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Kyselé maceni se v minulych letech ukazalo jako efektivni prostfedek pro urychleni sladovaciho procesu. Pro Ucely této prace byly
v mikrosladovacim zafizeni VSCHT Praha pfipraveny dvé $arze sladu postupem, pi kterém byl jeémen madéen 8 resp. 16 hodin ve vodé
s upravenou hodnotou pH (pH=5). U pouzitého jeémene byla sledovana rychlost pfijmu vody obilkou, rychlost kli¢eni a kli¢iva energie pfi
béznych sladovacich podminkach. U pfipravenych sladu pak byly provedeny analyzy nejdulezitéjSich kvalitativnich parametrd, konkrét-
né extraktu, enzymové aktivity a v neposledni fadé také barvy a pH kongresni sladiny. Podstatna ¢ast prace byla vénovana sledovani
obsahu polyfenolovych latek a antioxida¢nim vlastnostem kongresnich sladin pfipravenych ze zminénych sladu.

Jelinek, L. — Karachevtsev, A. — Karabin, M. — Kotlikova, B. — Dostalek, P.: The effect of acidic steeping on malt technological
parameters. Kvasny Prum. 59, 2013, No. 10—11, p. 288-291

Acidic steeping was confirmed to be an effective tool for acceleration of the malting process. For the purpose of this study, two batches
of malt were prepared in the micromalting plant of the ICT Prague. Barley was steeped for 8/16 hours in water with the adjusted value of
pH (pH=5). In the tested barley, the rate of water uptake by the caryopsis, germination rate and germination energy under the standard
malting conditions were studied. In the prepared malts, the most important quality parameters, i.e. extract, enzymatic activity, color and
pH of congress wort were analyzed. Principal part of the study was devoted to monitoring of content of polyphenolic substances and
antioxidant characters of congress worts prepared from the malts.

Jelinek, L.— Karachevtsey, A. — Karabin, M. — Kotlikova, B. — Dostalek, P.:Der Einfluss des sauren Weichens auf die technologische
Parameter des Malzes. Kvasny Prum. 59, 2013, Nr. 10-11, S. 288-291

In den letzten Jahren hat sich das saure Weichen als ein wirksames Mittel zur Beschleunigung des Malzprozesses erwiesen. Fr die
Zwecke dieser Arbeit in einer Mikromélzerei der VSCHT (Chemische Universitét in Prag) durch ein Verfahren (Einweichen acht bzw.
sechszehn Stunde im Wasser mit aufbereiten pH Wert, pH = 5) wurden zwei Chargen Malz vorbereitet. Bei der angewandten Gerste wur-
de unter normalen Bedingungen die Geschwindigkeit der Wasserannahme in Grasfrucht, Keimungsrate und Keimungsenergie verfolgt.
Das fertige Malz wurde analysiert, um die wichtigste qualitativen Parameter zu erhalten, d.h. Extrakt, Enzymaktivitat und nicht zuletzt
auch die Farbe und pH Wert der Kongresswiirze. Der wesentliche Teil der Arbeit wurde der Verfolgung von Gehalt an Polyphenolstoffe

und antioxidationen Eigenschaften der Kongresswiirze gewidmet.
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1 UVOD

