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Infracervena spektroskopie v blizké oblasti spektra (NIR) patfi do skupiny molekulové vibraéni spektroskopie. Jde o rychlou instrumentalni
metodu, umoznujici pfedpovéd dulezitych kvalitativnich ukazatel surovin a meziproduktl pfi vyrobé piva. V ¢lanku byla pozornost zamérena
na extrakt sladu, bilkoviny sladu, rozpustny dusik v kongresni sladiné, relativni extrakt pfi 45 °C a Kolbachovo ¢islo. PouZité vzorky byly vy-
robeny v mikrosladovné VUPS. Spektra v NIR oblasti se méfila p¥istrojem MPA (Multi Purpose Analyzer) spoleénosti Bruker Optics, vyba-
venym chemometrickym softwarem OPUS 5.5, s jehoZz pomoci se sestavily matematické kalibraéni modely. Modely byly ovéfeny interni va-
lidaci, byly sestaveny validaéni grafy a nasledné byla provedena externi validace nejprve vzorky z mikrosladovny, a poté slady z komerénich
sladoven. Vysledky byly statisticky vyhodnoceny.

Pri zajisténi kontroly modelu je NIR spektrometrie vhodnou metodou zvlasté tam, kde je tfeba provadét velky pocet analyz v redlném ¢ase
bez velkého prodleni mezi odbérem vzorku a vysledkem analyzy. Z naméreného spektra je mozné pfedpovidat vice znakd najednou. Horsi
pfesnost je zde vyvazena rychlosti analyzy a absenci Upravy tuhého ¢i kapalného vzorku.

Broz, A. — Kosin, P. — Savel, J. — Prokes, J.: How to use the NIR spectroscopy in a brewery laboratory. Kvasny Prum. 54, No. 4, 2008,
p. 108-114.

The Near Infrared Spectroscopy (NIR) belongs to the group of molecular vibration spectroscopy. It is a rapid instrumental method enabling
the forecast of important qualitative indicators of raw materials as well as intermediate products during beer production. In the article, atten-
tion was aimed at malt extract, malt proteins, soluble nitrogen in congress wort, relative extract at 45 °C and Kolbach index. The samples
used were produced at the micromalting plant of the Research Institute of Brewing and Malting, Plc. The spectra in the NIR range were me-
asured by the MPA apparatus (Multi Purpose Analyzer) of the company Bruker Optics, with installed OPUS 5.5 chemometric software, by
means of which mathematical calibration models were made. The models were verified by internal validation, validation graphs were made,
all this was followed by external validation, first with the samples from the micromalting plant, then with the samples delivered by commer-
cial malting plants. The results were assessed on a statistical basis. For ensuring the control of models, the NIR spectroscopy represents
a suitable method especially in such cases where a high number of real-time analyses without a long delay between sampling and the re-
sult of the analysis are required. From the measured spectrum, it is possible to predict more characteristics at a time. A worse precision can
be compensated here by the speed of the analysis and absence of treatment of solid or liquid samples.

Broz, A. — Kosin, P. — Savel, J. — Prokes, J.: Wie behandelt man die NIR Spektroskopie im einen Bierbrauereilabor. Kvasny Prum. 54,
Nr. 4, 2008, S. 108—114.

Die Infrarotspektroskopie im nahen Bereich des Spektrums gehért in die Gruppe von Molekulvibrationsspektroskopie. Es handelt sich um
eine schnelle Instrumentalmethode, die bei der Bierherstellung eine Prognose von wichtigen Rohstoff- und Zwischenproduktqualitativanze-
igern ermoglicht. Im diesen Artikel wurde die Aufmerksamkeit auf den urspriinglichen Malzextrakt, MalzeiweiBstoffen, I6slichen Stickstoff in
der KongreBwiirze, relativen Extrakt bei der Temperatur 45 °C und Kolbachzahl gezielt. Die angewandte Malzmuster wurden in einer Pilot-
malzerei im Forschungsinstitut fir Brauereien und Malzereien (VUPS) hergestellt. Die Spektren im NIR Bereich wurden mittels MPA (Multi
Purpose Analyzer) Gerats mit einer chemometrischen Software OPUS 5.5 von der Gesellschaft Bruker Optics gemessen, diese Software
wurde auch fiir eine Zusammensetzung von mathematischen Kalibrationsmodellen angewandt. Die Modelle wurden durch eine interne Va-
lidation gepruft, danach die Validationsgrafen zusammengesetzt und schlieB3lich die externe Validation zuerst mit den Malzmustern aus der
Pilotmélzerei und dann mit dem Malz aus den kommerziellen Méalzereien. Die Ergebnisse wurden statistisch ausgewertet.

Die NIR Spektrometrie ist eine geignete Methode zur Kontrolle von Modellen insbesonder im Falle einer Anforderung auf einen hohen Ana-
lysenzahl in einer Realzeit ohne einer grésseren Verzégerung zwischen der Musterabnahme und dem Analysenergebnis. Aus dem gemes-
senen Spektrum konnten mehrere Zeichens festgestellt werden. Die gesenkte Messgenauigkeit wird durch die Analysengeschwindigkeit und
den Ausfall der Fest- oder Flussigmusteranpassung ausgewogen.

Bpox, A. — KowwuH, IN. — LLlaBen, n - MpokeLu, n.: Kak obpawatbes ¢ NIR cnekTpockonuen B nuBoBapeHHou nabopatopuun. Kvasny
Prum. 54, 2008, Ho. 4, cTp. 108-114.

