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Abstract

In this case study, we conducted a detailed investigation
into the quality of Norwegian farmhouse malt. We ana-
lysed the physical, chemical, and organoleptic properties
of the malt. Our findings indicate that a specific sample
of Norwegian farmhouse malt exhibits a distinct quali-
ty, attributed to the production process and the use of
a non-malting barley variety with high nitrogen content.
The sample of Norwegian farmhouse malt showed low
values for all basic malting characteristics. Low values
were found especially in cytolytic modification. Addi-
tionally, the sensory characteristics of this malt differed
significantly from those of conventional, industrially pro-
duced malts, especially the smell of the malt and then the
smell of the mash after smoke was distinctive.

Keywords: Norwegian farmhouse malt; malting quality

Abstrakt

V této pripadové studii jsme podrobné zkoumali kvali-
tu norského farmarského sladu. Analyzovali jsme
fyzikalni, chemické a organoleptické vlastnosti sladu.
Z nasich zjisténi vyplyva, Ze konkrétni vzorek norského
farmarského sladu vykazuje odliSnou kvalitu, ktera je
pfisuzovana vyrobnimu procesu a pouziti nesladovnické
odrady jeCcmene s vysokym obsahem dusiku. Vzorek
norského farmarského sladu vykazoval nizké hodnoty
véech zakladnich sladovnickych charakteristik. Nizké
hodnoty byly zjistény zejména u cytolytické modifika-
ce. Kromé toho se senzorické vlastnosti tohoto sladu
vyrazné lisily od konvencnich, pramyslové vyrabénych
slad(l, zejména viiné sladu a pak viné rmutu po kouri
byla vyrazna.

Klicova slova: norsky farmarsky slad; sladovnicka kvalita

1 Introduction

Today, many people are passionate about home brewing.
They buy ingredients from specialty shops and home

1 Uvod

Mnoho lidi se dnes s vasni vénuje domaci vyrobé piva. Su-
roviny nakupuji ve specializovanych obchodech a navody
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brewing instructions are widely available. They share
their experiences with others on the internet and invite
their friends to taste their products. It is their hobby.

In the past, in small Scandinavian villages and seclud-
ed places, where people had to rely mainly on themselves
and their neighbours, the situation was different. The
malt, the basic raw material for the production of beer,
was made by the farmers at home from barley they grew
themselves. The quality of the individual batches varied
considerably. The malt was produced in small volumes
using inherited production methods and technology
commonly available on specific farmhouses. Accurate re-
construction of traditional malting methods is therefore
difficult. An interesting and worthmentioning study deal-
ing with raw materials and traditional production meth-
ods is the book “Historical Brewing Techniques: The Lost
Art of Farmhouse Brewing” (Garshol, 2020).

Barley (Hordeum vulgare L.) is one of the most widely
adapted cereal grain crops, that can be grown in different
climatic conditions (Baik, 2016). It ranks fourth in world-
wide cereal production, after wheat, rice, and maize. It
is used as feed, food and raw material for malting (New-
ton et al,, 2011). Barley tolerates dry and poor soils and
the harsh Nordic climate well, which is why barley was
most often used for malt production. In Scandinavia, six-
row barley was the most common variety until the end
of the Middle Ages and was still the most widespread in
the nineteenth century. Farmers often sowed a mixture
of barley and oats, which increased the chances of a good
harvest in any weather. In cool and wet summers, oats
prevailed while in hot and dry conditions, barley grew
better (Hoeg, 1974; Leino, 2017).

Since ancient times, farmers have saved the best
quality grain as seed for the following year. This practice
has led to the development of quality landraces capable
of withstanding local climatic conditions. Landraces of
barley could theoretically have originated from the seed
grown in the same area as early as the end of the Stone
Age (Schmidtetal., 2019; Wallace et al.,, 2013). Landraces
are mostly genetically and phenotypically heterogeneous
and represent an important reservoir of genetic variabil-
ity (Marone et al,, 2021). Currently, some farmhouse malt
producers use historical varieties, while others prefer
new varieties bred in Norway after 2000, such as Tiril
from 2004, Brage from 2010, and Fairytale from 2014
(Garshol, 2020).