Kvalitativni znaky sladu jsou do znané miry ovlivnény technologif
sladovénl’ pFiéemi vyznamnou roli hraje cela rada faktor(. Asi nej-
ve v8ech tfech hlavnich stadiich vyroby sladu (Basarova a Cepicka,
1986). Dalsim, v odborné literatufe ¢asto opomijenym, faktorem je
pH. V prvni fazi sladovani je zrno macéeno ve vodé, jejiz hodnota pH
se upravuje jen minimalné a zpravidla se pohybuje kolem hodnoty 7.
Pridavek kyselych ¢i zasaditych modifikatorG (v potravinarské kvalité)
v8ak mlze vyraznym zplsobem ovlivnit celou fadu fyziologickych pa-
rametrl je€mene a kvalitativnich vlastnosti sladu. Pro Upravu vody pfi
zasaditém méaceni se vyuziva témér vyhradné hydroxid sodny a hyd-
roxid vapenaty (Lefyedi a Taylor, 2006), na rozdil od kyselého maceni,
kde Ize pouzit mnozstvi organickych i anorganickych kyselin, nejéas-
t8ji vSak kyselinu mlé€nou (Haraldsson et al., 2004). Nespornou vyho-
dou posunu hodnoty pH méacecich vod do kyselé i zasadité oblasti
je bezesporu i dezinfekce zrn. Ogundiwin a kolegové (Ogundiwin et
al., 1991) prokazali, ze slady macené v zasadité vode, jejiz hodnota
pH byla upravena pomoci hydroxidu vapenatého, obsahuji na svém
povrchu méné koliformnich bakterii a plisni nez bézné slady. O nékolik
let pozdéji Lefyedi a Taylor (Lefyedi a Taylor, 2006) dosahli v podobné
studii mnohem lepsich vysledk( pfi pouziti hydroxidu sodného, ovéem
pouze v pfipadé kontaminace koliformnimi bakteriemi. PFi pouziti ky-
selého maceni je dezinfekéni U€inek macecich vod zaméren spise na
plisné. V mnoha pracich byla publikovana moznost vyuziti cilené kon-
taminace macecich vod bakteriemi produkujicimi kyselinu mléénou.
Hotové slady pak vykazovaly mnohem niz8i droven kontaminace v po-
rovnani s béznymi slady (Haikara a Laitila, 1995; Laitila et al., 1997).

Jak jiz bylo zminéno, hodnota pH mlze mit vyrazny vliv také na
chemické parametry sladu. Velka pozornost byla z tohoto hlediska
vénovana obsahu fenolovych latek a antioxidaénim vlastnostem.

Keywords: barley, malt, malt quality, malting technology, pH

1 INTRODUCTION

Malt quality parameters are considerably affected by a malting tech-
nology. The temperature and access of air belong to the most important
factors affecting malt quality, they play a role in all three main phases
of malt production (Basafova and Cepicka, 1986). Another factor, often
neglected in the literature, is pH. In the first stage of malting, grain is
steeped in water pH of which is adjusted only minimally, usually varying
around the value of 7. However, the addition of acidic or alkaline modifi-
ers (in food quality) can significantly affect a number of barley physiologi-
cal parameters and malt quality characters. Sodium hydroxide and cal-
cium hydroxide are frequently used to modify water at alkaline steeping
(Lefyedi and Taylor, 2006), unlike acidic steeping, where various organic
and inorganic acids can be applied, lactic acid being the most frequently
used (Haraldsson et al., 2004). Disinfection of grains is an undisputable
advantage of the shift of pH level in steeping water toward acidic or alkali.
Ogundiwin and colleagues (Ogundiwin et al., 1991) have proven that
malts steeped in alkaline water with the pH value modified using calcium
hydroxide contain on their surface less coliform bacteria and fungi com-
pared to common malts. A few years later, Lefyedi and Taylor (Lefyedi
and Taylor, 2006) in similar study achieved much better results with the
use of sodium hydroxide but only in cases of contamination with coliform
bacteria. In acidic steeping, disinfection is more effective against fungi.
Many studies have shown the possibility to use a targeted contamination
of steeping water with bacteria producing lactic acid. The malts then ex-
hibited a much lower level of contamination compared to common malts
(Haikara and Laitila, 1995; Laitila et al., 1997).

As mentioned above, the pH value also may have a significant
influence on malt chemical parameters. A considerable attention
has been paid to the content of phenolic compounds and antioxi-
dant properties In 2006 and 2007, the authors of two fundamental
studies proved high antioxidant activity of malts steeped in mildly
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V letech 2006 a 2007 byly zvefejnény dvé zasadni prace, ve kterych
autofi prokazali vysokou antioxida¢ni aktivitu sladt macenych v mir-
né kyselé vodé o (rozmezi pH 5-5,5) (Szwajgier et al., 2006; Tubaro
et al., 2007). V préaci Lowe a kolegu byl pak prokazan pozitivni vliv
nizkého pH na aktivitu B-glukanasy a s tim spojeny ubytek B-glukan(
v hotovém sladu (Lowe et al., 2005). Kyselé maceni mlze také pfi-
spivat ke snizeni obsahu kyseliny fytové (Haraldsson et al., 2004),
mykotoxinli a snizeni gushingového potenciélu sladu (Lowe a Aren-
dt, 2004). Tento vyéet pozitivnich vlastnosti sladd pfipravenych ky-
selym macéenim neni zdaleka konecny a je vice nez pravdépodobné,
ze se v budoucnu bude déle rozSifovat.

