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Neskrobové polysacharidy (NSP) tvofici hlavni ¢ast bunéénych stén zrna je€émene (arabinoxylany a beta-glukany) predstavu;ji limitujici
faktor pro vyuZiti produkce je€mene. Arabinoxylany jsou tvofeny (1—4)-3-D-xylanopyrosylovymi jednotkami substituovanymi a-L-ara-
binofuranézou. Arabinoxylany jsou esterifikovany kyselinou ferulovou. Beta-glukany jsou tvofeny B-(1—3),(1—4)-D-glukany, pfi¢emz
glukosidicka B-(1—4) se vyskytuje pfiblizné ze 70 %, vazba B-(1—3) pak ze zbyvajicich 30 %. Koncentrace NSP v zrnu je€émene je
ovlivnéna zejména genotypem, péstebnim prostfedim a intenzitou oSetfeni porostd. V procesu vareni piva mohou NSP zplsobovat
technologické i ekonomické problémy. Jejich obsah je vS§ak mozno v pribéhu vyroby piva snizit pfidavkem pfislusnych hydrolytickych
enzymu. NSP tvofi v§ak také hodnotnou sloZku potravni vlakniny, jez pomaha snizovat hladinu LDL cholesterolu a hladinu glukézy v krvi,
inzulinovou odezvu po jidle, télesnou hmotnost, krevni tlak, riziko srde¢ni choroby i rakoviny tlustého stfeva a zaroven zmirfuje pribéh
diabetu II. typu. Jako prebiotikum tvofi nevhodné prostredi pro rust patogennich rodl bakterii. Na zakladé védeckych posudkl vydala
Evropska Komise nafizeni ¢. 1048/2012, ve kterém schvaluje zdravotni tvrzeni o pozitivnim Géinku beta-glukant.

Machan, P. — Ehrenbergerova, J. — Cerkal, R.: Barley grain non-starch polysaccharides with malting and nutritional significance.
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Non-starch polysaccharides (NSPs), (arabinoxylans and beta-glucans), a main component of cell walls of barley grain, are a limiting
factor for the utilization of barley production. Arabinoxylans are formed by (1—4)-B-D-xylanopyrosyl units substituted with a-L-arabino-
furanose. Arabinoxylans are esterified by ferulic acid. Beta-glucans are formed by B-(1—3),(1—4)-D-glucans, B-(1—4) linkages account
for ca 70 %, B-(1—=3) for the remaining 30 %. NSP concentration in a barley grain is mainly affected by a genotype, growing environ-
ment and intensity of vegetation treatment. NSPs can be a cause of technological and economic problems encountered during brewing.
However, their content can be reduced by the addition of relevant hydrolytic enzymes. On the other hand, the NSPs form a valuable
component of dietary fiber that helps lower LDL cholesterol and glucose level in blood, insulin response to meal, body weight, blood pres-
sure, risk of heart disease and colon cancer, simultaneously they alleviate the course of type Il diabetes. As a prebioticum, they create
an unsuitable environment for the growth of pathogenic bacterial species. Based on scientific data, the European Commission issued
Regulation no. 1048/2012 authorizing a health claim of effects of beta-glucans on human health.

Machan, P. — Ehrenbergerova, J. — Cerkal, R.: Die Malz- und dietetisch bedeutende nicht stérkehaltige Polysacharide des
Gerstenkorns. Kvasny Prum. 60, 2014, Nr. 10, S. 258-265

Nicht starkehaltige Polysacharide (NSP), bildende den Hauptteil des Gerstenzellwandkornes (Arabinoxylans und beta-Glukane) stel-
len einen limitierenden Faktor fir die Ausnutzung der Gerstenproduktion dar. Arabinoxylans werden durch (1— 4)- B- D- Xylanopyrosyl
Einheiten substituierten a- L- Arabinofuranosa gebildet. Arabinoxylans sind durch Ferulasaure esterifiziert. Beta Glukane werden durch
die B-(1—3),(1—4)-D-Glukane gebildet, wobei glukosidische Bindung 3-(1—4) in 70% und Bindung B-(1—4) in 30% auftreten. NSP
Konzentration im Gerstenkorn wird durch den Genotyp, Anbaumilieu und Intensitét der Behandlung des Bewuchs beeinflusst. NSP
kénnen im Brauprozess eine technologische und 6konomische Probleme verursachen. Im Prozess des Biersiedens kann der Gehalt an
NSP jedoch durch Zugabe von hydrolytischen Enzymen reduziert werden. NSP stellt auch eine wertvolle Komponente der Ballaststoffe
dar, die hilft Gehalt an LDL Cholesterol und Glucose im Blut, Insulinreaktion nach dem Essen, Kérpergewicht, Blutdruck, Risiko von
Herzerkrankungen und Darmkrebs zu reduzieren und zugleich mildert Verlauf des Diabetes Il. Typs. Als Prebiotikum bildet NSP ein
ungeeignetes Milieu fur die Wachstum der pathogenen Gattung von Bakterien. Auf Grund der wissenschaftlichen Gutachten hat EU eine
Verordnung Nr. 1048/2012 erlassen, mit der die gesundheitsbezogene Angaben Uber positive Wirkung von beta-Glukane genehmigt.