MHdpakpacHas cnekTpockonus B 65ivxHern 3oHe cnekTpa (NIR) npyHagnexuT B rpynny MONeKynspHoM BU6paLMOHHON CNEKTPOCKOMNUN.
OT0 6bICTPbIN MHCTPYMEHTANbHBIA METOZ, MO3BOJISIOLLMIA MPOrHO3 BaXKHbIX KAYECTBEHHbIX MOKa3aTenei Cbipbs Y NOCTEMNEHHbIX MPOAYKTOB
B npou3BoAcTBe nuBa. B cTatbu 6bI10 06paXkeHO BHUMaHWe K 3KCTPakTMBHOCTU cornoga, 6enkam conofa, pacTBOPMMOMY asoTy B
KOHrpeccHown cycne, VZ 45 °C, n kK uncny Konbbaxa. [NpuMeHeHHble Npobbl 6bINM N3roTOBMEHbl B HAYHHOWCCEA0BATENIbCKOM UHCTUTYTE
no npouseogcTee nuBa u conoga (VUPS, a. s.). Cniektpa B o6nactut NIR 6binn nsmepeHbl annapatom MPA komnanum Bruker Optics,
6naroyCcTpoeHHbIM xemomMeTpudeckum copteepom OPUS 5.5, ¢ noMoLLHO KOTOpOro 6biv 06pa3oBaHbl MaTeMaTU4ecKme KannbpoBoYHble
o6pasubl. O6pasubl 66111 NPOBEPEHbI BHYTPEHHOW Banugauuen, obpa3oBaHH guarpamMMu 1 BrocneAcTsum bbina npomsBefeHa 3aoyHas
cHavana npogamm conoga ua VUPS, 1 3aTem rpofamu n3 KOMMEpPHeCK1X CONoAoBHEN. PesynbTaThl 6bIM CTATUCTUYECKM aHANM30BaHbI.

Mpn obecneyeHun nposepkn mogenen cnektpometpus NIR aBngetca yaobHbIM METOAOM OCOOEHHO TOrfa, €Cfin HY>XKHO BeCcTum
MHO>XXECTBO aHanM30B B NeKyLeM BpeMeHy 6e3 601bLIOoro NpomMeaieHns mexay otéopom npobbl 1 NCX040M aHanusa. V13 onpegeneHHoro
crnekTpa BO3MOXHO MpefckasuBaTb 6oniee MpU3HakoB BMecTe. XyZlwas NMOHOCTb aHanu3a 34ecb cbanaHCMBOBaHa CKOPOCTbIO U
OTCyTCBMEM 06paboTKN TBEPAOW UNW XUAKON NPo6bI.
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1 UvOoD

Infracervena spektroskopie v blizké oblasti spektra (NIR) patfi do
skupiny molekulové vibraéni spektroskopie. Z hlediska energie za-
feni, s kterym pracuje, se jedna o oblast o vinovych délkach od 780
do 2500 nm, tj. v rozsahu vino¢tt 12820 az 4000 cm™'. V pfipadé za-
feni s vy8&i energii tedy sousedi s viditelnou oblasti, na strané zafeni
s nizsi energii je to pak stfedni infracervena oblast (MIR). Ve spektru
stfedni infracervené oblasti se projevuji absorpce zakladnich ener-
getickych prechodU vibraci a rotaci atomovych skupin v molekule. Ve
spektru blizké infracervené oblasti se pak projevuji kombinaéni pre-
chody a prvni, druhé a tfeti svrchni tony (,overtones®), které odpovi-
daji stavam, pfi kterych se absorbuje zareni vys$sich energii a kvan-
tové Cislo popisujici energetické hladiny se méni o vice nez 1. Zatimco
absorpéni pasy atomovych skupin ve stfedni infraCervené oblasti jsou
pomérné dobfe oddélené a Ize ze spektra usuzovat i na strukturu
molekul, spektrum v blizké infracervené oblasti vykazuje znaény pre-
kryv absorpénich pasu. Neni tedy mozné jednodu$e aplikovat Lam-
bert-Beerlv zakon, a pro ziskani informace ze spekter je zapotrebi
vyspély chemometricky software. Vzhledem k tomu, ze se ve spektru
objevuji absorpce C-H, O-H, N-H a S-H skupin, existuje teoreticky
predpoklad pro aplikaci pfi predpovédi kvalitativnich znakd souvise-
jicich s latkami sacharidické a bilkovinné povahy.

V literatufe bylo popsano mnoho zjisténych korelaci NIR spekter
s kvalitativnimi znaky surovin, meziproduktl i hotového piva. Dosa-
vadni aplikace v pivovarstvi se soustfeduji pfedevS§im na monitoring
pribéhu sladovaciho procesu, predpovéd obsahu dllezitych kom-
ponent sladu a stanoveni slozek piva.