Cilem této prace byl vyzkum vlivu kyselého maceni na vybrané
fyziologické parametry sladovnického je¢mene (rychlost kli¢eni, citli-
vost na vodu a energie kli¢eni) a chemické vlastnosti sladu (extrakt,
barva, pH, celkové polyfenoly, polyfenolové monomery, antioxidaéni
kapacita a aktivita amylolytickych enzym). Vysledky tohoto vyzku-
mu by v budoucnu mohly pfispét k urychleni sladovnického procesu
a zvySeni kvality sladu.

2 MATERIAL A METODY

Vzorky jeémene (odrida Bojos) a odpovidajici vzorky komeréniho
sladu byly poskytnuty priimyslovou sladovnou.

Pro vyrobu standardniho sladu bylo pouzito mikrosladovaci zafizeni
VSCHT Praha (Ravoz, CR). Na jednu vsadku bylo pouZito 7 kg jeéme-
ne, rozdéleného do kilogramovych &asti, ktery byl ma€en nasledujicim
postupem: I. a Il. namoc€eni na 8 hodin nasledované 12 hodinovou
vzdus$nou prestavkou, lll. namoc¢eni na 4 hodiny nasledované 4 hodi-
novou vzdusnou prestavkou. Namoceny je¢men byl nasledné umis-
tén do kli¢iciho boxu, kde byl za ob¢asného provzdusnovani kli¢en
48 hodin pfi teploté 16 °C a relativni vihkosti vzduchu 95 %. Nakli¢eny
je€men byl dale hvozdén pouzitim teplotniho programu: 45 °C — 6 ho-
din, 50 °C — 6 hodin, zahréti z 50 °C na 82 °C béhem 10 ha 82°C -2
hodiny. Obdobnym zplsobem byly pfipraveny i vzorky kysele mace-
ného sladu, kdy byl jeémen macen v prvni respektive v prvni a druhé
maceci vodé, okyselené pomoci kyseliny mlééné na pH 5. Prehled
zkratek vyse popsanych sladul je uveden v tab. 1.

Stanoveni fyziologickych parametri jeémene maceného ve vodé
s riznou hodnotou pH (citlivost na vodu a kli¢iva energie) bylo prove-
deno podle metodiky ASBC (Analytica ASBC, 2009). Pro stanoveni
rychlosti kliceni byla pouzita metoda dle Proke$e (Proke$, 2005).

Analyza zakladnich parametrd kongresni sladiny (extrakt, barva
a pH) byla provedena metodikou podle EBC (Analytica EBC, 1998).

Spektrofotometrické stanoveni celkovych polyfenolovych latek
v kongresni sladiné bylo provedeno metodikou podle EBC (Analy-
tica EBC, 1998).

Pro izolaci a stanoveni polyfenolovych monomer( bylo 25 ml
kongresni sladiny extrahovano 2x25 ml ethylacetatu na tfepacce
(700 min'') po dobu 3 minut. Spojené extrakty byly odpareny do su-
cha na vakuové rotacni odparce. Suchy podil byl rozpustén v 50%
methanolu, prefiltrovan pres nitrocelulosovy mikrofilm (velikost por(
0,45 pm) a analyzovan pomoci HPLC-DAD. Pro HPLC déleni feno-
lovych latek byla pouzita kolona Luna 5 pm Phenyl-Hexyl 1 (150 x
4.6 mm). Mobilni faze sestavala z faze A (0,01% roztok kyseliny fos-
fore€né v acetonitrilu) a B (0,01% roztok kyseliny fosfore¢né v demi-
neralizované vode). Slozeni gradientu mobilni faze bylo nasleduijici:
V ¢ase 0 min — 90 % B, v ¢ase 15 min — 90 % B, v ¢ase 45 min —
65 % B, v ¢ase 46 min — 10 % B, v ¢ase 52 min — 10 % B a v ¢ase 55
min — 90 % B. Teplota HPLC analyzy byla 40 °C a hodnota pratoku
1 ml/min. Fenolové latky byly vyhodnocovany pfi vinovych délkach
blizkych jejich absorpénimu maximu (253, 280 a 330 nm) a jejich
obsahy v matrici byly stanoveny metodou vnéjsi kalibrace. Latky
takto stanovené byly kyseliny protokatechova, p-hydroxybenzoova,
vanilova, ellagova, gallova, kavova, ferulova, sinapova, p-kumarova
a chlorogenova, déle pak katechin, epikatechin a vanilin. V nasledu-
jicim textu bude pracovano pouze se sumou téchto latek.

