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Slad z odrid jarniho jeémene Bojos a Sebastian byl pfipraven tfemi riznymi metodami: klasickym zptsobem (3 dny maceni, 3 klicent,
stupenn domoceni 45,5 %), se zkracenou dobou kli¢eni (2 dny kli¢eni) a s vy$§im stupném domoceni (47,5 %). Zakladni technologické
znaky byly stanoveny ve vyrobenych sladech. Metodou HPLC s refraktometrickou detekci byl stanoven obsah dextrini s DP 3-7 ve
sladiné, mladiné a zeleném pivu vyrobenych z téchto sladl. Obsah trisacharidli ve slading, mladiné a zeleném pivu byl u obou odrid
nejvyssi u varianty s vy$Sim stupném domoceni. U obou odrid zkracena metoda sladovani vedla ke zvySeni obsahu nezkvasitelnych
dextrinG (DP 4-7) nejvice v zeleném pivu, pfi¢emz odrida Bojos méla cca o tretinu vys$si obsah dextrinGi nez odriida Sebastian. Bylo
zjiSténo, ze obsah dextrini DP 4-7 ve sladiné, mladiné a zeleném pivu byl vyrazné ovlivnén odridou jeémene, zatimco vliv pouzitych
postupl sladovani byl malo vyrazny.

Psota, V. — Cmelik, R. — Sachambula, L.: The Effect of Malting Conditions on Dextrin Contents in Beer Production Intermediates.
Kvasny Prum. 57, 2011, No. 7-8, p. 253-259.

Malt from the spring barley varieties Bojos and Sebastian was prepared using three different methods: classical (3 days steeping, 3
days germination, degree of steeping 45.5 %), with shortened malting time (2 days of steeping) and with a higher degree of steeping
(47.5 %). Basic technological parameters were determined in the produced malts. The HPLC method with a refractometric detection was
used for the determination of dextrins with DP 3-7 in sweet wort, hopped wort and green beer made from these malts. In both the
varieties, trisaccharide content in sweet wort, hopped wort and green beer was the highest in the variant with a higher degree of steeping.
In both varieties the shortened malting method resulted in increased content of unfermentable dextrins (DP 4—7) most in green beer and
the variety Bojos had ca by one third higher dextrin content compared to Sebastian. Dextrin (DP 4—7) content in sweet wort, hopped
wort and green beer was significantly affected by the barley variety while the effect of malting methods was low.

Psota, V. — Cmelik, R. — Sachambula, L.: Der Einfluss der Malztechnologie auf den Gehalt an Dextrine. Kvasny Prum. 57, 2011,
Nr. 7-8, S. 253-259.

Das aus den Sommergerstensorten Bojos und Sebastian hergestellte Malz wurde durch drei verschiedenen Methoden vorbereitet:
klassisches Verfahren (3 Tage Weiche, 3 Tage Keimung, Weichgrad 45,5 %), weiter ein verkurzte Verfahren mit den 2 Tagen der Keimzeit,
und letztes Verfahren mit erh6htem Weichgrad 45,5 %. Im hergestellten Malz wurden alle Grundparameter analysiert. Durch die Methode
HPLC mit einer refraktometrischen Detektion wurde der Gehalt an Dextrine mit DP 3-7 in der aus diesem Malz hergestellten Stisswirze,
Wiirze und im griinen Bier ermittelt. Bei den beiden Gerstensorten wurde Gehalt an Trisaccharide der héchste bei der Sorte, die mit er-
héhtem Weichgrad gemalzt wurde. Bei den beiden Gerstensorten das verkirzte Malzverfahren verursachte einen erhéhten Gehalt an
unvergérbare Dextrine (DP 4-7) am meisten im griinen Bier, im griinen Bier aus der Gerstensorte Bojos wurde um eine Drittel Dextrine
mehr als im griinen Bier als Gerstensorte Sebastian. Weiterhin wurde es festgestellt, dass der Gehalt an Dextrine in der Siisswirze,
Wiurze und im griinen Bier wurde wesentlich durch die Gerstensorte beeinflusst, der Einfluss der Varianten der Malzbereitung war ver-

nachlassigbar.

Kli¢ova slova: jecmen, sladovani, dextriny, meziprodukty

1 UVOD

Dextriny, které jsou souc¢asti zbytkového extraktu piva, vznikaji pfi
vyrobé sladiny — prvého meziproduktu vyroby piva, konkrétné pfi rmu-
tovani. V prlibéhu rmutovani jsou pfevedeny do roztoku sladiny roz-
pustné latky ze sladu a souc¢asné probihaji slozité biochemické pro-
cesy na bazi enzymovych hydrolyz Skrobu a bilkovin na rozpustné
nizkomolekularni produkty, které jsou nasledné vyuzivany pivovar-
skymi kvasinkami pro jejich rdst a produkci alkoholu. Pfi pfeméné
Skrobu na glukosu, maltosu a dextriny (polymery glukosy se stupném
polymerace (DP) 3-30, hraji hlavni roli a-amylasa (ztekucujici aktivita)
a B-amylasa (zcukfujici aktivita), pficemz limitni dextrinasa ma
v tomto procesu jen okrajovy vliv [1].