Klicova slova: arabinoxylany, beta-glukany, jecmen jarni

1 UvoD

Je€men sety (Hordeum vulgare L.) je na naSem uUzemi tradi¢ni
zemédélskou plodinou, jez zde byla péstovana jiz tisice let pfed na-
§im letopoétem (Ullrich, 2010). V soucasnosti je je€men sety s obé-
ma formami (jarni a ozimou) nasi druhou nejpéstovang;si obilninou.
Historicky byla vétSina produkce jeémene jarniho v Ceské republi-
ce vyuzivana ke krmeni hospodarskych zvifat, v poslednich letech
vSak muUzeme pozorovat trend kontinualniho snizovani spotfeby
je€mene pro krmeni hospodarskych zvifat, coz je dano snizovanim
stavl hospodarskych zvifat (zejména prasat a dribeZe) chovanych
v Ceské republice. V roce 2013 pfevazovala spotfeba je€mene pro
potravinarské vyuziti nad mnozstvim uréenym ke zkrmovani (Klst
a Potmésilova, 2013). Pro kazdy zpUsob vyuZiti produkce jeémene je
pozadovano zrno vyhovujici specifickym parametrim. Mezi dulezité
parametry z tohoto pohledu patfi i obsah neSkrobovych polysachari-
du — zejména arabinoxylant a beta-glukan(. V pivovarském primy-
slu predstavuji neSkroboveé polysacharidy nezadouci latky (Kosar et
al., 2000). Na druhou stranu je¢né neskrobové polysacharidy jsou ve
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1 INTRODUCTION

Barley (Hordeum vulgare L.) is a traditional agricultural crop that
has been grown in the territory of the Czech Republic for millennia
(Ullrich, 2010). Today barley in its both forms (spring and winter)
is the second most grown cereal in the Czech Republic. Histori-
cally most of spring barley production here was used for feeding
of livestock, recently there has been a trend to continuous lower-
ing of barley consumption for feeding, which is given by the re-
duction of livestock (namely pigs and poultry) reared in the Czech
Republic. In 2013, barley consumption as food prevailed over the
quantity for feed (Klst and Potmésilovd, 2013). For each barley
use, grain of suitable specific parameters is required. Non-starch
polysaccharides, namely arabinoxylans and beta-glucans, belong
to important traits. In the brewing industry, non-starch polysaccha-
rides represent undesirable substances (Kosar et al., 2000). On
the other hand, in human diet, barley non-starch polysaccharides
are assessed as a valuable component of soluble and non-soluble
dietary fiber (Ullrich, 2010).
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vyzivé ¢lovéka cenény jako hodnotna slozka rozpustné i nerozpust-
né vlakniny potravy (Ullrich, 2010).

2 NESKROBOVE POLYSACHARIDY

Neskrobové polysacharidy (NSP) tvofi zakladni strukturalni kompo-
nentu bunéénych stén zrna jeémene. Mezi neSkrobové polysacharidy
je€ného zrna patfi hemicelulosy (beta-glukany, arabinoxylany, gluko-
mannany), celulosa, lignin a arabinogalaktany (Ullrich, 2010; Jamar et
al., 2011). | pfesto, Ze lignin nepatfi svou chemickou strukturou mezi
polysacharidy, je kvuli jeho Uzkému prolnuti s komponenty potravni
vlakniny (zejména s celulosou a arabinoxylany) zahrnut do této skupiny
(Newman a Newman, 2008). Vlastnosti neSkrobovych polysacharidd,
jejich obsah a pomér je v rliznych ¢astech zrna odlisny (Ullrich, 2010).
Gamlath et al. (2008) prokazal, ze komponenty bunécnych stén maji
vyznamny vliv na tvrdost zrna a pfijem vody zrnem. Obalové vrstvy
je€ného zrna jsou tvofeny zejména celulosou a ligninem. Stény bunék
v endospermu jsou tvofeny ze 75 % beta-glukany, z 20 % arabinoxyla-
ny, ze 2 % celulosou a z 2 % glukomannany, stény bunék v aleuronové
vrstvé se pak skladaji ze 71 % z arabinoxylan(, z 26 % z beta-glukanl
az 3 % z celulosy a glukomannan( (Jamar et al., 2011). Neskrobové
polysacharidy tvofi vidkninu potravy obsazenou v zrnu je€mene, tu dé-
lime na nerozpustnou (celulosa, lignin, arabinoxylany a beta-glukany)
a rozpustnou (arabinoxylany, beta-glukany [aZ polovina u je€mene],
glukomannany a arabinogalaktany). Nerozpustna vliaknina zvySuje ob-
jem potravy, zkracuje dobu jejiho prichodu zazivacim traktem a zlep-
Suje stfevni peristaltiku. Rozpustna vléknina zvySuje viskozitu obsa-
hu zaludku a stfev, zpomaluje promichavani jejich obsahu, omezuje
pfistup pankreatickych amylas a lipas k substratim, a tim i absorpci
zivin stfevni sténou. Rozpustna viaknina je ¢astecné Stépena travicimi
enzymy jiz v horni ¢asti zazivaciho traktu ¢lovéka (a dalSich monogast-
rickych savcu). Nerozpustna vldknina odolava plisobeni enzym( v ten-
kém stfeveé a je spolu s rozpustnou vlakninou vice nebo méné metabo-
lizovana pouze mikroorganismy tlustého a slepého stfeva. Kone¢nymi
produkty jsou plyny (oxid uhli¢ity a vodik, ¢asto i methan) a vyuzitelné
niz§i mastné kyseliny (octova, propionova a maselna) (Velisek, 2002).
Potravni vidknina ve stravé snizuje riziko srde¢niho onemocnéni, hla-
dinu glukosy a cholesterolu v krvi, inzulinovou odezvu, riziko obezity
a zmirmuje pribéh diabetu Il. stupné (Chandalia et al., 2000; Liu et al.,
2000; Slavin, 2005; Salas-Salvadé et al., 2006; Djoussé a Gaziano,
2007; Kochar et al., 2007; Marangoni a Poli, 2008; Tovar et al., 2012).
Uginek snizeni hladiny krevniho cholesterolu se vysvétluje snizenou
absorpci cholesterolu z visk6znéjsi stravy, vazbou cholesterolu na
vlakninu a jeho zvySenou exkreci vykaly. Dochazi také k vazbé Zluco-
vych kyselin na vlakninu a jejich exkreci. Disledkem je sniZzeni zasoby
Zlu€ovych kyselin v jatrech a tento deficit je hrazen na Gcet cholestero-
lu. Syntézu cholesterolu v jatrech navic inhibuji niz&i mastné kyseliny
vznikajici fermentaci vliakniny stfevni mikroflérou (Velisek, 2002).