Prace publikované v posledni dobé popisuji stanoveni B-glukant
ve sladovnickém je¢meni a ve sladu [1, 2] za sou¢asného pouziti ana-
lyzy jednotlivych zrn. NIR spektrometrie byla taktéZ pouZita pro pred-
povéd klicivosti je€mene [3, 4] a monitorovani zmén ve slozeni zrna
v pribéhu sladovaciho procesu [5]. Mnoho praci se vénuje stanoveni
dusikatych latek a vihkosti v jeémeni a sladu [6, 7, 8, 9]. Popsana
byla i korelace NIR spekter s nékterymi dalSimi znaky sladu jako jsou
friabilita, homogenita, celkovy dusik, rozpustny dusik, volny amino-
dusik, viskozita a barva sladiny [2, 10, 11]. Usp&&né Ize ze spekter
pfedpovidat zkvasitelnost a dosazitelné prokvaseni sladin a mladin
[12, 13, 14, 15]. NejrozSifenéjsi aplikaci pro pivo je stanoveni obsahu
ethanolu a hustoty piva [16, 17, 18], pfipadné i plvodniho extraktu
v mladiné [19].

2 MATERIAL A METODY

Pro referenéni stanoveni byly pouzity tyto metody:

Extrakt sladu v plvodnim vzorku EBC 4.5.1
Bilkoviny ve sladu EBC 4.3.2
Rozpustny dusik v kongresni sladiné EBC 4.9.3
Relativni extrakt pfi 45 °C MEBAK | 4.11

Kolbachovo ¢islo MEBAK | 4.1.4.5.3

Obr. 1/ Fig. 1 PIné vybaveny FT-NIR spektrometr MPA Bruker Optics
/Fully equipped FT-NIR spectrometer MPA Bruker Optics

Keywords: spectroscopy, NIR, laboratory, quality, malt, validation

1 INTRODUCTION

The Near Infrared Spectroscopy (NIR) belongs to the group of mo-
lecular vibration spectroscopy. From the energetic point of radiation,
the NIR spectroscopy uses wavelengths from 780 to 2500 nm, i.e. in
the wave number range of 12820 to 4000 cm™'. In case of radiation
with a higher energy, it thus neighbours with the visible spectrum, in
case of lower energy radiation, it neighbours with the middle infrared
region (MIR). In the spectrum of the middle infrared region, absorp-
tions of the basic energetic transitions of vibrations and rotations of
the atomic groups in the molecule take place. In the spectrum of the
near infrared region, combination transitions and first, second and
third overtones take effect, corresponding to the states, during which
the radiation of higher energy is absorbed and the quantum number
describing the energy levels changes by more than one. While the
absorption bands of the atomic groups in the middle infrared spect-
rum are relatively well separated and the structure of molecules can
be concluded from the spectrum, the spectrum in the near infrared
region shows significant overlapping of the absorption bands. The-
refore, it is not possible to simply apply the Lambert-Beer law and
advanced chemometric software is needed to get information from
the spectra. Since absorptions of C-H, O-H, N-H and S-H groups ap-
pear, there is a theoretical assumption for the application at the fo-
recast of the qualitative indicators related to the compound of sac-
charide and protein origin. There have been described many observed
correlations of the NIR spectra with qualitative indicators of raw ma-
terials, intermediate products and finished beer in the literature. The
existing applications used in the brewing industry concentrate on the
monitoring of the course of the malting process, the forecast of the
content of important malt components and determination of beer com-
ponents.

The works published recently deal with the determination of B-glu-
cans in brewing barley and malt [1, 2] using the single grain analy-
sis at the same time. The NIR spectroscopy was also used for the fo-
recast of barley germinating capacity [3, 4] and monitoring of changes
in grain composition during the malting process [5].

Many works deal with the determination of nitrogen compounds
and water content in barley and malt [6, 7, 8, 9]. The correlation of
the NIR spectra with some other malt indicators such as friability, ho-
mogeneity, total nitrogen content, soluble nitrogen, free amino nitro-
gen, viscosity and colour of wort [2, 10, 11]. Fermentability as well
as maximum degree of fermentation of worts and hopped worts can
be successfully predicted from the spectra [12, 13, 14, 15]. The most
used application for beer is the determination of ethanol content and
beer gravity [16, 17, 18], possibly original wort extract, too [19].

2 MATERIAL AND METHODS

For reference determination, the following methods were used:

Malt extract in original sample EBC 4.5.1
Malt proteins EBC 4.3.2
Soluble nitrogen in congress wort EBC 4.9.3
Relative extract at 45 °C MEBAK | 4.11

Kolbach index MEBAK | 4.1.4.5.3
Measurement of NIR spectra:

FT-NIR spectrometer MPA (Multi Purpose Analyzer), manufacturer
Bruker Optics, Germany (Fig. 1).

The spectra of unmilled malt samples were measured in the ref-
lection mode on the module of integrated sphere, with sample rota-
tion in a sample cup with quartz bottom (sample cup as part of ap-
paratus accessory) with a diameter of 97 mm. The spectral range was
set from 12.500 do 3600 cm', resolution 8 cm™', source — halogen
lamp, beam splitter — quartz, detector — RT-PbS. For spectrum pro-
cessing, software OPUS 5.5, Bruker Optics (Germany) was used.

3 RESULTS AND DISCUSSION

A majority of publications describe very good correlations of qua-
litative indicators of malt with NIR spectra; the calibration models are
verified internally or externally on sets of unknown samples. But just
a few studies deals with the long-term use of the method, especially
at the change of nature — i.e. the matrix — of the measured material,
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Méreni NIR spekter:

FT-NIR spektrometr MPA (Multi Purpose Analyzer), vyrobce Bru-
ker Optics, Spolkova republika Némecko (obr. 7).