Scezenim (filtraci) rmutu pak ziskdme sladinu, jejimiz zakladnimi
slozkami jsou zkvasitelné sacharidy, dextriny, aminokyseliny, peptidy
a dalsi slou¢eniny. Bylo prok&zano, Ze dextriny tvofi pfiblizné 24 %
a zkvasitelné cukry 75 % susiny sladiny [2].

V pribéhu chmelovaru a nasledného kvaseni mladiny se obsah
jednotlivych slozek vyrazné méni. Zkvasitelné sacharidy jsou pfemé-
nény na ethanol, CO, a teplo. Cast dusikatych latek je vysrazena,
¢ast je spotfebovana pfi kvaseni. Dextriny nejsou pivovarskymi kva-
sinkami zkvaSovany a prechazeji do zbytkového extraktu piva.

Keywords: barley, non starch polysaccharides, functional food

1 INTRODUCTION

Dextrins, a component of residual beer extract, are generated at
production of sweet wort — the first intermediate product of beer pro-
duction, namely during mashing. During mashing soluble substances
from malt are transferred into the solution of sweet wort and complex
biochemical processes based on enzymatic hydrolyses of starch and
proteins to soluble low molecular products occur, they are subse-
quently used by brewing yeasts for their growth and alcohol produc-
tion. At starch conversion to glucose, maltose and dextrins (glucose
polymers with degree of polymerization (DP) 3-30, a-amylase (lique-
fying activity) and B-amylase (saccharifying activity) play a major role
while limit dextrinase affects this process only marginally [1].

Sweet wort is then acquired by lautering (filtration) of mash, the
main components of sweet wort being fermentable saccharides, dex-
trins, amino acids, peptides and other compounds. It was confirmed
that dextrins constitute approximately 24 % and fermentable sugars
75 % of sweet wort dry matter [2].

In the course of wort boiling and subsequent hopped wort fermen-
tation, content of the individual components changes markedly. Fer-
mentable saccharides are transferred to ethanol, CO, and heat. Part
of nitrogenous substances is precipitated, part consumed at fermen-
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Soucasnymi svétovymi a evropskymi pozadavky na kvalitu slado-
vnického je¢mene jsou preferovany odridy se silnou enzymovou ak-
tivitou, s vysokym obsahem extraktu a s vysokymi hodnotami dosa-
zitelného stupné prokvaseni. Tento trend ved| ke zméné senzorického
charakteru evropskych piv. Naopak nizsi stupen proteolytického a cy-
kovy (neprokvaseny) extrakt, tvofeny prfedevSim dextriny, patfi k ty-
pickym znakim &eského piva [3, 4, 5, 6].

Cilem prezentovaného sdéleni bylo sledovani zmén ve slozeni
a obsahu dextrind ve sladiné, mladiné a zeleném pivu, které byly pfi-
praveny ze slad(l vyrobenych za rlznych technologickych podminek.

2 MATERIAL A METODY

2.1 Odrady

Do pokusu byly zafazeny sladovnické odriidy jarniho jeémene Bo-
jos a Sebastian registrované v Ceské republice v roce 2005 (blizsi
Udaje viz. tab. 1). Sladovnicka kvalita téchto odrtd byla popsana jiz
drive [4].

Tab. 1 Pouzité odridy / Varieties used

tation. Dextrins are not fermented by brewing yeasts and pass to the
residual extract of beer.

Current global requirements for malting barley quality prefer the va-
rieties with strong enzymatic activity, high extract content and high
values of apparent final attenuation. This trend led to the change of
sensory character of European beers. On the contrary, lower degree
of proteolytic and cytolytic modification and lower degree of attenua-
tion bringing higher residual (unfermented) extract, formed mainly by
dextrins, belongs to typical traits of Czech beer [3,4,5,6].

The aim of the present communication was to study changes in the
dextrin composition and content in sweet wort, hopped wort and green
beer prepared under different technological conditions.

2 MATERIAL AND METHODS

2.1 Varieties

The experiment included spring barley malting varieties Bojos and
Sebastian registered in the Czech Republic in 2005 (for more details
see Tab. 1). Malting quality of these varieties has been described pre-
viously [4].

Odrida / Kéd Vychozi material Udrzovatel / Zastupce v CR

Variety / Code Pedigree Maintainer / Agent in the CR

Jarni jeémen / Spring barley

BOJOS .. .
HE 8621 B Madonna x Nordus PLANT SELECT, spol. s r.o., Hrub&ice 111, 798 21 Bedihost
SEBASTIAN ) Sejet Plantbreeding, DK

SJ 997 195 Lux x Viskosa SELGEN, a.s., Jankovcova 18, 170 37 Praha 7

2.2 Technologie sladovani a stanoveni zakladnich sladovnic-
kych znak
Slad byl vyroben v mikrosladovné (KVM). Zrno uvedenych odrud
ze sklizné 2008 bylo sladovano tfemi riznymi metodami (tab. 2), které
se lisily v délce kli¢eni a ve stupni domoceni. Rozbory sladl byly pro-
vedeny dle metodik EBC [7] a MEBAK [8].

Tab 2 Podminky pokusného sladovani / Conditions of experimental

2.2 Malting technology and determination of the basic malting
parameters
Malt was prepared in the micromalting plant (KVM). Grain of the
given varieties from harvest 2008 was malted using three different
methods (Tab. 2) differing in the length of germination and degree of
steeping. Malt analyses were performed according to the EBC [7] and
MEBAK [8] methods.

