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1 UVOD

Hvozdéni je nezastupitelnou operaci pfi vyrobé sladu. Ci-
lem hvozdéni je pfevést zeleny slad s vysokym obsahem vody
do skladovatelného a stabilniho stavu, zastavit enzymové
a vegetacni pochody v zrné a béhem hvozdéni vytvofit aro-
matické a barevné latky, charakteristické pro druhy sladu za
minimalnich nakladu a ztrat.

Technické a technologické podminky hvozdéni jsou dobre
popsany v odbornych knihach [1, 2] i v ¢asopisech [3].

S narustem pozadavki na homogenitu sladu je otazkou,
zda slady, hvozdéné na vysokovykonnych hvozdech, jsou ho-
mogenni.V nasledujicim prispévku jsou uvedeny vysledky po-
kust na laboratornim jednoliskovém hvozdé.

Key words: kilning, malt, quality parameters

1 INTRODUCTION

The kilning process is an unreplaceable operation in the
production of malt. The aim of the kiln drying is to convert the
green malt with its high content of water into a storageable
and stable state, to stop the enzymatic and vegetative pro-
cesses in grain and, in the course of kilning and at a minimal
costs and losses, to generate the aromatic and coloured sub-
stances characteristic for malt species.

The technical and technological conditions of kiln-drying are
well described in professional books [1,2] and periodicals [3].

Taking into consideration the increasing demand for ho-
mogeneity of malt it is a question whether the malts dried on
the high-capacity kilns are properly homogenous.

In the following article, the results of experiments perfor-
med on a laboratory one-floor are introduced.
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2 MATERIAL A METODY

K pokustm byl pouzit je€men odradové cisty, odrudy Ak-
cent, ktera stale patfi mezi odridy pozadované vyrobci sladu.
Dana partie jeémene méla optimalni obsah bilkovin 11,5 %
v susiné.

Zeleny slad byl pfipraven pro vSechny zkousené varianty
hvozdéni v laboratorni sladovné nasledujicim technologickym
postupem:

Maceni — 1. den 4 h pod vodou, 20 h vzdu$na prestavka

2.den 6 h pod vodou 18 h vzdusna prestavka

3.den 5 h pod vodou 19 h vzdusna prestavka

Teplota maceci vody byla 14 °C

Kli¢eni probihalo pfi teploté 14 °C ve sladu pfi nepretrzi-
tém vétrani a celkova délka maceni a kli¢eni byla 6 dni.

Hvozdéni probihalo ve specialné pfipraveném kovovém
izolovaném modelu. Model byl sestaven z Sesti nad sebou
slozenych skrinék.V kazdé skfince byla vySka zeleného sladu
0,16 m, celkem byla vrstva zeleného sladu 0,96 m. Skfifky
byly ve sméru proudéni susiciho vzduchu oznaceny A, B, C,
D EaF

Vsechny pokusy byly opakovany trikrat za sebou v jednom
tydnu, aby se co nejvice omezil vliv teploty a relativni vihkosti
okolniho vzduchu na prabéh hvozdéni.

Prehled pouzitych teplotnich podminek pfi hvozdéni
(celkova doba hvozdéni byla 22 h)

T1 -9 h — zvySeni teploty z 45 °C na 60 °C
3 h — pri teploté 60 °C
6 h zvySeni teploty z 60 °C na 80 °C
4 h — pri teploté 80 °C

T2 — 12 h — pfi teploté 50 °C
2 h zvyseni teploty z 50 °C na 80 °C
8 h — pri teploté 80 °C

T3 — 12 h — pri teploté 60 °C
2 h zvySeni z teploty 60 °C na 80 °C
8 h — pri teploté 80 °C

2 MATERIAL AND METHODS

For these experiments a variety-pure barley was chosen,
of the Akcent variety which belongs among the varieties de-
manded by malt producers. The utilized lot of barley had the
optimal content of proteins of 11.5 % in dry matter.

For all the tested variants of kilning the green malt was pre-
pared in a laboratory malthouse using the following techno-
logical technological procedure:

The steeping — 1st day 4 hs under water, 20 hs of air resting
2nd day 6 hs under water, 18 hs of air resting

3rd day 5 hs under water, 19 hs of air resting

The temperature of water for steeping was 14 °C.

The germination was carried out at a 14 °C temperature
in the malt under continuous aeration where the total time for
steeping and germination was 6 days.

The kiln drying was realized in a specially prepared me-
tallic model with insulation. The model was designed of six
boxes, put one above the other. Every box contained a 0.16
m high layer of green malt so that the total green malt layer
was 0.96 m high. The boxes were marked by letters A,B,C,D,
E and F in the direction of a compressed-air draught.

All the experiments were repeated three times over during
one week in order to reduce to minimum the influence on the
kilning process of the temperature and relative humidity from
the surrounding air.

