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1 UvoD

Stale se zvysujici naroky na rychlost a kvalitu vstupni, procesni i vy-
stupni kontroly s sebou pfinesly i zménu pozadavku kladenych na me-
todu stanoveni vihkosti. Kromé zvySenych pozadavkd na spravnost
vysledkl i automaticky zpUsob jejich archivace je zde patrna zejména
snaha o snizeni pracnosti a maximalni zkraceni ¢asu analyzy, coz Ize
docilit zvySenim stupné automatizace. Za metodu, ktera by vyse zmi-
néné pozadavky mohla splnit, Ize povazovat metodu termogravime-
trickou. Smyslem této prace, jak je to prezentovano v prvni ¢asti to-
hoto sdéleni, bylo ovéfit moznost jejiho nasazeni pfi stanoveni vihkosti
v sladafskych a pivovarskych surovinach, tj. v je€meni, zeleném a fi-
nalnim sladu.

2 FYZIKALNI ZAKLADY SUSENI A POUZIVANE METODY

Porézni latky, kam Ize zaradit vétSinu pfirodnich materialu, pfijimaji
vodu nejen celym svym povrchem, ale i vnitfnim kapilarnim systé-
mem. UrCity podil vody je sorpéné vazan na povrchu suSené matrice

Keywords: moisture determination, thermogravimetric method, bar-
ley, malt

1 INTRODUCTION

The constantly increasing demands on the speed and quality of raw
material, process and finished product quality checks have brought
with them a change in the requirements placed on the moisture de-
termination method. Aside from higher demands on the result accu-
racy and automatic archiving, especially the attempt to decrease the
labour and time per analysis is apparent. The latter could be achieved
by increasing the degree of automation. The thermogravimetric met-
hod could be considered to fulfil all of the aforementioned require-
ments. The purpose of this investigation, as is presented in the first
part of this statement, was to verify the possibility of implementing this
method to determine moisture in malting and brewing raw materials;
i.e. in barley, green and finished malt.

2 PHYSICAL FUNDAMENTALS OF DRYING AND THE METHOD
USED
Porous substances — that includes most natural materials — accept
water not only by the entire surface by also by the interior capillary sys-
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(povrchova vrstva vody) a suSenim se snadno odstrafiuje, nebot ma
totozny parciélni tlak vodni pary jako Cista voda v tomto prostfedi. Tento
podil je béZné nazyvan nevazana vihkost.

Naproti tomu ve vnitfnim systému matrice se nachazi urcity podil
vody, ktery je zde kromé kapilarnich sil vazan i chemickou a fyzikalni
adsorpci [1]. Tento podil je nazyvan vihkosti vazanou. Jeji parcialni
tlak vodni pary je proto nizsi nez parcialni tlak Cisté vody. Obsah této
vlhkosti Ize snizit pouze po jeji difuzi smérem k povrchu latky. Toho
mizeme docilit napfiklad snizenim parcialniho tlaku vodni pary vzdu-
chu prostfedi nebo snizenim jeho relativni vihkosti. VIhkost susené ma-
trice odpovidajici bodu, kdy je pfitomna pouze vihkost vazana, je ¢asto
nazyvana vlhkost kriticka. V literatufe se téz setkdvame s terminem
vihkost volna, coz je vlhkost tvofena vlhkosti nevazanou a ¢astec-
nym pfispévkem vihkosti vazané.

Z vy$e uvedeného je zfejmé, Ze pfi volbé vhodné metody stanoveni
vlhkosti respektive vhodného susiciho postupu je nutné respektovat
charakter matrice, tj. jeji texturu i chemické sloZeni. Zejména je nutné
zabranit béhem suseni moznym zménam chemického slozeni matrice
(vytékani silic, tepelny rozklad termolabilnich latek) a dale zménam
jeji textury, nebot tyto by mohly negativné ovlivnit transport vody ka-
pilarnim systémem k povrchu suSeného materialu (tvorba krusty).

2.1 Metody stanoveni vihkosti

Bézné uzivané metody gravimetrického stanoveni vihkosti v pivo-
varské analytice |ze povazovat za metody uzanéni. LiSi se druhem su-
Sené matrice.

2.1.1 Klasické vazkové stanoveni vlhkosti jecmene a sladu

V pfipadé je€mene a sladu se od sebe tudiz li§i jak postupy Upravy
vzorku, tak i pozadované teploty suseni, nebot je zde potfebné re-
spektovat zejména vliv rozlusténi na texturu i chemické slozeni ma-
trice.

Metody EBC 3.2 [2] , MEBAK 2.5.1.1.[3] i IOB 1.2 [4] pro stanoveni
vlhkosti v je€meni jsou prakticky totozné. 20 g vzorku je rozemleto na
DLFU mlynku sefizeném na velikost ¢astic 0,2 mm. Do misky nava-
zime 5 g homogenizovaného vzorku a suSime v pfedehfaté susarné
v oteviené susici misce po dobu 2 hodin. Teplota suseni je pfedepsana
v rozmezi 130 az 133 °C (dle MEBAK 132 + 2 °C). Po uplynuti pfe-
depsané doby misky vyjmeme ze susarny, uzavieme vicky a pone-
chame vychladnout v exsikatoru. Obsah vody ve vzorku stanovime
vazkoveé na zakladé zjisténé vahové diference pred a po suseni a vy-
jadfime v procentech.

Opakovatelnost (rgs) zde €ini pro obsah vody ve vzorku 11 az 13 %
hodnotu 0,14, reprodukovatelnost (Rgs) je zde 0,75. Pro vy$si obsah
vody 21,7 % byly stanoveny ponékud vy88i hodnoty, a to 0,27 resp.
2,6.

V pfipadé hotového sladu je postup obdobny. Metody EBC 4.2, ME-
BAK 4.1.4.1 i IOB 2.2 zde predepisuji totozny postup. Z 20 g roze-
mletého vzorku na mlynku DLFU navazime 5 g do susici misky a su-
Sime pfi 105 az 106 °C po dobu 3 h + 5 min. Po vychladnuti v exsikatoru
misku zvazime a obsah vody vypocteme obdobné jako v pfipadé jec¢-
mene.

Opakovatelnost (rgs) zde €ini pro obsah vody ve vzorku 3,8 — 7,3 %
hodnotu 0,13, reprodukovatelnost (Rgs) je zde 0,60.