Méfila se spektra nemletych vzorku sladu v reflexnim médu na mo-
dulu integrované sféry, s rotaci vzorku v nadobce s kfemennym dnem
(sample cup — soucasti pfislusenstvi pfistroje) o praméru 97 mm.
Spektralni rozsah byl nastaven od 12.500 do 3600 cm, rozliSeni 8 cm™,
zdroj — halogenova zarovka, beamsplitter — quartz, detektor — RT-
PbS. Pro zpracovani spekter byl pouzit software OPUS 5.5, Bruker
Optics, Spolkova republika Némecko.

3 VYSLEDKY A DISKUSE

VeétSina publikaci popisuje velmi dobré korelace kvalitativnich uka-
zateld sladu s NIR spektry, kalibraéni modely jsou ovéfovany interné
¢i externé, na souborech neznamych vzorkd. Jen malo praci se v§ak
zabyva dlouhodobym pouzivanim metody, zviasté pfi zméné povahy
— tj. matrice — méfeného materidlu, ktera je v pfipadé pfirodni suro-
viny velmi obvykla. NaSe laboratof testovala rdzné soubory kalibra¢-
nich vzorkd, prvni modely ovérfovala interni, kiizovou validaci, poté
nasledovalo ovéreni funkce modelu méfenim neznamych vzorkd. Na
zékladé vysledkl se optimalizovalo sloZeni souboru kalibraénich
vzorkud a funkénost modelu se sledovala dlouhodobé paralelnim mé-
fenim klasickou analyzou. Po vyhodnoceni se stanovil rezim udrzo-
vani kalibraéniho modelu pro stalé zajisténi nizké chyby predpovédi
a dostatecné robustnosti modelu.

Ze zavadéni a delSiho pouzivani NIR spektroskopie k rychlé kon-
trole kvality vstupuijicich surovin vyplynuly nasledujici zasady, které
je nezbytné nutné dodrzet, aby model fungoval a pfedpovézené vy-
sledky byly pouzitelné. Néasledujici ¢ast popisuje chronologicky jed-
notlivé faze zavadéni a pouzivani metody. Zobecnéné zasady jsou
dolozeny praktickymi vysledky nasi laboratore. Pro jednoduchost je
nasledujici ¢ast vénovana pouze predpovédi analytickych ukazatel(l
sladu z reflexnich spekter nemletych tuhych vzorkt sladu.

3.1 Kalibrace NIR systému

Pro sestaveni kalibraéniho modelu je nutné shroméazdit dostateny
pocet vzorkd, u kterych se stanovi analytické znaky referenénimi me-
todami, v naSem pfipadé dle analytiky EBC a MEBAK. Vybér kalib-
racnich vzorku je kli¢ovy, zalezi na ném Uspésnost sestaveného mo-
delu. Sledovany znak by v tomto souboru mél mit dostate¢né rozpéti,
které bezpodminecné pokryva oblast hodnot stanovovanych mode-
lem v budoucnu, nebot chemometricky model nedovoluje extrapolo-
vat. Cetnost hodnot by méla byt rovnomérné rozlozena, coz je v pfi-
padé biologického materiélu, jako je slad, velmi obtizné. Soubor by
mél obsahovat i vzorky podobné matrice jako budou vzorky stano-
vované.

Pro zajisténi co nejvétsi variability mezi vzorky a dostate¢ného roz-
péti sledovanych znaku se pro prvni kalibraéni modely vybraly vzorky
vyrobené v mikrosladovné VUPS Brno monitorujici sklizef slado-
vhického jeémene v Ceské republice v roce 2006.

Spektra v NIR oblasti se méfila pFistrojem MPA (Multi Purpose Ana-
lyzer) spole¢nosti Bruker Optics. Pristroj byl vybaven chemometric-
kym softwarem OPUS 5.5, s jehoZ pomoci se sestavily matematické
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Obr. 2 / Fig. 2 Extrakt sladu (% hm.) — model | — kalibrace (pfimka je
osou kvadrantu, nikoli regresni pfimkou) / Malt extract (% by weight)
— model | — calibration (the line is the axis of the quadrant, not the
regression line)

which is quite usual in case of natural raw materials. Our laboratory
tested various sets of calibration samples, the first models were ve-
rified by internal cross-validation, this was then followed by the veri-
fication of the function of the model by measuring unknown samples.
Based on results gained, the composition of the calibration samples
was optimised and model functionality was monitored on a long-term
basis by parallel measurement using classical analysis. After as-
sessment, a mode of the maintenance of the calibration model was
determined to ensure a low forecast error and sufficient model ro-
bustness.

From the implementation and long-term use of the NIR spectros-
copy for rapid quality control of the incoming raw materials, the fol-
lowing principles were determined that have to be necessarily follo-
wed to ensure good functioning of the model and suitability of the
forecast results. The following part describes in chronological sequ-
ence the phases of the implementation and use of the method. Ge-
neralised principles are supported by practical results of our labora-
tory. To make it simpler, the following part describes only the forecasts
of the analytical indicators of malt from the reflectance spectra of the
unmilled solid malt samples.

3.1 Calibration of the NIR system

To set up a calibration model, it is necessary to collect a sufficient
number of samples, for which analytical indicators are determined by
reference methods, in our case, EBC and MEBAK analytics were
applied. The selection of calibration samples is crucial, since the su-
ccessfulness of the set-up model depends on it. The indicator in this
set being monitored should have a sufficient range, which unconditi-
onally covers the area of values determined by the model in the fu-
ture, since a chemometric model does not allow extrapolation. The
frequency of the values should be distributed evenly, which is very
difficult for biological materials such as malt. The set of samples
should contain also samples of a similar matrix as the samples that
will be determined.