Survey of the used temperature conditions for kiln-drying
(the total kilning time was 22 hs)

T1 - 9 hs rise of temperature from 45 °C to 60 °C
3 hs — at a temperature of 60 °C
6 hs rise of temperature from 60 °C to 80 °C
4 hs — at a temperature of 80 °C

T2 — 12 hs — at a temperature of 50 °C
2 hs rise of temperature from 50 °C to 80 °C
8 hs — at a temperature of 80 °C

T3 — 12 hs — at a temperature of 60 °C
2 hs rise of temperature from 60 °C to 80 °C

Vicefaktorova analyza variance
Polyfactorial analysis of variance

8 hs —at a temperature of 80 °C
T4 — 12 hs — at a temperature

T4 — 12 h — pri teploté 70 °C

2 h zvySeni teploty z 70 Parametr jakosti sladu

of 70 °C
2 hs rise of temperature

Vliiv
Effect

vrstvy
layers

technologie
technology

from 70 °C to 80 °C
8 hs — at a temperature

of 80 °C

°C na 80 °C Malt quality parameter
8 h — pfi teploté 80 °C
Barva sladiny
T5 — 22 h — pri teploté 70 °C | Wort colour
Extrakt sladu
V8echny rozbory byly pro- | Malt extract

= * T5 - 22 hs — at a temperature
of 70 °C

Rel. extrakt 45 °C

vedeny podle metodik EBC
Relat. extract at 45 °C

o ok
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darské analytiky [5]. Statis-
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Diastatic power

All the analyses were car-
ried out in accordance with the
methodics of EBC [4] and with
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Stupen prokvaseni

bylo provedeno vicefaktoro- Attenuation degree
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The following quality para-
meters have been monitored

in the kiln-dried malts:
a) wort colour [EBC u.]

] . Soluble nitrogen content
U OthOZdényCh sladu Friabilita sladu
byly vyhodnoceny nasledu- | Friability
jici parametry jakosti: Obsah B-glukand
a) barva sladiny [j.EBC] Content of B-glucans
b) extrakt sladu [%] Obsah PDMS
c) relativni extrakt sladu Content of PDMS
45 °C [%)] o
d) diastaticka mohutnost relation
[-WK] A

e) stupen prokvaseni [%)]

f) obsah rozpustného dusiku  **
[mg.100 mI"]

g) friabilita sladu [%]

ficant relation (o. = 0.05)

.. statisticky neprukazny vztah / statisticly non-indicative
.. statisticky vyznamny vztah (o = 0,05) / statisticly signi-

. statisticky vysoce vyznamny vztah (o = 0,01) / statisticly
highly significant relation (o. = 0.01)

b) malt extract [%)]

c) relative malt extract 45 °C [%]
d) diastatic power [WK u.]

e) attenuation degree [%]

f) soluble nitrogen content
[mg.100 ml"]

g) malt friability [%]
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h) obsah B-glukant [mg.I"]
i) obsah PDMS (prekursort dimethylsulfidu) [mg.kg™']

3 VYSLEDKY
Parametry jakosti pouzitého jeémene

objemova hmotnost [kg]
hmotnost 1000 zrn [g]
klicivost [%]

73,0
40,0
99,3

obsah viahy [%)] 12,0
obsah $krobu [%] 64,7
obsah bilkovin [%] 11,5
4 V‘{HODNO.CENI

VYSLEDKU

Ziskané vysledky jsou na obr.1, kde jsou v grafech uve-
deny pruméry jednotlivych parametrt jakosti sladu podle viivu
pokusnych faktoru (vliv vrstvy a technologie).

4.1 Vliv technologie hvozdéni

Bylo prokazano, ze jednotlivé technologické varianty hvoz-
déni statisticky vyznamné ovlivnily véechny vybrané para-
metry jakosti sladu.

h) content of B-glucans [mg.I""]
i) content of PDMS (content of precursores of dimethyl sul-
fide) — [mg.kg]

3 RESULTS

Quality parameters of used barley

volume weight [kg] 73.0
weight of 1000 grains [g] 40.0
germinating capacity [%] 99.3
moisture content [%] 12.0
starch content [%] 64.7

protein content [%] 11.5
4 EVALUATION OF RESULTS

The attained results are represented in the following dia-
grams (fig. 1) where the average values of individual parame-
ters of malt quality are indicated in accordance with the effect
of experimental factors (effects of layer and of technology).

4.1 Kilning technology effect

It was proved that the individual technological variants of
kiln drying has a staticly significant effect on all the selected
parameters of malt quality.

Obr. 1/Fig. 1 Praméry parametru jakosti sladi/ The average values of parameters of malt quality
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4.1.1 Vliv teploty predsouseni

Byl prokazan priznivy vliv nizsi teploty predsouseni na hod-
noty barvy, diastatické mohutnosti a friability sladu. Slady,
hvozdeéné nizSimi teplotami pri pfedsouseni mély vy3si obsah
PDMS. Zavislot ostatnich parametri jakosti sladu na teploté
predsouseni nebyla vZdy jednoznacna.