V sladovnické praxi se vSak setkavame jesté s nutnosti stanovit ob-
sah vody v mac¢eném je€meni a v zeleném sladu.

MnozZstvi vody v maceném je€meni béhem maceni a jeji obsah na
konci maceni (stupen domoceni je€mene) je v bézné praxi stanoven
vazkové (metoda 3.2.1) [5]. Je€men je naméacen ve specialni nadobce
spolu s provoznim jeémenem v naduvniku. BEhem namacky a po je-
jim ukonéeni je je¢men zvazen a stanoven pfirlstek vody. K vypoctu
stupné domoceni slouzi prislusna tabulka, kde Ize nalézt na zakladé
znalosti obsahu vody v plivodnim jeémeni a pfirdstku hmotnosti od-
povidajici stuperi domoceni.

Pfi sladovani je vSak také nutné sledovat obsah vody i v zeleném
sladu v rliznych stadiich kli¢eni, a ziskat tak informace nutné k sprav-
nému vedeni zeleného sladu (nutnost dokrapéni kli¢ici hromady).
V tomto pfipadé je postup, s ohledem na nehomogennost vzorku, po-
mérné pracny a zdlouhavy (metoda 3.2.2) [5]. Odvazeny slad (100 g)
musi byt nejdfive pfedsu$en v susarné v draténém kosicku pfi 60 °C po
dobu pfiblizné 12 hodin na obsah vody niz$i nez 10 %. Po vychlad-
nuti slad pomeleme a 10 g navazime do susici misky. Otevienou misku
susime pfi 105 °C po dobu 3 hodin. Po uzavfeni a vychladnuti v exsi-
katoru misku zvazime a vypoéteme obsah vody v zeleném sladu.

S ohledem na znacnou pracnost a ¢asovou naro¢nost byla navr-
zena rychlometoda 3.2.2.2 [5], kdy jsou cela zrna sladu suSena pfi
175 °C po dobu 40 minut a z hmotnostniho Ubytku je nasledné vypo-
¢ten obsah vody.

tem. A certain portion of the water is bound by sorption on the surface
of the dried matrix (the surface layer of water) and is removed easily
by drying, because it has the same vapour pressure like clean water
in that environment. This portion is usually called unbound moisture.

On the other hand, there is a certain portion of water in the interior
system of the matrix, which is bound there not only by capillary for-
ces but also by chemical and physical adsorption [1]. This portion is
called bound moisture. Its vapour pressure is thus lower than the
partial pressure of clean water. The content of this moisture can be
lowered only after its diffusion towards the surface of the substance.
That can be achieved by, for example, lowering the vapour pressure
of the surrounding air or by lowering its relative humidity. Moisture of
the dried matrix corresponding with the point when only bound mois-
ture is present is often called critical moisture. In the literature, the
term free moisture also appears; it is the moisture formed by un-
bound moisture with a partial addition of bound moisture.

From the above-mentioned, it is clear that when selecting a suitable
method of determining moisture or a suitable drying method, it is ne-
cessary to respect the character of the matrix, i.e. its texture and che-
mical composition. It is especially necessary during the drying to pre-
vent possible changes of the chemical composition of the matrix (oil
volatilization, thermal decay of thermolabile substances) and changes
in its texture as well. These changes could negatively impact the tran-
sport of water through the capillary system to the surface of the dried
material (crust formation).

2.1 Methods of determining moisture

The commonly used methods of gravimetric determination of moi-
sture in brewing analytics can be considered conventional methods.
They vary in the type of dried matrix.

2.1.1 Traditional gravimetric determination of moisture in barley
and malt

In the case of barley and malt, the procedure of modifying the sam-
ple and the required drying temperatures differ, as it is necessary to
respect especially the influence of modification on the texture and che-
mical composition of the matrix.

The methods of EBC 3.2 [2], MEBAK 2.5.1.1. [3] and IOB 1.2 [4]
for the determination of moisture in barley are practically identical.
20 g of the sample are ground on a DLFU mill set for the particle size
of 0,2 mm. We weigh 5 g of homogenized sample into a bowl and dry
it in a preheated oven in an open drying bowl for duration of 2 hours.
The drying temperature is specified to the range of 130 to
133 °C (according to MEBAK 132 £ 2 °C). After the elapse of the in-
dicated duration, we remove the bowls from the oven, enclose them
with a lid and leave to cool down in a desiccator. We determine the
water content in the sample gravimetrically based on the weight dif-
ference before and after drying and represent it as a percent.

Repeatability (rgs) for a sample with 11 to 13% water content is 0,14,
reproducibility (Rgs) here is 0,75. For higher water contents of 21,7%,
higher values, 0,27 and 2,6 respectively, were determined.

The procedure is similar for finished malt. Methods EBC 4.3, ME-
BAK 4.1.4.1 and IOB 2.2 describe an identical procedure. From
a 20 g sample ground on a DLFU mill, we weigh 5 g into a drying bowl
and dry at 105 to 106 °C for 3 h £ 5 min. After cooling in a desicca-
tor, we take the bowl’s weight and calculate the water content as with
barley.

Repeatability (rgs) for a sample with 3,8—7,3 % water content is 0,13,
reproducibility (Res) here is 0,60.

However, in malting practice, we encounter the necessity to deter-
mine water content in steeped barley and green malt.

The amount of water in steeped barley during steeping and its con-
tent at the end of steeping is ordinarily determined gravimetrically (met-
hod 3.2.1) [5]. The barley sample is steeped in a special sampler in
a steeping tank along with barley used for production. The barley is
weighed during and after the steeping and the increase in water con-
tent is determined. Based on the water content in the original barley
and the increase in weight a particular table can be used to calculate
the degree of steeping.

Again, it is also important in malting to monitor the water content in
green malt at various stages of germination and thus gain information
necessary for the proper sprouting control of malt (need for additional
sprinkling of the germinating heap). In this case, the procedure is qu-
ite labour-intensive and time consuming, given the inhomogeneity of
the sample (method 3.2.2) [5]. Measured malt (100 g) must be first
pre-dried in a wire basket in an oven at 60 °C for approximately 12
hours to reach water content lower than 10%. Once cooled, we grind
the malt and weigh 10 g into a drying bowl. We dry the open bowl at
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Kromé vySe zminénych metod existuji vSak jesté nékteré dalsi, spe-
cialni metody, které zatim nenasly SirSi uplatnéni v pivovarské a sla-
darské praxi. Patfi sem napfiklad metody zaloZzené na reflektanéni
a transmisni spektroskopii v blizké infraCervené oblasti (metody ME-
BAK 2.5.1.2.1 a 2.5.1.2.3) [3] a dale suSeni pod infradervenym svét-
lem (MEBAK 2.5.1.2.1) [3] a v této praci jiz zminéna termogravime-
tricka metoda s halogenovym ohfevem.