Stanoveni antioxida¢ni aktivity kongresnich sladin bylo provedeno
metodou podle Kanedy (Kaneda et al., 1995).

Kolorimetrické stanoveni aktivity a-amylasy bylo provedeno meto-
dou podle EBC (Analytica EBC, 1998).

3 VYSLEDKY A DISKUZE

Na obr. 1 je ilustrovan vliv pH méaceci vody na zékladni fyziologické
parametry je¢mene (kli¢iva energie, citlivost na vodu a rychlost klice-
ni). Ve v8ech pfipadech bylo nejlepsich vysledkt dosazeno pfi pouziti

acidic water (pH ranged from 5-5.5) (Szwajgier et al., 2006; Tubaro
et al., 2007). Lowe and colleagues demonstrated a positive effect of
low pH on B-glucanase activity and the associated loss of 3-glucans
in the finished malt (Lowe et al., 2005). Acidic steeping may also
contribute to the reduction of phytic acid content (Haraldsson et al.,
2004), mycotoxins and gushing potential of malt (Lowe and Arendt,
2004). This list of positive qualities of malts prepared by acidic steep-
ing is not final and more than likely, it will be extended in the future.

The aim of this was to investigate the effect of acidic steeping on
the selected physiological parameters of malting barley (germina-
tion rate, sensitivity to water and germination energy) and chemical
characters of malt (extract, color, pH, total polyphenols, polyphenol
monomers, antioxidant capacity and activity of amylolytic enzymes).
The results of this research could help accelerate the malting pro-
cess and improve malt quality.

2 MATERIAL AND METHODS

Samples of barley (the variety Bojos) and corresponding samples
of commercial malt were obtained from an industrial malt house.

Standard malt was made in a micromalting plant in ICT Prague (Ra-
voz, CR). One batch contained 7 kg of barley split per 1 kg portions
and steeped using a following schedule: 1st and 2nd steeping for 8
hours followed by 12-hour air rest, 3rd steeping for 4 hours followed by
4-hour air rest. Subsequently, the steeped barley was transferred into
a germination box and allowed to germinate with occasional aerating
at 16 °C and relative air humidity of 95 % for 48 hours. The germinated
barley was then kilned using the following thermal schedule: 45 °C — 6
hours, 50 °C — 6 hours, heating from 50 °C to 82 °C during 10 h and
82 °C — 2 hours. The samples of malt steeped with acid were prepared
using the similar method: barley was steeped in the first or second
steeping water with the addition of lactic acid to the pH value of 5. The
list of abbreviations of malts described above is given in Tab. 1.

The determination of physiological parameters of barley steeped
in water with a different pH value (sensitivity to water and germina-
tion energy) was conducted according to the ASBC method (Ana-
lytica ASBC, 2009). For the determination of germination rate the
method after Proke$ was applied (Prokes, 2005).

The basic parameters of congress wort (extract, color and pH)
were analyzed by the EBC method (Analytica EBC, 1998).

The spectrophotometric determination of total polyphenolic sub-
stances in congress wort was performed with the methods after EBC
(Analytica EBC, 1998).

For the isolation and determination of polyphenolic monomers,
25 ml of congress wort were extracted using 2x25 ml of ethyl ac-
etate in a shaker (700 min™) for 3 minutes. Pooled extracts were
evaporated to dryness in a vacuum rotary evaporator. Dry part was
diluted in methanol (50%), filtered through a nitrocellulose microfilm
(pore size 0.45 pm) and analyzed using HPLC-DAD. The Luna 5
pm Phenyl-Hexyl 1 column (150 x 4.6 mm) was used for the HPLC
separation of phenolic compounds. Mobile phase consisted of phase
A (0.01% solution of phosphoric acid and acetonitrile) and B (0.01%
solution of phosphoric acid in demineralized water). Composition of
gradient of the mobile phase was as follows: at 0 min —90 % B, at 15
min — 90 % B, at 45 min — 65 % B, at 46 min — 10 % B, at 52 min —
10 % B, and at 55 min — 90 % B. The temperature of the HPLC analy-
sis was 40 “C and the flow rate 1 ml/min. Phenolic substances were
assessed at wavelengths near their absorption maximum (253, 280,
and 330 nm) and their contents in the matrix were assessed by the
external calibration method. The determined substances were proto-
catechuic, p-hydroxyl-benzoic, vanillic, ellagic, gallic, caffeic, ferulic,
sinapic, p-coumaric and chlorogenic acids, catechin, epicatechin and
vanillin, further summarily referred as the sum of these substances.

