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V této studii byly vyvinuty kalibra¢ni modely pro simultanni stanoveni alkoholu, skuteéného extraktu, energetické hodnoty, celkového
obsahu sacharidi a dalSich slouéenin v pivu za pouZziti infracervené spektroskopie v blizké oblasti s Fourierovou transformaci (FT-NIR).
Korelace mezi ziskanymi FT-NIR spekiry a analytickymi daty byla provedena pomoci multivariaéniho algoritmu metody parciélnich nej-
mensich ¢tverch (PLS). Testovana piva byla vyrobena z jeémene ze dvou po sobé jdoucich sklizni. Kalibraéni model pro FT-NIR byl
sestrojen z dat namérenych referenénimi metodami a byl ovéfen pomoci prdmérné kvadratické odchylky kalibrace (RMSEC), odchylky
kfizové validace (RMSECV) a chyby predikce (RMSEP). Ziskané kalibra¢ni modely pro energetickou hodnotu, alkohol, skuteény extrakt
a obsah sacharidl jsou stabilni a spolehlivé. Dlouhodoba platnost kalibrace byla ovérena srovnanim externich validaénich parametr(,
vyjadrenych jako RMSEP,,
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Calibration models were developed for simultaneous analysis of alcohol, real extract, energy value, total saccharides and other fea-
tures in beer using Fourier-transform near-infrared (FT-NIR) spectroscopy. The recorded FT-NIR spectra were correlated to the analytical
data of reference methods by means of the multivariate PLS algorithm. Two groups of test beers were made from barley from two con-
secutive harvests. A calibration model for FT-NIR was set up using data from reference methods and was selected by means of the error
of calibration (RMSEC), cross-validation (RMSECV), and the root-mean-square-error of prediction (RMSEP). It was found that calibration
models for energy value, alcohol, real extract and the content of saccharides are stable and reliable. The long-term effect of calibration
was evaluated by comparing external validation parameters, expressed as RMSEP,,.

OlSovska, J. — Cejka, P. — Culik, J. — Stérba, K. — Tenkl, L.: Schnelle und simultane Bestimmung der qualitativen Parameter des
Bieres mittels FT-NIR Spektroskopie. Kvasny Prum. 61, 2015, Nr. 7-8, S. 212-220

Im Artikel wird eine Entwicklung der fur eine simultane Bestimmung des Alkohols, des wirklichen Extrakts, der energetischen Wertes,
des gesamten Gehalts an Kohlenhydraten und weitere Verbindungen im Bier entwickelte Kalibrationsmodelle unter Anwendung der In-
frarotspektroskopie im den néheren Bereich mit Fouriertransformation (FT-NIR) beschrieben. Die Korrelation zwischen FT-NIR Spektren
und analytischen Dateien wurde durch MV Algorithmus der Methode der partiellen kleinsten Quadrate durchgefiihrt (PLS). Das getestete
Bier wurde aus dem Gerstenmalz herrgestellt, die angewandte Gerste zur Malzherstellung wurde in zwei folgenden Jahren geerntet.
Fir die FT-NIR wurde das Kalibrationsmodell aus den durch Referenzmethoden gemessenen Dateien zusammengefasst und mittels
durchschnittlichen quadratischen Kalibrationsabweichungen (RMSEC), Kreuzvalidationsabweichungen (RMSECV) und Prediktionsfeh-
ler (RMSEP) gepruft. Fur energetische Werte, wirklichen Extrakt Alkohol, und Gehalt an Sachariden sind die erworbene Kalibrations-
models stabil und zuverlasslich. Die langjahrige Giiltigkeit der Kalibration wurde durch den Vergleich von, als RMSEP,,, ausgedriickten
externen Validationsparametern bestétigt.
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1 UvVoD

Stanoveni zakladnich analytickych parametrii piva je dalezitou
soucasti posouzeni jeho kvality. Podobné jako v jinych odvétvich,
i v pivovarstvi se klade velky dlraz nejen na presnost vysledku, ale
i na rychlost analyzy (high-throughput = vysoka priichodnost vzor-
ku). Obvykle se pro stanoveni béznych komponent piva pouzivaji
jednoduché analyzatory. Napfiklad pro stanoveni obsahu alkoholu
a relativni hustoty vzorku jsou bézné uzivany referenéni metody jako
destilaéni metoda nebo pyknometrické stanoveni.
hustoty Ize také vyuzit oscilaéni hustoméry nebo refraktometry. Kro-
mé organoleptického posouzeni a zakladniho rozboru piva (extrakt,
alkohol) jsou v ramci rozSifeného rozboru stanovovany také napf.
horké latky, a to spektrofotometricky, a tékavé latky, pomoci plynové
chromatografie. Pfiprava vzorku pro jednotlivé analyzy vyZaduje sv(j
¢as, a to se samoziejmeé promita do celkové ceny analyzy. Z téchto

Pro stanoveni

Keywords: FT-NIR, beer, alcohol, extract, energy value,
saccharides, bitter compounds, proteins, polyphenols

1 INTRODUCTION

Determination of basic analytical parameters of beer is an impor-
tant part of the assessment of its quality. As in other fields, in the
brewing industry the focus is currently not only on the accuracy of the
results but also on the speed of analysis (high-throughput). Conven-
tionally, a separate instrument is required for the analysis of each
component in beer. For example, alcohol content and specific gravity
are usually determined by reference methods like distillation and
pycnometry or by analytical instruments which combine an oscilla-
tion-type densitometer and refractometry. In addition to organoleptic
examination and a standard beer analysis, bitter substances are as-
sessed for instance by spectrophotometry and volatile compounds
using gas chromatography. As a result of sample preparation re-
quired for these methods, beer analysis is both time-consuming and
expensive. Therefore, automated instruments are increasingly used
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davodl se v pivovarské analytice stale vice pouzivaji automatické
pfistroje, které dokazi v kratkém Case stanovit celou fadu analytic-
kych parametr(i, jako napf. extrakt, alkohol, energetickd hodnota,
zakal, pH, obsah kysliku a oxidu uhli¢itého. Tyto pfistroje jsou vysoce
specializované a jsou sestrojeny vyhradné pro analyzu sladiny a piva
(Anonymus, 2015a; Anonymus, 2015b; Anonymus, 2015c; Anony-
mus, 2015d). Lze je charakterizovat vysokou presnosti a jednodu-
chou obsluhou. Nevyhodou je omezend pouzitelnost pro pivovarské
suroviny a meziprodukty (je€men, slad, chmel atd.), tj. pro pevné
matrice, nebo pro jiné napoje (vino, nealkoholické napoje).

V roce 2009 Marte et al. publikoval studii, ve které byl stanoven
obsah vody, celkového dusiku a celkovych lipidd ve sladu a kukufici
pomoci techniky FT-NIR (infradervena spektroskopie v blizké IC ob-
lasti s Fourierovou transformaci) (Marte et al., 2009). O rok dfive byla
publikovana podobna prace kolektivem ¢eskych autord, ktefi demon-
strovali pouziti NIR spektroskopie na stanoveni extraktu sladu, bilko-
vin ve sladu, rozpustného dusiku v kongresni slading, relativniho
extraktu pfi 45 °C a Kolbachova ¢isla (Broz et al., 2008).V roce 2013
byly publikovany nové valida¢ni postupy a ovéfovana dlouhodoba
funkénost kalibraénich modeld (Sileoni et al., 2013). Autofi vyvinuli
stabilni a spolehlivé kalibraéni modely pro stanoveni kvality jeémene
a sladu. Stanovovanymi parametry byly extrakt, prokvaseni, pH, roz-
pustny dusik, viskozita, friabilita a volny aminodusik. To vedlo k my$-
lence pouziti této univerzalni metody také v pivovarské analytice.
Vzhledem k obecné nizsi citlivosti IR metod a vy$§im narokim na
kalibraci byly pro tuto pilotni studii vybrany takové analyty, jejichz
koncentrace by mohla vyhovovat citlivosti pouzité FT-NIR techniky.