2.1.2 Princip termogravimetrické metody stanoveni vlhkosti
Zakladnim principem termogravimetrického stanoveni vihkosti
vzorku je sledovani vahového ubytku vihkosti v zavislosti na ¢ase pfi
pfesné definovanych podminkach suseni. K tomuto Ucelu jsou pouzi-
vany analyzatory vihkosti, jejichz hlavni sou€asti je vaha a mikropro-
cesorem Fizeny ohfev pomoci halogenové vybojky. Nami pouzity ana-
lyzator vihkosti HR 83 firmy Mettler Toledo (obr. 1) je vybaven
elektronickou vahou umoznujici navazku vzorku v rozmezi 0,1 g az 71
g s moznosti odectu s pfesnosti na 0,001 g. Tepelny zdroj je tvofen ha-
logenovou vybojkou, zaru€ujici dokonalou regulaci a distribuci tepel-
ného 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 pre-
dem nastavenych jednotkach, interpretaci vysledk( ve vazbé na dob-
rou laboratorni a vyrobni praxi (GLP resp. GMP). Tisk parametr(i a do-
sazenych vysledku je mozny bud pomoci vlastni zabudované tiskarny,
nebo je Ize exportovat po pfipojeni analyzatoru pres externi rozhrani
napfiklad do pocitace. Oproti klasickému suseni pracuje analyzator vih-
kosti s rdznymi teplotnimi programy, a to od klasického (skokového),
kdy dojde k okamzitému dosazeni pozadované teploty suseni, pfes po-
zvolny az po stupriovy narlst teplot. Kromé toho pfistroj umozriuje volbu
kritéria vypnuti (susiciho kritéria), a to bud v zavislosti na Ubytku hmot-
nosti za jednotku ¢asu (5 stupfid nastaveni), na ¢asu méreni a dale
manualniho a volného kritéria vypnuti, zakladajiciho se na principu
stfedni hodnoty ubytku hmotnosti za jednotku ¢asu. VySe zminénych
schopnosti pfistroje jsme vyuzili pfi navrhu a validaci metod pro sta-
noveni obsahu vihkosti je€mene, zeleného
a findlniho sladu.

3 VYSLEDKY A DISKUSE

S ohledem na rozdilny charakter textury
matrice, kterad se v pfipadé vyroby sladu
z jeCmene v prabéhu technologického
procesu zna¢né meni, jsme provedli opti-
malizaci susiciho procesu pro jednotlivé
technologické stupné oddélené. Kon-
krétné se jednalo o stanoveni vlhkosti
v je€meni, dale v maceném jeCmeni, v ze-
leném nakli¢eném sladu a kone¢né ve
sladu finalnim. V kazdém pfipadé bylo
nutné nalézt vhodnou navazku vzorku,
prabéh a teplotu suseni a susici kritérium
(nastaveni pfistroje, kdy dojde v zavislosti
na Ubytku hmotnosti vdaném ¢asovémin-
tervalu k automatickému vypnuti pfistroje
a odectu konecné susiny vzorku).

Zde je nutné si uvédomit, Ze se vzdy
jedna o kompromisni feSeni, nebot napfi-
klad vétsi navazka vzorku sice znamend zvySeni pfesnosti méfeni, ale
souéasné s sebou pfinasi prodlouzeni ¢asu analyzy. Volba pfili§ pfis-
ného susiciho kritéria miZe sice pfinést zpfesnéni vysledk, na druhé
strané vSak mGze prodlouzit neimérné dobu analyzy.

Tam, kde existovala rozhod¢i metoda stanoveni vihkosti (EBC, ME-
BAK apod.), jsme provedli porovnani docilenych vysledkl s touto roz-
hodé&i metodou.

Toledo

3.1 Stanoveni vlhkosti v jeémeni

S ohledem na morfologii zrna je zfejmé, Ze nelze cela zrna jeCmene
z hlediska dokonalého priibéhu suseni povazovat za vhodnou matrici.
Proto byly vSechny vzorky jeémene pred vlastnim stanovenim vlhkosti
pomlety totoznym zpusobem, jakym je postupovano v pfipadé refe-
ren¢ni metody EBC resp. MEBAK.

3.1.1 Optimalizace susicich podminek (mlety jeémen)

Navazka mletého vzorku je€mene byla zvolena tak, aby byla do-
state¢né reprezentativni a aby sou¢asné nedochazelo k neuimérnému
prodluzovani doby suseni.

Vysledky jsou uvedeny v tab. 1.

Obr. 1/ Fig. 1 Analyzator vihkosti HR 83 firmy Mett-
ler Toledo / Moisture analyser HR 83 by Mettler

105 °C for three hours. After enclosing and cooling in the desiccator,
we weigh the bowl and calculate the water content in the green malt.

Due to the considerable labour and time consumption, a high-speed
method was suggested 3.2.2.2 [5]. Whole kernels of malt are dried at
175 °C for 40 minutes and the water content is then calculated from
the weight decrease.

In addition to the aforementioned methods, there exist other spe-
cial methods, which have not yet been utilized in brewing and malting
practice. These include methods based on near-infrared reflectance
and transmission spectroscopy (methods MEBAK 2.5.1.2.1 and
2.5.1.2.3) [3], drying under infrared light (MEBAK 2.5.1.2.1) [3] and
the mentioned thermogravimetric method with halogen heating.