The determination of antioxidant activity of congress worts was
conducted with the method after Kaneda (Kaneda et al., 1995).

The colorimetric determination of a-amylase activity was per-
formed using the method after EBC (Analytica EBC, 1998).

3 RESULTS AND DISCUSSION

Fig. 1 illustrates the effect of pH of steeping water on the basic
physiological parameters of barley (germination energy, sensitivity
to water and germination rate). In all cases, the best results were
achieved with the use of mildly acidic steeping water. Alkali pH had
a completely opposite effect on the grain. The most pronounced dif-
ferences were found in sensitivity to water, the difference between
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Obr. 1 Fyziologické vlastnosti je¢émene pfi riznych hodnotach pH /
Fig. 1 Barley physiological characters at different pH values

Obr. 2 Vliv kyselého maceni na aktivitu a-amylasy sladu /
Fig. 2 The effect of acidic steeping on a-amylase activity of malt

Tab. 1 Prehled zkratek slad(l pouZitych v této praci / List of the abbreviations used int his study

Zkratka / Charakteristika sladu /
Abbreviation Malt characteristics
SK Komeréni slad / Commercial malt
SST Standardni slad pfipraveny v mikrosladovné VSCHT Praha / Standard malt prepared in the micromalting plant of ICT
S5 Slad pfipraveny z je¢émene maceného ve vodé o pH 5 (1x 8 h) / Malt prepared from barley steeped in water with pH 5 (1x 8 h)
S2x5 Slad pfipraveny z je€mene 2x maceného ve vodé o pH 5 (2x 8 h) /

Malt prepared from barley steeped in water with pH 5 two times (2x 8 h)

Tab. 2 Vliv kyselého méaceni na zakladni technologické parametry sladu / The effect of acidic steeping on malt technological parameters

Typ sladu / Extrakt / Extract Barva / Colour pH
Malt type (%) 1 (%) (j. EBC) / (EBCU)

SK 76.8 5.3 6.2
SST 77.3 4.6 6.1
S5 77.7 4.8 6.0
S2x5 75.7 5.8 6.1

Tab. 3 Vliv kyselého macéeni na obsah celkovych polyfenold, fenolovych monomerd a na antioxidaéni vlastnosti sladu / The effect of acidic
steeping on total polyphenols, phenolic monomers and antioxidant capacity of malt

Typ sladu / Celkové polyfenoly / Suma monomerti / Phenolic Antioxidaéni kapacita

Malt type Total polyphenols monomers (% odbarveni) / Antioxidant capacity
(mg/100 ml) / (mg/100 ml) (mg/100 ml) / (mg/100 ml) (% decolourizing)

SK 31.7 4.9 42.3

SST 32.1 4.7 41.6

S5 32.7 5.0 42.9

S2x5 27.2 5.3 35.5

mirneé kyselé maceci vody. Zasadita oblast pH méla na zrno vliv zcela
opacny. Nejmarkantnéjél’ rozdl'ly bny sIedovény v pfipadé citlivosti na
cmlla 12,5 % relativnich. Co se rychlosti kli€eni ty¢e, je€men maceny
v mirné kyselé vodé dosahoval jen o malo lepsich vysledkl (1,3 %
rel.) nez je€émen maceny ve vodeé s neutralni hodnotou pH. Pfi analyze
vysledku klicivé energie byly zjistény jen minimalni rozdily. Z fyziolo-
gického hlediska tedy rozhodné nelze ke sladovani doporucit zasadi-
tou maceci vodu, naopak mirné kysela oblast pH (5) urychluje kli¢eni
a zvySuje hodnotu klicivé energie a citlivosti na vodu. V nasledujicim
textu bude proto probiran pouze vliv kyselého maceni.