To ensure the highest variability between the samples and a suffi-
cient range of the monitored indicators, samples produced in the mic-
romalting plant of the Research Institute of Malting and Brewing Brno
were selected for the first calibration models, monitoring the crop of
brewing barley in the Czech Republic in 2006.

The spectra in the NIR area were measured by the MPA analyser
made by Bruker Optics. The analyser was equipped with the OPUS
5.5 chemometric software, which was used for the preparation of mat-
hematic calibration models. For calibration, the software employs the
PLS method (Partial Least Squares). The calibration for the malt ex-
tract is shown in Fig. 2.

3.2 Internal validation of the model

The model can be verified by a cross-validation or test set valida-
tion. The cross-validation gradually excludes one sample (or more
samples according to characteristics specified) from the sets of sam-
ples, which determines as unknown by means of the model calcula-
ted from the remaining samples. It thus allows working also with
a smaller number of samples. When using test set validation, the set
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Obr. 3/ Fig. 3 Extrakt sladu (hm.%) — model | — cross validace. Pfed-
poveéd pomoci NIR modelu versus referenéni metoda (pfimka je osou
kvadrantu, nikoli regresni pfimkou) / Malt extract (% by weight) — mo-
del | — cross-validation. Forecast by means of NIR model vs. refe-
rence method (the line is the axis of the quadrant, not the regression
line)
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Obr. 4 / Fig. 4 Ostatni znaky — model | — cross validace. Bilkoviny v sus$iné sladu (% hm.), Kolbachovo ¢&islo, relativni extrakt pfi 45 °C (%),
rozpustny dusik v kongresni sladiné (mg.I'"). Pfedpovéd pomoci NIR modelu versus referenéni metoda (pfimka nezobrazuje regresi, je osou
kvadrantu). / Other characteristics — model | — cross-validation. Proteins in malt dry matter (% by weight), Kolbach index, relative extract at
45 °C (%), soluble nitrogen in congress wort (mg.l'"). Forecast by means of NIR model vs. reference method (the line does not show re-

gression, it is the axis of the quadrant)

kalibraéni modely. Software pouziva pfi kalibraci metodu PLS (Par-
tial Least Squares). Kalibraci pro extrakt sladu ukazuje obr. 2.

3.2 Interni validace modelu

Model je mozné ovéfit cross Ci test set validaci. Cross validace vy-
¢leni postupné vzdy jeden vzorek (i vice vzorkd, dle zadanych pa-
rametr(l) ze souboru, ktery stanovuje jako neznamy pomoci modelu
spocitaného ze zbylych vzork(l. Umozfiuje tak pracovat i s mensim
pocétem vzorkU. Pfi test set validaci se soubor rozdéli na vzorky ka-
libraéni a valida¢ni (podil opét dle zadanych parametr(i validace), va-
lida¢ni vzorky se stanovuji pomoci modelu ze vzorku kalibraénich. Je
vhodna v pfipadé vétsiho poctu vzorkd. Z validace pak vychazi ma-
tematickd optimalizace modelu, pfi které se pomoci chemometric-
kého software hledaji optimalni podminky, kdy model vykazuje vy-
soky koeficient determinace a nizkou chybu validace. Jedna se
o0 matematické predupravy spektralnich dat, potlac¢eni vlivu Sumu, vy-
bér regionl spektra s nejvétsi korelaci s analyzovanym znakem.

Valida¢ni graf prvniho modelu — &. | — pro pfedpovéd obsahu ex-
traku sladu sestaveny ze vzork(l z mikrosladovny je na obr. 3, mo-
dely ze stejného souboru vzorkl pro predpovéd bilkovin v susiné
sladu, rozpustného dusiku v kongresni sladiné, Kolbachova ¢isla a re-
lativniho extraktu pfi 45 °C zobrazuji grafy na obr. 4. Grafy ukazuji vy-
sledky cross validace. Patrnd je velmi dobra korelace NIR spekter
s analytickymi znaky, coz doklada pomérné vysoka hodnota koefici-
entu determinace (R?). Odmocnina ze stfedni kvadratické chyby cross
validace (RMSECV) je u modell akceptovatelna.

3.3 Externi validace, testovani modelu

Pokud modely ukazuji po interni validaci na velmi dobrou korelaci
spekter a analytickych ukazatel( vzork( kalibraéniho souboru, je
nutné prikrocit k otestovani modelu na souboru neznamych vzorkd,
které paralelné stanovime referenénimi metodami.

V nasem pfipadé to byly vzorky sladu nakupovaného prdmyslo-
vym pivovarem z komerénich sladoven. Ukézalo se, Ze model sesta-
veny ze vzork( z mikrosladovny pro tyto vzorky nefunguije tak, jak by
se dalo o¢ekavat z parametrd modelu po interni validaci. Chyba pred-
povédi byla vétsi a vysoky podil vzorkd byl modelem oznacen jako
soutliers®, neboli odlehlé vzorky. V takovém pfipadé neni mozné s vy-
sledkem predpovédi pocitat a je nutna klasicka analyza. Prvni model

of samples is divided into calibration samples and validation samples
(with a proportion according to the specified validation parameters),
the validation samples are determined by means of the model from
the calibration samples. This method is suitable for a larger number
of samples. On validation is based the mathematical optimisation of
the model, during which optimum conditions are searched by che-
mometric software, when the model shows a high determination co-
efficient and a low validation error, namely mathematical pre-treat-
ment of the spectral data, disturbance suppression, selection of
spectrum regions with the highest correlation with the characteristics
being analysed.