2.1.2 The concept of thermogravimetric method of determining
moisture

The basic concept of thermogravimetric determination of moisture
in a sample is monitoring the moisture weight decrease in relation to
time under precisely defined drying conditions. Moisture analysers,
whose main component is a scale and a heating halogen lamp con-
trolled by a microprocessor, are used for this purpose. The moisture
analyser that we used — HR 83 by Mettler Toledo (Fig. 1) — is equip-
ped with an electronic balance, which allows sample weighing in the
range of 0,1 g to 71 g with the readability of 0,001 g. The source of
heat is a halogen lamp, which guarantees perfect regulation and di-
stribution of the heat flow. The temperature is selectable in the range
of 50 to 200 °C. Aside from a substantial shortening of the analysis
duration and minimal manipulation with the sample, the analyser of-
fers the possibility of automatic moisture calculation in preset units,
interpretation of results in accordance with Good Laboratory Practice
and Good Manufacturing Practice. Print out of the parameters and the
attained results can either be done with the built-in printer or it can be
exported by a connection through an external interface to, for instance,
a computer. As opposed to standard drying, the moisture analyser
works with various drying programs: from the standard (leap), when
the desired drying temperature is reached
immediately, through a gradual one to
multi-step temperature growth. Moreover,
the instrument allows for selecting a switch-
off criterion (drying criterion), either in re-
lation to the mass decrease per unit time
(5 setting levels), to time of measuring and
further manual and free switch-off criteria,
based on the concept of the median of the
mass decrease per unit time. We used the
instrument’s features mentioned above
when designing and validating the met-
hods for the determination of moisture in
barley and green and finished malt.

3 RESULTS AND DISCUSSION

Due to the different character of the mat-
rix texture, which substantially changes
over the course of the technological pro-
cess when producing malt from barley, we
performed optimization of the drying pro-
cess for each technological stage separa-
tely. Specifically, it was moisture determination in barley, steeped bar-
ley, green maltand finally in finished malt. In each case, it was necessary
to find the suitable sample size, the process and temperature of dry-
ing and the drying criterion (the instrument setting, when depending
on the mass decrease in a given time interval the instrument switches
off and reads the final dry-matter of the sample).

It is important to be aware that it is always a compromise solution,
since, for instance, a greater sample size means higher precision but
also lengthened analysis duration. Although selecting a strict drying
criterion can bring more precise results, it can prolong the analysis
duration excessively.

Wherever a reference method of moisture determination (EBC, ME-
BAK, etc.) existed, we performed a comparison of the attained results
with the reference method.

3.1 Moisture determination in barley

Due to the morphology of the grain, it is clear that whole barley gra-
ins cannot be considered a suitable matrix for perfect drying. For that
reason, prior to the moisture determination, all the barley samples were
ground in the same way as in the reference method of EBC and ME-
BAK.
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Tab. 1 Vliv zvolené navazky na pfesnost méfeni / Influence of sample
weight chosen on measurement precision

Navazka (g) / Sample weight (g)
5] 3 5 10
Teplota (°C) / 105 110 110 110
Temperature (°C)
Metoda / Method
Vysledek €. /
Result no. EBC/MEBAK | klas./stan./3 |klas./stan./3 [klas./stan./3
1 13,05 13,1 13,38 13,39
2 13,1 13,36 13,36 13,37
3 13,5 13,38 13,35
4 13,4 13,59 13,52
5 13,6 13,5 13,36
6 13,38 13,53 13,34
Pramér/Average 13,08 13,39 13,46 13,39
Sy 0,04 0,17 0,10 0,07

kde je s, = smérodatna odchylka / where s, = standard deviation
klas./3 = klasicky zpUsob suseni pfi pouziti susiciho kritéria €. 3/ stan./3
= standard drying method using drying criterion no. 3

Je zfejmé, Ze zvySeni navazky sice zpUsobilo zpfesnéni vysledku,
avSak soucasné doslo k narlstu doby suseni z 5 na 15 minut. Proto
jsme v dalSich krocich pracovali s navazkou 5 g mletého vzorku. Prd-
béh suseni byl klasicky, kritérium vypnuti bylo s ohledem na typ ma-
trice a doporuceni vyrobce nastaveno na hodnotu 3, coz by meéla byt
kompromisni hodnota zajistujici dostate¢nou presnost mérfeni pfi
Uumérné dobé susiciho procesu.

V tab. 2 jsou uvedeny vysledky optimalizace susSiciho procesu. Byl
sledovan vliv zvolené susici teploty na dosazeny vysledek.

Vys$Si teplota suseni sice znamenala zkraceni susici doby z pfiblizné
z 11,5 na 9 minut, avSak lepsi shody bylo docileno pfi teplotach 110
resp. 115 °C. Proto bylo pfi vzajemném porovnani termogravimetrické
metody s metodou EBC/MEBAK pracovano s témito teplotami.

3.1.2 Vzdjemné porovnani metody EBC/MEBAK
a termogravimetrické metody (mlety jecmen)
Porovnani metod bylo provedeno na komer¢nich vzorcich je€émene
za optimalizovanych podminek.
Vysledky ziskané ze ¢tyf méreni

Tab. 2 Vliv teploty suSeni na dosazeny vysledek (mlety jeémen) / In-
fluence of drying temperature on the attained result (ground barley)

Navazka (g) / Sample weight (g)
5
Teplota (°C) / 132 105 110 115 130
Temperature (°C)
Metoda / Method
Vysledek €./
Result no. EBC/MEBAK |klas./stan./3| klas./stan./3 | klas./stan./3 | klas./stan./3
1 13,59 13,09 13,38 13,35 13,64
2 13,43 13,12 13,36 13,44 13,71
3 13,48 13,28 13,38 13,42 13,54
4 13,44 13,05 13,59 13,70 13,70
5 13,46 13,13 13,50 13,50 13,72
6 13,57 13,01 13,53 13,69 13,65
Primér/Average | 13,50 13,11 13,46 13,52 13,66
Sy 0,07 0,09 0,10 0,15 0,07

3.1.1 Optimization of drying conditions (ground barley)

The sample size of the barley grist was chosen so that it would be
sufficiently representative and yet the drying duration would not be
prolonged excessively.

It is clear that increasing the sample weight brought more precise
measurements; however, the drying duration grew from 5 to 15 mi-
nutes. Thus, we worked with the weight of 5 g of the ground sample
in the next steps. The drying process was standard, the switch-off cri-
terion was — due to the matrix type and manufacturer's recommen-
dation — set to 3, which should be the compromise value guarantee-
ing sufficient precision and an adequate drying duration.

Tab. 2 lists the results from the optimization of the drying process.
The influence of the drying temperature on the attained result was ob-
served.