Koncentrace neskrobovych polysacharidd v zrnu jeémene je
ovlivnéna zejména genotypem, péstebnim prostfedim a intenzitou
oSetfeni porostl (Havlova et al., 2006; Ehrenbergerova et al., 2008;
Dickin et al., 2011). Obsah neskrobovych polysacharidu je v§ak také
ovlivnén pritomnosti specifickych genl ovliviujicich sloZzeni $krobu
v zrnu jeémene — napf. u tzv. waxy typl je¢mene (gen wx), kde je po-
meér zménén vice ve prospéch amylopektinu, popf. obracené u non-
-waxy typl jeémene (gen amo 1) ve prospéch amylézy (Ehrenber-
gerova, 2006; Chloupek, 2008). Waxy genotypy obsahuji také vice
cukrt (Newman a Newman, 2008). Relativni mnozstvi neskrobovych
polysacharidil v zrnu je také ovlivnéno pritomnosti ¢i absenci plu-
chy (gen nud) (Newman a Newman, 2008; Ullrich, 2010; Balounova
et al., 2013), popf. pfitomnosti genu lys3a, ktery je zodpoveédny za
vysoky podil lyzinu, zplsobuje vSak také s dal$imi geny svrasténi
a snizeni podilu endospermu na hmotnosti zrna, snizi tedy i obsah
neskrobovych polysacharid(i v ném se vyskytujicich (Ullrich, 2010).

Zmo je€mene je jiz dlouho znamo jako zakladni surovina pro
vyrobu sladu, vyuziva se ale také ke krmeni hospodarskych zvifat
a nyni opét prochazi renesanci ve vyuziti jako potravina, pfipadné
jako surovina pro vyrobu funkénich potravin (Baik a Ullrich, 2008;
Havrlentova a Petrulakova, 2011). Limitujicim technologickym para-
metrem pro tato pouziti je pravé obsah dvou hlavnich neskrobovych
polysacharidl — arabinoxylan( a beta-glukana.

3 ARABINOXYLANY

Arabinoxylany (star§im nazvem pentosany) maji hlavni fetézec
tvofen (1—4)-B3-D- xylopyranosylovymi jednotkami, ktery je substi-

2 NON-STARCH POLYSACCHARIDES

Non-starch polysaccharides (NSPs) form a basic structural compo-
nent of cell walls of barley grain. Non-starch polysaccharides of bar-
ley grain include hemicelluloses (beta-glucans, arabinoxylans, glu-
comannans), cellulose, lignin, and arabinogalactans (Ullrich, 2010;
Jamar et al., 2011). Although lignin by its chemical structure does
not belong to polysaccharides, it is due to its close connection with
the components of dietary fiber (namely cellulose and arabinoxylans)
included in this group (Newman and Newman, 2008). Characters of
non-starch polysaccharides, their content and ratio are different in dif-
ferent parts of the grain (Ullrich, 2010). Gamlath et al. (2008) proved
that the components of cell walls have a significant effect on the grain
hardness and grain water uptake. Covering layers of barley grain are
formed namely by cellulose and lignin. Cell walls in the endosperm
are formed by beta-glucans (75 %), arabinoxylans (20 %), cellulose
(2 %) and glucomannans (2 %), cell walls in the aleuron layer con-
sist of arabinoxylans (71 %), beta-glucans (26 %) and cellulose and
glucomannans (3 %) (Jamar et al., 2011). Non-starch polysaccha-
rides form dietary fiber contained in barley grain, fiber is non-soluble
(cellulose, lignin, arabinoxylans and beta-glucans), and soluble (ara-
binoxylans, beta-glucans [as much as half in barley], glucomannans
and arabinogalactans). Non-soluble fiber increases food volume,
shortens time of its passage through the gastrointestinal tract and
improves peristalsis. Soluble fiber increases viscosity of stomach and
intestine contents, slows down mixing of their contents, it limits the
access of pancreatic amylases and lipases to the substrates and thus
also absorption of nutrients through the intestinal wall. Soluble fiber
is partially digested by digestive enzymes already in the upper part of
the alimentary tract of man (and other monogastric mammals). Non-
soluble fiber resists the enzymes in the small intestine and together
with soluble fiber; it is to a greater or lesser degree metabolized only
by the microorganisms of the colon and cecum. The final products
are gases (carbon dioxide and hydrogen, and often also methane)
and usable lower fatty acids (acetic, propionic and butyric) (Velisek,
2002). Dietary fiber in human nutrition reduces the risk of coronary
diseases, glucose and cholesterol levels in blood, insulin response,
risk of obesity and they alleviate the course of type Il diabetes (Chan-
dalia et al., 2000; Liu et al., 2000; Slavin, 2005; Salas-Salvado et al.,
2006; Djoussé and Gaziano, 2007; Kochar et al., 2007; Marangoni
and Poli, 2008; Tovar et al., 2012). The effect on the reduction of
blood cholesterol is explained by a lowered absorption of cholesterol
from a more viscous meal, by binding of cholesterol to fiber and its
increased excretion by feces. In addition, bile acids bind to fiber, their
following excretion results in lowering the bile acid stock in the livers;
this deficit is balanced on the account of cholesterol. Furthermore,
cholesterol synthesis in the livers is inhibited by lower fatty acids pro-
duced by fiber fermentation by intestinal microflora (Velisek, 2002).

Concentration of non-starch polysaccarides in the barley grain is
affected namely by a genotype, growing environment and intensity of
stand treatment (Havlova et al., 2006; Ehrenbergerova et al., 2008;
Dickin et al., 2011). In addition, content of non-starch polysaccha-
rides is also affected by the presence of specific genes influencing
starch composition in the barley grain — e.g. in so-called barley waxy
types (gene wx), where the ratio is changed in favor of amylopectin,
or on the contrary in non-waxy barley types (gene amo 1) in favor of
amylose (Ehrenbergerova, 2006; Chloupek, 2008). Waxy genotypes
also contain more polysaccharides (Newman and Newman, 2008).
Relative amount of non-starch polysaccharides in the grain is also
affected by the presence or absence of the hull (gene nud) (New-
man and Newman, 2008; Ullrich, 2010; Balounova et al., 2013), or
the presence of the gene lys3a, which accounts for a high ratio of
lysine, it also causes with other genes wrinkling and lowering of the
endosperm portion in the grain weight, reducing thus content of non-
starch polysaccharides occurring in it (Ullrich, 2010).