4.1.2 Viiv teploty dotahovani

Slady hvozdéné pfi nizké ,dotahovaci“ teploté (hvozdéni
T5) mély nizsi barvu a nizsi obsah B-glukanu. Tyto slady mély
dale vy38i hodnoty relativniho extraktu, diastatické mohut-
nosti, stupné prokvaseni, rozpustného dusiku, friability a vy3si
obsah PDMS.

4.2 Vliv vrstvy sladu

Byl prokazan statisticky vyznamny vliv polohy vrstvy sladu
na témeér vSechny stanovované parametry jakosti sladu,
kromé extraktu a stupné prokvaseni sladu.

Slady z vy$Sich vrstev mély nizsi barvu, vy$si hodnotu re-
lativniho extraktu, vy3si diastatickou mohutnost a vyssi fria-
bilitu. Zde je nutno uvést, Ze slad z nejvySe poloZené vrstvy
(.F*) ma jiz vyssi obsah vlahy a to je hlavni divod snizeni
kiehkosti sladu. Vzorky sladu z vy$sich vrstev mély nizsi ob-
sah rozpustného dusiku a vyrazné niz$i obsah B-glukant
a soucasné nejvyssi obsah PDMS. V grafech je zfetelné pa-
trna nepfima zavislost obsahu B-glukant a obsahu PDMS ve
vrstvach sladu.

5 ZAVER

V laboratornich podminkach byl prokazan statisticky vy-
znamny vliv technologie hvozdéni — teploty vzduchu pfi pfed-
souseni a dotahovani sladu na sledované parametry jakosti
sladu vyrobeného z jedné odrudy jeémene.

Byl prokazan statisticky vyznamny vliv polohy vrstvy sladu
na sledované parametry jakosti sladu. Tyto vysledky nazna-
Cily, Ze mohou byt ovlivnény hodnoty jednotlivych parametrt
jakosti sladu, odebranych pfimo na lisce hvozdu pfed promi-
chanim celé partie. Kromé toho tyto laboratorni studie upo-
zornily na mozné rozdily v parametrech jakosti odhvozdéného
sladu v jednotlivych vrstvach, které mohou vzniknout zvlasté
pfi nedostatku vzduchu a nerovhomérném prostupu vzduchu
vrstvou hvozdéného sladu.

Bylo prokazano, ze hodnoty diastatické mohutnosti a fria-
bility sladu mohou spolehlivé vypovidat o pribéhu pfedsou-
Seni a intenzité dotazeni sladu.

Bylo prokazano, Ze technologie hvozdéni, ktera je pfizniva
pro zachovani aktivity B-glukanasy a tim ke snizeni obsahu
B-glukana, je nevhodna pro snizeni obsahu PDMS ve sladu

[71.

Lektorovala Prof. Ing. G. Basarovd, DrSc.
Do redakce doslo 10. 4. 2000

4.1.1 Predrying temperature effect

Lower temperature in predrying was established as an ele-
ment that has favourable effect on the values of colour of malt,
on its diastatic power and friability. The malts that were kilned
by lower temperatures in the predrying process had higher
content of PDMS. As regards the other parameters of the malt
quality, the dependancy of the predrying temperature has not
been always found as unambiguous.

4.1.2 Kiln temperature effect

The malts dried at a low kiln temperature (kilning T5) had
lighter colour and lower content of beta-glucans. These malts
had furthermore higher values of relative extract, diastatic po-
wer, attenuation degree, soluble nitrogen and friability and
higher content of PDMS.

4.2 Malt layer effect

A statisticly significant effect of the position of the malt layer
was demonstrated on nearly all the determined parameters
of malt quality with the exception of extract and malt attenu-
ation degree.

The malts from upper layers had ligher colour, higher va-
lue of relative extract, higher diastatic power and higher fria-
bility. It should be pointed here, however, that the malt from
the top layer (,F*) has already a higher humidity content and
this characteristic is the main reason for the lowering of the
friability of malt. The samples of malt from upper layers had
lower content of soluble nitrogen and a substantially lower
content of PDMS. The charts show an evident inverse de-
pendance of the content of beta-glucans and of PDMS in malt
layers.

5 CONCLUSIONS

In laboratory conditions a statisticly significant influence
was demonstrated of the technology of kilning - air tempera-
ture in the predrying and kiln processes of malt on the moni-
tored parameters of the quality of the malt produced from the
same variety of barley.

In the same way a statisticly significant influence was es-
tablished of the position of the malt layer on the followed pa-
rameters of the quality of malt. These results indicated that
there may be an influence on the values of individual para-
meters of the quality of malt taken off directly from the kiln
floor before the whole lot is mixed. Besides, the mentioned
laboratory studies drew the attention to the possible differen-
ces in the quality characteristics of the dried malt in individual
layers that may originate especially at a lack of air and its non-
uniform permeation through the layer of the kilned malt.

It was proved that the values of diastatic power and friabi-
lity of malt can give reliable evidence of the course of the pred-
rying process and the intensity of the final stage of malt kilning.

It was proved that the technology of kilning that is favou-
rable to the conservation of the B-glucanose activity and in
this way to the reduction of content of B-glucans is not sui-
table for the reduction of the content of PDMS in malt [7].
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