Varianty sladovani / Variants of malting 1 2 3
MACENI / STEEPING
namacka (h) / wet (hours) 5 5 5
vzdusna prestavka (h) / air (hours) 19 19 19
namacka (h) / wet (hours) 4 4 4
vzdusna prestavka (h) / air (hours) 20 20 20
namacka (h) / wet (hours) 2 2
vzdusna prestavka (h) / air (hours) 22 22
Teplota / Temperature (°C) 145+ 0.2
Doba trvani (h) / Duration (hours) 72
Provzdusnovani / aeration ano — yes
Stupein domocéeni / steeping degree (%) 45.5 | 455 | 47.5
KLICENI / GERMINATION
Teplota / Temperature (°C) 145+0.2
Doba trvani (h) / Duration (hours) 72 | 48 | 72
HVOZDENI / KILNING
Postup hvozdéni (°C) 55 2 12
Kilning schedule (°C) 60 = 2 1.5
65 *+ 2 1.5
70 =2 1.5
75+ 2 1.5
80 =2 4

2.3 Priprava sladiny a stanoveni zakladnich sladovnickych znak

Sladina byla pfipravena z kongresniho rmutu [7]. Ve sladiné byl sta-
noven obsah extraktu, barva, €irost vizualné a zakal nefelometricky
[7, 8]. Dale v ni byl stanoven obsah a slozeni dextrini metodou viz
kapitola 2.7.

2.4 Priprava mladiny

Mladina byla pfipravena ze sladiny, u které bylo zvySeno sypani
z 50 na 60 gramu tak, aby vysledny hmotnostni zlomek mladiny po
chmelovaru (s chmelovym extraktem) €inil cca 11 %. Pokud se lisil,

2.3 Sweet wort preparation and determination of basic malting
parameters
Sweet wort was prepared from congress mash [7]. In sweet wort,
extract content, color, clarity-visually and haze-nephelometric method
were assessed [7, 8]. In addition, dextrin content and composition
were assessed with the method described in chapter 2.7.

2.4 Hopped wort preparation
Hopped wort was prepared from sweet wort in which grist was in-
creased from 50 to 60 grams so that the resulting hopped wort weight
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Tab. 3 Vliv technologie sladovani na kvalitu sladu a sladiny / The effect of malting technology on malt and sweet wort quality

2
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3S |SS|82 (82|82 |55 | 22| S| A8 8| | ZX| BR| 2R | &R |Fo| 22| 88| 22| 58| 3F| 52 |35| 83| 38| 28| =8| 52| 58
Bojos 1 1122|2.00| 4.7 |82.6|41.3{44.5/320 |81.1| 85 | 176(1.87| 831 | 0.831| 0.2 [97.8| 2.0 | 1.45| 3.2 |0.65|0.55|63.6 | 71.1| 32.2|1 40.0{90.0| 5.2 | 4.
Bojos 2 [122[2.00] 46 [82.2[37.0[41.0] 308 | 795| 79 | 309[1.89| 773 | 0.773] 0.0 |943] 5.7 | 1.47] 2.8 | 0.67]059|63.6|71.1]32.1|39.6915| 42 | 4.3
Bojos 3 [122]2.00] 49 [82.8]415]46.0] 343 |815| 90 | 147|1.68] 866 | 0.866] 0.0 |99.2] 0.8 | 1.45] 3.2 |0.77]0.68]63.6|71.1|31.8]395(90.1| 5.0 | 4.9
Sebastian | 1 [11.7|1.71] 4.6 |83.4]42.9|48.4| 371 [82.8| 83 | 193|1.60 772 | 0.772| 0.2 |97.0| 2.8 | 1.46| 3.8 |0.99(0.84 [64.7 | 66.8| 32.7|40.8({89.4| 5.7 | 4.9
Sebastian | 2 | 11.7|1.71| 4.7 [82.9(38.5|45.3| 342 | 81.8| 75 | 424 |1.60| 724 | 0.724| 0.2 {91.8| 8.0 | 1.49| 3.3 |1.33]0.98[64.7 [66.8| 32.7|40.8|91.1| 4.9 | 4.0
Sebastian | 3 | 11.7|1.71| 4.7 |83.3| 435 51.0| 402 [83.4] 87 | 121]1.58| 807 | 0.807| 0.2 [98.7| 1.1 | 146| 3.7 [0.99]0.95(64.7|66.8| 32.4|40.4[895] 5.9 | 4.6

