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Jak bylo zminéno v prvé ¢asti tohoto sdéleni, vénovaného stanoveni vihkosti v je€meni, zeleném a findlnim sladu, je termogravimetrické
stanoveni obsahu vlhkosti v pfirodnich vzorcich pomoci pfistroje HR 83 firmy Mettler — Toledo zalozeno na principu halogenového ohfevu
a automatického sledovani pribéhu susici kfivky. V této &asti jsou uvedeny vysledky tykajici se vypracovani a validace metody
termogravimetrického stanoveni vlhkosti v hlavkovém chmelu a chmelovych vyrobcich. Sou¢asné bylo provedeno porovnani vysledkd
ziskanych touto metodou s vysledky ziskanymi oficialni metodou stanoveni vihkosti ve chmelu a chmelovych preparatech (EBC 7.2, MEBAK
5.2.3a10B 2.2). Na zakladé obdrzenych poznatkl Ize konstatovat, Ze vysledky termogravimetrické metody se shodovaly s vysledky ziskanymi
oficialni metodou a Ze Ize tudiz tento pfistroj pIné doporucit pro potfeby chmelarskych a pivovarskych laboratofi.

Culik, J. — Horak, T. — Jurkova, M. — Cejka, P. — Kellner, V.: Thermogravimetric determination of moisture in brewing raw materials.
Part Il. — Possibilities of application of thermogravimetric method to determine the moisture in hops and hop products. Kvasny
Prum. 54, 2008, No. 7-8, p. 214-217.

As it has been already mentioned in the first part of this work devoted to the moisture determination in barley, green and finished malt, the
thermogravimetric determination of moisture content in natural samples by means of the HR 83 moisture analyser of the company Mettler —
Toledo is based on the principles of halogen warm-up and automatic monitoring of the course of the drying curve.

This part describes the results related to the elaboration and validation of the method for thermogravimetric moisture determination in whole
hops and hop products. At the same time, comparisons of results obtained by this method with the results obtained by the official method of
moisture determination in hops and hop products were made (EBC 7.2, MEBAK 5.2.3 and IOB 2.2). Based on the findings it can be stated
that the results of the thermogravimetric method coincided with the results obtained by the official method and therefore this moisture meter
can be fully recommended for the needs of hop plants and brewery laboratories.

Culik, J. — Horak, T. — Jurkova, M. — Ce]ka, P. — Kellner, V.: Thermogravimetrische Feuchtigkeitsbestimmung in den Braurohstoffen.
Teil Il. - Thermogravimetrische Methode und ihre Anwendung zur Feuchtigkeitsbestimmung des Hopfens und Hopfenspréparaten.
Kvasny Prum. 54, 2008, Nr. 7-8, S. 214-217.

Wie schon im Artikel Teil I. angefuhrt wurde, die thermogravimetrische Feuchtigkeitsbestimmung in der Gerste, im grlinen und fertigen
Malz mittels des Gerates HR 83 der Firma Mettler — Toledo auf dem Prinzip der Halogenerwéarmung und der automatischen Verfolgung des
Trocknungkurvenverlaufes gegriindet ist. In dem Teil |l. werden die Ergebnisse der Ausarbeitung und Validierung der Methode einer
Feuchtigkeitsbestimmung im Doldenhopfen und in den Hopfenpréparaten angefiihrt. Gleichzeitig wurde ein Vergleich von Ergebnissen
durchgefiihrt, die durch diese Methode und eine ofizielle Methode der Hopfenfeuchtigkeitsbestimmung (EBC 7.2, MEBAK 5.2.3 und I0B 2.2)
festgestellt worden sind. Auf Grund des Vergleiches der Ergebnissen, die durch beiden Methoden festgestellt wurden, ist méglich zu
konstatieren, dass die gewonnene Resultate Ubereinstimmen und dadurch die Methode der thermogravimetrischen Feuchtigkeitsbestimmung
véllig zur Anwendung in den Brauerei- oder Hopfenlabors empfehlenswert ist.