InfraCervena spektroskopie patfi do skupiny metod molekulové
spektroskopie. BEhem interakce elektromagnetického zafeni s mé-
fenym vzorkem se excituji typické skupiny nebo vazby v molekuléch,
které absorbuji zafeni s uritym mnoZzstvim energie. Tak vznikaji cha-
rakteristickd spektra sloZzena z tzv. vibraénich absorpénich pasu (Gri-
ffiths, de Haseth, 2007). V 80. letech 20. stoleti prosla infracervena
spektroskopie vyznamnymi zménami ve formé spektrometrie s Fou-
rierovou transformaci (FTIR). Ve srovnani s disperzni infracervenou
spektroskopii dosahuje tato metoda vys$si citlivosti (mnoZstvi energie
dopadajici na detektor je asi o dva fady vyS$Si (Jacquinotova energe-
ticka vyhoda), témér absolutni vinoctova presnost (tzv.Connesova
vyhoda) a nesrovnatelné vy$s$i pomér signalu vici Sumu. Infracerve-
na spektroskopie v blizké oblasti je oborem vibraéni spektroskopie
vyuzivajici energii fotont (hv) v rozsahu 2,65 x 10 J az 7,96 x 102°
J, coz odpovida vinové délce 750 — 2500 nm (vino¢et 13300 — 4000
cm™) (Angelino, 1996). FT-IR a FT-NIR spektrometry se vyznaduiji
jednoduchosti mechanického designu a minimalnim rozptylem svét-
la na jednotlivych prvcich optické lavice. Univerzalnost FT-NIR tech-
niky je dana moznosti vyuziti korelace mezi spektrem a chemicko-
-fyzikalnimi parametry analytu za vyuziti chemometrickych metod.

Zatimco klasickeé filtrové nebo disperzni NIR spektrometry jsou jiz
v pivovarském priimyslu pouzivany k analytickému posouzeni suro-
vin, zejména sladu, pro stanoveni vihkosti, obsahu bilkovin (Pasqui-
ni, 2003) nebo alkoholu (Analytica EBC 9.26, 2009; Castrititus et al.,
2010), metody pouzivajici viceuCelové FT-NIR spektrometry (sché-
ma znazornéné na obr. 1) pro tekuté matrice na bazi piva nebyly
dosud publikovany. Nicméné pro jiné napoje jiz byly metody pouziva-
jici tuto techniku popsany. Rodriguez-Saona et al. (2001) popsali me-

Obr. 1 Schéma FT-NIR spektrometru / Fig. 1 The scheme of FT-NIR
spectrometer
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in brewing laboratory practice, which can in a short time determine
a number of analytical parameters such as extract, alcohol, energy,
haze, along with pH and also oxygen and carbon dioxide contents.
These devices are highly specialized and are designed exclusively
for wort and beer analysis (Anonymus, 2015a; Anonymus, 2015b;
Anonymus, 2015c; Anonymus, 2015d). They are characterized by
high precision of determination and their operation is relatively sim-
ple. The disadvantage is their minimal application to other brewing
raw materials or intermediates (barley, malt, hops, etc.), i.e. for solid
matrices, or for other beverages (wine, soft drinks).

In 2009, Marte et al. published a study which used FT-NIR spectros-
copy for the determination of moisture content, total nitrogen and total
lipids in malt and maize (Marte et al., 2009). A year earlier, a team of
Czech authors was published similar study which demonstrated the
usage of NIR spectroscopy to determine the malt extract, malt protein,
soluble nitrogen in congress sweet wort, relative extract at 45 °C and
Kolbach number (Broz et al., 2008). An evaluation of different valida-
tion strategies and long-term effects in NIR calibration models was
published in 2013 (Sileoni et al., 2013). The authors developed stable
and reliable NIR calibration models for barley and malt quality assess-
ment. The measured parameters are: fine extract, fermentability, pH,
soluble nitrogen, viscosity, friability and free amino nitrogen. This led
us to the idea to use this universal technique also for beer analysis.
Given the lower sensitivity of IR methods in general and higher de-
mands on the calibration, this pilot study used pre-selected chemical
parameters that could be used for FT-NIR analysis of beer.

Infrared spectrometry belongs to the group of molecular spectros-
copy methods. Interaction of electromagnetic radiation with the
measured sample involves the excitation of typical groups or bonds
in the molecules, which absorb radiation of a certain amount of en-
ergy. This produces a characteristic spectrum composed of so-called
vibrational absorption bands (Griffiths, de Haseth, 2007). In the
80’s of the 20th century infrared spectrometry underwent a signifi-
cant change in the form of Fourier transform spectroscopy (FTIR).
Compared with dispersive infrared spectrometry, this method exhib-
its a higher sensitivity, two orders of magnitude higher energy flow
(called Jacquinot energy advantage), an almost absolute wave num-
ber accuracy (called Connes advantage) and incomparably higher
signal to noise ratio. Near-infrared spectroscopy is a type of vibra-
tional spectroscopy that employs photon energy (hv) in the energy
range from 2.65 x 10"° to 7.96 x 102° J, which corresponds to the
wavelength range of 750-2500 nm (wavenumbers 13300—-4000 cm-')
(Angelino, 1996). FTIR and FT-NIR spectrometers feature simplicity
of mechanical design and minimal light scattering on individual ele-
ments of the optical bench. Moreover, the universal capacity of the
FT-NIR technique is based on chemometrics, and allows for a cor-
relation between the spectra and chemical and physical parameters
of the analyte.

While the classical filter and dispersive NIR spectrometers are
used in the brewing industry for the analytical evaluation of raw ma-
terials, particularly malt, and for determining the moisture and protein
(Pasquini, 2003) or alcohol (Analytica EBC 9.26, 2009; Castrititus et
al., 2010) content, methods using more versatile FT-NIR spectrome-
ters (whose scheme is shown in Fig. 1) for liquid beer matrixes have
not yet been published. However, methods using this technique for
the analysis of other beverages were described. Rodriguez-Saona et
al. (2001) described a method for the determination of total sugars in
fruit juices. They selectively determined glucose, fructose and su-
crose with 0.10% error of prediction. For the actual measurement
they used transmission technique and 0.5 mm cuvettes. Mehrotra et
al. accomplished determination of alcohol, sugar and tartaric acid in
alcoholic beverages and they proposed a device that monitors the
concentration of these components during manufacture online
(Mehrotra et al., 2005).