Tab. 4 Obsah dextrinG (DP3-DP7) ve sladiné, mladiné a zeleném pivu z odriid Bojos (B) a Sebastian (S) pfipravené tfemi technologickymi
postupy (1, 2, 3) / Dextrin (DP3-DP7) content in sweet wort,hopped wort and green beer from the varieties Bojos (B) and Sebastian (S)

prepared with three technological methods (1, 2, 3)

odryda postup dextriny ve sladiné / dextrins in sweet wort
variety method

DP 3 DP 4 DP 5 DP 6 DP 7 DP 3-6 DP 3-7 DP 4-6 DP 4-7
Bojos 1 9.90 2.74 0.90 0.99 1.35 14.54 17.38 4.64 5.98
Bojos 2 9.96 3.09 0.88 0.94 1.35 14.86 17.71 4.90 6.25
Bojos 3 10.53 2.73 0.90 1.06 1.40 15.22 18.12 4.69 6.09
Sebastian 1 9.76 1.43 0.46 0.96 1.22 12.61 15.33 2.85 4.07
Sebastian 2 9.57 1.52 0.39 0.94 1.23 12.42 15.14 2.85 4.08
Sebastian 3 10.22 1.42 0.39 1.08 1.40 13.11 16.01 2.89 4.29
odrida postup . L ..
variety method dextriny v mladiné / dextrins in hopped wort

DP 3 DP 4 DP 5 DP 6 DP 7 DP 3-6 DP 3-7 DP 4-6 DP 4-7
Bojos 1 11.57 2.91 0.82 1.59 1.53 16.88 18.41 5.31 6.84
Bojos 2 11.18 3.23 0.83 1.47 1.51 16.71 18.22 5.53 7.04
Bojos 3 11.64 2.87 0.80 1.59 1.61 16.89 18.50 5.25 6.87
Sebastian 1 11.09 1.81 0.51 1.44 1.50 14.85 16.35 3.76 5.26
Sebastian 2 10.36 1.98 0.50 1.37 1.34 14.20 15.54 3.84 5.18
Sebastian 3 11.42 1.63 0.54 1.63 1.50 15.22 16.72 3.80 5.30
odrfxda i) dextriny v zeleném pivu / dextrins in green beer
variety method

DP 3 DP 4 DP 5 DP 6 DP 7 DP 3-6 DP 3-7 DP 4-6 DP 4-7
Bojos 1 2.80 3.16 0.77 1.02 1.39 7.74 9.14 4.94 6.34
Bojos 2 2.93 3.30 0.78 0.94 1.27 7.94 9.21 5.01 6.29
Bojos 3 3.28 3.09 0.71 1.11 1.38 8.19 9.56 4.90 6.28
Sebastian 1 2.62 1.57 0.37 0.89 1.04 5.46 6.50 2.83 3.87
Sebastian 2 2.74 1.96 0.37 0.99 1.24 6.06 7.30 3.32 4.56
Sebastian 3 3.27 1.61 0.42 1.19 1.31 6.49 7.80 3.22 4.53

byl upraven nafedénim destilovanou vodou na 11,00 + 0,01 %. K mla-
diné bylo pfidano odméfené mnozstvi pivovarskych kvasnic, ato 2,8 g
na 800 ml mladiny.

2.5 Priprava zeleného piva

Mladina byla kvasena v litrovych Erlenmayerovych bankéach pfi tep-
loté 8 + 0,5 °C po dobu 8 dn(l. Po ukon¢eni kvaseni a vytfepani oxidu
uhli¢itého byla zméfena hustota a vypocten hmotnostni zlomek.

2.6 Uchovani vzorkd meziproduktt

Z kazdého meziproduktu (sladina, mladina, zelené pivo) byl ode-
bran vzorek pro stanoveni obsahu dextrin(. Do vzorku bylo pfidano
antibiotikum (cykloheximid) a nasledné byly zamrazeny. Timto zpU-
sobem byly uchovany az do chvile, kdy byly opét rozmrazeny pred
stanovenim dextrind.

fraction after wort boiling (with hop extract) was ca 11 %. If it differed,
it was adjusted by diluting with distilled waterto 11.00 + 0.01 %. Brewing
yeasts (2.8 g per 800 ml of hopped wort) were added to hopped wort.

2.5 Green beer preparation

Hopped wort was fermented in Erlenmayer flasks (1) at 8 + 0.5 °C
for 8 days. After completing fermentation and shaking carbon dioxide
off, density was measured and weight fraction calculated.

2.6 Maintaining of samples of intermediate products

A sample was taken from each intermediary product (sweet wort,
hopped wort, green beer) for the determination of dextrin content. The
samples were supplemented with antibiotics (cycloheximide) and
frozen. Thus they were kept until they were again defrosted prior to
dextrin determination.
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Tab. 5 Analyza variance a odhady komponent rozptylu pro obsah dextrin( ve sladiné / Analysis of variance and estimated components of

variance for dextrins content in sweet wort

Zdroj d.f. Pramérny Hladina F Odhad komponent

proménlivosti Ctverec vyznamnosti hodnota rozptylu

Source of Mean Level of F Estimated components

variation square significance ratio of varience

abs. | rel. (%) | s.e.