Yynuk, W. — Fopak, T. — lOpkoBa, M. — Yeiika, M. — KennHep, B.: TepmMorpasumeTpuyeckue onpefeneHve BrarocofepXXaHus B
nuBoBapeHHOM cbipbe. YacTb Il. — BO3MOXHOCTM NpPUMEHEeHUs TepMOrpaBMMETPUYECKUX MEeTOAO0B Npu onpefeneHuu
Brarocofep)xaHus Xxmenbs 1 XmeneBbiX npenapartoB. Kvasny Prum. 54, 2008, Ho. 7-8, cTp. 214-217.

B nepBoi yacTu aTON cTaThK, KOTOpasi 3aHMManachk onpegeneHmem 6narocofgep>xaHus B S4MeHbe, 3eNIEHOM 1 TOTOBOM COMoAe, CKasaHo,
4TO TEPMOrpaBMMETPUHECKOE OnpeaerieHne Bnarocoaep XaHus B HaTypasbHbIX npobax ¢ nomouybto anapata HR 83 komnaHum Mettler —
Toledo ocHOBaHO Ha MPVHLMME rafioreHHOro HarpeBa 1 aBTOMaTUHECKOW PerncTpaLmmn XapakTePUCTUKI CYLUMITBHON KPMBOW. B aTon YacTu
npusBeAeHbl pe3ynbTaTbl COCTABMEHUS U BanugaumMn mMeToda TepMOrpaBMMETPUHECKOro OrnpeaernieHnss BNarocoepXXaHns B Xvenoe u
XMeneBbix npogyktax. OgHOBPEMEHHO OblvM 3TW pe3ynbTaTbl CPaBHEHbl C pesynbTaTamMu MOofy4YeHHbIMU OULManbHbIM METOAOM
onpegeneHns BRarocodepXXaHns B xmernbe u xmenesbix npogyktax (EBC 7.2, MEBAK 5.2.3 n I0B 2.2). Ha ocHOBe MO3HaHWA MOXXHO
OTMETUTb, YTO pe3ynbTaTbl TEPMOrpaB/METPUYHECKOrOo METOAA COOTBETCTBOBAM pe3yibTaTaMm ohuLmanbHOro MeToAa U aHHbIv annapat
BO3MOXXHO BMOSTHE PEKOMEHAOBATb AN HYX/[, XMENeBO3HbIX U MMBOBAPEHHbIX N1abopaTopuii.
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1 UvoD

ZvySuijici se naroky na rychlost a kvalitu vstupni, procesni i vystupni
kontroly s sebou pfindsi i zménu pozadavku kladenych na metodu
stanoveni vihkosti. Dliraz je kladen zejména na spravnost vysledku
i na automaticky zpUsob jejich registrace a archivace. Je zde patrna

hops, hop pellets

1 INTRODUCTION

Growing demands for the speed and quality of input, process and
final control procedures bring also changes in the requirements im-
posed on the method of moisture determination. Emphasis is placed
especially on the correctness of results as well as the automatic way
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i snaha o snizeni pracnosti a maximalni zkraceni ¢asu analyzy, coz
Ize docilit zvySenim stupné automatizace. Za metodu, ktera by vysSe
zminéné pozadavky mohla spinit, Ize povazovat metodu termogravi-
metrickou. Tento ¢lanek navazuje na ¢lanek predesly, vénovany ter-
mogravimetrickému stanoveni vihkosti v je€émeni a sladu. Zde jsou
prezentovany vysledky testovani mozného nasazeni termogravime-
trické metody stanoveni vihkosti ve chmelu a chmelovych granula-
tech v bézné laboratorni praxi.