Zé&kladni parametry kongresnich sladin (extrakt, barva, pH) jsou
uvedeny v fab. 2. Zatimco hodnoty extraktu a pH se u jednotlivych
vzorkud vyrazné neliSily, hodnota barvy byla kyselym macenim ovliv-
néna znacné. Zejména slad pfipraveny dvojnasobnym kyselym ma-
¢enim vykazoval znaéné vysoké hodnoty barvy. Pravdépodobnou
pricinou tohoto jevu je vy$si obsah fenolovych monomer( uvolné-
nych vlivem kyselého pH z glykosidickych a esterovych vazeb (viz
déle). Je obecné znédmo, Ze sladiny s vy88im obsahem téchto latek
poskytuji i vy§Si hodnotu barvy (Basarova et al., 2010).

Pfi analyze fenolovych Iétek S|adf1 (tab. 3) bon zjiéténo ze slad
IG, coz by mohlo ovliviiovat koloidni stabilitu piva, ktera s obsahem
polyfenold bezprostfedné souvisi. Je pochopitelné, Ze niz8i hodnota
pH bude pfispivat k uvolfiovani polyfenoll vazanych napfiklad na
cukry. Tato skute¢nost byla potvrzena analyzou fenolovych mo-
nomerd (tab. 3), kde zvySené koncentrace téchto latek vykazovaly
kysele macené slady. Z hlediska antioxidaéni kapacity (tab. 3) byla

the highest (pH 5) and lowest (pH 9) value was 12.5% rel. In terms
of germination rate, barley steeped in mildly acidic water achieved
only slightly better results (1.3% rel.) than barley steeped in water
with the neutral pH value. The analysis of the results of germination
energy showed only minimal differences. From a physiological point
of view, alkaline steeping water cannot be recommended for malting,
while mildly acidic pH (5) accelerates germination and increases the
value of germinating energy and sensitivity to water. Therefore, only
the effect of the acid steeping will be discussed in the following text.

The basic parameters of congress worts (extract, color, pH) are
given in Tab. 2. While the values of extract and pH did not differ
markedly in the individual samples, acid steeping altered the value of
color significantly. Namely the malt prepared with double acid steep-
ing exhibited considerably high values of color, probably as a result
of a higher content of phenolic monomers released from glycosidic
and ester bonds due to acidic pH (see further). It is generally known
that worts with a higher content of these substances also provide
a higher value of color (Basarfova et al., 2010).

The analysis of phenolic substances of malts (Tab. 3) showed
that S2x5 malt contained the lowest content of total polyphenols,
this might affect colloid stability of beer as it is directly related to
polyphenol content. It is evident that a lower pH value contributes to
releasing the polyphenols linked for example to sugars. This fact was
confirmed by the analysis of phenolic monomers (Table 3), increased
concentration of these substances was exhibited by malts prepared
by acidic steeping. The highest value of antioxidant capacity (7ab. 3)
was measured in malt prepared only with one acidic steeping. On the
contrary, S2x5 malt exhibited very low antioxidant properties.
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nejvyssi hodnota namérena u sladu pfipraveného pouze jednim ky-
selym macenim. Slad S2x5 naopak vykazoval velmi nizké antioxi-
daéni vlastnosti.

Aktivita amylolytickych enzym( je jednim ze z&kladnich méfitek
kvality sladu. V této praci byla vénovana pozornost vyhradné aktivité
a-amylasy, jejiz zavislost na podminkach sladovani je graficky vyjad-
fena na obr. 2. Komeréné vyrabény slad dosahoval témérf stejné en-
zymatické aktivity jako standardni slad. To ovSem nelze konstatovat
0 obou kysele macenych sladech, u nichz byl zaznamenan podobny
trend jako v pfipadé antioxidaéni aktivity. Vzorek pfipraveny pouze
jednim kyselym maéenim mél mnohem vyssi aktivitu a-amylasy nez
kontrolni vzorky SK a SST. Naproti tomu dvojnasobné kyselé mace-
ni jemene zplisobilo pokles enzymatické aktivity o 4 D. U., v porov-
nani se sladem SK a o 5 D. U. v porovnani se standardnim sladem
SST. Tento pokles je s nejvétsi pravdépodobnosti zplsoben proteo-
lytickymi enzymy, které maji pH optimum blizké hodnoté 5 a které
mohou amylasy degradovat (Schmitt a Marinac, 2008).