3DP

Postup / Method 0.90 e 91.82 0.11 71.80 0.02

Odrudy / Varieties 1 0.24 b 48.46 0.04 25.03 0.98

Residual 0.04 0.00 3.17 0.01
4DP

Postup / Method 0.07 b 10.45 0.02 1.50 0.02

Odrudy / Varieties 1 5.86 o 920.78 0.98 97.85 1.38

Residual 0.00 0.01 0.64 0.00
5DP

Postup / Method 0.00 NS 2.91 0.00 0.35 0.00

Odrudy / Varieties 1 0.69 ** 748.50 0.12 98.88 0.16

Residual 0.00 0.00 0.78 0.00
6DP

Postup / Method 0.02 i 56.45 0.00 93.62 0.01

Odrudy / Varieties 1 0.00 NS 0.34 0.00 0.00 0.00

Residual 0.00 0.00 6,38 0.00
7DP

Postup / Method 0.02 ** 10.91 0.00 46.51 0.00

Odrudy / Varieties 1 0.02 > 12.10 0.00 34.88 0.01

Residual 0.00 0.00 18.60 0.00
3-6DP

Postup / Method 0.42 e 19.34 0.10 4.03 0.10

Odrudy / Varieties 1 14.06 e 649.69 2.34 95.09 3.31

Residual 0.02 0.02 0.88 0.01
4-6DP

Postup / Method 0.02 NS 2.29 0.00 0.15 0.00

Odrudy / Varieties 1 10.62 b 1341.02 1.77 99.41 2.50

Residual 0.01 0.44 0.00
3-7DP

Postup / Method 0.61 b 25.77 0.15 5.45 0.15

Odrudy / Varieties 1 15.11 o 639.61 2.52 93.67 3.56

Residual 0.02 0.02 0.88 0.01
4-7DP

Postup / Method 0.03 NS 2.76 0.01 0.26 0.01

Odrudy / Varieties 1 11.57 i 1029.04 1.93 99.17 2.73

Residual 0.01 0.01 0.58 0.01

Pozndmky / Notes:  * P=0.05 d.f. stupné volnosti / degrees of freedom
** P=0.01 rel. relativni hodnota / degrees of freedom
*** P=0.001 abs. plvodni hodnota / original value

NS non significant  s.e.

2.7 Stanoveni dextrintd

Ke stanoveni dextrin(i byla pouzita metoda vysokoucinné kapali-
nové chromatografie (HPLC) s refraktometrickou (RI) detekci ([9].
Vzorky byly pfed analyzou homogenizovany pomoci ultrazvuku a zfilt-
rovany pfes membranovy filtr (0,22 um PVDF, Millipore Corp., Irsko).
Separace sacharidll byla provedena na koloné Prevail Carbohydrate
ES (250 x 4,6 mm, 5 um; Grace, USA) na pfistroji Hewlett Packard
1100 Series, Agilent Technologies. Mobilni faze acetonitril/voda 3:2
(v/v), pratok 1 ml/min, nastfik vzorku 10 ul. Pro kvantifikaci obsahu
dextrind ve vzorcich byly pouzity standardy maltooligosacharidi
(MOS; Sigma-Aldrich, USA) od maltotriosy po maltoheptaosu rozpu$-
téné ve vodé. Méreni kazdého vzorku bylo dvakrat opakovano. Obsah
dextrinG o polymeraénim stupni DP 37, stanoveny ve sladinach, mla-
dinach a zeleném pivu je uveden v tab. 4.

2.8 Statistické vyhodnoceni

Vysledky stanoveni obsahu a slozeni dextrinli ve vzorcich sladiny,
mladiny a zeleného piva byly vyhodnoceny pomoci analyzy rozptylu.
Ke grafickému zobrazeni rozdéleni variant sladovani do homogen-
nich skupin (shlukd) bylo pouzito dendrogrami zkonstruovanych na
zakladé Euklidovské vzdalenosti a Wardovy metody.

chyba odhadu / standard error

2.7 Dextrin determination

The high-performance liquid chromatography (HPLC) with refrac-
tometric detection (RI) was used for dextrin determination [9]. Before
the analysis, the samples were homogenized using an ultrasonic
equipment and filtered through a membrane filter (0.22 um PVDF,
Millipore Corp., Ireland). Separation of saccharides was performed
on the Prevail Carbohydrate ES column (250 x 4.6 mm, 5 um; Grace,
USA) on the instrument Hewlett Packard 1100 Series, Agilent Tech-
nologies. Mobile phase was acetonitrile/water 3:2 (v/v), flow rate 1
ml/min, sample injection 10 ul. Standards of maltooligosaccharides
were used for quantification of dextrin content in samples (MOS;
Sigma-Aldrich, USA) from maltotriose to maltoheptaose diluted in wa-
ter. Measurement of each sample was repeated twice. Dextrin content
of with degree of polymerization DP 3-7 determined in sweet wort,
hopped wort and green beer samples are given in Tab. 4.

2.8 Statistical evaluation

The results of the determination of dextrin content and composition
in sweet wort, hopped wort, green beer were assessed with the anal-
ysis of variance. Dendrograms constructed on the basis of the Euclide
distance and Ward method were used for graphic illustration of malting
variant distribution to homogeneous groups (clusters)
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Tab. 6 Analyza variance a odhady komponent rozptylu pro obsah dextrind v mladiné / Analysis of variance and estimated components of