2 PRINCIP TERMOGRAVIMETRICKE METODY STANOVENI
VLHKOSTI

Zakladnim principem termogravimetrického stanoveni vihkosti je
vahové sledovani zmén obsahu vihkosti v latkach pfi jejich pfesné
definovaném zahfivani. K tomuto U€elu jsou pouzivany analyzatory
vlhkosti, jejichZz hlavni soucasti je vaha a halogenova technologie
ohfevu. Pouzivany analyzator vlhkosti HR 83 firmy Mettler Toledo
(obr. 1) je vybaven elektronickou vahou umoznujici navazku vzorku
vrozmezi 0,1 gaz 71 g s moznosti odectu
s pfesnosti na 0,001 g. Tepelny zdroj je
tvofen halogenovou lampou, zarucujici
dokonalou regulaci a distribuci tepelného
toku. Teplotni rozsah je volitelny v rozmezi
50 az 200 °C. Kromé podstatného snizeni
doby analyzy a minimalni manipulace se
vzorkem umoznuje analyzator i moznost
automatického vypoctu vihkosti v pfedem
nastavenych jednotkach, interpretaci vy-
sledk( ve vazbé na GLP a GMP. Tisk pa-
rametrl a dosazenych vysledkl je mozny
bud pomoci vlastni zabudované tiskarny,
nebo je Ize exportovat po pfipojeni ana-
lyzatoru pres externi rozhrani napfiklad
do pocitace. Oproti klasickému suseni
pracuje analyzator vihkosti s riznymi tep-
lotnimi programy, a to od klasického (sko-
kového) pfes pozvolny az stupriovy na-
rist teplot. Kromé toho pfistroj umozruje
volbu kritéria vypnuti (susSiciho kritéria),
a to bud v zavislosti na Ubytku hmotnosti za jednotku ¢asu (5 stupnt
nastaveni), na ¢asu méfeni a dale manualniho a volného kritéria vy-
pnuti, zakladajiciho se na principu stfedni hodnoty Ubytku hmotnosti
za jednotku ¢asu. VySe zminénych schopnosti pfistroje jsme vyuzili
pfi ndvrhu a validaci metod pro stanoveni obsahu vlhkosti v hlavko-
vém chmelu a chmelovych granulich.

3 VYSLEDKY A DISKUSE

3.1 Stanoveni vihkosti v hlavkovém chmelu a chmelovych pre-
paratech uzanénimi metodami

Metody stanoveni vihkosti ve chmelu a chmelovych preparatech
jsou jak u metody EBC 7.2 [1], MEBAK 5.2.3 [2], tak i IOB 2.2 [3] to-
tozné.

Rozemlety vzorek chmele nebo chmelovych granuli (3 az 5 g) je
suSen pfi 103 az 104 °C po dobu jedné hodiny.

Obsah vody ve vzorku stanovime vazkové na zékladé zjisténé
hmotnostni diference pfed a po suSeni a vyjadfime v hmotnostnich
procentech:

obsah vody (%) = (my — m4)/m, kde

m, = navazka pred suSenim

m; = vaha vzorku po suSeni

VZzdy pracujeme s paralelnimi vzorky.

Opakovatelnost (rgs) €ini pro obsah vody ve vzorku 3,6 az 8,2 %
hodnotu 0,27, reprodukovatelnost (Rgs) je zde 1,2. Pro vySsi obsah
vody 14,0 % byly stanoveny ponékud vyssi hodnoty, a to 0,41 resp.
2,2.

3.2 Stanoveni vihkosti v hlavkovém chmelu a chmelovych pre-
paratech termogravimetrickou metodou

S ohledem na znaénou nehomogennost vzork( byly veskeré po-
kusy provadény na pomletych vzorcich chmele a chmelovych gra-

Obr. 1/ Fig. 1 Analyzator vihkosti HR 83 (Mettler Toledo)
/ Moisture analyzer HR 83 (Mettler Toledo)

of their recording and archiving. A noticeable effort to reduce work
difficulty and to reduce the time of analysis in a maximum possible
way can be observed, which can be achieved by increasing the de-
gree of automation. The thermogravimetric method can be conside-
red to satisfy the above-mentioned requirements. This article refers
to the previous one dealing with the thermogravimetric determination
of moisture in barley and malt. Here, the results of testing of the pos-
sible use of the thermogravimetric method of moisture determination
in whole hops and hop pellets in common laboratory practice are pre-
sented.