A higher drying temperature meant shortening the drying duration
approximately from 11,5 to 9 minutes, but a better conformity was re-
ached with temperatures 110 and 115 °C, respectively. Thus, these
temperatures were used when comparing the thermogravimetric met-
hod to the EBC/MEBAK method.

3.1.2 Comparison of the
EBC/MEBAK method to

u kazdého vzorku jsou uvedeny
v tab. 3.

Obdrzené vysledky byly podro-
beny statistickému vyhodnoceni
(Studentlv parovy t-test) s nasle-
dujicim vysledkem. U obou vari-
ant termogravimetrické metody
nebyl zjistén na hladiné pravde-
podobnosti 95 % (o = 0,05) vy-
znamny statisticky rozdil od me-
tody referenéni (EBC/MEBAK).
V pripadé suseni pfi 110 °C ¢inila
typ 0,6624, pfi 115 °C byla rovna
0,9025. V obou pfipadech tedy
byla t,,, niz8i nez pfislusna ty.,
ktera zde ¢inila 2,086.

3.1.3 Optimalizace susicich
podminek (nemlety je¢men)
Pfi pfejimce je€émene na sla-
dovné je ¢asto rozhodujicim fak-
torem rychlost analyzy, a proto
jsme se jesté pokusili o vypraco-
vani termogravimetrické rychlo-
metody pro stanoveni vihkosti
pfimo v nemletém je€meni. Zkou-
man byl vliv navazky, teploty su-
Seni a v nékterych pfipadechivliv
zmeény prabéhu suseni na doci-
lené vysledky a ¢as analyzy.
Kromé klasického prabéhu su-
Seni, kdy je susici teplota docilena

Tab. 3 Vzajemné porovnani metody EBC/MEBAK a metody termo-
gravimetrické (mlety je¢men) / Comparison of the EBC/MEBAK met-

hod to the thermogravimetric method (ground barley)

Metoda / Method
EBC/MEBAK  (Termogravimetricka / Thermogravimetric
Teplota (°C) / 132 110 115
Temperature (°C)
Vzorek €./ %vihkosti/| s, | %vlhkosti/ | s, | % vihkosti/| s,
Sample no. % moisture % moisture % moisture
1 12,45 0,05 12,41 0,06 12,43 0,07
2 12,61 0,04 12,72 0,1 12,68 0,09
3 12,54 0,03 12,63 0,15 12,7 0,04
4 12,72 0,09 12,72 0,05 12,8 0,08
5 12,02 0,07 11,88 0,03 11,97 0,04
6 12,33 0,06 12,08 0,06 12,08 0,06
7 11,97 0,08 11,78 0,04 11,53 0,09
8 11,52 0,16 11,24 0,02 11,31 0,05
9 11,76 0,1 11,69 0,05 11,86 0,15
10 12,32 0,08 12,15 0,08 12,39 0,04
11 12,59 0,09 12,79 0,06 12,79 0,06
12 12,31 0,04 12,14 0,17 12,38 0,06
13 12,42 0,11 12,33 0,01 12,33 0,08
14 12,17 0,02 12,21 0,04 12,43 0,05
15 12,03 0,07 12,39 0,06 12,33 0,09
16 11,81 0,13 11,69 0,03 11,76 0,12
17 11,8 0,03 11,7 0,03 11,86 0,09
18 11,89 0,06 12,16 0,12 12,16 0,04
19 12,15 0,05 12,3 0,05 12,51 0,04
20 11,67 0,02 11,66 0,04 11,68 0,04
21 11,97 0,08 11,62 0,13 11,69 0,08

the thermogravimetric
method (ground barley)

The method comparison was
performed on commercial sam-
ples under optimized conditions.
The results attained from four me-
asurements of each sample are
listed in tab. 3.

The obtained results were sta-
tistically evaluated (paired Stu-
dent’s t-test) with the following re-
sults. For both of the variations of
the thermogravimetric method, no
significant statistical difference
was found with the significance le-
vel of 95% (o = 0,05) in compari-
son with the reference method
(EBC/MEBAK). In the case of dry-
ing at 110 °C, the value of t was
0,6624, at 115 °C it was 0,9025.
Therefore, in both cases the va-
lue of t was lower than the cor-
responding critical t value, which
was 2,086.

3.1.3 Optimization of drying
conditions (whole barley ker-
nels)

When inspecting delivered
malting barley, the quickness of
the analysis is often the deciding
factor and so we attempted to de-
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Tab. 4 Vliv teploty a pribéhu suseni na dosazeny vysledek (nemlety jeémen) / Influence of the drying temperature and process on the atta-

ined result (whole barley kernels)

Metoda / Method EBC/MEBAK Termogravimetricka / Thermogravimetric
Cas analyzy / Analysis duration (min) 120 34 54 | 49 34 52 | 46 48 33
Teplota (°C) navazka
Temperature (°C) weight 132(5¢g) | 110 (59) 115 (10 g) 130 (5 g) 130 (10 g) 150 (10 g) [175 (10 @)
Prabéh suseni/sus. krit. klas./3 klas./3 klas./3 klas./3 klas./3 klas./3 klas./3 klas./3
Drying process/dry. crit. stan./3 stan./3 stan./3 stan./3 | stan./3 stan./3 | stan./3 stan./3
Méreni €./ Measurement no.
1 13,59 8,13 10,28 9,88 10,02 11,56 11,39 13,27 15,15
2 13,43 8,26 10,12 10,21 9,95 11,43 11,7 13,11 15,25
3 13,48 8,04 10,19 10,04 9,38 11,51 11,5 13,07 15,08
Prameér (% vihkosti) /
Average (% moisture) 13,50 8,14 10,20 10,04 9,78 11,50 11,53 13,15 15,16
Sy 0,08 0,11 0,08 0,17 0,35 0,07 0,16 0,11 0,09

v intervalu cca 40 s, byl zvolen i pribéh zrychleného suseni, kdy do-
jde v prvych minutach ke skokovému narlstu teploty na hodnotu
0 40 % vys$Si, nez je hodnota nastavena. Po uplynuti 3 min dojde k po-
klesu teploty na nastavenou hodnotu. Tento zpusob suseni je nékdy
vyuzivan u matric s vy$8im obsahem volné vihkosti. Ziskané vysledky
jsou uvedeny v tab. 4.
Z prezentovanych vysledku Ize vyvodit nékolik zavér(:
a) vy$8i navazka podstatné zlepsila spravnost vysledki,
b) zrychlené suseni s sebou sice pfineslo nepatrné zrychleni analyzy,
ovS8em na ukor jeji pfesnosti,
¢) susici teplota nad 150 °C jiz vyvolavala vyrazné barevné zmény
zrna a pfi teploté 175 °C jiz dochazelo ke zménam ve slozeni su-
Sené metrice.