variance for dextrins content in hoppede wort

Zdroj d.f. Pramérny Hladina F Odhad komponent
proménlivosti ctverec vyznamnosti hodnota rozptylu
Source of Mean Level of F Estimated components
variation square significance ratio of varience
abs. | rel. (%) | s.e.
3DP
Postup / Method 2 0.62 o 26.24 0.15 50.25 0.15
Odridy / Varieties 1 0.77 i 32.49 0.12 41.78 0.18
Residual 8 0.02 0.02 7.96 0.01
4DP
Postup / Method 2 0.13 e 64.23 0.03 4.38 0.03
Odridy / Varieties 1 4.30 o 2061.36 0.72 95.34 1.01
Residual 8 0.02 0.00 0.28 0.00
5DP
Postup / Method 2 0.00 NS 0.02 0.00 0.00 0.00
Odridy / Varieties 1 0.27 > 511.59 0.04 98.89 0.06
Residual 8 0.00 0.00 1.11 0.00
6DP
Postup / Method 2 0.04 * 13.19 0.01 65.67 0.01
Odrady / Varieties 1 0.01 NS 4.54 0.00 12.69 0.00
Residual 8 0.00 0.00 21.64 0.00
7DP
Postup / Method 2 0.02 * 10.31 0.00 36.36 0.01
Odrudy / Varieties 1 0.03 * 19.53 0.01 48.18 0.01
Residual 8 0.00 0.00 15.45 0.00
3-6DP
Postup / Method 2 0.37 * 8.00 0.08 3.62 0.09
Odrady / Varieties 1 12.83 i 274.77 2.13 94.32 3.03
Residual 8 0.05 0.05 2.07 0.02
4-6DP
Postup / Method 2 0.03 * 7.53 0.01 0.55 0.01
Odridy / Varieties 1 7.30 i 1740.88 1.22 99.10 1.72
Residual 8 0.00 0.00 0.34 0.00
3-7DP
Postup / Method 2 0.56 > 10.53 0.13 4.99 0.14
Odridy / Varieties 1 14.16 e 266.94 2.35 92.91 3.34
Residual 8 0.05 0.05 2.10 0.03
4-7DP
Postup / Method 2 0.00 NS 0.47 0.00 0.00 0.00
Odridy / Varieties 1 8.34 o 1120.16 1.39 99.47 1.97
Residual 8 0.01 0.01 0.53 0.00
Poznamky / Notes : *  P=0.05 d.f. stupné volnosti / degrees of freedom
** P=0.01 rel. relativni hodnota / degrees of freedom
*** P=0.001 abs. puvodni hodnota / original value

NS non significant  s.e.

3 VYSLEDKY A DISKUSE

Z odrid Bojos a Seabastian byl vyroben slad tfemi riznymi postupy
sladovani. (1) Klasickym zplsobem, tj. zplsobem, ktery je pouzivan
pfi hodnoceni odriid v ramci registraéniho fizeni (3 dny maceni, 3
dny kli¢eni, stupert domoceni 45,5 %) [10]. (2) Zkracenym zplsobem
sladovani (3 dny maceni, 2 dny kli¢eni, stupeft domoceni 45,5 %).
(3) S vy$8im stupném domoceni (3 dny maceni, 3 dny kliceni, stupen
domoceni 47,5).

Ve sladu byly stanoveny zékladni technologické parametry (tab. 3).
Z dosazenych vysledkd je zfejmé, ze zkraceni sladovani o jeden den
se u obou odrld projevilo snizenim obsahu extraktu, zhor§enim pro-
teolytického, amylolytického a predevSim cytolytického rozlusténi.
Soucasné doslo i ke snizeni Urovné prokvaseni.

Na vys$si stupert domoceni reagovaly obé odrudy zlep$enim pro-
teolytického, amylolytického a predevSim cytolytického rozlusténi
a zvy$enim urovné prokvaseni. Odrlida Bojos vykazovala uréity trend
ke zvy$eni obsahu extraktu, odrida Sebastian naopak ke snizeni ob-
sahu extraktu.

Ve vzorcich sladu vyrobenych rliznymi postupy sladovani (tab. 3)
byly vyrobeny sladiny, mladiny a zelené pivo. Ve vSech téchto mezi-
produktech vyroby piva byl stanoven obsah dextrinl. Riizné postupy

chyba odhadu / standard error

3 RESULTS AND DISCUSSION

Malt was produced from the varieties Bojos and Seabastian using
three different malting techniques. (1) Classical method, i.e. the
method used for the assessment of varieties within the registration
procedure (3 days steeping, 3 days germination, degree of steeping
45.5 %) [10]. (2) Shortened malting procedure (3 days steeping, 2
days germination, degree of steeping 45.5 %). (3) Method with
a higher degree of steeping (3 days steeping, 3 days germination,
degree of steeping 47.5).

Basic technological parameters were assessed in malt (Tab. 3). The
achieved results show that shortening of malting by one day led to
reduced extract content, deterioration of proteolytic, amylolytic and
first of all cytolytic modification in both varieties. At the same time
level of attenuation was declined.

Both varieties reacted to a higher degree of steeping by improving
proteolytic, amylolytic and mainly cytolytic modification and increasing
the level of attenuation. The variety Bojos exhibited a certain trend to
increased extract content, on the contrary the variety Sebastian to
decreased extract content.

