIR Ni-
colet Magna pro stanoveni mykotoxind DON a NIV ze skupiny tricho-
thecenl B ve vzorcich zrna jeémene jarniho.

2 MATERIAL A METODY

Vzorky zrna jeémene jarniho byly ziskany ze sklizné odridovych
pokusl péstovanych v roce 2012 na &tyfech lokalitach (Zabéice,
Kroméfiz, Senice a LibCany), ve variantach s pfirozenou infekci
Fusarium spp., umélou infekci Fusarium culmorum a pfi Ctyfech
zpUsobech osetieni fungicidy. V pokusech bylo zafazeno devét sla-
dovnickych odrtd jeémene jarniho (Aksamit, Bojos, Malz, Radegast,
Gladys, Kangoo, Prestige, Xanadu a Sebastian) a jedna nesladov-
nicka odrlGda (Tocada).

Obsah mykotoxind DON a NIV v zrnu byl stanoven akreditova-
nou referen¢ni analytickou metodou — vysokoucinnou kapalinovou
chromatografii spojenou s tandemovou hmotnostni spektrometrii
(HPLC-MS/MS) na Ustavu analyzy potravin a vyzivy VSCHT Pra-
ha (Vaclavikova et al., 2013; Cajka et al., 2014 a Dzuman et al.,
2014b).

Pro mérfeni na NIR spektrometru byly stejné vzorky zrna rovnéz
pomlety na mlynku MEZOS se sitem 1 mm. Spektra byla snimana
v kompresni rotujici kyveté na integracni sféfe pfistroje FT-NIR Ni-
colet Magna v reflektanénim mdédu, pfi po¢tu skent 64, rozliseni 8
cm™ a vinoCtu 12 000—4 000 cm' za pouziti programu Omnic. Méfeni
kazdého vzorku bylo provedeno tfikrat a pro vytvoreni kalibra¢ni rov-
nice bylo pouZito primérné spektrum. Kalibraé¢ni modely byly vypoéi-
tany metodou ¢astecnych nejmensich ¢tverct (PLS) z prvni derivace
spekter v programu TQ Analyst.

3 VYSLEDKY A DISKUSE

Kalibraéni model pro DON byl vytvofen metodou PLS ze 193
spekter a pro NIV z 214 spekter vzorkl s obsahem mykotoxint nad
mezi detekce HPLC. Obsah obou mykotoxind ve vzorcich se pohy-
boval od 0,014 az po koncentraci pfiblizné 3 mg.kg” pro NIV a od
0,016 po 13 mg.kg' pro DON.

Kalibraéni model pro NIV vykazal hodnotu korelaéniho koeficientu
0,85 za pouziti 4 faktord. Kalibrace byla testovana na stejném sou-
boru vzorku kfizovou metodou. Chyba kalibrace RMSEC byla 0,300,
chyba kfizové validace RMSECV 0,381 a chyba predikce RMSEP
0,292.

Kalibraéni model pro DON byl vytvofen s hodnotou korelaéni-
ho koeficientu 0,82 za pouziti 7 faktorl. Kalibrace byla testovana
na stejném souboru vzork( kfizovou metodou, pfi€emZ hodnota

ment period (Xu, 2003). Ears can be infected by various species
of Fusarium genus, which require slightly different temperature and
humidity conditions during development. Farming practice, particu-
larly fore-crop and soil cultivation, is also a factor influencing myco-
toxin contamination in grains. Due to annual differences in Fusarium
spp. occurrence the regular screening of mycotoxins levels in grain
is obligatory (PoliSenska, 2011). Various mycotoxins can be deter-
mined by immuno-assay kits (Elisa) (Sto¢kova and Chrpova, 2012;
Dzuman et al., 2014a) or by more accurate ultra-high performance
liquid chromatography coupled with ultra-high resolution mass spec-
trometry (Zachariasova et al., 2010; Vaclavikova et al., 2013). The
transfer of myxotoxins from crops to food products (plant-based and
animal food source) is also studied. Bélakova et al. (2013) analysed
the occurrence of DON in beers available on the market and found
that common levels of mycotoxins in brewing raw materials and in
beer did not represent any significant health risk. Stogkova and Chr-
pova (2012) assessed the levels of deoxynivalenol and zearalenon
(ZEA) toxins in eggs and found only low concentration of ZEA and
none of DON. Malachova et al. (2010) paid attention to the myco-
toxin occurrence in barley grain and the risk of malt contamination.
In barley samples from four years (2005-2008) levels of DON did not
exceed the EC limits. Vaclavikova et al. (2013) studied the changes
in enniatins levels during beer and bread making and concluded that
during processing the enniatins concentration decreased.