Barley grain has been known for a long time as a basic raw ma-
terial for production of malt but it is also used as feed for livestock
and currently it has been experiencing the renaissance in the use
as foodstuff or a raw material for production of functional food (Baik
and Ullrich, 2008; Havrlentova and Petrulakova, 2011). The limiting
technological parameter for these uses is content of two principal
non-starch polysaccharides — arabinoxylans and beta-glucans.

3 ARABINOXYLANS

Arabinoxylans (previously pentosans) have the main chain formed
by (1 — 4)-B-D-xylopyranosyl units substituted by a-L-arabinofura-
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tuovan a-L-arabinofuranosou (Nifio-Medina et al., 2009). V fetézci
arabinoxylanl se vyskytuji také jednotky D-glukosy a dal$i minoritni
stavebni jednotky (D-galaktosa, D-glukuronova kyselina, a nékteré
dalsi cukry) (Velidek, 2002). V zrnu je€mene je pfiblizné 4-7 % ara-
binoxylant (Newman a Newman, 2008).

Specifickou vlastnosti arabinoxylanu jeémene je jejich esterifikace
ferulovou kyselinou (pfiblizné od 0,07 % do 0,15 % celkové hmotnos-
ti), diky niz disponuji antioxidaénimi viastnostmi. Obsah ferulové ky-
seliny je vyznamné zavisly na odrtdé, ro¢niku a lokalité (Bélakova et
al., 2010; Ehrenbergerova et al., 2012). Ferulova kyselina je potenci-
alni prekurzor 4-vinyl guajakolu, tedy fenolové cizi viiné a chuté piva.
VySsi stupert domoceni, vysSi teplota a delSi doba sladovani vedou
k vy$8imu obsahu volné ferulové kyseliny ve sladiné (Mikyska et al.,
2010). Ferulované arabinoxylany maji schopnost v prostfedi volnych
radikall tvofit kovalentni gely. Tyto gely maji zajimavé charakteris-
tiky jako je neutralni viiné a chut, makroporézni struktura a stabilita
ke zménam pH i koncentraci elektrolytd (Nifio-Medina et al., 2009).
Na arabinoxylany je€mene jsou vazany také dalsi polyfenolické lat-
ky: p-kumarova kyselina a dehydrodimer ferulové kyseliny, vyskytuji
se v mnozstvi do 0,03 % hmotnosti zrna (Ullrich, 2010).

Arabinoxylany jsou slozkou jak nerozpustné, tak rozpustné vilakni-
ny potravy. Rozpustnost arabinoxyland je podminéna jejich mole-
kulovou hmotnosti, stupném vétveni, pomérem arabinosy ku xylose
(ara:xyl — rozpustné arabinoxylany nejméné 1:1,67) a mnozstvim
ferulové kyseliny (VeliSek, 2002; Li et al., 2005; lzydorczyk a Dexter,
2008; Ullrich, 2010). Andersson et al. (2008) zkoumal obsah arabi-
noxylan( a vodou rozpustnych arabinoxyland ve vzorcich z deseti
genotypl a zjistil, Ze arabinoxylany se v otrubach vyskytuji v rozmezi
5,81 az 9,03 % (z toho ve vodé rozpustné arabinoxylany 0,15 az
0,35 %) a v mouce v rozpéti od 1,40 do 2,24 % (vodou rozpustné
arabinoxylany od 0,15 do 0,38 %). Holtekjglen et al. (2006) zjistili ne-
gativni vztah mezi obsahem arabinoxylan( a jejich stupném vétveni.
Arabinoxylany jsou schopny vazat vodu (15 az 100 g vody na 1 g
susiny) (Velisek, 2002).

Izydorczyk a Dexter (2008) uvadéji, ze obsah arabinoxylant
v zrnu jemene zéalezi na genotypu, prostfedi, ale jejich obsah se jevi
méné variabilni, nez obsah beta-glukanud. V porovnani s ostatnimi
obilovinami je mnozstvi arabinoxylanu v zrnu jeémene podobné jako
u pSenice, nizSi nez u zita, ale vy$si nez u ovsa (fab.1). Bezpluché
genotypy obsahuji zpravidla méné arabinoxylant nez pluchaté. To
je dano distribuci arabinoxyland zejména v obalovych vrstvach zrna.
Po odstranéni pluchy obsahuji pluchaté genotypy obdobna mnozstvi
arabinoxylanll (%) jako genotypy bezpluché (Izydorczyk a Dexter,
2008). Balounova et al. (2013) pak v zrnu jeémene nalezla vyznam-
ny negativni vztah mezi obsahem arabinoxyland a obsahem skrobu.

Struktura bunéénych stén je€émene omezuje pfi rmutovani vyplavo-
vani skrobu a bilkovin do roztoku. Proto je potfeba bunééné stény roz-
lozit, aby mohly byt bilkoviny i krob mobilizovany (Kosar et al., 2000).

V procesu vareni piva mohou pravé arabinoxylany zplsobovat
technologické problémy spojené s nizsi extraktivnosti, vyssi viskozi-
tou rmutu, sladiny i piva. Mohou tak pfimo ovlivnit ekonomiku provo-
zu (Han, 2000; Li et al., 2005; Gupta et al., 2010). Problémy s vyssi
viskozitou zapfi¢inénou arabinoxylany jsou jesté vyznamnéjsi, pokud
pfi vafeni piva je pouZzito surogace pSeni¢nym zrnem nebo je pouzito
pSeni¢ného sladu (Lu a Li, 2006). Gamlath et al. (2008) uvadi, Ze ve
dvou letech trvani pokusu nalezl silny pozitivni vztah mezi obsahem
arabinoxylanu a tvrdosti zrna, v jednom roce pokusu se potvrdil také
silny negativni vztah mezi obsahem arabinoxylant a pfijmem vody
zrnem. Obsah arabinoxylan(i tak muze ovlivnit dobu macéeni zrna
je€mene pfi sladovani i jeho mlynarské a pekarské vlastnosti (Gam-
lath et al., 2008; Izydorczyk a Dexter, 2008).