Tab. 5 Vliv teploty a pribéhu suSeni na dosazeny vysledek (nemlety
je€men, 1. namacka) / Influence of drying temperature and process
on the attained result (whole barley kernels, first steeping)

velop a thermogravimetric high-speed method for determining mois-
ture directly in whole barley. The influence of the sample weight, the
drying temperature and, in some cases, also the influence of chan-
ging the drying process on the attained results and the analysis du-
ration were observed. Aside from the standard drying process, in
which the drying temperature is reached in the interval of approx. 40
seconds, the accelerated drying process was also selected. In that
process, the temperature leaps to 40% higher than the set value in
the first minutes. After 3 minutes, the temperature decreases to the
set value. This drying process is sometimes used for matrices with
a higher content of free moisture. The attained results are listed in
fab. 4.
A few conclusions can be made from the presented results:

Tab. 6 Vliv teploty a pribéhu suSeni na dosazeny vysledek (nemlety
je€men, 2. namacka) / Influence of drying temperature and process
on the attained result (whole barley kernels, second steeping)

Metoda / EBC/MEBAK Termogravimetricka / Metoda / EBC/MEBAK Termogravimetricka /
Method Thermogravimetric Method Thermogravimetric
Cas analyzy / 34 54 34 52 Cas analyzy / 58 54 38 110
Analysis duration (min) Analysis duration (min)
Teplota (°C) (navazka)/ | 60/105°C (115 (10g)|130 (10 g)|150 (10 g) |115 (10 g) Teplota (°C) (navazka)/ | 60/105°C [115(10g)|130 (10 g)|150 (10 g) 115 (10 g)
Temperature (°C) (weight) Temperature (°C) (weight)
Pribéh suseni/sus. krit. klas./3 | klas/3 | klas./3 | klas./5 Pribéh suseni/sus. krit. / klas./3 | klas./3 | klas./3 | klas./5
Drying process/dry. crit. stan./3 | stan./3 | stan./3 | stan./5 Drying process/dry. crit. stan./3 | stan./3 | stan./3 | stan./5
Méreni €./ Méreni €./
Measurement no. Measurement no.
1 352 32,89 33,69 | 34,36 33,56 1 411 41,1 M7 | 42,16 41,56
2 35,2 33,05 335 34,44 34,25 2 413 40,47 421 | 4276 41,59
8 35,22 33,99 33,55 | 34,39 34,2 3 41,2 40,85 4157 | 42,82 41,65
Primér (%) / Average 35,21 33,31 33,58 | 34,40 34,00 Primér (%) / Average 41,20 40,81 4150 | 42,58 41,60
S 0,01 0,59 0,10 0,04 0,38 S 0,10 0,32 0,26 0,36 0,05
Metoda / EBC/MEBAK Termogravimetricka / Metoda / EBC/MEBAK Termogravimetricka /
Method Thermogravimetric Method Thermogravimetric
Cas analyzy / 34 54 34 52 Cas analyzy / 58 54 38 110
Analysis duration (min) Analysis duration (min)
Teplota (°C) (navazka)/ | 60/105°C |115(10g)|130 (10 g)|150 (10 g)|115 (10 g) Teplota (°C) (navazka)/ | 60/105°C (115 (10 g)|130 (10 g)|150 (10 g)[115 (10 g)
Temperature (°C) (weight) Temperature (°C) (weight)
Pribéh suseni/sus. krit. / klas./3 | klas/3 | klas/3 | klas./5 Pribéh suseni/sus. krit. / klas./3 | Klas./3 | klas./3 | klas./5
Drying process/dry. crit. stan./3 | stan./3 | stan./3 | stan./5 Drying process/dry. crit. stan./3 | stan./3 | stan./3 | stan./5
Méfeni €./ Méfeni €./
Measurement no. Measurement no.
1 30,91 29,01 29,28 | 30,63 29,65 1 38,66 38,11 37,7 38,74 38,56
2 30,96 29,6 29,13 | 31,09 29,57 2 38,66 38,22 37,8 38,55 38,49
3 30,94 29,24 29,68 | 31,02 29,94 3 38,67 38,01 37,69 | 36,88 38,62
Primér (%) / Average 30,94 29,24 29,36 | 30,91 29,72 Primér (%) / Average 38,66 38,11 37,73 | 38,72 38,56
S 0,03 0,31 0,28 0,25 0,19 S¢ 0,01 0,11 0,06 0,17 0,07
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d) Za optimalni Ize pro tGcel rychlometody povaZovat klasicky priibéh
suseni pfi 150 °C, 10 g navazce a susicim kritériu ¢. 3.

Porovname-li vSak v tomto pfipadé potfebnou dobu analyzy s do-
bou analyzy mletého je€mene, je zfejmé, ze tento postup nepfinasi
ocekavany efekt. Navic nebylo dosazeno optimalni shody mezi vy-
sledky metody referenéni a termogravimetrické s halogenovym ohfe-
vem. Pro orientaéni méfeni bez vy$sich narokl na pravdivost a pres-
nost metody, tj. na jeji spravnost, Ize vSak tento postup povazovat za
akceptovatelny.

3.2 Stanoveni vihkosti v namaceném jeémeni

V bézné sladarské praxi byva obsah vody stanoven vazkove, tak
jak bylo uvedeno v Uvodu. Nicméné v ramci feSeni tohoto Ukolu jsme
se pokusili vypracovat i postup zaloZzeny na termogravimetrické me-
todé. Na rozdil od je€mene, kdy je zrno jesté uzavieno, dochazi bé-
hem maceni k ¢asteCnému puknuti zrna, a tim je umoznéna lepsi di-
fuze vody k povrchu zrna pfisuseni. Pro béznou praxi pfipadala vtomto
pfipadé pouze varianta rychlometody pracujici s nemletym macenym
jeGmenem.