Spring barley is one of the staple crops; in the Czech Republic it
is important mainly for malt production. Due to the risk of mycotoxins
contaminations in barley grain and consequently in malt and beer it is
necessary to develop methods for their simple and quick determina-
tion. Our work was aimed at developing of calibration models for FT-
NIR spectrometer Nicolet Magna for analyses of mycotoxins DON
and NIV from type B trichothecenes group in barley grains.

2 MATERIAL AND METHODS

The barley grain samples were obtained from field trials estab-
lished at four testing stations (Zabcice, Kromeriz, Senice and Lib-
cany) in 2012 under two variants (artificial inoculation with Fusarium
culmorum/ control) and four fungicides treatments. Nine malting
cultivars of spring barley (Aksamit, Bojos, Malz, Radegast, Gladys,
Kangoo, Prestige, Xanadu and Sebastian) and one cultivar of feed
barley (Tocada) were tested.

The content of DON and NIV was assayed by accredited reference
analytical method — ultra high-performance liquid chromatography
coupled with tandem mass spectrometry (HPLC-MS/MS) at the Insti-
tute of Chemical Technology, Prague, Department of Food Analysis
and Nutrition (Vaclavikova et al., 2013; Cajka et al., 2014; Dzuman
et al., 2014b).

The identical samples of grain were milled the same way on the
MEZOS mill with the 1 mm sieve. The spectra were taken in the
compressive revolving cuvette on an integrating sphere of Nico-
let Magna FT-NIR device in the reflectance mode, wavenumber
12 000—4 000 cm™, resolution 8 cm™, number of scans 64 using
OMNIC programme. Each sample spectrum was taken three times
and average spectra were used for creating of calibration equations.
Calibration models were calculated by partial least squares method
(PLS) from the first derivation of spectra in TQ Analyst programme.

3 RESULTS AND DISCUSSION

The calibration model for DON was created by PLS method from
193 spectra and for NIV from 214 spectra of samples with mycotox-
ins levels above limits of HPLC quantification. Contents of NIV were
from 0.014 to 3 mg.kg™" and contents of DON were from 0.016 to
13 mg.kg™.

The value of the correlation coefficient reached 0.85 for the NIV
calibration model using 4 factors. The calibration was tested with
the same set of samples by the cross validation method. Root Mean
Square Error of Calibration (RMSEC) was 0.300, Root Mean Square
Error of Cross Validation (RMSECV) was 0.381 and Root Mean
Square Error of Prediction (RMSEP) was 0.292.

The calibration model for DON was developed using 7 factors,
with the value of correlation coefficient of 0.82. The cross validation
method with the same samples gave following values: RMSEC 1.72,
RMSECV 2.29, and RMSEP 2.16. The calibration for NIV seems to
be more accurate than the DON calibration due to the high correla-
tion coefficient. The applicability of calibrations models can be veri-
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Obr. 1 Kalibrace stanoveni koncentrace NIV v mg.kg" a predikce
téchto hodnot/ Fig. 1 Calibration for NIV concentration in mg.kg" and
prediction of the values

Obr. 2 Kalibrace stanoveni koncentrace DON v mg kg™ a predikce
téchto hodnot / Fig. 2 Calibration for DON concentration in mg.kg"
and prediction of the values
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Obr. 3 Funkce PRESS pro NIV (4 faktory) / Fig. 3 PRESS function
for NIV (4 factors)

RMSEC byla 1,72, RMSECV 2,29 a RMSEP 2,16. Vzhledem k niz-
§i hodnoté korelaéniho koeficientu pro DON Ize kalibraci pro NIV
vyhodnotit jako pfesnéjsi. Chybami RMSEC, RMSECV a RMSEP
je ovéfovana pouzitelnost kalibraénich modeld. Maly rozptyl hod-
not v8ech tfi chyb svéd¢i o vhodnosti obou kalibraénich modell
pro méfeni. Rovnéz ze smérnic grafu kalibraci (korelace zadané
a vypoctené hodnoty pouzitych standard(i pro vytvoreni kalibrace)
a predikci (korelace zadané a vypoctené hodnoty standardd po sni-
zeni jejich poétu pfiblizné o 20 % pomoci nahodného vybéru) pro
NIV (obr. 1)

Yea= 0,1484 + 0,7338 x x

Yore = 0,0895 + 0,8157 x X
i pro DON (obr. 2)

Yea = 0,6638 + 0,6824 x x

Yore = 0,5699 + 0,7167 x x

Ize odvodit pouzitelnost vytvorenych kalibraénich model(.