The production of malt begins with steeping the grain.
Previously, producers of farmhouse malt used containers
into which the grain was poured and then covered with wa-
ter. In this case, the water needed to be changed regularly.
An alternative was to put the grain in a cloth sack and soak
itin a stream. The water naturally flowed through the sack,
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na domdaci vyrobu piva jsou béZzné dostupné. Sdili své
zkuSenosti s ostatnimi na internetu a své pratele zvou na
ochutnavku svych vyrobkii. Je to jejich hobby.

Jina situace byla v minulosti v malych skandinavskych
obcich a samotach, kde se lidé museli spoléhat predevsim
sami na sebe a na své sousedy. Slad, zakladni surovinu
pro vyrobu piva, si farmari vyrabéli doma z jeCmene,
ktery sami vypéstovali. Vyroba sladu probihala v malych
objemech, a jednotlivé Sarze se po kvalitativni strance
vyrazné liSily. Vyrobni postupy se dédily a pro vyrobu
farmarského sladu byla vyuzivana technologie bézné
dostupna na konkrétnich usedlostech. Presna rekon-
strukce tradi¢nich metod vyroby sladu je tedy obtiZna.
Zajimavou a zasluZnou publikaci, ktera se zabyva surovi-
nami a tradi¢nim vyrobnimi postupy, je kniha ,Historical
Brewing Techniques: The Lost Art of Farmhouse Brew-
ing“ (Garshol, 2020).

Je¢men (Hordeum vulgare L.) je jednou z nejptizptiso-
bivéjsich obilovin, kterou lze péstovat v riznych Kli-
matickych podminkach (Baik, 2016). V celosvétové pro-
dukci obilovin zaujima ¢tvrté misto, hned po pSenici, ryzi
a kukutici. Pouziva se jako krmivo, potravina a surovina
pro vyrobu sladu (Newton et al.,, 2011).

Je¢men snasi dobie suché a chudé plidy a drsné
severské klima, a proto byl je¢men nejcastéji pouzivan
pro vyrobu sladu. Ve Skandinavii prevladal do konce
stfedovéku Sestifady jec¢men, a byl nejrozsirené;jsi
jesté v devatenactém stoleti. Zemédélci Casto seli smés
jeCmene a ovsa, coZ zvySovalo Sanci na dobrou drodu
bez ohledu na pocasi. V chladném a vlhkém 1été prev-
ladal oves, kdyz bylo horko a sucho lépe rostl je¢men
(Hgeg, 1974; Leino, 2017).

Zemédélci si od pradavna uchovavali nejkvalitnéjsi
zrno jako osivo pro nasledujici rok. Tento postup vedl
ke vzniku kvalitnich krajovych odrid schopnych odola-
vat mistnim klimatickym podminkam. Krajové odrtdy
je¢mene mohly teoreticky pochazet z osiva péstovaného
ve stejné oblasti jiz na konci doby kamenné (Schmidt
et al.,, 2019; Wallace et al., 2013). Krajové odridy jsou
vétSinou geneticky a fenotypové heterogenni a pred-
stavuji vyznamnou zdsobarnu genetické variability
(Marone et al.,, 2021). V soucasné dobé pouzivaji né-
ktefri vyrobci farmarského sladu historické odriidy, jini
preferuji nové odriidy vyslechténé v Norsku po roce
2000, naptiklad odrtdy Tiril z roku 2004, Brage z roku
2010 a Fairytale z roku 2014 (Garshol, 2020).