The aim of this study was to develop FT-NIR spectroscopic metho-
dology for the rapid determination of some basic analytical parame-
ters in samples of different types of beers. They include the content
of alcohol and real extract, which is the sum of all extractive sub-
stances in beer. These basic parameters are defined in terms of type
of beer legislation (such as non-alcoholic beer, draft beer, lager,
strong special beer). Energy value (EV) of beer and total amount of
carbohydrates in beer provide important information in terms of its
nutritive value. Carbohydrates constitute the main part of real extract
of beer and are contained in beer in the form of simple sugars (mono-
and disaccharides), oligosaccharides and dextrins. The content of
bitter substances, represented by isomers of bitter acid, is related to
the bitterness of beer, diacetyl (2,3-butanedion) adversely affects the
taste of the beer, and is considered an important technological pa-
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todu pro stanoveni celkovych cukrli v ovocnych dZusech. Selektivné
stanovili glukosu, fruktosu a sacharosu s chybou predikce 0,10 %.
Pro vlastni méfeni byla pouzita transmisni technika a kyvety o optic-
ké draze 0,5 mm. Mehrotra et al. proved! stanoveni alkoholu, cukru
a kyseliny vinné v alkoholickych napojich a navrhl zafizeni k on-line
sledovani koncentraci téchto analytd béhem vyroby (Mehrotra et al.,
2005).

Cilem této studie bylo vyvinout FT-NIR spektroskopickou metodu
pro rychlé stanoveni vybranych parametrl ve vzorcich riznych typl
piv (nealkoholické pivo, vy€epni pivo, lezak, tmavé pivo, beercooler).
Proto byl vytvofen kalibraéni model pro FT-NIR instrumentaci pomoci
referen¢nich metod. Pro tento experiment byly vybrany zékladni pa-
rametry piva, tj. obsah alkoholu a skute¢ny extrakt, dale energeticka
hodnota (EV) a celkovy obsah sacharidll v pivu, které poskytuji dale-
zitou informaci o nutriéni hodnoté. Sacharidy pfedstavuji nejvétsi
¢ast skute¢ného extraktu piva a vyskytuji se ve formé jednoduchych
cukrd (mono- a disacharidy), oligosacharid a dextrint. Dale byl ka-
libraéni model vytvofen pro hotké latky ve formé izomerovanych hof-
kych kyselin, které jsou dullezitym technologickym parametrem,
a diacetyl (2,3-butandion), ktery nepfiznivé plsobi na chut piva. Byl
rovnéz ovéren kalibraéni model obsahu celkovych polyfenoll a bilko-
vin, které maji vliv na koloidni stabilitu piva.

Kalibraéni modely pro FT-NIR, které byly vytvofeny na zakladé dat
z referenénich metod, byly ovéfeny pomoci primeérné kvadratické
odchylky kalibrace (RMSEC z ang. Root Mean Square Error of Cali-
bration, dale jen odchylka kalibrace), primérné kvadratické odchylky
kfizové validace (RMSECV z ang. Root Mean Square Error of Cross
Validation, dale odchylka kfizové validace) a stanovenim priimérné
kvadratické odchylky predikce (RMSEP, z angl.. Root Mean Square
Error of Prediction, dale jen odchylka predikce). Pomoci srovnani ex-
ternich valida¢nich parametra, vyjadienych jako RMSEP.,,, s pfes-
nosti referenénich metod byla ovérena platnost a reprodukovatelnost
dlouhodobych kalibraci. V zavéru experimentu byla srovnana skupi-
na testovanych piv se skupinami vzork( vin a vod pomoci shlukové
analyzy kalibra¢nich standardu.

2 MATERIAL A METODY

2.1 Popis experimentu

Vzorky piv byly zakoupeny v ¢eské trzni siti a pochazi z velkych
¢eskych pivovarl. Tato piva byla uvarena z jeémenu ze sklizni 2011
a 2012. Vzorky byly analyzovany ve dvou pokusnych sériich. Prvni
série obsahovala 50 vzorkd uvarfenych ze surovin (je¢émen) z roku
2011 (10 svétlych vycepnich piv, 10 svétlych lezakl, 10 tmavych piv,
10 nealkoholickych piv a 10 beercooler(). Referenénimi metodami
byl v kalibraénich standardech stanoven obsah alkoholu, skute€ny
extrakt, obsah bilkovin, obsah celkovych sacharidli a energeticka
hodnota (EV). Sou¢asné byla zméfena transmisni a transreflektan¢-
ni spektra u v8ech vzork(l. Nameérena spektra byla pouzita k sestro-
jeni kalibra¢nich modelud, které byly hodnoceny pomoci hodnoty
RMSEC. Validaéni parametry byly ovéfeny kFizovou validaci
RMSECYV a hodnotami predikce RMSEP interni validace. Druha sé-
rie obsahovala stejné znacky piv jako prvni série, piva byla uvafena
ze surovin (je€men) ze sklizné 2012 a byla analyzovana na FT-NIR
po 6 mésicich od vytvoreni kalibraéniho modelu (tj. 6 mésict po mé-
feni prvni série). Byla tak zmérena transmisni spektra 28 svétlych
lezaku pro parametry: horké latky, diacetyl, celkové polyfenoly a srov-
nany s hodnotami referenénich metod. Pomoci druhé série vzorku
byla dale provedena verifikace kalibraénich modeld obsahu alkoho-
lu, skute€ného extraktu a energetické hodnoty, vytvofenych pomoci
vzorkl z prvni série.

2.2 Priprava vzorku

Pro méfeni na FT-NIR spektrometru byla piva pouze odplynéna:
300 ml piva bylo Setrné tfepano ve vzorkovnicich o objemu 1000 ml
po dobu 20 minut. Vzorkovnice byla uzavfena a v uzaveru byl prora-
zen maly otvor pro unik CO,.

2.3 Referenéni metody

Obsah alkoholu a skute¢ny extrakt byly stanoveny podle Analytiky
EBC pomoci automatického analyzatoru DMA 4500 (Anton Paar
GmbH, Rakousko) (Analytica EBC 9.4, 2009; Analytica EBC 9.26,
2009), spojujici NIR alkolyzer a denzitometr s oscilujici U-trubici.
Celkovy obsah sacharid(i byl stanoven pomoci HPLC/RI jako mnoz-
stvi glukosy obsazené ve vzorku po enzymatickém Stépeni (Jurkova
et al., 2014). Obsah horkych latek byl stanoven spektrofotometricky
(Analytica EBC 9.8, 2009), diacetyl pomoci HS/GC/ECD (Analytica

rameter. Total polyphenols and proteins affect colloidal stability of
beer.

Calibration model for FT-NIR was performed using data from refer-
ence methods and was selected by means of the error of calibration
(RMSEC), cross -validation (RMSECYV), and the root-mean-square-
error of prediction (RMSEP). The long-term effect of calibration was
evaluated via comparison of external validation parameters, ex-
pressed as RMSEP,,, with the accuracy of reference methods. Clus-
ter analysis of calibration standards for group of non-alcoholic beers,
beer coolers, light lagers, light beers and dark beers was compared
with a group of water and wine samples.

2 MATERIALS AND METHODS

2.1 Experimental design

Beer samples were supplied from Czech market and came from
large Czech breweries. These beers were made from barley originat-
ing from the harvest of 2011 and 2012. The samples were analyzed
in two experiments. The first serie consisted of 50 beers and was
produced from raw material (barley) from the 2011 harvest (10 light
beers, 10 light lagers, 10 dark beers, 10 non-alcoholic beers, 10 beer
coolers). Reference methods were used to determine the content of
alcohol, real extract, protein, total carbohydrates and energy value
(EV). Transmission spectra and transflectance spectra of these sam-
ples were collected at the same time. The measured spectra served
us to develop calibration models which were evaluated using the
RMSEC value. Further, validation parameters were evaluated by
RMSECYV cross-validation and the values of RMSEP prediction of
internal validation. The second series comprised the same brands of
beer as the first series and was analyzed after 6 months. Beers in the
second series were produced from raw materials (barley) from the
2012 harvest. This method was used to collect transmission spectra
of 28 light lagers and the content of bitter substances, diacetyl and
total polyphenols was simultaneously determined by reference meth-
ods. Moreover, this measurement included the verification of the
calibration model used in the first experiment using external valida-
tion parameters of alcohol, real extract and energy value.