Arabinoxylany jsou v priibéhu sladovani $tépeny xylanazami (EC
3.2.1.8), arabinofuranosiddzami (EC 3.2.1.55), xyloacetylesterazami
(EC 3.1.1.72), a feruloyl esterazami (EC 3.1.1.73) (Havlova, 1999;
Bamforth a Kanauchi, 2001). Aktivita xylanaz dosahuje svého maxi-
ma pfiblizné 72 hodin od zac¢atku klic¢eni. V prabéhu sladovani ¢as-
te¢né klesa obsah arabinoxylant, zaroven vSak stoupa obsah vo-
dou rozpustné frakce arabinoxylant (Li et al., 2005). Li et al. (2005)
rovnéz uvadi, ze pfi obsahu vSech arabinoxylan(i 3,84 az 5,40 %
(pomér ara:xyl 0,49 — 0,57) ve sladu byl obsah vodou rozpustnych
arabinoxylanti od 0,42 do 0,98 % (pomér ara:xyl 0,72 — 0,85). Vy$si
teplota rmutovani a vyssi stupen rozemleti sladu zvySuje mnozstvi
arabinoxylan( uvolnénych do sladiny (Lu a Li, 2006).

Vodou rozpustné arabinoxylany vykazaly dle Li et al. (2005) vy-
znamny pozitivni vztah s viskozitou sladiny i piva.

Viétor et al. (1993) uvadi, Ze se po pfidavku hydrolytického enzy-
mu endoxylanasy (EC 3.2.1.8) (produkt Aspergillus awamori) snizi-
la viskozita sladiny. Coz dle autora potvrzuje fakt, ze arabinoxylany

nose (Nifio-Medina et al., 2009). The arabinoxylan chain also con-
tains D-glucose units and other minority structural units (D-galac-
tose, D glucuronic acid and some other sugars) (Velisek, 2002). The
barley grain contains approximately 4—7 % of arabinoxylans (New-
man and Newman, 2008).

Specific character of barley arabinoxylans is their esterification by
ferulic acid (approximately from 0.07 % to 0.15 % of total weight),
due to it they have antioxidative properties. Ferulic acid content sig-
nificantly depends on the variety, year and locality (Bélakova et al.,
2010; Ehrenbergerova et al., 2012). Ferulic acid is a potential pre-
cursor of 4-vinyl guaiacol, i.e. phenolic off-flavors and taste of beer.
Higher final steeping, higher temperature and longer time of malting
lead to a higher content of free ferulic acid in sweet wort (MikySka et
al., 2010). Ferulated arabinoxylans in the presence of free radicals
are able to form covalent gels. These gels possess interesting char-
acteristics, such as neutral smell and taste, macroporous structure
and stability to pH and changes of electrolyte concentrations (Nifo-
Medina et al., 2009). Barley arabinoxylans also bind other polyphe-
nolic substances: p-coumaric acid and ferulic acid dehydrodimer oc-
curring up the amount of 0.03 % of grain weight (Ullrich, 2010).

Arabinoxylans are a component of both soluble and non-soluble di-
etary fiber. Arabinoxylan solubility is given by their molecular weight,
degree of branching, arabinose — xylose rate (ara:xyl — soluble arabi-
noxylans min. 1:1,67) and amount of ferulic acid (VeliSek, 2002; Li et
al., 2005; lzydorczyk and Dexter, 2008; Ullrich, 2010). Andersson et
al. (2008) studied content of arabinoxylans and water-soluble arabi-
noxylans in samples of ten genotypes and found that in brans arabi-
noxylans occurred in the range from 5.81 to 9.03 % (of which water-
soluble arabinoxylans formed 0.15 to 0.35 %) and in flour from 1.40 to
2.24 % (water-soluble arabinoxylans from 0.15 to 0.38 %). Holtekjalen
et al. (2006) found a negative relationship between the arabinoxylan
content and degree of their branching. Arabinoxylans are able to bind
water (15 to 100 g of water per 1 g of dry matter) (VeliSek, 2002).

Izydorczyk, Dexter (2008) claimed that arabinoxylan content in
barley grain depends on the genotype, environment, but their con-
tent appears less variable than that of beta-glucans. Compared to the
other cereals, the amount of arabinoxylans in barley grain is similar
as in wheat, lower than in rye but higher than in oats (Table 1). The
hulless genotypes generally contain less arabinoxylans compared to
the hulled ones. This is given by the arabinoxylan distribution mainly
in the coverage layers of the grain. When the hull is removed, the
hulled genotypes contain similar amounts of arabinoxylans (%) as
the hulless ones (Izydorczyk and Dexter, 2008). Balounova et al.
(2013) found a significant negative relationship between arabinoxy-
lan and starch contents in a barley grain.

The structure of the cell walls in barley restricts starch and protein
washing out into solution during mashing. For this reason, cell walls
must be degraded to allow for the mobilization of protein and starch
(Kosar et al., 2000).

In the brewing process, arabinoxylans can be a cause of techno-
logical problems related to lower extract content, higher viscosity of
mash, sweet wort and beer, directly thus influencing production econ-
omy (Han, 2000; Li et al., 2005; Gupta et al., 2010). Problems with
higher viscosity due to arabinoxylans are even higher if wheat surro-
gates or wheat malt are used in brewing (Lu and Li, 2006). Gamlath et
al. (2008) reported a strong positive relationship between arabinoxy-
lans and grain hardness in two years of the trial, a strong negative re-
lationship between arabinoxylan content and grain water uptake was
also confirmed in one year of the trial. The arabinoxylan content can
thus affect the length of barley grain steeping, its milling and bakery
characters (Gamlath et al., 2008; Izydorczyk and Dexter, 2008).