Vyroba sladu za¢ind macfenim zrna. Vyrobci
farmarského sladu k tomu pouzivali nddoby, do kterych
se zrno nasypalo a nasledné zalilo vodou. V takovém
ptipadé bylo nutné vodu pravidelné vyménovat. Alterna-
tivni moZnosti bylo vloZit zrno do textilniho pytle a tento
pytel namocit do potoka. Voda prirozené protékala pyt-
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giving the grain access to oxygen. The flowing water carried
away dust and impurities. The initial phase of germination
still took place in the sack, which was removed from the wa-
ter to let the water drain out. Finally, the grain was spread
on a wooden frame in a layer of 10 to 15 cm or on a frame
with stretched netting. The grain was manually turned to
ensure even germination. In some areas, the germinated
grains were not turned and were left to grow through delib-
erately. At the end of the germination phase, the grain was
rolled up and transferred to the kiln (Garshol, 2020).

The drying procedures for green malt differed greatly
in farmhouse malt production. The method of drying the
malt varied according to local customs and, above all, the
capabilities of the individual producers. Various methods
were used for drying, such as Kilns, saunas, or even attics.
The malt was often dried by gentle heating and ventila-
tion. The simplest way was to dry the malt in the sun by
spreading it out on a cloth. This produced pale malt. Malt
was considered dry when it was possible to write with
the grain on the wall, like chalk. Often the green malt was
spread out on a wooden board with many small holes
through which warm air and smoke passed. Wood was
used for heating, and the choice of suitable wood for heat-
ing was crucial. Managing the temperature was also very
important to ensure that the enzymes were not destroyed.
All this required considerable experience (Garshol, 2020).

Malt affects the colour, taste, clarity, and aroma of the
final product. In the presented case study, analyses of the
Norwegian farmhouse malt and malt produced from the
same variety in a micro-malting plant are presented.

Table 1 Characteristics of barley grain (harvest 2021)
Tabulka 1 Viastnosti zrna jemene (sklizerr 2021)

Variety / Odrtida

Barley grain origin / Piivod zrna jecmene

lem, a zrno tak mélo pristup ke kysliku. Tekouci voda od-
nasela prach a necistoty. Pocatec¢ni faze kliceni probihala
jesté v pytli, ktery byl vytazen z vody, aby z néj voda volné
vytekla. Nakonec se zrno rozprostrelo na dfevény ram ve
vrstvé 10 aZ 15 cm nebo na ram, ve kterém byla napnu-
ta sitovina. Pro rovnomérné;jsi pribéh kliceni bylo zrno
ru¢né obraceno. V nékterych oblastech se Kli¢ici zrna
neobracela a nechala se zamérné prorust. Na konci faze
Kkliceni se pak zrno srolovalo a bylo preneseno na hvozd
(Garshol, 2020).

Postupy suSeni zeleného sladu byly v ptipadé vyro-
by farmarského sladu velmi riznorodé. Zptisob suseni
sladu se lisil podle mistnich zvyklosti, a hlavné podle
moznosti konkrétniho vyrobce. Pro suSeni byly vy-
uzivany rtizné metody, jako jsou susarny, sauny nebo
i ptidy. Slad se ¢asto susil mirnym zahiivanim a vétranim.
Nejjednodussim zpisobem bylo suseni sladu na slunci,
kdy slad byl rozprostren na platnu. Takto vznikal svétly
slad. V Norsku byl slad povaZovan za suchy, kdyZ bylo
mozné psat na zed zrnem, jako kiidou. Casto byl zeleny
slad rozprostien na drevénou desku s mnoha malymi
otvory, kterymi prochazel teply vzduch a kout. Topilo se
dievem a vybér vhodného dreva na topeni byl klicovy.
Velmi dilezita byla také prace s teplotou, aby nebyly
zni¢eny enzymy. To vSe vyZadovalo zna¢nou zkuSenost
(Garshol, 2020).