The validation diagram of the first model — No. | — for the forecast
of malt extract content made from the samples delivered by the mic-
romalting plant is shown in Fig. 3, the models from the same sample

Prediction vs True / 1052 EXPUN [%] / Cross Validation
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Obr. 5/ Fig. 5 Extrakt sladu (% hm.) — model Il — cross validace. Pred-
poveéd pomoci NIR modelu versus referenéni metoda (pfimka je osou
kvadrantu, nikoli regresni pfimkou) / Malt extract (% by weight) — mo-
del Il — cross-validation. Forecast by means of NIR model vs. refe-
rence method (the line is the axis of the quadrant, not the regression
line).
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] ] set for the forecast of protein content in malt dry matter, soluble nit-
EXTRAKT PUVODNI / ORIGINAL EXTRAKT | BNIR rogen in congress wort, Kolbach index and relative extract at 45 °C
O referencni analyza h the di in Fia. 4. The di how th It
w00 / Reference analysis are shown on the diagrams in Fig. 4. The diagrams show the results
of cross-validation. A very good correlation of the NIR spectra with
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Obr. 6 / Fig. 6 Extrakt sladu (hm.%) — pfedpovéd neznamych vzork{
pomoci modelu Il a analyza referenéni metodou / Malt extract (% by
weight) — forecast of unknown samples by means of model Il and re-
ference method analysis

neprokdazal dostate¢nou robustnost pro analyzu vzork( z komerénich
sladoven.

Kalibra¢ni soubor byl proto doplnén o dvé dalsi skupiny vzork( sladu
vyrobeného v komer€nich sladovnach. Jejich rozpéti hodnot sledova-
nych znak( nebylo vSak tak Siroké, jak by vyzadoval model. Extrémni
vzorky z komerénich sladoven jsou vzhledem k poZzadavkim jejich za-
kaznik( a velmi dobrému fizeni jakosti prakticky nedostupné.

Vysledky zjisténé pomoci téchto modell €. Il byly mnohem lepsi,
protoZe jen minimum vzorkl bylo oznaéeno jako ,outliers a rozdil
predpovézené hodnoty znaku od hodnoty zjisténé klasickou analy-
zou se zmens§il, pfestoze se nékteré parametry modell zhorsily. Hod-
nota rozdilu se pohybovala v relaci, na kterou $lo usuzovat z para-
metrd modelu. Jev Ize vysvétlit vy$Si robustnosti modelll. Graf cross
validace pro extrakt sladu modelu €. Il je na obr. 5. Rozdily Sesti ne-
znamych vzork( méfenych referenénimi metodami ukazuje pro pfi-
pad extraktu sladu obr. 6, pro ostatni znaky pak obr. 7.

analytical characteristics can be observed, which is substantiated by
a relatively high value of the determination coefficient (R2). The root-
mean-square error of cross-validation is acceptable for the models.

3.3 External validation, model testing

If the models after internal validation show a very good correlation
of the spectra and analytical characteristics of the samples of the ca-
libration set, it is then necessary to test the model on the set of unk-
nown samples, which are concurrently determined by reference met-
hods.

In our case, the malt samples purchased by an industrial brewery
from commercial malting plants were used. It was proved that the mo-
del made up of the samples from the micromalting plant does not
work for the samples as it could be expected from the model para-
meters after internal validation. The error of forecast was higher and
a high ratio of samples was marked by the model as “outliers”. In such
case, it is not possible to take the result of the forecast into account
and a classical analysis has to be used. The first model did not prove
a robustness extended by for the analysis of the samples from com-
mercial malting plants.

The calibration set was therefore two more sample groups of the
malt produced in commercial malt plants. The range of the values of
new samples was not that wide as it was required by the model. With
respect to the requirements of the customer of the commercial mal-
ting plants and a very good quality control, extreme samples are prac-
tically unavailable.

The results determined by means of these models No. Il were much
more better, since just a very small number of samples was marked
as “outliers” and the difference of the forecast value of the characte-
ristics from the value determined by a classical analysis was smal-
ler, even though some model parameters worsened. The difference
value was in the relation, which could be concluded from the model
parameters. The effect can be explained by higher model robustness.
The diagram of the cross-validation for the malt extract of model No.
Il'is shown in Fig. 5. The differences of six unknown samples mea-
sured by reference methods for malt extract are shown in Fig. 6 and
for other characteristics in Fig. 7.
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Obr. 7 / Fig. 7 Ostatni znaky — pfedpovéd neznamych vzork({i pomoci modelu Il a analyza referenéni metodou. Bilkoviny (% hm.), Kolba-
chovo ¢islo, relativni extrakt pfi 45 °C (%), rozpustny dusik v kongresni sladiné (mg.I""). Pfedpovéd pomoci NIR modelu versus referenéni
metoda. / Other characteristics — forecast of unknown samples by means of model Il and reference method analysis. Proteins (% by weight),
Kolbach index, relative extract at 45 °C (%), soluble nitrogen in congress wort (mg.l"). Forecast by means of NIR model vs. reference met-

hod.
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3.4 Dopliiovani a aktualizace modelu

Dal&iho zpfesnéni modelu se dosahlo zafazenim vySe uvedenych
Sesti testovacich vzork( do kalibraéniho souboru. Sestavené modely
¢. Il vykazovaly nizsi nebo srovnatelnou chybu (RMSECV) a srov-
natelny koeficient determinace (R?) oproti modellm ¢&. Il. Porovnani
parametrd model( zachycuje tab 1.