Je zfejmé, Ze kyselé maceni sladu vyrazné ovliviiuje jak rychlost
sladovaciho procesu, tak kvalitu hotového sladu. Z vySe prezentova-
nych dat vyplyva, ze pro sladovnické Ucely je vhodné vyuzit pouze
jedno kyselé maceni. Je€men by mél okyselenou vodu pfijimat rych-
leji a Ize predpokladat také mirné zrychleni procesu kli¢eni. VétSina
kvalitativnich parametrd sladu jako pH a extrakt upravenym postu-
pem madeni ovlivnéna neni. Upravu pH (pouze prvni) mageci vody
Ize doporucit pro vyrobu enzymaticky aktivnich sladu se zvySenymi
antioxida¢nimi vlastnostmi. Je vSak nutné pocitat se skute¢nosti, ze
kysele macené slady mohou zplsobit zvySeni barvy sladiny.

4 ZAVER

Pfedmétem této prace byl vyzkum vlivu kyselého maceni (pH mace-
ci vody 5) na fyziologické vlastnosti je€mene a kvalitativni parametry
sladu. Slady pfipravené pomoci jednoho respektive dvou kyselych ma-
¢eni byly porovnavany s komeréné dostupnym a standardnim sladem.
Bylo zjisténo, Ze kyselé pH mirné zvySuje rychlost kli¢eni, citlivost na
vodu a kli¢ivou energii. Analyza hotovych sladl a kongresnich sladin
z nich pfipravenych prokazala, ze dvoustuprfiové kyselé maceni vy-
raznou meérou zvySuje barvu sladil. Hodnoty extraktu a pH kongresni
sladiny byly u sladi S5 a S2x5 takika identické s kontrolnimi vzorky.
Slad pfipraveny dvojnasobnym macenim obsahoval vyrazné méné
celkovych polyfenolli, naopak koncentrace fenolovych monomer byla
u tohoto vzorku nejvyssi. Jednostupriové kyselé maceni pfiznive ovliv-
novalo aktivitu a-amylasy a antioxida¢ni vlastnosti hotového sladu.
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Activity of amylolytic enzymes is one of basic standards of malt qual-
ity. This study paid attention exclusively to a-amylase activity, its de-
pendence on the malting conditions is graphically illustrated in Fig. 2.
The malt produced commercially achieved nearly the same enzymatic
activity as the standard malt. However, this was not the case of both
malts prepared with acidic steeping, here the same tend was recorded
as in antioxidant activity. The sample prepared with only one acidic
steeping had much higher a-amylase activity than the control samples
SK and SST. Conversely, double acidic steeping of barley caused the
decline in enzymatic activity by 4 D. U. compared to the SK malt, and
by 5 D. U. compared to the standard SST malt. This decrease is most
likely caused by proteolytic enzymes with pH optimum nearing the
value of 5, which can degrade amylases (Schmitt and Marinac, 2008).

It is evident that acidic steeping of malt affects markedly both the
rate and quality of the final malt. The above stated data suggest
that the use of only one acidic steeping is suitable for the malting
purposes. Barley should take up acidified water faster thus a slight
acceleration of the germination process may be expected. Most of
the malt quality parameters such as pH and extract are not affected
by the modified steeping procedure. PH adjustment of (only one)
steeping water can be recommended for the production of enzymati-
cally active malts with increased antioxidant properties. However, it
is necessary to take into account that malts prepared by acid steep-
ing can cause the increase in wort color.

4 CONCLUSIONS

Subject of this study was the affect of acidic steeping (steeping
water pH 5) on the physiological characters of barley and quality pa-
rameters of malt. Malts prepared using single or double acidic steep-
ing were compared with commercially available and standard malt.
It was determined that acidic pH mildly increases germination rate,
sensitivity to water and germination energy. The analysis of finished
malts and congress worts prepared from them proved that that two-
stage acidic steeping significantly increased color of malt. The ex-
tract values and congress wort pH in malts S5 and S2x5 were nearly
identical with the pH values of controls. Malt prepared with two-stage
steeping contained a significantly lower content of total polyphenols,
on the contrary, concentration of phenolic monomers in this sample
was the highest. Single acidic steeping favorably affected a-amylase
activity and antioxidant properties of the final malt.
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