Slad ovliviiuje barvu, chut, ¢irost a aroma finalniho
vyrobku. V predlozené pripadové studii jsou uvedeny
analyzy norského domaciho sladu a sladu vyrobeného ze
stejné odrlidy v mikrosladovné.

Moisture content / Obsah vody % 12.0
Nitrogen content d.m. / Dusik v susiné % 1.856
Protein content (factor 6.25) / Dusikaté latky v susiné % 11.6
Starch content d.m. / Obsah skrobu NIR % 63.6
Moisture content of malt / Obsah vody NIR % 13.8
Bulk density / Objemova hmotnost kg/hl 70.6
Grain fraction above 2.8 mm / Frakce zrn nad 2,8 mm % 35.8
Grain fraction above 2.5 mm / Frakce zrn nad 2,5 mm % 46.9
Grain fraction above 2.2 mm / Frakce zrn nad 2,2 mm % 16

Grain fraction below 2.2 mm / Frakce zrn pod 2,2 mm % 04

Grain fragments, other cereals, foreign matter / Zlomky zrn, jiné obiloviny, cizi latky % 0.9

Thousand grain weight d.m. / Hmotnost tisice zrn v sus. g 37.3
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2 Materials and methods

2.1 Variety

In the experiment, the six-row feed variety of spring barley
Brage bred by Graminor AS, Norway was used. The grain
for malting was grown in Norway in 2021. The results of
the analysis of the barley grain before malting in the mi-
cromalting plant are presented in Table 1.

2.2 Malting

The malt from the six-row variety Brage was produced
in Norway (NOR) using traditional technology at
Sendergaarden Soinnhus in Stjgrdal. The technology
goes back more than 1 000 years.

The steeping phase was carried out with the grain
placed in two bathtubs with running oxygen-rich water
for about 3 days. The total water consumption was
approximately 20 m3.

During the germination phase, which lasted about
5 days, depending on the outside temperature, the
following procedure was used: the wet grain was spread
inalayer about 7 cm high, i.e. about the length of the index
finger. The temperature must not exceed 16 degrees, so
the green malt was turned over at regular intervals. To
retain moisture, the grain was covered with wet straw.
To check the level of modification, the grain was pressed
between the fingernails and its contents squeezed out. In
properly modified green malt, the endosperm mass feels
like chalk when rubbed between the thumb and index
finger. If the green malt passed this test, it was ready to
be moved to the sdinn, the traditional malt kiln.

The malt was spread on perforated planks (with a hole
diameter of ca 6 mm) which formed a drying board on top
of the sainn. Precise information on temperatures is not
available. The drying temperature was around 45-50 °C.

In the Czech Republic, a sample of the variety Brage
(CZE) delivered from Norway was sorted and a grain size
fraction >2.5 mm was used for micromalting.

The samples (0.5 kg) were malted in a micro-malting
plant (KVM Czech Republic). The micro-malting was
carried out according to the MEBAK method (2018).

Steeping took place in the steeping box for 72 hours
with alternating wet stages and air rests. The water and
air temperature were maintained at 14.0 °C. Duration of
wet stages and air-rests: on the first day, the wet stage
took 5 hours and air-rest 19 hours, on the second day,
the wet stage took 4 hours and air-rest 20 hours. On the
third day, the water content of the germinating grains
was adjusted to 45% by steeping or spraying.

Germination was performed in the germination box.
The temperature during germination was maintained at
14.0 °C. The total germination time was 72 hours.
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2 Material a metody

2.1 Odrida

V experimentu byla pouzita vicefadd krmna odriida
jarniho je¢mene Brage vyslechténa norskou firmou Gra-
minor AS. Zrno pro sladovani bylo vypéstovano v Nors-
ku v roce 2021. Vysledky analyzy zrna je¢mene pred
sladovanim v mikrosladovné jsou uvedeny v tabulce 1.

2.2 Sladovdni
Slad z viceradé odridy Brage byl vyroben v Norsku
(NOR) tradi¢ni technologii v Sgndergaarden Soinnhus ve
Stjgrdalu. Tato technologie je stara vice nez 1 000 let.