2.2 Sample preparation

Beer samples were only degassed prior to FT-NIR measurement:
300 ml of beer was placed into a 1000 ml stoppered flask and gently
shaken for 20 minutes.

2.3 Reference Methods

Alcohol and real extract were determined according to the method
of Analytica EBC on a dedicated NIR alcolyzer and DMA 4500 den-
sitometer, respectively (Anton Paar GmbH, Austria) (Analytica EBC
9.4, 2009; Analytica EBC 9.26, 2009). Total content of carbohydrates
was determined as the content of glucose after enzymatic cleavage
using high performance liquid chromatography with refractive index
detector (Jurkova et al., 2014). The content of bitter substances was
determined spectrophotometrically (Analytica EBC 9.8, 2009), dia-
cetyl by using gas chromatography with electron capture detector
and headspace injection (Analytica EBC 9.24.2, 2009), total nitrogen
content using the Kjeldahl method (Analytica EBC 9.9.1, 2009) and
total polyphenols using spectrophotometry (Analytica EBC 9.11,
2009). Energy value of alcoholic beers could be determined by DMA
4500 densitometer (EV,,) and it was calculated directly using imple-
mented software from real extract and alcohol content values
according to the EBC method (Analytica EBC 9.45, 2009). Energy
value of non-alcoholic beer and beer coolers (EV,,.) was determined
using the formula

EV_. (kJ/100 ml) = (Ax29) + (Cx 17) + (Px 17)

where A, C, and P are the contents of alcohol, carbohydrates and
proteins, respectively, according to the study of OlSovska et al.
(2015). The 29, 17, and 17 constants are factors prescribed in EC
Directive (90/496/EEC) for alcohol, carbohydrates and proteins, re-
spectively (Analytica EBC 9.45, 2009, European Communities,
2006). All reference methods we used are validated, accredited
(according to EN ISO/IEC 17025:2005) and routinely used in our
laboratory.

2.4 FT-NIR measurement

The FT-NIR spectra were recorded using the Antaris Il spectro-
meter (Thermo Scientific, Madison, USA) equipped with Omnic soft-
ware for Antaris. All the samples were measured without any prepa-
ration. Data collection time for quantitative predictions of a single
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EBC 9.24.2, 2009), celkovy obsah dusiku pomoci Kjeldahlovy meto-
dy (Analytica EBC 9.9.1, 2009) a celkové polyfenoly spektrofotomet-
ricky (Analytica EBC 9.11, 2009). Energetickou hodnotu alkoholic-
kych piv Ize stanovit pomoci DMA 4500 denzitometru (EV,;,) a byla
vyhodnocena pfimo z hodnot skute€ného extraktu a obsahu alkoho-
lu podle metody EBC (Analytica EBC 9.45, 2009) pomoci vlastniho
software pfistroje. Energeticka hodnota nealkoholickych piv a napoju
na bazi piva (EV,,,) byla stanovena pomoci vzorce
EV_ .. (kJI100 ml) = (Ax 29) + (Cx 17) + (Px 17)

kde A, C a P jsou obsahy alkoholu A (% hm.), sacharidd C (g/100
ml) a bilkovin P (mg/l) v souladu se studii OlSovska et al. (2015).
Konstanty 29, 17 a 17 jsou korekéni faktory pro alkohol, sacharidy
a proteiny podle EC nafizeni (90/496/EEC) (Analytica EBC 9.45,
2009; European Communities, 2006). VSechny pouzité referenéni
metody jsou validované, akreditované (podle EN ISO/IEC
17025:2005) a rutinné pouzivané.

2.4 Méreni FT-NIR

FT-NIR spektra byla naméfena pomoci spektrometru Antaris Il
(Thermo Scientific, Madison, USA) vybaveného softwarem Omnic
for Antaris. Kromé vytfepani CO, nebyly vzorky pred analyzou nijak
upravovany. Pfi pouZziti transmisni techniky byla doba méfeni jedno-
ho vzorku 20 s, pfi pouziti transflektanéni techniky byla 25 s. Objem
vzorku pro méreni transmisni technikou byl 0,5 ml, pro méfeni
transflektanéni byl objem vzorku 2,0 ml. Pfi méfeni transmisniho
spektra byl vzorek v kyveté temperovan na 30 °C.

Kalibraéni model pro pfislusné analyty byl sestrojen pomoci che-
mometrického programu Thermo Scientific TQ Analyst pro kvantita-
tivni analyzu. Nasledné byla ziskana spekira kvantitativné analyzo-
vana na obsah alkoholu, skute¢ného extraktu, EV,,, EV,,, obsahu
sacharidu, horkosti, diacetylu, celkového dusiku a na obsah celko-
vych polyfenold. Tyto parametry byly predikovany pomoci FT-NIR
spektra pro kazdy kalibraéni standard. Spektra byla méfena v oblas-
ti 10000 — 4000 cm-'; vysledné spektrum bylo ziskano zprimeérova-
nim z 50 scand s rozliSenim 8 cm™'. V&echny modely PLS algoritmu
byly zpracovany bez derivace, pouze pro model proteind za pouziti
transflektanéni techniky byla spektra upravena 1. derivaci. Pro
vSechny modely byla pfi vypoctu pouzita konstantni opticka draha.
PLS modely (Gregoria, 2011) byly vytvofeny pro kazdou kvantitativni
analyzu zvlast. K vyvoji kalibra¢nich modell pro jednotlivé analyty
byly vyuzity rozdilné oblasti spektra.

Vzorky, které vykazovaly velkou odchylku mezi naméfenymi a pre-
dikovanymi hodnotami, byly ze souboru vylouceny.

Pfesnost a robustnost kalibraéniho modelu byla ovéfena pomoci
vyjadreni odchylky kalibrace (RMSEC), odchylky kfizové validace
(RMSECYV) a odchylky predikce (RMSEP). Dobry model by mél mit
hodnoty téchto chyb nizké a rozdily mezi nimi by mély byt minimalini.
Navic by tyto chyby mély byt srovnatelné s hodnotami smérodatné
odchylky referenéni metody SDg Hodnoty odchylky kalibrace
(RMSEC) byly vypoéteny ze vzorkd pouzitych v chemometrickém
modelu podle vzorce

2 (Ce —C)?

c

RMSEC =

kde c, je vypoctena koncentrace i-tého kalibraéniho standardu, c,
je zadana hodnota i-tého kalibracniho standardu a m, je pocet pou-
zitych kalibraénich standardd.

Hodnoty odchylky kfiZové validace (RMSECYV) byly stanoveny tak,
Ze se postupné odstrani vzdy jeden vzorek z chemometrického mo-
delu a vytvofi se kalibraéni model z (i-1) zbylych vzorku. Odstranény
vzorek se jako vzorek neznamy vlozi do tohoto kalibraéniho modelu
a vypocitaji se pfislusné statistické parametry. Takto se dale postu-
puje pro vSechny vzorky modelu. Nakonec se vypocte hodnota
RMSECYV z odchylek jednotlivych vzorka, ktera je dana vztahem

2 (C/‘ecv — Cin:v)2
mg,

RMSECV =

kde c,., je vypoctena koncentrace i-tého standardu kfizové valida-
ce, C,, zadana hodnota i-tého standardu kfizové validace a m,, po-
¢et pouzitych standardll kiizové validace.