Sweet wort, hopped wort and green beer were made from the malt
samples prepared by different malting procedures (Tab. 3). Dextrin
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Tab. 7 Analyza variance a odhady komponent rozptylu pro obsah dextrin(i v zeleném pivu / Analysis of variance and estimated compo-

nents of variance for dextrins content in green beer

Zdroj d.f. Pramérny Hladina F Odhad komponent
proménlivosti Gtverec vyznamnosti hodnota rozptylu
Source of Mean Level of F Estimated components
variation square significance ratio of varience
abs. | rel. (%) | s.e.
3DP
Postup / Method 0.35 i 134.81 0.09 89.84 0.09
Odridy / Varieties 1 0.05 ** 17.75 0.01 7.49 0.01
Residual 0.00 0.00 2.67 0.00
4DP
Postup / Method 0.10 e 22.56 0.02 217 0.03
Odrady / Varieties 1 6.48 e 1449.61 1.08 97.42 1.53
Residual 0.00 0.01 0.41 0.00
5DP
Postup / Method 0.00 NS 0.06 0.00 0.00 0.00
Odrady / Varieties 1 0.39 e 311.23 0.07 98.06 0.09
Residual 0.00 0.00 1.94 0.00
6DP
Postup / Method 0.05 * 13.86 0.01 76.19 0.01
Odrudy / Varieties 1 0.00 NS 0.00 0.00 0.00 0.00
Residual 0.00 0.00 23.81 0.00
7DP
Postup / Method 0.02 NS 1.93 0.00 9.90 0.00
Odrady / Varieties 1 0.07 * 7.84 0.01 48.02 0.02
Residual 0.01 0.01 42.08 0.00
3-6DP
Postup / Method 0.54 e 21.57 0.13 6.30 0.14
Odrady / Varieties 1 11.47 i 453.65 1.91 92.47 2.70
Residual 0.03 0.03 1.23 0.01
4-6DP
Postup / Method 0.08 * 5.13 0.02 0.93 0.02
Odrudy / Varieties 1 10.07 e 656.95 1.67 98.18 2.37
Residual 0.02 0.02 0.90 0.01
3-7DP
Postup / Method 0.75 > 12.41 0.17 7.03 0.19
Odrady / Varieties 1 13.29 e 221.57 2.21 90.51 3.13
Residual 0.06 0.06 2.46 0.03
4-7DP
Postup / Method 0.13 NS 2.71 0.02 0.99 0.03
Odrady / Varieties 1 11.77 e 250.61 1.95 96.68 2.77
Residual 0.05 0.05 2.33 0.02
Pozndmky / Notes:  * P=0.05 d.f. stupné volnosti / degrees of freedom
** P=0.01 rel. relativni hodnota / degrees of freedom
*** P=0.001 abs. plvodni hodnota / original value

NS non significant

sladovani se projevily u véech vzorkd, ne vzdy vSak stejnym zplso-
bem. Odriida Bojos vykazovala mirné vyssi obsah trisacharidil. Vyssi
stupeft domoceni se odrazil na zvy$eni obsahu trisacharid( ve vSech
vzorcich sladiny, mladiny a zeleného piva obou testovanych odrad.
Z udaja v tab. 4 vyplyva, Ze dextriny s polymeracnim stupném DP 3
byly fermentovany pivovarskymi kvasinkami, takze jejich obsah v ze-
leném pivu byl vyrazné nizsi.

Pouzité postupy sladovani ovlivnily obsah nezkvasitelnych dextrinG
o polymeraénim stupni DP 4-7 ve sledovanych meziproduktech vy-
roby piva rozdilné. Na zkraceni doby kli¢eni a tedy na kratSi celkovou
dobu sladovani reagovala odriida Bojos zvy$enim obsahu této sku-
piny dextrini ve slading, mladiné a zeleném pivu. V pfipadé odridy
Sebastian se pfi pouziti tohoto postupu sladovani projevilo zvySeni
obsahu dextrind az v zeleném pivu. U obou odrid tedy tento zkraceny
postup sladovani zvysil obsah nezkvasitelnych dextrin(i v zeleném
pivu ve srovnani s dalsimi pouzitymi postupy sladovani. Zelené pivo
vyrobené ze sladu odrlidy Bojos zkracenym postupem sladovani ob-
sahovalo pfiblizné o tfetinu vice nezkvasitelnych dextrinti (DP 4-7)
ve srovnani s odridou Bojos.

Na zvyseni stupné domoceni o 2 % reagovaly obé odrldy zvySenim
obsahu sledovanych nezkvasitelnych dextrin(, ale vétSinou méné nez
v pfipadé zkracené doby sladovani. Pouze u sladiny z odriidy Seba-

s.e. chyba odhadu / standard error

content was determined in all these intermediate products of beer
production. Different malting procedures affected all samples but not
always in the same manner. The variety Bojos exhibited a slightly
higher content of trisaccharides. Higher degree of steeping was re-
flected in the increased trisaccharide content in all samples of sweet
wort, hopped wort and green beer of both tested varieties. From data
in Tab. 4 it is evident that dextrins with degree of polymerization DP
3 were fermented by brewing yeasts and their content in green beer
was markedly lower.

The malting methods used affected content of unfermentable dex-
trin with degree of polymerization DP 47 in the studied beer produc-
tion intermediaries differently. The variety Bojos reacted to a short-
ened germination time and thus a shorter total time of malting by
increased content of these dextrins in sweet wort, hopped wort and
green beer. Use of this malting procedure in the variety Sebastian led
to increased dextrin content only in green beer. It means that the
shortened method of malting increased content of unfermentable dex-
trins in green beer compared to the other malting method used. Green
beer made from malt of the variety Bojos with the shortened method
of malting contained by ca one third more unfermentable dextrins (DP
4-7) compared to the variety Bojos.