Faze maceni probihala tak, Ze zrno leZelo ve dvou
vanach s tekouci vodou bohatou na kyslik po dobu asi
3 dn. Celkova spotteba vody byla ptiblizné 20 m3.

Béhem faze Kliceni, kterd trvala asi 5 dni, v zavis-
losti na venkovni teploté, byl pouzit nasledujici postup:
mokré zrno bylo rozprostreno do vrstvy vysoké asi 7 cm,
tj. asi na délku ukazovacku. Teplota nesmi presdhnout
16 °C, proto se zeleny slad v pravidelnych intervalech
obracel. Pro udrzeni vlhkosti bylo zrno prikryto vlhkou
slamou. Pro kontrolu urovné modifikace se zrno stisklo
mezi nehty a jeho obsah vymackl. U spravné modifiko-
vaného zeleného sladu je hmota endospermu pfi treni
mezi palcem a ukazovakem jako kiida. Pokud zeleny slad
v této zkousSce obstal, byl ptipraven k presunu do sdinn,
tradi¢ni sladovnické pece.

Slad se rozprostrel na dérovana prkna (s primérem
otvorli cca 6 mm), ktera tvorila susici plochu na vrcholu
sainn. Presné informace o teplotach nejsou k dispozici.

Teplota suSeni se pohybovala kolem 45-50 °C.

V Ceské republice byl vzorek odriidy Brage (CZE)
doruceny z Norska vytiidén a pro mikrosladovani byl
pouzit podil predniho zrna.

Vzorky (0,5 kg) byly sladovany v mikrosladovné
(KVM Ceska republika). Mikrosladovani probihalo podle
metodiky MEBAK (2018).

Maceni probihalo v macirné po dobu 72 hodin pfi
stridanf namacek a vzdu$nych prestavek. Voda a teplo-
ta vzduchu byly udrzovany na 14,0 °C. Délky namacek
a vzdu$nych prestavek: prvni den namacka 5 hodin
a 19 hodin vzdu$nad prestavka, druhy den namacka
4 hodiny a 20 hodin vzdusna prestavka. Tieti den byl
obsah vody v kli¢icich zrnech upraven na hodnotu 45 %
namocenim nebo postrikem.

Kli¢eni bylo provedeno v kli¢irné. Teplota béhem
kliceni byla udrzovana na 14,0 °C. Celkova doba kli¢eni
byla 72 hodin.

Hvozdéni probihalo v jednoliskovém elektricky vy-
tapéném hvozdu. Faze predsouseni trvala 12 hodin pri
teploté 55 °C. Béhem faze zvySovani teploty se teplota



V. Psota et al.

Kvasny prumysl (2024) 70: 927-935

Kilning took place in a single-floor electrically heated
kiln. The free-drying stage lasted 12 hours at 55 °C. During
the forced drying stage, the temperature was gradually
increased to 75 °C. The curing stage was carried out for
4 hours at 80 °C.

23 Malt analysis

Malt quality was determined according to the methods
described in MEBAK (2011, 2018) and EBC Analysis
Committee (2010). The methods used and the values
achieved are shown in Table 2.

3 Results and discussion

The malt samples were not made from the same batch of
grain. The content of nitrogenous substances in the grain
used for the production of the maltin the micromalting plant
was satisfactory (11.6%), this corresponds to the content of
nitrogenous substances in the malt (11.1%). The content
of nitrogenous substances in malt produced in Norway
was 13.2%, which means that the content of nitrogenous
substances in barley grain was probably around 13.7%.
Grain size fraction >2.5 mm of the barley grain sample was
at the level of 82.7%. 1000 grain weight was low (37.3 g).