Vysledky ziskané rliznymi variantami suSeni jsou uvedeny v tab. 5
aéb.

Za kompromisni feeni Ize, s ohledem na ziskané vysledky a po-
tfebny ¢as analyzy, povazovat pfi 10 g navazce vzorku a standardnim
pribéhu suseni teplotu suseni 150 °C. Takto ziskané vysledky vSak
Ize povazovat, s ohledem na jejich nizsi spravnost, pouze za vysledky
orientaéni.

3.3 Stanoveni vihkosti v zeleném sladu

Je znamo, Ze stanoveni vlhkosti v zeleném nakli€¢eném sladu je ne-
smirné pracné a ¢asove narocné. Proto jsme se pokusili o navrh rych-
lometody nevyzaduijici pfedsuSovani nakliceného sladu a jeho na-
sledné pomleti a dosuseni. S ohledem na zna¢nou nehomogenitu
vzorku jsme zde zvolili vy$Si navazku vzorku. Pribéh i teplota suseni
byly zvoleny tak, aby nedochazelo k tepelné destrukci suSsené ma-
trice, tj. zejména kotinkd.

Vysledky ziskané rtiznymi variantami suSeni jsou uvedeny v tab. 7.

V pfipadé nakliCeného sladu Ize tedy, s ohledem na ziskané vy-

a) a larger sample weight substantially improved the accuracy of the
results

b) accelerated drying brought a negligible acceleration of the analy-
sis, but at the expense of its precision

c) drying temperature above 150 °C was already causing significant
colour changes of the grain and at 175 °C, changes in the dried
matrix were occurring

d) an optimal combination for a high-speed method could be standard
drying process, at 150 °C, 10 g of the sample and drying criterion
no. 3.

However, if we compare in this case the necessary analysis dura-
tion to the analysis duration of ground barley, it is evident that this
procedure does not yield the desired effect. In addition, the optimal
conformity between the results from the reference method and the
thermogravimetric method with halogen heating was not reached.
Though this procedure can be considered acceptable for an appro-
ximate measurement without high demands for accuracy and preci-
sion.

3.2 Moisture determination in steeped barley

In regular malting practice, the water content is determined gravi-
metrically as was described in the introduction. Nevertheless, in terms
of this project, we attempted to develop a procedure based on the
thermogravimetric method. Unlike in barley, where the grain is still
closed, water can diffuse better to the surface of a steeped grain du-
ring drying due to the partial cracking of the grain that had occurred
during the steeping. For regular practice, the only option in this case
was the high-speed method with whole steeped barley kernels.

The results attained by various combinations of drying are listed in
fab. 5 and 6.

With regard to the attained results and the necessary analysis du-
ration, a 10 g sample weight dried by standard process at 150 °C could
be considered a compromise solution. Results attained this way, ho-
wever, serve only as approximate results due to their low accuracy.

3.3 Moisture determination in green malt
It is known, that moisture determination in green germinated malt

Tab. 7 Vliv teploty a pribéhu suseni na dosazeny vysledek (nakli¢eny slad) / Influence of drying temperature and process on the attained re-

sult (green germinated malt)

Metoda / Method EBC/MEBAK Gravimetricka / Gravimetric Metoda / Method EBC/MEBAK Gravimetricka / Gravimetric
Cas analyzy / 9% ] 74 Cas analyzy / 80 85 74
Analysis duration (min) Analysis duration (min)
Teplota (°C) (navazka)/ | 60/105°C 115 (15 g) 130 (15 9) Teplota (°C) (navazka)/ | 60/105°C 115 (15 g) 130 (15 9)
Temperature (°C) (weight) Temperature (°C) (weight)
Pribéh suseni/sus. krit. / klas./3 klas./3 klas./3 Pribéh suseni/sus. krit. / klas./3 klas./3 klas./3
Drying process/dry. crit. stan./3 stan./3 stan./3 Drying process/dry. crit. stan./3 stan./3 stan./3
Méfeni €./ Méfeni €./
Measurement no. Measurement no.
1 50,3 48,4 49,29 49,93 1 47,4 47,06 47,55 48,02
2 50,3 48,56 48,8 50,17 2 474 47,21 47,76 48,45
8 50,2 49,06 48,26 50,57 8 47,2 47,55 47,85 48,4
Primér (%) / Average 50,27 48,67 48,78 50,22 Primér (%) / Average 47,33 47,27 47,72 48,29
S 0,06 0,34 0,52 0,32 S 0,12 0,25 0,15 0,24
S|edky a potfebny ¢as ana]}'/zy' Metoda / Method EBC/MEBAK Gravimetricka / Gravimetric is extreme|y labour and time con-
povazovat pii 15 g navazce |Gas analyzy/ % 98 74 suming. For that reason, we at-
astandardnim pribéhu suseniza | Analysis duration (min) tempted to develop a high-speed
optimalni teplotu suSeni 130 °C. method that would not require
pimatint Teplolu susent Teplota (°C) (navézka)/ | 60/105 °C 115 (15 g) 180(159) | pre-crying. grinding and dﬂ;‘i'ng
3.4 Stanoveni vlhkosti ve Temperature (°C) (weight) the germinated malt. Due to the
finalnim sladu Prabéh suseni/sus. krit. / klas./3 klas./3 klas./3 considerable inhomogeneity of
Vzhledem k tomu, Ze je v pfi- | Drying process/dry. crit. stan./3 stan./3 stan./3 the sample, we chose a larger
padé finalniho sladu kladen zvy- M&Teni &/ sample weight. The process and
Seny dlraz na pravdivé a presné e temperature of drying was selec-
stanoveni vihkosti, zaméfili jsme tedin orderto prevent thermal de-
nasi pozornost zejména na opti- 1 46,45 44,49 44,62 458 struction of the dried matrix, i.e.
malizaci podminek suseni mle- 2 46,34 44,53 44,63 45,37 especially the sprout.
tého sladu. Nicméneé jsme se po- 3 46,35 44,12 44,92 45,58 The results attained by various
kusili nalézt i vhodné podminky Primér (%) / Average 46,38 44,58 4472 45,58 combinations of drying are listed
rychlometody, umoznujici stano- - 0.06 012 017 0.22 in tab. 7.
vit vihkost i v nemletém sladu. Ve S ! ’ ’ ’ In the case of germinated malt,
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Tab. 8 Vliv teploty a prabéhu suseni na dosazeny vysledek (finalni slad) / Influence of drying temperature and process on the attained result