To steeping degree increased by 2 %, both varieties reacted by the
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Obr. 1 Dendrogram pro obsah dextrinti (DP4-
DP7) ve sladiné vyrobené ze sladli odrid Bo-
jos (B) a Sebastian (S) pfipravené tfemi tech-
nologickymi postupy (1, 2, 3) / Fig. 1
Dendrogram for dextrin (DP4-DP7) content in
sweet wort made from malt from the varieties
Bojos (B) and Sebastian (S) prepared with
three technological methods (1, 2, 3).

Obr. 2 Dendrogram pro obsah dextrint (DP4-
DP7) v mladiné vyrobené ze sladt odrid Bo-
jos (B) a Sebastian (S) pfipravené tfemi tech-
nologickymi postupy (1, 2, 3) / Fig. 2
Dendrogram for dextrin (DP4-DP7) content in
hopped wort made from malt from the vari-
eties Bojos (B) and Sebastian (S) prepared
with three technological methods (1, 2, 3).

Obr. 3 Dendrogram pro obsah dextrinti (DP4-
DP7) v zeleném pivu vyrobeném ze sladu od-
rid Bojos (B) a Sebastian (S) pfipraveném
tfemi technologickymi postupy (1, 2, 3) / Fig.
3 Dendrogram for dextrin (DP4-DP7) content
in green beer made from malt from the vari-
eties Bojos (B) and Sebastian (S) prepared
with three technological methods (1, 2, 3).

stian byl zaznamenan vyssi obsah sledovanych nezkvasitelnych dex-
trind oproti ostatnim dvéma metodam sladovani.

Z&akladni rozdil mezi vzorky pochdazejicimi z odrid Bojos a Seba-
stian byl ve vy$8im (i vice nez dvojndsobném) obsahu tetra a penta-
sacharidl (tab. 4) u odrldy. Ve v8ech pivovarskych meziproduktech
jsou pak nejvice obsazeny dextriny s DP 4 a 5, menSi obsahy Ize za-
znamenat u dextrin(i s DP 6 a 7. Lze tedy konstatovat, Ze do zbytko-
vého extraktu prechazeji predevsim dextriny s DP 4 a 5, které jsou
pro jeho hodnoceni z tohoto pohledu rozhodujici (jejich obsah a slo-
Zeni ve sladiné a mladiné se méni jen velmi malo). Zakladni rozdil
mezi vzorky pfipravenymi stejnou technologii pak pfedstavuje vy-
razné vy$Si obsah dextrind s DP 4 a DP 5 u odridy Bojos oproti
odridé Sebestian. Vliv zkraceni doby sladovani o 24 h se projevil
u sladin, mladin a zeleného piva pfipravenych z rGznych odrud, a to
zvySenim obsahu nezkvasitelnych dextrind.

Skutec€nost, ze zakladnim faktorem ovliviiujicim mnozstvi dextrind
s DP 4 a 5 v meziproduktech vyroby piva byla odrida je€émene, pou-
zita pfi vyrobé sladu, byla prokazana i statistickym vyhodnocenim zis-
kanych analytickych dat (tab. 5, 6 a 7). Dale je patrné, Ze u mladin
se odrida pouzitého jeémene podili na obsahu dextrini s DP 6 ze
40-60 %. Velmi ndzorné to dokumentuji i dendrogramy (obr. 1-3), ze
kterych je opét zfejmé, ze pouzité odridy ovlivnily obsah nezkvasi-
telnych dextrind v meziproduktech vyroby piva vice nez pouzité me-
tody sladovani.
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increased content of the studiedunfermentable dextrins but mostly to
a lower extent than in the shortened time of malting. Only in sweet
wort from the variety Sebastian, higher content of the unfermentable
dextrin was determined compared to the other two malting methods.

A basic difference between the samples from the varieties Bojos
and Sebastian was in a higher (even more than double) content of
tetra and pentasaccharides (Tab. 4) in a variety. All the brewing inter-
mediate products mostly contain dextrins with DP 4 and 5, smaller
contents can be recorded in dextrins with DP 6 and 7. Thus we can
state that mainly dextrins with DP 4 and 5 get into the residual extract,
in this respect they are decisive for its evaluation (their content and
composition in sweet wort and hopped wort changes very little).The
basic difference among the samples prepared with the same tech-
nology was a significantly higher content of dextrins with DP 4 and
DP 5 in the variety Bojos versus the variety Sebestian. The effect of
shortened malting time by 24 h was manifested in sweet worts,
hopped worts and green beer prepared from various varieties, by in-
creased unfermentable dextrin content.

The fact that the barley variety used for malt production was a basic
factor affecting the amount of dextrins with DP 4 and 5 in the inter-
mediates of beer production was also confirmed by statistical evalu-
ation of the obtained analytical data (Tab. 5, 6and 7). Itis also apparent
that the barley variety used contributes in sweet worts to content of
dextrins with DP 6 from 40—60 %. Dendrograms (Fig. 1-3) show that
the varieties used affected content of unfermentable dextrins in the
intermediates of beer production more than the malting methods ap-
plied.
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