The NOR sample gave a wort with a lower extract
content (71.5%) than the CZE sample (77.6%). This
difference could be due, besides the technology used, to the
significant difference in the nitrogen content of the barley
grain between the NOR and CZE samples. The characteristic
feature of amylolytic enzyme activity is the diastatic power.
It is assumed that this trait mainly reflects the activity of
B-amylase. In the NOR sample, the diastatic power was
significantly lower (189 WK). In the CZE sample, the
diastatic power was significantly higher (332 WK). Another
feature characterising the rate of conversion of starch to
sugars is the saccharification time. The saccharification
time of the congress wort is an important indicator of the
efficiency of the amylolytic enzymes of malt. For this trait, a
big difference is also evident between the NOR malt sample
(60 min or more) and the CZE sample (13 min). These traits
characterizing the activity of the amylolytic enzymes were
strongly influenced by the malting process and the variety
used. They reached lower values than usually required
(Kunze, 2010).

Proteolytic modification (degradation of high molecu-
lar weight nitrogen-containing substances) characterised
by the level of Kolbach index was significantly low in
the NOR sample (27.9%) compared to the CZE sample
(42.1%), where the optimum level of this trait was reached
(Kunze, 2010; Psota and Kosat, 2002). The soluble nitrogen
content of wort was 200 mg/1 lower in the NOR sample
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postupné zvySovala aZ na 75 °C. Faze dotahovani sladu
probihala 4 hodiny pfti teploté 80 °C.

2.3 Analyza sladu

Kvalita sladu byla stanovena podle metod popsanych
v MEBAK (2011, 2018) a EBC Analysis Committee
(2010). PouZité metody a dosaZené hodnoty jsou uvede-
ny v tabulce 2.

3 Vysledky a diskuze

Vzorky sladu nebyly vyrobeny ze stejné partie zrna.
Obsah dusikatych latek v zrnu, které bylo vyuZito pro
vyrobu sladu v mikrosladovné, byl vyhovujici (11,6 %),
coz koresponduje s obsahem dusikatych latek ve sladu
(11,1 %). Obsah dusikatych latek ve sladu vyrobeném
Norsku byl 13,2 %, coz znamend, Ze obsah dusikatych
latek v zrnu je¢mene se pohyboval pravdépodobné
kolem 13,7 %. Vzorek zrna je¢mene mél podil pred-
niho zrna na urovni 82,7 %. Hmotnost tisice zrn byla
nizka (37,3 g).

Vzorek NOR poskytl sladinu s niz$im obsahem ex-
traktu (71,5 %) nez vzorek CZE (77,6 %). Tento rozdil
mohl bytzplisoben vedle pouzité technologie vyraznym
rozdilem v obsahu dusikatych latek v zrnu je¢mene
mezi vzorkem NOR a CZE. Znakem charakterizujicim
aktivity amylolytickych enzymi je diastaticka mohut-
nost. Pfedpoklada se, Ze tento znak odrazi predevsim
aktivitu f-amylazy. V piripadé vzorku NOR byla diasta-
tickd mohutnost vyrazné nizsi (189 WK). V pripadé
vzorku CZE byla diastatickd mohutnost vyrazné vyssi
(332 WK). Dal$im znakem charakterizujicim rychlost
premény Skrobu na cukry je doba zcukieni. Doba
zcukteni kongresni sladiny je dtlezitym ukazatelem
ucinnosti amylolytickych enzymi sladu. I u tohoto
znaku je ziejmy velky rozdil mezi vzorkem sladu NOR
(60 min a vice) a CZE (13 min). Uvedené znaky charak-
terizujici aktivitu amylolytickych enzymt byly vyrazné
ovlivnény postupem vyroby sladu a pouzitou odrtidou.
Dosahly nizSich hodnot, neZ je obvykle poZadovano
(Kunze, 2010).