Hodnota odchylky predikce (RMSEP) je kvalitativni parametr pre-
dikeni schopnosti vytvofeného kalibraéniho modelu a byla stanovena
pouzitim nezavislych validaénich vzork( (internich nebo externich),
které nebyly pouzity pfi tvorbé modelu.

standard sample for transmittance and transflectance was approxi-
mately 20 and 25 seconds, respectively. Sample volume of 0.5 ml
and 2 ml was used for transmittance and transflectance sampling,
respectively. When measuring by the transmission technique, the
samples in the measurement cuvette were kept at 30 °C.

A calibration model was developed using the Thermo Scientific TQ
Analyst software package for quantitative analysis. In this applica-
tion, the spectra were then analyzed quantitatively for alcohol con-
tent, real extract, EV,,, EV,_,., carbohydrates, bitterness, diacetyl, to-
tal nitrogen and polyphenol content. These parameters were
predicted using a single FT-NIR spectrum for each of the sample
standards. Spectra were collected between 10,000 and 4000 cm™;
the spectra were averaged from 50 scans with a resolution of 8 cm.
All models of the PLS algorithm were processed without derivation,
only the transflectance measurements for model of proteins were
made with the 1st derivative. All spectra were mean-centered and the
path length was constant. Partial Least Squares (PLS) (Gregoria,
2011) calibration models were developed for all quantitative analy-
ses. Each component of this quantitative method was analyzed using
different regions of the spectra.

The samples with a large difference between the true and pre-
dicted data and high spectral residuum were ignored as outliers.

The calibration model quality was quantified by the root mean
square error of calibration (RMSEC), the root mean square error of
cross-validation (RMSECYV) and the root mean square error of predic-
tion (RMSEP). A good model should have a low RMSEC, RMSECV
and RMSEP with a small difference between each other. These errors
should be similar to the standard deviation of the reference method
SDg. The root mean square error of calibration (RMSEC) values were
calculated from the samples used in the chemometric model accord-
ing to the formula

2 (Ci - Cir)2

c

RMSEC =

where c,, is the calculated concentration of i-th calibration stan-
dard, ¢, is the entered value of the i-th calibration standard and m_ is
the number of the reference standards.

The root mean square error of cross-validation (RMSECV) values
were determined by removing one sample from the chemometric
model, calculating the error of those samples from the model, and
then repeating the calculation for the new sets of samples until all of
the standards measured had been measured. RMSECV is given by

2 (Ciecv — Circv)2
mg,

RMSECV =

where ¢, is the calculated concentration of i-th cross-validation
standard, c,,, is the value of the entered i-th cross-validation stand-
ard and m,, is the number of cross-validation standards used.

The root mean square error of prediction (RMSEP) value is the
quality parameter of the predictive ability of the calibration model so
created and was determined by using independent validation sam-
ples (internal or external) not used in the building of the model.

2 (C/‘ev — Cin/)2

v

RMSEP =

where c,, is the calculated concentration in the i-th validation
standard, ¢, is the set value of the i-th validation standard, and m, is
the number of validation standards.

Two types of standard deviations of the reference methods, SD,,
were used for evaluation of the agreement between the calibration
model and reference methods. Standard deviations SD, .- Were cal-
culated from the repeatability of reference methods routinely used in
our laboratory. The standard deviation SD, 5, was taken from Ana-
lytica EBC and was derived from repeatabilities determined in a col-
laborative trial. Standard deviations were calculated according to the
equations:

8D, per = 1,5/2.8
8D, g5y = 145/2.8, where

Iys = repeatability
2.8 = conversion coefficient of repeatability to standard deviation
(1.96 x \ 2).
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z (Ciev - Cirv)z

RMSEP =

v

kde c,, je vypoctena koncentrace i-tého validaéniho standardu, c,,
zadana hodnota i-tého validaéniho standardu a m, pocet pouzitych
validaénich standardd.

Pro zhodnoceni shody mezi kalibraénim modelem a referenénimi
metodami byly pouzity dva typy smérodatnych odchylek referenénich
metod SD,. Smérodatné odchylky SD, e byly vypocteny z opakova-
telnosti referenénich metod rutinné pouzivanych v nasi laboratofi.
Smérodatné odchylky SD, gz byly pfevzaty z Analytiky EBC a byly
ziskany z opakovatelnosti stanovené v ramci mezilaboratornich tes-
tl. Smérodatné odchylky byly stanoveny podle vztaht

SD,(per = 1os/2,8
8D, gac) = 165/2,8

kde r,, je opakovatelnost a 2,8 je konverzni koeficient (1,96 x V 2).

3 VYSLEDKY A DISKUZE

Ackoliv byla méfena jak transmisni, tak i transreflektanéni spektra,
v nasledujicim textu jsou uvedeny vysledky ziskané ze spekter tran-
smisnich, jelikoz transreflektancni kalibraéni kfivky nebyly dostatec-
né linearni a hodnoty rozdilu mezi RMSEC a RMSECYV byly vétsi ve
srovnani s transmisnimi daty. Transmisni FT-NIR spektra analyzova-
nych slozek piva jsou znazornéna na obr. 2. Pik celkové absorpce
mezi 5100 a 5300 cm™ a pik s maximem pfi 6900 cm patfi vibracim
—OH skupin v molekulach vody. Zvétsené detaily znazorfiuji drobné
pasy ostatnich analytl v oblastech 4500 — 4300 cm™' (A) a 6000 —
5840 cm™ (B).

3.1 Vysledky kalibrace

Kalibraéni model byl vytvofen pomoci PLS algoritmu k predikci EV,
obsahu alkoholu, skute¢ného extraktu, obsahu celkovych sacharidd,
protein(, horkosti, celkovych polyfenolli a diacetylu. Kalibra¢ni krivky
byly vyhodnoceny pro kazdy analyticky parametr, pro EV byly vytvo-
feny dva modely, a to pro EV,, a EV,,, zvlast. Hodnoty RMSEC byly
vypocteny ze vzork( pouzitych v kalibraénich modelech a jsou uve-
deny v tab. 1. Primérné hodnoty z kaZzdé sady dat byly srovnany
s daty ze standardnich metod k ovéreni spravnosti pfedpovédi jed-
notlivych kalibraci.

Obr. 2 Charakteristické FT-NIR absorpéni spektrum piva mérené
transmisni technikou / Fig. 2 Characteristic FT-NIR absorbance
spectra of beer measured by transmittance

Spektra byla méfena v oblasti 10000 — 4000 cm™, spektra byla
zprimérovana z 50 méfeni s rozliSenim 8 cm', zvétSena spektra
v intervalu 4500 — 4300 cm™" (A) a 6000 — 5840 cm™ (B).

The spectra were collected between 10,000 and 4000 cm’'; the
spectra were averaged from 50 scans with a resolution of 8 cm’;
a zoom of the spectrum at 4500 — 4300 cm" (A) and 6000 — 5840
cm?’ (B).