During malting, arabinoxylans are degraded by xylanases
(EC 3.2.1.8), arabinofuranosidases (EC 3.2.1.55), xyloacetylester-
ases (EC 3.1.1.72), and feruloyl esterases (EC 3.1.1.73) (Havlova,
1999; Bamforth and Kanauchi, 2001). Xylanase activity achieves its
maximum approximately 72 hours after the beginning of germina-
tion. Arabinoxylan content partly decreases during malting, at the
same time content of water soluble arabinoxylan fraction increases
(Li et al., 2005). Li et al. (2005) also reported that with the content of
all arabinoxylans 3.84 to 5.40 % (ara:xyl rate: 0.49-0.57) in malt, the
content of water soluble arabinoxylans moved from 0.42 to 0.98 %
(ara:xyl rate: 0.72-0.85). Higher mashing temperature and higher
milling degree of malt increase the amount of arabinoxylans released
to wort (Lu and Li, 2006).

According to Li et al. (2005), water soluble arabinoxylans exhibited
a significant positive relationship with viscosity of wort and beer.

Viétor et al. (1993) reported reduction in wort viscosity after the
addition of hydrolytic enzyme endoxylanase (EC 3.2.1.8) (product of
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pravdépodobné vazbami s beta-glukany hraji roli v ur€eni viskozity
sladiny. Viétor et al. (1993) rovnéz uvadi, Ze pomér arabinosy a xy-
losy arabinoxylan(i se v zrnu nesladovnického jeémene pohybuje
od 0,60 do 0,62 (ara:xyl), u sladovnickych odrid od 0,70 do 0,71.

Arabinoylany také nabizeji nutriéni benefity rozpustné a neroz-
pustné vlakniny a diky fenolickym latkdm v jejich molekularni struk-
tufe také antioxida¢ni vlastnosti (Izydorczyk a Dexter, 2008). Hyd-
rolyzou arabinoxylanti endoxylanasami vznikaji arabinoxylanové
oligosacharidy. Jak arabinoxylany, tak arabinoxylanové oligosacha-
ridy jsou povazovany za slozky vlakniny potravy, které poskytuji také
dalSi benefity imunomodulaéni aktivity, snizovani hladiny choleste-
rolu v krvi, zmifiuji prabéh diabetu Il. typu, zvySuji absorpci uréitych
mineralll, a maji prebioticky efekt (Sanchez et al., 2009; Babio et al.,
2010; Mendis a Simsek, 2013). Lu et al. (2004) uvadi, Ze denni dieta
obsahujici 15 g vlakniny bohaté na arabinoxylany vyznamné zlepsila
glykemickou kontrolu u lidi s diabetem II. typu.

Arabinoxylany jako souc¢éast rozpustné viakniny mohou v krmivu
hospodarskych zvifat (monogastr(l) tvorit gely, zvySovat tak hustotu
traveniny, ktera pak mize rychleji prochazet travici soustavou, snizo-
vat dostupnost zivin krmné davky i efektivitu jeji konverze (lji, 1999;
Mrkvicova, 2006; Newman a Newman, 2008; Ullrich, 2010). Neskro-
bové polysacharidy v traveniné mohou také zhorsit pristup emulguji-
cim zlu€ovym kyselindm, dostupnost Zivin travicim enzymam, se kte-
rymi mohou také tvofit komplexy a tim snizi jejich aktivitu. Mohou také
pfi kontaktu se stfevni mukosou zalepit stfevni klky (Mrkvicova, 2006).

4 BETA-GLUKANY

Je¢né beta-glukany jsou polysacharidy, které jsou tvofeny
B-(1—3),(1—4)-D-glukany. Beta-glukany jsou typické dvéma nebo
vice sousedicimi (1—4) vazbami (VeliSek, 2002). Glukosidicka
B-(1—4) vazba je v beta-glukanech je€mene zastoupena pfiblizné ze
70 %, vazba B-(1—3) pak ze zbyvajicich 30 % (Kosar et al., 2000).
Rozpustnost beta-glukand klesa s jejich zvysujici se molekulovou
hmotnosti (Cyran et al., 2002) a roste s vy$§im stupném narusenim
pravidelné B-(1—4) struktury B-(1—3) vazbami (Lazaridou a Bilia-
deris, 2007). Rozpustnost beta-glukan(i také ovliviiuje jejich enzy-
maticky rozklad pfi sladovani a rmutovani (Bhatty, 1996). Koncen-
trace beta-glukanu v jeéném zrnu se pohybuje od 2-8 % (Kosar et
al., 2000), existuji vSak také genotypy s vyrazné vysSim obsahem
—14 az 16 % (VeliSek, 2002). V porovnani s ostatnimi obilovinami je
mnozstvi beta-glukan(i podobné jako u ovsa, vy$si vSak nez u pSe-
nice a Zita (tab. 1).

Je zndmo, Ze genotypy je€mene s waxy typem Skrobu (tab. 2) ob-
sahuji vyznamné vice beta-glukand, nez jeCmeny se standardnim
slozenim Skrobu (Oscarsson et al., 1996; Newman a Newman, 2008;
Ullrich, 2010; Balounova et al., 2013). Obsah beta-glukanl ovliviiu-
je genotyp jemene, péstebni prostfedi i jejich vzajemné interakce
(Holtekjolen et al., 2008; Krizanova a Zofajova, 2010).

Byl nalezen silny negativni vztah mezi obsahem beta-glukand
a arabinoxylant (Holtekjolen et al., 2006; Brezinova Belcredi et al.,
2009) i obsahem 8krobu (Havrlentova et al., 2010; Krizanové a Zofajo-
va, 2010). MGzeme tedy Fici, Ze genotypy je€mene s vy$Sim obsahem
beta-glukanu obsahuji zaroveri méné arabinoxylanu. Byl nalezen také
silny pozitivni vztah (Guler, 2003; Holtekjglen et al., 2006; Krizanova
a Zofajovd, 2010) mezi obsahy beta-glukand a bilkovin. Balounova
et al. (2013) zjistila mezi obsahy beta-glukant a bilkovin u waxy ge-
notypl velmi vysoce silny pozitivni vztah, u genotypl se standardnim
sloZzenim Skrobu pak nalezla vztah vysoce silné negativni.