Dlouhodobé sledovani shody NIR metody s provozni laboratofi pi-
vovaru (tato laboratof nebyla referenéni laboratofi pfi sestavovani ka-
libraénich modelll) ve znaku extrakt sladu na velkém mnozZstvi pro-
voznich vzork( sladu je na obr. 8. Lze pozorovat pfiblizeni hodnot
predpovézenych NIR metodou hodnotam stanovenym klasickou ana-
lyzou. Rozptyl hodnot zUstal srovnatelny.

Timto se ukazalo, Ze pribézna aktualizace je nutna pro zajisténi
dostate¢né robustnosti modell i pfi zméné matrice vzork(, zpUso-
bené variabilitou pfirodnich surovin &i rozdily pfi vyrobé sladu v pra-
béhu pouzivani modelu.

PFi posuzovani odchylek predpovézenych hodnot a vysledku sta-
novenych klasickou analyzou je nutné brat zfetel na nejistotu refe-
rencniho stanoveni. V grafu na obr. 8 jsou znazornény meze opako-
vatelnosti a reprodukovatelnosti stanoveni referenéni metodou dle
analytiky EBC. Jen minimum z velkého poctu vzorkl je mimo meze
opakovatelnosti.

Tab. 2 ukazuje porovnani opakovatelnosti referenc¢ni laboratore,
provozni laboratofe a opakovatelnost metod dle analytiky EBC.

4 ZAVER

NIR spektrometrie je vhodny néstroj pro kontrolu vstupujicich pi-
vovarskych surovin tam, kde je potfeba rychlého jednoduchého sta-
noveni velkého poctu vzorku. Vhledem k tomu, Ze se jedna o sekun-
darni instrumentalni metodu, je rychlost a jednoduchost vykoupena
nizsi presnosti ve srovnani s klasickou referen¢ni analyzou. Pfi do-
drzeni hlavnich zasad pfi praci s NIR modely Ize vSak dosahnout
velmi dobrych vysledkd, které jsou pouzitelné pro denni rutinni kon-

Tab. 1 Parametry modell. Koeficient determinace (R?), odmocnina ze stfedni chyby cross va-
lidace (RMSECV) / Model parameters. Determination coefficient (R?), root-mean-square er-

ror of cross-validation (RMSECYV).
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Obr. 8 / Fig. 8 Extrakt sladu (% hm.) — rozdil pfedpovédi NIR od kla-
sické analyzy provozni laboratore pfed (model Il) a po (model Ill) ak-
tualizaci modelu (zobrazeni neni regula¢nim diagramem) / Malt ex-
tract (% by weight) — difference of NIR forecast and classical analysis
of brewery laboratory before model update (model Il) and after mo-
del update (model Ill) (the representation is no control chart)

3.4 Model complementation and updating

A further precision of the model was achieved by the implementa-
tion of the above mentioned test samples into the calibration set. In
comparison to models No. Il, set up models No. Ill showed a lower
or comparable error (RMSECV) and a comparable determination co-
efficient (R?). The comparison of model parameters is in Tab. 1.

Long-term monitoring of the accordance of the NIR method with
the brewery laboratory (this laboratory was not the reference labo-
ratory when setting up the calibration models) in the malt extract cha-
racteristics for a large number of industrial malt samples is shown in
Fig. 8. Here, we can observe approximating of the values forecast by
the NIR method to the values determined by
the classical analysis. The value dispersion
remained comparable.

By doing this it emerged that continuous
updating is necessary for ensuring of a suf-
ficient robustness of the models also when

Znak / Characteristics Model | Model Il Model Il the sample matrix is changed, caused by the
R? | RMSECV | R? | RMSECV | R?2 | RMSECV variability of the natural raw materials or dif-

Extrakt sladu (% hm.) 86 | 054 |8 | 052 | 82| 051 Iﬁ;e”mcgjéln malt production during the use of
/Il\/lalt.extract {A vby owelght) When evaluating the deviations between
Bilkoviny v susiné (% hm.) ; 90 0,36 73 0,40 72 0,40 the forecast values and the results determi-
/ Proteins in dry matter (% by weight) ned by the classical analysis, it is necessary
Kolbachovo &islo / Kolbach index 85 2,02 82 1,75 83 1,70 to consider the uncertainty of the reference
Relativni extrakt pfi 45 °C 73| 28 | 71| 261 | 70| 260 determination. In the diagram in Fig. 8, the
/ Relative extract at 45 °C repeatability and reproducibility limits of the
_ _ determinations by the reference method
Rozpustny dusik (mg.I"") 81 35,6 82 28,6 81 29,0 according to the EBC analytics are presen-
/ Soluble nitrogen (mg.I") ted. Just a minimum from a large number of