3 RESULTS AND DISCUSSION

Although both transmission and transflectance spectra were
measured, only the results from transmission measurements are
given in the following text, because the calibration curves obtained
from transflectance were not linear enough and higher differences
between RMSEC and RMSECYV were obtained in comparison with
transmission data. The FT-NIR spectra of analyzed beer components
obtained by transmittance are presented in Fig. 2. The peak of total
absorption ranging between 5100 and 5300 cm™ and the peak with
a maximum of 6900 cm™ belong to vibration of -OH groups in water
molecules. Zoomed images represent small bands of other analytes
in the areas of 4500 — 4300 cm™' (A) and 6000 — 5840 cm™ (B).

3.1 Results of calibration

The calibration model was performed using a PLS method to pre-
dict the content of EV, alcohol, real extract, total saccharides, pro-
teins, bitterness, total polyphenols and diacetyl. The calibration

Tab. 1 Vysledky FT-NIR kalibrace v pivu / Table1 Results of FT-NIR calibration for beer
Srovnani opakovatelnosti FT-NIR metody a referenénich metod pomoci odchylky kalibrace kvadratickych pramért (RMSEC), odchylky kfizové
validace (RMSECV), predikce interni validace (RMSEP) a smérodatné odchylky referencnich metod stanovenych laboratorné SD, g, a podle

Analytiky EBC SD, ggo)-

Comparison between the repeatability of FT-NIR method and reference methods using errors of calibration (RMSEC), cross-validation (RM-
SECV), prediction of internal validation (RMSEP) and standard deviation of our own reference methods SD, e, and standard deviation of

reference methods SD, ) according to Analytica EBC.

Pocet Pocet Min Max
paamor | [ioaicho| ort | scrty| ottt D |t oS 0, S
ignored n factors value value
EV,, 49 1 9 kJiooml| 52 225 sz’:ec;fu“:n/ 0.77 105 | 1.85 2 4
EV.. 17 2 3 kJ/10oml| 63 242 Ssp;:;;fg;/ 296 | 407 | 439 5 ND
Alkohol / Alcohol | 49 1 8 j?vrv‘)w/) 0.10 | 4.00 Ssp;:;;;‘;,‘n/ 002 | 003 | 003 | 0015 | 0012
SH';‘;tleg(’tg extract 150 1 9 ” ?Vrv'/‘w/) 273 | 798 ssf’::;f%/ 005 | 006 | 006 | 0.008 | 0.007
Sacharidy’l 16 3 7 |gtoom | 28 | 797 Ssp;:;;;m/ 007 | 014 | 032 | 015 | D
Bilkoviny / Proteins | 8 - 4 mg/l 160 250 Ssp;:;f;,‘n/ 4 10 16 6 7
';'%zfa';;';‘ysl Bitter | og - 4 EBCJH | 21 35 ng’::é;f%/ 2.9 37 40 | 030 | 031
%t';‘fzg ,ﬁgkgﬁggy/ 28 - 3 mg/ 103 | 214 Ssppe:;;f%/ 24 30 34 2 15
Diacetyl 28 _ 11 mgl | 0015 | 0.107 1 0.001 | 0020 | 0.030 | 0.003 | 0.004

apocet méreni, °bez polyolli / 2number of measurements, *without polyols
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Obr. 3 Kfizova validace vybranych parametr(: EV, (A), EV . (B),
obsahu sacharidl (C) a obsahu horkych latek (D) / Fig. 3 The cross-
-validation graphs of selected parameters: EVdir (A), EVcalc (B),
saccharide content (C), and bitter compounds (D)
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Jak jiz bylo zminéno, maly rozdil mezi RMSEC a RMSECYV ukazu-
je na vysoce kvalitni a robustni chemometricky kalibracni model. Na-
vic, aby byla metoda opravdu pfesna, mély by byt tyto hodnoty blizké
k hodnotam SD,, v naSem pfipadé SD,xer @ SD, s VSechny tyto
hodnoty véetné RMSEP (interni validace hodnot, které byly uréeny
pomoci nezavislych validaénich vzork(l nepouzitych pro tvorbu mo-
delu), jsou uvedeny v tab. 1.V tabulce jsou uvedeny vSechny stano-
vované parametry piva véetné téch, pro které byl pouze maly pocet
kalibra¢nich standardu. Pfiklady grafu kfizové validace pro EV,, (A),
EV_,. (B), obsah sacharidli (C) a hotké latky (D) jsou znazornény na
obr. 3.

Jak vyplyva z tab. 1, porovnani RMSEC, RMSECV a RMSEP, zis-
kané chemometrické modely jsou pro nékteré parametry spravné
a funkeni, pro jiné vSak méné.

Energeticka hodnota

Pro EV,, jsou hodnoty SD, a RMSEC velmi blizké, pro EV,,, jsou
hodnoty také podobné, ale vy3$si, coz je pravdépodobné zpisobeno
mensim poctem kalibracnich standardl. Stejny zavér vyplyva i z ob-
rdzku 3A a 3B. Je evidentni, Ze z praktického hlediska NIR metoda
poskytuje spolehlivé vysledky energetické hodnoty.

Skutecny extrakt, obsah alkoholu a sacharidu

Hodnoty RMSECV a RMSEP jsou identické, pro alkohol pouze
dvakrat vyssi nez referencni hodnoty SD, e @ SD, gz, Pro extrakt je
RMSEC asi Sestkrat vy$8i nez referenéni hodnoty (tab. 7). Z hledis-
ka potfeby presnosti zjisténi obsahu alkoholu je tato odchylka pro
praktické méreni pomoci NIR pfipustna. Z obr. 3A, 3B a 3C vyplyva
také dobra shoda u kfizové validace pro vSechny tfi analyzované
parametry. Vytvofené chemometrické modely jsou tedy dostate¢né
pfesné a vhodné pro praktické pouziti pro stanoveni uvedenych pa-
rametru.

Bilkoviny

Vysledky jsou méné uspokojivé (byla zjisténa vy$si hodnota RMSEP
oproti SD, er) @ SD,gpc))- Dlvodem miZe byt maly pocet standard(
nebo nizky rozsah hodnot obsaht, protoZe ze sady by bylo nutno
vylougit vétsi pocet vzorka.

Obsah horkych latek, celkovych polyfenold, diacetylu

Pomér RMSEP viCi SD,per @ SD, g je pro tyto analyty velmi vy-
soky, obr. 3D také demonstruje nevyhovuijici vysledek kfizové valida-
ce. Neshoda valida¢nich odchylek s odchylkou referenéni metody
mUze byt zplsobena malym poctem kalibraénich standardd, nicmé-
né pravdépodobngjsi pfi¢inou je nizka koncentrace stanovovanych
parametru, ktera nevyhovuije citlivosti FT-NIR metody. Pfesnost me-
tody pro tyto analyty je nedostacujici.

Obr. 4 PRESS diagnostika kalibra¢niho modelu pro EV,,./ Fig. 4
PRESS diagnostic of calibration model of EVdir
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curves were evaluated for each parameter; in case of EV two mod-
els were performed, where data from both EV, and calculated
EV_. methods were used. The values of RMSEC were calculated
from the samples used in the calibration model and are presented
in Table 1. The average values from each data set were compared
with those from standard methods to verify the predictivity of the
calibrations.

As already mentioned, the high-quality, robust chemometric cali-
bration model used to calculate the small number of factors shows
a small difference between RMSEC and RMSECV. Furthermore,
due to the accuracy of the methods these values should be close to
the values of SD, in our case SD, e and SD, 5. All these values,
together with RMSEP (internal validation of the values which were
determined using independent validation samples not used in build-
ing the model) are given in Table 1. The table lists all determined
parameters of the beers, including those for which the number of
calibration standards is low. Examples of cross-validation graphs for
EV,.(A), EV,,. (B), saccharide content (C) and bitter compounds (D)
are also presented in Fig. 3.