2 PRINCIPLES OF THERMOGRAVIMETRIC METHOD OF
MOISTURE DETERMINATION

The basic principle of the thermogravimetric determination of mo-
isture is weight monitoring of the changes of moisture content in sub-
stances while being warmed-up in a strictly defined way. For this pur-
pose, moisture analysers are used, the main part of which are
balances and halogen technology of
warming up. The moisture analyser
HR 83 manufactured by the company
Mettler Toledo (Fig. 1) is equipped
with electronic balances enabling to
weigh a sample within a range of 0.1
to 71 g with a moisture content rea-
dability of 0.001 g. The heat source
consists of a halogen lamp ensuring
perfect regulation and distribution of
the heat flow. The temperature range
can be selected within a range of 50
to 200 °C. In addition to a significant
reduction of analysis time and mini-
mum handling with the sample, the
analyser also enables automatic mo-
isture calculation in preset units as
well as result interpretation in conne-
ction to GLP and GMP. Printing of pa-
rameters and obtained results is pos-
sible either by means of a built-in
printer, or they can be exported for example to a PC via external in-
terface after the analyzer is connected. In comparison to classical
drying methods, the moisture analyzer can work with various tem-
perature programs, from a classical one (step-by-step), through
a smooth to a gradual mode temperature rise. Besides this, the ana-
lyzer enables selection of a switch-off criterion (drying criterion), eit-
her depending on weight reduction for a unit of time (5 levels can be
set), on the time of measurement and the manual and free definable
criterion of switch-off, based on the principle of the mean value of
weight reduction per a unit of time. We used the above-mentioned
capabilities of the analyzer for designing and validation of the met-
hods for the determination of moisture content in whole hops and hop
pellets.

3 RESULTS AND DISCUSSION

3.1 Moisture determination in whole hops and hop products by
usual methods

The methods of moisture determination in whole hops and hop pro-
ducts are identical for EBC 7.2 [1], MEBAK 5.2.3 [2] as well as |IOB
2.2 [3] methods.

A ground sample of whole hops or hop pellets (3 to 5 g) is dried
at 103 to 104 °C for one hour. The water content in the sample is de-
termined gravimetrically on the basis of the weight difference before
and after drying and expressed as percentage by weight:

Water content (%) = (my — my)/mq where

m, = sample weight before drying

m, = sample weight after drying

We always work with parallel samples.

The repeatability (rgs) for the water content of 3.6 to 8.2 % in the
sample is 0.27, the reproducibility (Rgs) is 1.2. For higher water con-
tent of 14.0 %, higher values were determined, namely 0.41 or 2.2
as the case may be.
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Tab. 1 Vliv teploty a pribéhu suseni na dosazeny vysledek (chmel a chmelové granule) / Effect of temperature and drying procedure on ob-

tained results (hops and hop pellets)

Metoda / Method
EBC/MEBAK Termogravimetricka / Thermogravimetric

Cas / Time (min) 60 5 14 6 7

Teplota °C / susici kritérium /

Temperature °C / Criterion of drying 103 105/3 105/5 110/3 115/3
vihkost / vihkost / vihkost / vihkost / vihkost /
moisture moisture moisture moisture moisture