Proteolytické rozlusténi (degradace vysokomole-
kularnich latek obsahujicich dusik) charakterizované
urovni Kolbachova ¢isla bylo u vzorku NOR vyrazné
nizké (27,9 %) ve srovnani se vzorkem CZE (42,1 %),
u kterého byla dosaZena optimalni Groven tohoto zna-
ku (Kunze, 2010; Psota a Kosaf, 2002). Obsah rozpust-
ného dusiku ve sladiné byl u vzorku NOR o 200 mg/I
niz$i nez u vzorku CZE. Také obsah volného ami-
nodusiku (FAN) byl u vzorku NOR vyrazné nizsi
(112 mg/l) nez u vzorku CZE (211 mg/l). Kvasinky
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than in the CZE sample. The free amino nitrogen (FAN)
content was also significantly lower in the NOR sample
(112 mg/1) than in the CZE sample (211 mg/1). Yeasts use
FAN as a key nutrient source during fermentation. Low
levels of FAN can lead to slow or incomplete fermentation.
Generally, a minimum of 150 mg/l FAN is considered
necessary for proper yeast growth during fermentation.
Levels below 150 mg/I can lead to poor fermentation and
high diacetyl levels (Schwarz and Li, 2011).

The degradation of cell walls characterized by
friability did not reach the lowest acceptable level
(75%) in the samples studied (NOR 23%, CZE 57%).
This corresponds to the amount of partly unmodified
grains and wholly unmodified grains, namely in the NOR
sample. The low levels of friability (NOR 23%, CZE 57%)
correspond to the high values of viscosity of wort and
-glucans in wort for both samples (NOR 1090 mg/], CZE
863 mg/1). The acceptable content of f3-glucans in wort
in two-row spring varieties of malting barley is 250 mg/1
(Psota and Kosaf, 2002). Although some varieties of
two-row winter barley achieve these values, in this
case, the low level of cytolytic modification is mainly
variety-related. In six-row barley varieties, the activity of
cytolytic enzymes is significantly lower.

The yield of fermentable sugars constitutes a sub-
stantial part of the extract, which in turn influences the
level of alcohol production, which is characterized by the
apparent final attenuation. Apparent final attenuation
was particularly low in the NOR sample (63.2%). The CZE
sample achieved the lower acceptable value for this trait
(79%) (Psota and Kosar, 2002).

The sensory characteristics (appearance and colour
of the wort, and odour of the mash) are key for the beer
quality. The comparison between the NOR and CZE sam-
ples offers interesting findings.

For the NOR sample, the appearance of the wort was
visually determined. The CZE sample gave an opalizing
wort. The haze values determined by the nephelometer
were well above the EBC limit of 4 units for both samples.
Brage may be one of the varieties that do not produce
clear malt.

In the NOR sample, the colour of the wort was at the
level of Munich malt (25 EBC units). The high wort colour
could be due to the high nitrogen content of the malt and the
kilning process. The colour of the wort in the CZE sample
corresponded to that of the pale Pilsner malt (Kunze, 1999).

The NOR malt sample had a strong smell of smoke
caused by the Kkilning technology used. The CZE malt
sample had a rather musty smell, probably due to the
2,4,6-trichloroanisole (TCA) produced by mould (McGarrity
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vyuzivaji FAN jako kli¢ovy zdroj Zivin béhem fermen-
tace. Nizké hladiny FAN mohou vést k pomalé nebo
neuplné fermentaci. Minimaln{ hodnota 150 mg/1 FAN
je obecné povazovana za nezbytnou pro spravny rist
kvasinek béhem kvaseni. Hodnoty nizsi nez 150 mg/1
mohou vést ke Spatnému kvaseni a vysokym hladindm
diacetylu (Schwarz a Li, 2011).