Vys$8i obsah beta-glukan(i v pivovarskych surovinach zplsobuje
zvyseni viskozity sladiny a piva, snizeni varniho vytézku, prodlouze-
nou dobu scezovani a Spatnou filtrovatelnost piva (Kosar et al., 2000).
Beta-glukany se pfi nizsi koloidni stabilité piva mohou podilet na tvor-
bé zakall (Leiper a Miedl, 2008). Wang et al. (2004) nalez! statisticky
vyznamny vztah mezi obsahem beta-glukanl v zrnu a obsahem beta
glukant ve sladu i viskozitou sladiny, je tedy dlilezité sledovat obsah
beta-glukanu ve sladovnické suroving, tedy v zrnu jeémene. Beta-glu-
kany jsou v priibéhu sladovani $tépeny beta-glukanasami (Kosar et
al., 2000; Newman a Newman, 2008). Aktivita beta-glukanasy v zrnu
je zpocatku velmi nizka (od 38,7 do 58 U.kg™), prudce vSak v pribéhu
sladovani roste (od 330 do 418 U.kg") (Wang et al., 2004). Aktivita
beta-glukanasy zavisi na genotypu jemene, péstebnim prostredi,
podminkach béhem sladovani (pfedevSim na teploté kliCeni, délce
kliceni a stupni domoceni). Optimalni pusobeni enzymu se pohybuje
v rozmezi pH 4,5 az 5,8, optimalni teplota se udava v rozmezi 40 az
45 °C. Inaktivacni teplota enzymu je 55 °C. Jeho aktivita se zvySuje
plsobenim giberelové kyseliny (Kosar et al., 2000).

Aspergillus awamori), according to these authors this confirms the
fact, that arabinoxylans may play a role in wort viscosity probably
due to bonds with beta-glucans. Viétor et al. (1993) also reported
that arabinose-to-xylose ratio of arabinoxylans in barley grain of low
malting quality moved from 0.60 to 0.62 (ara:xyl), in the varieties with
good malting quality from 0.70 to 0.71.

Arabinoxylans also offer nutritious benefits of soluble and non-
soluble fiber and thanks to phenolic substances in their molecular
structure also antioxidation properties (Izydorczyk and Dexter, 2008).
Arabinoxylan hydrolysis by endoxylanase produces arabinoxylan oli-
gosaccharids. Both arabinoxylans and arabinoxylan oligosaccharides
are considered as components of dietary fiber that provide, inter alia,
also other benefits including immunomodulation activity, lowering
blood cholesterol, they alleviate type 2 diabetes, increase absorption
of certain minerals, and have the prebiotic effect (Sanchez et al., 2009;
Babio et al., 2010; Mendis and Simsek, 2013). Lu et al. (2004) report-
ed that the diet containing 15 g of fiber rich of arabinoxylans per day
significantly improved glycemic control in people with type 2 diabetes.

Arabinoxylans, as a part of soluble fiber in feed of livestock (mo-
nogasters) can form gels, increasing thus the density of digesta
which then can more easily pass through the alimentary tract, and
reduce the accessibility of nutrient of feed dosage and efficiency of
its conversion (lji, 1999; Mrkvicova, 2006; Newman and Newman,
2008; Ullrich, 2010). Non-starch polysaccharides in digesta can also
worsen the access of emulgating bile acids, nutrient availability to
digestion enzymes with which they can also create complexes, re-
ducing thus their activity. Upon the contact with intestinal mucosa,
they can also clog the intestinal villi (Mrkvicova, 2006).

4 BETA-GLUCANS

Barley beta-glucans are polysaccharides formed by
3-(1—8),(1—4)-D-glucans. Beta-glucans are characterized by two
or more adjacent (1—4) bonds (Velidek, 2002). Glucosidic 3-(1—4)
bond is represented in beta-glucans of barley ca by 70 %, B-(1—3)
represents remaining 30 % (Kosar et al., 2000). Beta-glucan solubili-
ty declines with their increasing molecular weight (Cyran et al., 2002)
and grows with a higher degree of disruption of the regular 3-(1—4)
structure by B3-(1—3) bonds (Lazaridou and Biliaderis, 2007). Solu-
bility of beta-glucans also affects their enzymatic degradation during
malting and mashing (Bhatty, 1996). Beta-glucan concentration in
barley grain moves from 2—-8 % (Kosar et al., 2000) but genotypes
with significantly higher contents (14 to 16 %) also exist (VeliSek,
2002). Compared to other cereals, the amount of beta-glucans is
similar as in oats, but higher than in wheat and rye (Table 7).

Barley genotypes with a waxy type of starch (Table 2) contain sig-
nificantly more beta-glucans than barley with the standard starch
composition (Oscarsson et al., 1996; Newman and Newman, 2008;
Ullrich, 2010; Balounova et al., 2013). Beta-glucan content is affect-
ed by barley genotype, growing environment and their interactions
(Holtekjalen et al., 2008; Krizanova and Zofajova, 2010).

A strong negative relationship between contents of beta-glucans
and arabinoxylans (Holtekjolen et al., 2006; Bfezinova Belcredi et
al, 2009) and starch content (Havrlentova et al., 2010; Krizanova
and Zofajova, 2010) was found. Therefore, we can state that barley
genotypes with higher beta-glucan content contain at the same time
less arabinoxylans. Positive relationship was also found (Giiler, 2003;
Holtekjolen et al., 2006; Krizanova and Zofajova, 2010) between be-
ta-glucan and protein contents. Balounova et al. (2013) found a very
strong positive relationship between beta-glucan and protein contents
in the waxy genotype, on the contrary, in the genotypes with the stand-
ard starch composition strongly negative relationship was detected.