Vzorek €./ Sample No. % Sy % Sy % Sy % Sy % Sy

Chmel €. 1/ Hops No. 1 6.99 0.07 6.36 0.09 6.75 0.11 6.62 0.17 6.37 0.17

Chmel €. 2 / Hops No. 2 6.48 0.11 5.42 0.04 6.6 0.13 6.14 0.12 6.41 0.12

Chmel €. 3/ Hops No. 3 8.51 0.14 7.99 0.23 8.44 0.18 8.13 0.01 8.44 0.07

Chmel €. 4/ Hops No. 4 7.25 0.04 712 0.12 7.56 0.11 7.34 0.08 8.04 0.37

Chmel €. 5/ Hops No. 5 8.7 0.12 8.69 0.09 9.23 0.09 8.81 0.08 8.86 0.22

Chmel €. 6 / Hops No. 6 8.5 0.11 8.33 0.01 8.95 0.05 8.66 0.19 8.52 0.13

Chmel €. 7 / Hops No. 7 8.41 0.16 8.24 0.09 8.64 0.12 8.49 0.11 8.49 0.07

Chmel €. 8 / Hops No. 8 8.3 0.1 8.28 0.08 8.51 0.13 8.36 0.01 8.32 0.04

Granule €. 1/ Pellets No. 1 6.43 0.1 6.48 0.08 6.9 0.13 6.66 0.01 6.94 0.04

Granule €. 2 / Pellets No. 2 6.04 0.1 5.71 0.07 6.55 0.19 578 0.11 6.33 0.41

Granule €. 3/ Pellets No. 3 6.47 0.07 6.14 0.1 6.66 0.18 6.36 0.06 6.73 0.06

Granule €. 4 / Pellets No. 4 6.28 0.01 6.41 0.03 6.78 0.15 7.34 0.08 8.04 0.37

Granule €. 5/ Pellets No. 5 4.82 0.02 4.8 0.04 4.97 0.13 4.83 0.04 5.79 0.07

Granule €. 6 / Pellets No. 6 6.27 0 6.39 0.12 6.32 0.18 6.65 0.02 7.24 0.25

Granule €. 7 / Pellets No. 7 4.87 0.01 5.4 0.03 5.6 0.09 5.35 0.04 5.9 0.12

Granule €. 8 / Pellets No. 8 6.38 0.02 6.44 0.06 6.75 0.15 6.65 0.11 6.84 0.13

Granule €. 9/ Pellets No. 9 7.76 0.22 8.23 0.1 9.15 0.15 8.87 0.13 9.45 0.25

Granule ¢. 10/ Pellets No. 10 6.96 0.16 6.53 0.21 7.65 0.12 6.97 0.2 7.58 0.13

kde je sy = smérodatna odchylka (vypoctena z vysledkl ¢tyf méfeni)

where sy is standard deviation (calculated from the results of four measurements)

nulich. Navazka byla zvolena 2,5 g. S ohledem na povahu matrice,
tj. nizky obsah vody a vy38Si obsah tékavych organickych latek, byly
zvoleny mirné podminky suseni zabezpecujici dokonalé odsuseni
vzorku beze ztrat chmelovych silic.

Vysledky optimalizace jsou uvedeny v tab. 1.

Obdrzené vysledky u chmele i granuli byly podrobeny statistickému
vyhodnoceni (StudentQv péarovy t-test, znaménkovy test) a ziskané
vysledky byly nasledujici.

V pfipadé chmele byly docileny nejlepsi vysledky pfi susici teploté
115 °C, kdy nebyla vyvracena nulova hypotéza na hladiné pravdé-
podobnosti 95 % (o = 0,05). Obdobné vysledky byly docileny pfi tep-
loté suseni 105 °C (sus. krit. 5) a 110 °C (sus. krit. 3). V tomto pfi-
padé se vsak prodlouzil ¢as suseni na pfiblizné dvojnasobek plavodni
hodnoty. Su8eni pfi 105 °C a susicim kritériu 3 poskytovalo nizsi vy-
sledky, coz Ize vysvétlit nedostatecné vysokou teplotou suseni. Pfi
teploté vys$Si nez 120 °C byly jiz pozorovany vyznamné barevné

U granuli byly docileny nejlepsi vysledky pfi susici teploté 105 °C
a 110 °C (sus. krit. 3), kdy nebyla v obou pfipadech vyvracena nu-
lova hypotéza na hladiné pravdépodobnosti 95 % (a = 0,05). Naproti
tomu byly pozorovany statisticky vyznamné rozdily u zbyvajicich va-
riant, které Ize vysvétlit zvySenym tékanim silic obsazenych v obo-
hacené matrici, zpisobené bud del$i dobou suseni, nebo zvySenou
teplotou suseni.