Tab. 2 Opakovatelnost méreni zi¢astnénych laboratofi/ Repeatability of measurement of par-

ticipating laboratories

samples is out of the repeatability limits.
Tab. 2 shows the comparison of the repe-

atability of the reference laboratory, brewery

laboratory and the repeatability of the met-

Znak / Characteristics Rozsah Opakovatelnost (interval +/-)
hodnot | Repeatability
/ Range | Laboratof /| Laborator / EBC
of values | Laboratories| Laboratories| analytika
1 2 | Analytica
EBC
referenéni / | provozni /
reference lab| brewery lab
Extrakt sladu (% hm.) 72,3 - 80,7 0,31 0,44 0,58
/ Malt extract (% by weight)
Bilkoviny v susiné (% hm.) 8,7—-15,5 0,14 = 0,31
/ Proteins in dry matter (% by weight)
Kolbachovo ¢islo / Kolbach index 32,56-41,0 0,83 - -
Relativni extrakt pfi 45 °C 30,7 — 38,8 0,34 - -
/ Relative extract at 45 °C
Rozpustny dusik (mg.I"") 528 — 687 11 - 47
/ Soluble nitrogen (mg.I"")

hods according to the EBC analytics.

4 CONCLUSION

The NIR spectroscopy is a suitable tool for
the control on the incoming brewery raw ma-
terials, where a rapid and easy determination
of a large number of samples is required.
Since it is a secondary instrumental method,
the speed and simplicity of the method is ne-
gatively compensated by a lower precision in
comparison to the classical reference analy-
sis.

Nevertheless, if the main principles for the
use of the NIR models are observed, itis pos-
sible to achieve very good results, which are
applicable for daily routine control of raw ma-
terials purchased by the industrial brewery. In
any case, the NIR model recognises different
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trolu surovin nakupovanych priimyslovym pivovarem. V kazdém pfi-
padé NIR model ze spektra pozna odli$ny slad, ktery mize byt pod-
roben dalSimu testovani klasickou analyzou.

Velkou pozornost je tfeba vénovat hned na pocatku pri zavadéni
metody vybéru souboru kalibracnich vzork(, které pokryvaji oceka-
vané rozpéti hodnot znaku u vzorkl méfenych v budoucnu. K sesta-
veni modell je nutné pouzit chemometricky software, stejné tak k je-
jich interni validaci a optimalizaci. Dal§imi nezbytnymi kroky jsou
externi validace modell a jejich pribézna aktualizace doplnénim ne-
jen o vzorky s malo ¢etnou hodnotou znaku, ale i pravidelnym dopl-
fovanim béznymi vzorky. Model zlistane robustni a ¢aste¢né se eli-
minuje vliv proménlivé matrice pfirodniho materialu.
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Pivovary patfi k nejobdivovanéjsim firmam ve svych regionech

Sdruzeni CZECH TOP 100 zvefejnilo
v plilce dubna zebficek 100 obdivova-
nych firem CR za rok 2007. Pivovary
Budéjovicky Budvar, n. p., Plzensky
Prazdroj, a. s. a Rodinny pivovar Ber-
nard a. s. se staly nejobdivovanéjsimi
firmami ve svych krajich, tedy v Jiho-
Ceském, Plzeriském a kraji Vysocina.
DalSimi napojarskymi firmami, které zvi-
tézily ve svych krajich, byly Karlovarské
mineralni vody, a. s. v Karlovarském a
Kofola a. s. v Moravskoslezském kraji.
Vyrobci napojll tak patfi k nejobdivova-
né&jSim firmam na vice nez tfetiné uzemi
nasi republiky.

Plzensky Prazdroj, a. s. a Kofola a. s.
se kromé toho umistily i v tzv. All Stars
— tedy mezi deseti nejobdivovanéjsimi
firmami v CR bez ohledu na obory.

Podobnych vynikajicich vysledkd do-
sahuji pivovary a vyrobci nealkoholic-
kych napojd opakované v celé témér de-
setileté historii vyhladovani Zebficku.

Zebfi¢ek 100 obdivovanych firem CR
publikuje Sdruzeni CZECH TOP 100 od
roku 1999. Pro ucely Zeb¥iCku jsou firmy
rozdéleny do 25 obor( podle metodiky
OKEC (Ciselnik odvétvové klasifikace
ekonomickych &innosti). Stovku nejobdi-
vovangjSich firem pak tvofi ty, které se
umistily na prvnich c¢tyfech mistech
v kazdém oboru. Spolecnosti, které ob-
drzely nejvice hlasl, jsou zafazeny do
desitky nejobdivovanéjsich firem CR —
ALL STARS, ktera vznika bez ohledu na
obory. Struktura ziskanych dat umoznuje
rovnéz sestavit pofadi nejobdivovanég;-

$ich firem v jednotlivych krajich. ZebFi-
&ek 100 obdivovanych firem CR sesta-
vuje CZECH TOP 100 na zékladé hla-
sovani manazer( vyznamnych
spolecnosti, ekonomickych a finanénich
analytikd, zastupcl oborovych sdruzeni,
svazl a profesnich asociaci.V ramci hla-
sovani osloveni odbornici hodnoti fadu
kritérii, od zakladnich ukazateld firmy
(inovaéni schopnost a kvalita vyrobkl a
sluzeb, dlouhodoba hodnota firmy) pres
jeji vztah k lidem ve firmé (kvalita ma-
nagementu, schopnost prilakat a udrzet
talentované zaméstnance) po vztah
firmy ke spole¢nosti (odpovédnost k zi-
votnimu prostfedi a vztah ke spole¢nosti,
podpora regionu, charitativni a obecné
prospésné projektl, otevienost a komu-
nikativnost apod.). vec