(finished malt)
Metoda / Method EBC/MEBAK Termogravimetricka / Thermogravimetric
Cas analyzy / 180 13 11 11 40
Analysis duration (min)
Teplota (°C) (navazka) / 105 105 110 115 125 (10 g, nemlety slad)
Temperature (°C) (weight) (10 g, whole malf)
Vzorek ¢./ % vihkosti / Sy % vlhkosti / Sy % vlhkosti / S % vihkosti / Sy % vihkosti / Sy
Sample no. % moisture % moisture % moisture % moisture % moisture
1 7,9 0,07 7,79 0,01 7,92 0,01 7,99 0,04 7,86 0,06
2 4,66 0,04 4,59 0,03 4,75 0,03 4,8 0,03 5,02 0,06
8 6,19 0,01 6,12 0,02 6,2 0,04 6,33 0,02 5,77 0,02
4 8,05 0,03 7,89 0,01 797 0,05 8,07 0,03 7,88 0,11
5 5,98 0,03 5,84 0,03 5,99 0,06 6,07 0,01 6,03 0,14
6 6,62 0,03 6,48 0,01 6,63 0,03 6,72 0,03 6,39 0,02
7 6,65 0,03 6,49 0,03 6,71 0,02 6,73 0,04 6,27 0,09
8 6,59 0,05 6,42 0,02 6,55 0,09 6,64 0,02 6,18 0,17
9 8,61 0,02 8,38 0,02 8,52 0,03 8,59 0,02 8,15 0,11
10 5,77 0,02 5,62 0,02 5,72 0,02 5,85 0,02 5,35 0,19

vSech pfipadech bylo pracovano s 5 g navazkou mletého vzorku (10 g
u vzorku nemletého) a standardnim pribéhem suseni (susici kritérium
¢. 3).

Vysledky optimalizace jsou uvedeny v tab. 8.

Obdrzené hodnoty byly podrobeny statistickému vyhodnoceni (Stu-
dentlv parovy t-test, znaménkovy test):

Nejlepsi vysledky byly docileny u varianty suseni pfi 110 °C, kdy ne-
byla vyvracena nulova hypotéza na hladiné pravdépodobnosti 95 %
(o0 = 0,05). Velmi pfiznivé byly i vysledky dosazené pfi 115 °C, i kdyz
zde jiz byl prokazan statisticky vyznamny rozdil. V obou pfipadech se
pramérny ¢as suseni pfi 5 g navazce vzorku pohyboval okolo 11 mi-
nut.

Zajimaveé je, ze i vysledky rychlometody pracujici s nemletym sla-
dem pfi 125 °C Ize povazovat, s ohledem na dosaZenou pravdivost
i pfesnost, za pomérné uspokojivé. Cas suseni se zde pohyboval okolo
45 minut.

4 ZAVER

Pfistroj HR 83 firmy Mettler Toledo pracujici na principu halogeno-
vého ohfevu spliuje predpoklady pro Uspé&sné nasazeni v oblasti pi-
vovarské a sladarské analytiky.

Jeho obsluha je snadna, nevyzaduje specialni udrzbu a Ize jej pou-
Zit ke stanoveni vihkosti u Sirokého spektra pivovarskych surovin.

Vysledky dosazené pfi porovnavani stanoveni vihkosti v jeémeni i fi-
nalnim sladu naznacuiji, ze by tato metoda mohla nahradit i dosud pou-
zivané oficialni metody EBC, MEBAK, resp. IOB.

Za prinosny poznatek Ize povazovat i fakt, Ze Ize pomoci tohoto pfi-
stroje stanovit velmi rychle obsah vody v kli¢icim a zeleném je¢meni.
Potfebny ¢as u nové navrzené metody byl, v porovnani s dosud pou-
zivanou a velmi ¢asové naro€¢nou metodou, zkracen ze dvou pracov-
nich dni na pfiblizné 90 minut.

Kromé vySe zminénych pfednosti snizuje pouZiti pfistroje HR 83 po-
tfebu vybavovat laboratof rozmérnou a energeticky naro¢nou skfirio-
vou susarnou, coz muze vést k prostorovym i finanénim usporam.
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with regard to the attained results and the necessary analysis dura-
tion, 130 °C could be considered the optimal drying temperature for
a 15 g sample weight dried by standard process.

3.4 Moisture determination in finished malt

Due to the increased emphasis on accurate and precise moisture
determination in the case of finished malt, we focused our attention
particularly on the optimization of the drying conditions of ground
malt. Nevertheless, we also attempted to find suitable conditions for
a high-speed method, which would allow moisture determination in
whole malt. The sample weight was 5 g of ground sample (10 g of
whole sample) and the standard drying process was used (drying cri-
terion no. 3) in all cases.

The results of the optimization are listed in tab. 8.

The obtained results were statistically evaluated (paired Student’s t-
test, sign test) and the attained results are the following.

The best results were achieved when drying at 110 °C, where the
null hypothesis was not rejected at the significance level 95% (o =
0,05). The results achieved with 115 °C were very promising as well;
although, a statistically significant difference was proven here. In both
cases, the average drying time was near 11 minutes for a 5 g sam-
ple weight.

It is interesting that even results from the high-speed method with
whole malt at 125 °C can be considered quite satisfactory in terms
of the accuracy and precision achieved. The drying time here was
near 45 minutes.

4 CONCLUSION

The instrument HR 83 by Mettler Toledo working on the concept of
halogen heating meets the demands for a successful utilization in the
field of brewing and malting analytics.

Its operation is simple, it does not require special maintenance and
it can be used to determine the moisture in a wide spectrum of bre-
wing raw materials.

The results attained when comparing moisture determination in
barley and finished malt suggest that this method could replace the
presently used official methods of EBC, MEBAK or IOB.

The fact that the water content in germinating and green malt can
be determined very quickly with the aid of this instrument could also
be considered a beneficial finding. The necessary duration of the
newly proposed method was shortened from two work days to app-
roximately 90 minutes when compared to the presently used and very
time consuming method.

Aside from the aforementioned advantages, the use of HR 83 re-
duces the need to equip a laboratory with a bulky and energy-de-
manding oven, which can lead to space and financial savings.
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