Indikatorem chyby kalibraéni metody PLS je funkce PRESS (pre-
dikovana zbytkova chyba sumy &tverct). Optimalni pocet PLS fak-
tord je spojen s minimalni hodnotou funkce PRESS. Vysoky pocet
faktorll snizuje pfedpovédni schopnost modelu, protoze PRESS
také zahrnuje spektralni Sum. Pokud funkce PRESS ostfe klesa, Ize
kalibraéni model povazovat za dostate¢né robustni (Sustova et al.,
2007). Z tvaru funkce PRESS vytvorenych kalibraénich modell Ize
vyvodit, ze kalibraéni model pro NIV (4 faktory a strméjsi pokles,
obr. 3) poskytuje pfesnéjsi odhady hodnot v porovnani s kalibraénim
modelem pro DON (7 faktort a volnéjsi pokles v porovnani s PRESS
funkci pro NIV, obr. 4).

Obr. 4 Funkce PRESS pro DON (7 faktorl) / Fig. 4 PRESS function
for DON (7 factors)

fied by the RMSEC, RMSECV and RMSEP errors. According to very
similar values of all three errors, both calibration models are accept-
able for estimations.

Also the slopes from graphs for the calibration (the correlation be-
tween actual and calculated values of all standards for calibration)
and for prediction (calibration between actual and calculated values
of standards after random reduction of their numbers approximately
about 20 %) indicate good applicability of developed models.

NIV (Fig. 1)

Yea= 0.1484 + 0.7338 x x

Yore = 0.0895 + 0.8157 x x
DON (Fig. 2)

Yea = 0.6638 + 0.6824 x X

Ypre = 0.5699 + 0.7167 x X

The PRESS value (Predicted Residual Error Sum of Squares) is
the basic indicator of the error of the PLS calibration method. This
value indicates how the predicted residual error of the sum of squares
changes with the number of factors used for the calibration of each
component. If the PRESS function is optimal, a scree plot shows
a sharp drop, followed by a slow decrease, which is an evidence of
considerable robustness of the calibration model. The optimal num-
ber of PLS factors will be found if the PRESS value is minimal. A high
number of PLS factors reduces the predictive accuracy of the model
because PRESS also includes the spectral noise. (Sustova et al.,
2007). The PRESS function developed for both calibration models in-
dicated that the model for NIV (4 factors, sharp drop, Fig.3) provided
more robust results in comparison with the model for DON (7 factors,
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Vzhledem k hodnotam obou mykotoxin( v pouzitych vzorcich, ko-
relaénim koeficientim a chybam kalibrace Ize pfipravené kalibraéni
modely pouzit pro pfedbézné rozliSeni urovné obsahu DON a NIV
v rozmezi hodnot stanovenych analytickou metodou HPLC-MS/MS.
Pro dosazeni vétsi robustnosti obou vytvofenych kalibra¢nich mode-
10 by bylo pfinosné zvysit pocet kalibra¢nich standardl o vzorky zrna
z dal$ich roénika.

K podobnym vysledkdm dospéli napf. Gaspardo et al. (2012),
ktefi stanovovali obsah fumonisinu B, a B, v kukufici rovnéz na
FT-NIR spektroskopu, kalibraci pro méfeni kukuficného Srotu
pfipravili metodou PLS s hodnotami RMSEC a RMSECV 0,432
a 2,005 a doporucuji toto stanoveni jako rychly zplsob uréeni
kontaminace. Tripathi a Mishra (2009) analyzovali aflatoxin B,
v mletém chilli. V jejich kalibraci byla chyba RMSECV 0,65-1,88
pfi po¢tu faktord 5—-10 v zavislosti na vybrané ¢asti spektra a po-
¢tu faktorG. Hodnoty chyb a poéty faktorl u vy$e zminénych kali-
braénich modell jsou srovnatelné s nami pfipravenymi kalibra¢-
nimi modely.

4 ZAVER

Byla ovéfena moznost pouziti FT-NIR spektroskopie pro rychlou
detekci mykotoxinG v zrnu je€mene. Byla pfipravena kalibrace pro
DON s korelaénim koeficientem 0,82 a chybou kalibrace RMSEC
1,72 v rozmezi hodnot od 0,016 do 13 mg.kg", které byly stano-
veny akreditovanou analytickou metodou HPLC-MS/MS. Kalibrace
pro NIV vykazovala hodnotu korelaéniho koeficientu 0,85, chybu
RMSEC 0,30 a je pouzitelna v rozmezi viozenych hodnot od 0,014
do 3 mg.kg'. FT-NIR spektroskopii Ize povazovat za vhodnou
metodu pro rychlou orientaéni detekci mykotoxind, kterou by bylo
mozné pouzit k vyhledani partii zrna obilovin kontaminovanych my-
kotoxiny.

PODEKOVANI ) 3
Dékujeme pracovnikiim Ustavu analyzy potravin a vyzivy VSCHT
Praha za poskytnuté hodnoty stanovenych mykotoxin(i a pracovistim

v Kroméfizi, Libéanech, Senici a Zabéicich za poskytnuti vzorkl zrna.
Prace byla podporena projekty IGA TP4/2013 a NAZV QI111B044.
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