As follows from Table 1, when RMSEC, RMSECV and RMSEP are
compared, the chemometric models so obtained are correct and
functional for some parameters and less so for others.

Energy value

The values SD, and RMSEC are very close for model EV,; for the
EV_,.model both values are also similar but higher (Table 1), which
is probably due to the lower number of the calibration standards. The
same conclusion follows from Figures 3A and 3B. It is evident that
from a practical standpoint the NIR method provides satisfactory re-
sults for the energy value.

Alcohol, real extract and saccharides

The values of RMSECV and RMSEP are identical and only about
2-fold higher for alcohol than the reference values of SD, . and
8D, ¢y In case of extract, RMSEC is 6-fold higher comparing refer-
ence methods, however, this error is acceptable for practical usage
of NIR method. (Table 1). Good agreement exists in the case of
cross-validation for carbohydrates (Fig. 3C). The developed chemo-
metric models are therefore sufficiently accurate and suitable for
practical use in determining these parameters.

Proteins

The results are less satisfactory (a higher value of RMSEP against
the SD,ger and SD,g50). The cause may be a low number of stand-
ards or low diversibility of the contents; a higher number of samples
had to be excluded from the set.

Content of bitter substances, total polyphenols and diacety!

The content of the analytes is low, the ratio of RMSEP relative to
SD,geryand SD, g5 is very high (see also unfavorable cross-valida-
tion for bitter substances (Figure 4D)). Disagreements of validation
deviations with the deviation of the reference method can be caused
by a low number of calibration standards; however, a more likely ex-
planation is in this case the lack of FT-NIR sensitivity. The accuracy
of the method for these analytes is unsatisfactory.
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Tab. 2 Vysledky externi validace FT-NIR metody (predikce externi validace (RMSEP,,) / Table 2 Results of prediction of external validation

of the FT-NIR method
Pocet Pocet
. | vylouéenych n faktorti Jednotky | Min hodnota | Max hodnota Derivace
FELENLSE PRSI number of number of units min value max value derivation LAEE
ignored n factors
spektrum
EVg, 28 1 9 kJ/100 ml 165 202 spectrum 5
alkohol / alcohol 28 2 8 70 hm./ 3.51 3.95 spektrum 0.03
% (w/w) ) ’ spectrum ’
skutecny extrakt / real % hm./ spektrum
exctract 28 2 9 % (W/w) 3.74 5.06 spectrum 0.04

apocet méreni / 2 number of measurements

Obr. 5 Verifikace FT-NIR kalibrace / Fig. 5 Verification of the FT-NIR
calibration

llustrace rozdilu hodnot stanovenych referenéni metodou a FT-NIR
béhem druhého experimentu za pouziti kalibrace vytvofené béhem
prvniho experimentu pro: obsah alkoholu (A), skute¢ny extrakt (B)

a energetickou hodnotu (C).

lllustration of the difference of values determined by the referen-

ce method and by the FT-NIR in a second experiment using the
calibration of the first experiment for alcohol (A), real extract (B) and
energy value (C).
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Obr. 6 Diagnostika zakladnich komponent / Fig. 6 Diagnostics of
Principal Component

3D graf kalibraénich standard( (A) a graf s pfidanymi spektry vody
avina (B).

Scores 3D display of calibration standards (A) and with added
spectra of water and wine (B).
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3.2 PRESS diagnostics

Finally, the diagnostics of the PRESS (Predicted Residual Error
Sum of Squares) model shows a decrease in the error of determina-
tion with increasing number of factors used in the calculation. Ideally,
the graph of PRESS diagnosis gives a curve dropping sharply down-
ward to the first local minimum of the estimation error. Figure 4 shows
the PRESS curve of the chemometric model EV,,, which shows the
downward course with a local minimum for the number of factors
equal to nine. Other curves of determined parameters, with the ex-
ception of polyphenols and bitter substances, had also a similar
course (data not shown). The number of factors used for calculating
the individual values is shown in Table 1.
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3.2 PRESS diagnostika

Diagnostika PRESS (Predicted Residual Error Sum of Squares)
modelu ukazuje pokles chyby stanoveni se vzrlstajicim po¢tem fak-
torl pouzitych pfi vypoétu. Graf PRESS diagnostiky vypada idealné
tak, Ze kfivka strmé klesa k prvnimu lokalnimu minimu chyby stano-
veni. Takové kfivky se podafilo realné dosahnout napf. pro EV,, jak
je demonstrovano na obr. 4, PRESS kfivka klesa k lokalnimu minimu
pro pocet faktor(i roven 9. Kfivky ostatnich parametrd, s vyjimkou po-
lyfenol( a horkych latek, mély podobny priibéh (data nejsou uvede-
na). Pocet faktor( pouzity pro vypocet jednotlivych hodnot je uveden
v tab. 1.

3.3 Externi validace, verifikace metody

Druha série vzork(l obsahovala 28 vzorkd (méfena po Sestimésic-
nim intervalu) a byla pouzita pro externi validaci chemometrickych
modelu. Ta byla provedena tak, Ze byl zméren obsah alkoholu, sku-
te¢ny extrakt a energetickd hodnota pomoci kalibrace vytvorené
v prvnim experimentu a vysledné hodnoty byly porovnany s hodno-
tami z referencnich metod.

Rozdil mezi hodnotami referenénich metod a FT-NIR byl vyjadfen
jako RMSEP.,, odpovidajicim zplsobem jako RMSERP s tim rozdilem,
ze validaéni vzorky byly méfeny 6 mésicli po vytvofeni kalibraéniho
modelu (fab. 2). Pfi srovnani hodnot RMSEP a RMSEP,, pro alkohol
a skutecny extrakt z tab. 1 a tab. 2 je zfejmé, Ze tyto hodnoty jsou
velmi podobné. RMSEP,, pro EV,;, (5 kJ/100 ml) je vy$8i nez SD, e,
pro referen¢ni metodu (2 kJ/100 ml) i lehce vy$Si nez SD, g, pro
EBC metodu (4 kJ/100 ml), ale tato pfesnost je z praktického hledis-
ka naprosto dostacujici. Pro lep$i nazornost jsou rozdily v hodno-
tach pro obsah alkoholu, skute¢ny extrakt a EV,, graficky znazorné-
ny na obr. 5. Tim je potvrzeno, ze pro stanoveni obsahu alkoholu
(obr. 5A), skute¢ného extraktu (obr. 5B) a EV,, (obr. 5C) je mozné
pouzit plvodni kalibraéni vzorky, to znamena, Ze kalibra¢ni model je
dlouhodobé stabilni.