3.2 Moisture determination in whole hops and hop products by
thermogravimetric method

With respect to a significant non-homogeneity of the samples, all ex-
periments were carried out on ground samples of hops and hop pel-
lets. A charge of 2.5 g was used. With regard to the matrix charac-
ter, i.e. a low water content and a higher content of volatile organic
compounds, moderate conditions of drying were used ensuring full
drying of samples without any loss of hop essential oils.

The results of optimisation are given in Table 1.

The results obtained for whole hops and hop pellets were statisti-
cally evaluated Student’s t-test, sign test) and the obtained results
are given below.

For whole hops, the best results were obtained at a drying tem-
perature of 115 °C, when the null hypothesis was not disproved at
the probability level of 95 % (o = 0,05). Similar results were obtained
at a drying temperature of 105 °C (criterion of drying 5) and 110 °C
(criterion of drying 3). But in this case, the time of drying was longer
and approximately doubled than the original value. Drying at 105 °C
with the criterion of drying 3 gave lower results, which can be expla-
ined by an insufficiently high drying temperature. At a temperature
higher than 120 °C, significant colour changes of dried hops and inc-
reased volatilisation of essential oils were observed.

For hop pellets, the best results were obtained at 105 °C and 110 °C
(criterion of drying 3), when the null hypothesis was not disproved in
both cases at the probability level of 95 % (o = 0,05). On the other
hand, statistically significant differences for remaining variants were
observed, these can be explained by increased volatilisation of the
essential oils contained in the enriched matrix, caused either by a lon-
ger drying time or by increased drying temperature.
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4 ZAVER

Pfistroj HR 83 firmy Mettler Toledo pracujici na principu halogeno-
vého ohfevu splfiuje predpoklady pro Uspésné nasazeni v oblasti
chmelarské a pivovarské analytiky.

Obsluha pfistroje je snadna a pfistroj nevyzaduje zadnou specidlni
udrzbu.

Vysledky dosaZené pfi porovnani stanovenych hodnot vlhkosti
v hldvkovém i granulovaném chmelu metodou uzanéni i nové navr-
Zenou naznacuji, ze by termogravimetrickd metoda mohla nahradit
i dosud pouzivané oficialni metody EBC, MEBAK resp. IOB.

Kromé vySe zminénych pfednosti snizuje pouziti pfistroje HR 83
potfebu vybavovat laboratof rozmérnou a energeticky naroé¢nou skfi-
flovou susarnou, coz muze vést k prostorovym i finanénim tsporam.
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4 CONCLUSION

The HR 83 moisture meter of the company Mettler Toledo working
on the principles of halogen warm-up fulfils the expectations for a su-
ccessful application in the field of hops and brewing analytics. The
operation of the device is easy and the device does not require any
special maintenance.

The results obtained during the comparison of the determined mo-
isture values in whole hops as well as in hop pellets by the usual met-
hod as well as by the newly proposed one indicate that the thermo-
gravimetric method could replace even the currently used official
EBC, MEBAK or IOB methods.

In addition to the above-mentioned advantages, the use of the HR
83 moisture meter reduces the needs to equip laboratories by a spa-
cious and energy-intensive box dryer, which can lead to space and
cost savings.
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Pivovarsko-sladarké skolstvi v CR a SR

Problematika odborného vzdélavani se v nasem casopise objevuje pomérné zridka, a pritom jeho kvalita a do-
stupnost ma pfimy dopad na uroveri celého oboru. Rozhodli jsme se proto splatit uréity dluh a pfinést informace
o0 Skoldch strednich i vysokych, které pripravuji nové generace pivovarskych a sladarskych odbornikd. O tom, Ze
tyto Skoly pini svou ulohu dobre, svédci i to, Ze fada absolvent( nachazi uplatnéni nejen doma, ale i v zahranici.

To, Ze tyto informace najdete pravé v prazdninovém dvojcisle, vyvolava dojem kouzla nechténého, nicméné
pravé v tuto dobu jiz tradicne zverejriujeme prehledy diplomovych praci na obou nejvyznamnéjsich Skoldch, které

se v Cesku a na Slovensku oborové vyuce vénuji.