Degradace bunécnych stén charakterizovand fria-
ceptovatelnou uroven (75 %) (NOR 23 %, CZE 57 %).
Tomu odpovida i mnoZzstvi castecné sklovitych a sklo-
vitych zrn predevsim u vzorku NOR. Nizké urovni fria-
bility (NOR 23 %, CZE 57 %) odpovidaji vysoké hod-
noty viskozity sladiny a (-glukant ve sladiné u obou
vzorki (NOR 1090 mg/l], CZE 863 mg/1). Akceptovatel-
ny obsah B-glukant ve sladiné u jarnich dvoutradych
sladovnickych odrtd je 250 mg/l (Psota a Kosar, 2002)
Prestoze nékteré odridy ozimého dvouradého jecmene
dosahuji téchto hodnot, v tomto piipadé je nizka droven
cytolytického rozlusténi spojena predevsim s odriidou.
Viceradé odridy je¢cmene maji aktivitu cytolytickych

enzymi vyrazné nizsi.

Vytézek zkvasitelnych cukri tvori podstatnou Cast
extraktu, coz nasledné ovliviiuje uroven produkce alko-
holu, kterad je charakterizovana dosaZitelnym stupném
prokvaseni. Dosazitelny stupen prokvaseni byl predevsim
u vzorku NOR velmi nizky (63,2 %). Vzorek CZE dosahl
spodni akceptovatelné hodnoty u tohoto znaku (79 %)
(Psota a Kosar, 2002).

Senzorické vlastnosti (Cirost a barva sladiny a viiné
rmutu jsou kli¢ové pro senzorickou kvalitu piva. Porov-
nani mezi vzorky NOR a CZE nabizi zajimavé poznatky.

U vzorku NOR byla vizualné stanovena ¢irost sladiny.
Vzorek CZE poskytl sladinu opalizujici. Hodnoty zakalu
stanovené nefelometrem byly u obou vzorkl vyrazné
nad hrani¢ni hodnotu 4 jednotek EBC. Je mozZné, Ze
odrtida Brage patii k odriidam, které neposkytuji sladi-
nu ¢irou.

U vzorku NOR byla barva sladiny na drovni mnichov-
ského sladu (25 jednotek EBC). Vysoka hodnota barvy
sladiny mohla byt zplsobena vysokym obsahem
dusikatych latek ve sladu a postupem hvozdéni. Bar-
va sladiny u vzorku CZE odpovidala barvé svétlého pl-
zenského sladu (Kunze, 1999).

Vzorek sladu NOR byl vyrazné citit kourem, coZ bylo
zplsobeno pouzitou technologii hvozdéni. Vzorek sladu
CZE mél spisSe zatuchlou viini, zpisobenou pravdépo-
dobné latkou 2,4,6-trichloroanisolem (TCA) produkova-
nou plisnémi (McGarrity et al, 2003). Pritomnost plisni

na zrnu jeCmene muze prispét k vyskytu TCA ve vSech
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et al,, 2003). Mould on barley grain may contribute to the
occurrence of TCA in all subsequent intermediate products
of the brewing process. The possible presence of TCA in the
NOR sample was masked by a strong smoke odour.

The production of farmhouse malt (sample NOR) did
not allow the enzymatic apparatus of the germinating
grain to develop. The use of a six-row non-malting variety
worsened this problem. The use of current malting
varieties, ideally two-row spring barley with high enzyme
activity, could lead to the production of farmhouse malt
providing higher yields in farmhouse breweries.

4 Conclusion

Farmhouse malt and beer production is primarily about
preserving intangible cultural heritage. Future studies on
malt quality should therefore focus on using Norwegian
landraces and historical varieties grown in Norway in
the 19th and early 20th centuries. We do not know much
about the technological quality of these varieties in terms
of today’s requirements for malting and brewing quality. By
using landraces and historical barley varieties in traditional
farmhouse malting and brewing, we can get even closer to
the authentic sensory qualities of farmhouse malt and beer.
Given the importance and potential of this research, the
author team will continue this study on a representative
set of samples of current and historical varieties used in
Norway for the production of farmhouse malt.
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4 Zavér
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pouzivanych v Norsku pro vyrobu farméarského sladu.
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