Na zéakladé téchto vysledku Ize konstatovat, ze FT-NIR metoda
mUze v pivovarstvi najit univerzalni uplatnéni, nebot kromé analyzy
pevnych vzorkl (napf. sladu) ji Ize vyuzit také pro stanoveni nejdlle-
zitéjSich parametrl v kapalné matrici, napt. pivu. Uréitou nevyhodou
je tvorba kalibraéniho modelu, ale tento laboratorné i asové naro¢ny
proces se vyplati, nebot vysledné méreni vzorku, kterym Ize ziskat
vSechny pozadované vysledky, zabere pouze nékolik malo minut.
Navic bylo potvrzeno, Ze takto sestaveny model je pIné funkéni a sta-
bilni a staéi ho vytvorit pouze jednou. K podobnym zavériim dospéli
Sileoni et al., ktefi demonstrovali stabilitu vytvorenych kalibraénich
modelll pomoci externi validace. Ovéfili ¢asovou stabilitu kalibrag-
nich modeld kontrolou rozdili mezi vzorky je¢mene a sladu v raz-
nych letech (Sileoni et al., 2013). Vzhledem k technickym specifika-
cim FT-NIR pfistroj0 garantuji néktefi vyrobci prenositelnost
kalibraénich modell mezi jednotlivymi pfistroji stejného typu. Stejné
tak je pfenositelnost garantovana i pfi vyméné jakékoliv soucastky
pfi servisnim zasahu (Anonymus 2015e; Anonymus 2015f).

3.4 Shlukova analyza kalibraénich standardud

Spektra vSech mérenych piv, tj. nealkoholickych piv, beercoolerd,
svétlych lezak(, svétlych vyéepnich piv a tmavych piv, byla pouzita
ke tvorbé kalibraénich modell. Opravnénost tohoto postupu je zna-
zornéna v 3D grafu diagnostiky zakladnich komponent (viz obr. 6A),
ktery umoznuje vidét kalibraéni standardy po roztfidéni do trid jako
barevné shluky. Vyrazny rozdil je vidét v projekci spekter nealkoholic-
kych piv a tfi vzorkd tmavych piv. Tento rozptyl je v8ak ve srovnani
s vysledky diagnostiky pro skupiny matric pivo, voda a vino pouze
minimalni. Pro lep$i pfedstavu o semknutosti kalibraénich bodl byla
do projekce pro ilustraci pfidana spektra vody a vina (obr. 6B).

4 ZAVER

V ¢lanku je diskutovana moznost pouziti FT-NIR instrumentace ke
stanoveni vybranych analytl v pivu. Transmisni a transflektanéni
spektra byla naméfena pro 78 vzork(l rdznych piv pomoci FT-NIR
spektrometru Nicolet Antaris Il. Sou¢asné byly tyto vzorky analyzo-
vany pomoci tradi¢nich pivovarskych analytickych metod pro ziskani
referenénich hodnot pro stanoveni alkoholu, skute¢ného extraktu,
celkovych sacharidl, bilkovin, energetické hodnoty, hotkych latek,
polyfenolll a diacetylu. Ziskana spektra byla pouzita k sestrojeni ka-
libra¢nich modeld.

Prokazalo se, Ze pomoci FT-NIR spektroskopie Ize s dostatec¢nou
presnosti stanovit obsah alkoholu, celkovych sacharidd, skute¢ny
extrakt a energetickou hodnotu. Odchylky kalibraénich modell pro

3.3 External validation, verification of the method

A second series of samples (measured after a six-month interval)
was used for external validation of the chemometric models for alco-
hol content, real extract and EV obtained in the first experiment. The
experiment involved a total of 28 samples of spectra measured in the
second series with the help of originally developed calibration mo-
dels.

The difference between the values of the reference methods and
FT-NIR was expressed by the RMSEP,, value corresponding to the
RMSEP value except that the validation samples were used 6 months
after the preparation of the calibration model (Table 2). As is appar-
ent from the comparison between the respective values of Tables 1
and 2, the values of RMSEP and RMSERP,, for alcohol and real ex-
tract are very similar. The RMSEP,, for the EV,, 5 kJ/100 ml, is high-
er than SDR, c, for the reference method (2 kJ/100 ml) and slightly
higher than the SD, gz, for the EBC method (4 kJ/100 ml), but this
precision is entirely satisfactory for practical purposes. The differ-
ences between the values obtained by the two methods for the pa-
rameters alcohol, real extract and EV,, are graphically illustrated in
Fig. 5 for the sake of clarity. This verified that for the determination of
alcohol (Fig. 5A), real extract (Fig. 56B) and EV,, (Fig. 5C) it is possi-
ble to use the original calibration samples of beer made from barley
originating from another vintage year, i.e. the calibration model ex-
hibits a long-term stability.

The overall conclusion is that the FT-NIR method can find univer-
sal application in brewing because, in addition to analysis of solid
samples (e.g. malt), it can be used to determine the most important
parameters in a liquid matrix, i.e. beer. A certain disadvantage is the
development of a calibration model; this somewhat time- and labor-
intensive process is however worth the effort, since the measure-
ment of a sample providing all desired results takes a few minutes.
Furthermore, it was verified that the calibration model so developed
is fully functional for a long time. Similar conclusion was reached by
Sileoni et al. (Sileoni et al., 2013), who demonstrated the stability of
the developed calibration models through an external validation.
They verified the long-term effects in NIR calibration models by
checking the variation between samples of barley and malt collected
in different years. According to the technical specifications of FT-NIR
instruments some manufacturers actually guarantee the transferabil-
ity of calibration models between different pieces of the same device.
Similarly, this property is also guaranteed when replacing any com-
ponent when servicing the spectrometer (Anonymus 2015e; Anony-
mus 2015f).

3.4 Cluster analysis of calibration standards

The spectra of all measured beers, i.e. non-alcoholic beers, beer
coolers, light lagers, light beers and dark beers were used for these
calibration models. The legitimacy of this procedure is illustrated in
the chart of the Principal Component Scores 3D display diagnostics
(see Figure 6A), which allows the user, after the inclusion of calibra-
tion standards into classes;to view themin color-coded clusters. A sub-
stantial difference in the projection of the spectra is observed only in
non-alcoholic beers and three samples of dark beers. This variance
is absolutely minor compared with the diagnostic results for a group
of the matrices including water, wine and beer. To get a better idea of
the minute spread of the points of the calibration set we added the
spectrum of water and wine to illustrate the projections (Fig. 6B).

4 CONCLUSION

To sum up, our article discusses the application of FT-NIR meth-
ods in the determination of selected analytes in beer. A total of 78
samples of different beers were used to collect transmission and
transflectance spectra by the FT-NIR technology using the Nicolet
Antaris Il spectrometer. At the same time, traditional brewing analyti-
cal methods were used to obtain the reference values for the deter-
mination of alcohol, real extract, total carbohydrates, protein, energy,
bitter substances, polyphenols and diacetyl. The spectra were then
used to construct the calibration models.

We showed that alcohol, real extract, total carbohydrates and en-
ergy value can be sufficiently accurately determined using NIR spec-
troscopy. Errors of the calibration models set up for determining
these parameters are consistent with the precision of conventional
methods used for obtaining the input data. A real chance for the de-
termination of minor components of beer (total polyphenols, bitter
substances, proteins, diacetyl) can be seen in the completion of cali-
bration for the determination of diacetyl and protein while the possi-
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stanoveni uvedenych parametr( jsou srovnatelné s odchylkami refe-
ren¢nich metod pouzitych k ziskani vstupnich dat. Pfi zpfesnéni ka-
libraénich modelt (pomoci vétsiho poétu kalibracnich vzork() pro
stanoveni minoritnich latek v pivu (celkové polyfenoly, horké latky,
bilkoviny, diacetyl) existuje realnd moznost ziskani kalibraéniho mo-
delu pro diacetyl a celkové bilkoviny. Sestaveni funkéniho kalibraéni-
ho modelu pro horké latky a polyfenoly je vSak problematické.
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