Higher beta-glucan content in brewing materials leads to increased
viscosity of wort and beer, reduced brewing yield, prolonged lautering
time and bad beer filterability (Kosar et al., 2000). Beta-glucans, at
lower beer colloid stability, can be engaged in haze formation (Leiper
and Miedl, 2008). Wang et al. (2004) found statistically significant rela-
tionship between beta-glucan content in grain and beta glucan content
in malt and wort viscosity, this suggests that monitoring of beta-glucan
content in the malting raw material — barley grain is very important.
During malting, beta-glucans are degraded by beta-glucanases (Kosar
et al., 2000; Newman and Newman, 2008). Initially, beta-glucanase
activity in grain is very low (from 38.7 to 58 U.kg), however, dur-
ing malting it increases rapidly (from 330 to 418 U.kg") (Wang et al.,
2004). Beta-glucanase activity depends on a barley genotype, grow-
ing environment, conditions during malting (namely on the germina-
tion temperature, length of steeping and degree of steeping). Optimal
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Priblizné 80 % beta-glukanu je v prabéhu sladovani rozlozeno
(Wang et al., 2004, Bhatty, 1996). Wang et al. (2004) déle nalezl
vyznamny pozitivni vztah obsahu beta-glukant ve sladu s viskozi-
tou sladu a vyznamny negativni vztah obsahu beta-glukand ve sladu
a Kolbachovym ¢islem (stupen rozlusténi bilkovin).

Béhem sladovani a rmutovani je€mene jsou beta-glukany Stépe-
ny plsobenim enzym( nalezicich do skupiny hemiceluldz. Vysledek
pusobeni celého komplexu téchto enzymU se nazyva cytolytické roz-
lusténi sladu. Pfi sladovani jde o dva zakladni postupy pfi cytolyze
zrna jeémene:

1. uvolnéni vysokomolekularnich beta-glukani z komplexu s bil-
kovinami a jinymi slou¢eninami,

2. §tépeni beta-glukanli s vysokou molekulovou hmotnosti na be-
ta-glukany nizkomolekularni, pfipadné az na glukosu.

Na katabolismu beta-glukand se podili cely komplex enzymi.
Uvolnéni vysokomolekularnich beta-glukant je katalyzovano beta-
-glukan-solubilasou. Proces pokracuje plsobenim endo-beta-glu-
kanas: endo-1,3-B-D-glukanasa (EC.3.2.1.39), endo-1,4-B-D-glu-
kanasa (EC.3.2.1.4) a endo-1,3,1,4-8-D-glukanasa (EC 3.2.1.73)
(Havlova, 1999).

Nezadouci vy$si obsah beta-glukanu i arabinoxyland v pivovar-
skych surovinach lze snizit komerénimi enzymatickymi preparaty.
Ty se liSi nejen v obsahu beta-glukanas a xylanas, ale i v jejich
schopnostech redukovat viskozitu rmutu a zvySovat extrakt. Po-
kud se do rmutu pfidaji v nizSich koncentracich xylanasy, zvysi
se viskozita sladiny. To se pravdépodobné déje diky uvolnéni be-
ta-glukan(i, které byly arabinoxylany vazany v bunéénych sté-
nach. Glukanasy maji vétSi dopad na viskozitu, nez xylanasy.
Kombinace xylanas a glukanas maji vSak jesté vétsi vliv na viskozitu
a celkovy extrakt, nez samotné glukanasy ¢i xylanasy.

PFi vyrobé piva se nékdy vyuziva sladovych Skrobnatych nahra-
zek — surogatl nesladovaného zrna je¢émene. Vyhodou surogace
je€menem je kromé ceny i podobné chemické slozeni jako u sladu.
Vyuziva se pro zlepseni chuti a pénivosti. V zrnu jeCmene nejsou
jesté beta-glukany Stépeny pfislusnymi enzymy. Aby se neovlivni-
la ekonomika vyroby, je potreba peélivé vybl’rat odrudy, které majl’
scezovani a filtrovatelnosti je vhodné, aby pod|I surogatu neprekrodil
10 procent (Kosar, 2000).

Gamlath et al. (2008) nalezl vyznamny pozitivni vztah i mezi obsahem
beta-glukant a tvrdosti zrna, ale i vyznamny negativni vztah mezi obsa-
hem beta-glukant a pfijmem vody zrnem. Beta-glukany tak vyznamné
ovliviuji mlynarské vlastnosti zrna, ale i dobu maceni pfi sladovani.

Beta-glukany je€mene jsou rovnéz zadouci slozkou vlakniny po-
travy (Brennan a Cleary, 2005). Mnohé studie prokazuji (Keogh et
al., 2003; Chen a Raymond, 2008; Shimizu et al., 2008; Smith et al.,
2008; Babio et al., 2010; Mitsou et al., 2010; Samuelsen et al., 2011;
El Khoury et al., 2012; Tovar et al., 2012), Zze beta-glukany (podobné
jako arabinoxylany) v lidské stravé pomahaji snizovat hladinu LDL
cholesterolu a hladinu glukosy v krvi, inzulinovou odezvu po jidle,
télesnou hmotnost, krevni tlak, riziko srde€ni choroby i rakoviny tlus-
tého stfeva a zaroven zmiriuji prabéh diabetu Il. typu. Jako prebio-
tikum stimuluji v tlustém stfevé rlist bakterii tvoficich tékavé mastné
kyseliny, které tvofi nevhodné prostfedi pro rdst patogennich rodd
bakterii a zaroven slouzi jako nutrienty pro stfevni enterocyty. Ve
studii AbuMweis et al. (2010) autofi uvadi, ze v souhrnu studii od
roku 1989 do 2008 beta-glukany obsazené ve stravé vedly k prikaz-
nému snizeni hladiny celkového krevniho cholesterolu o 0,30 mmo-
I.I" a LDL cholesterolu o 0,27 mmol.I"". Behall et al. (2004) zkoumal
vliv konzumace dvou mnozstvi (3 a 6 g) jecnych beta-glukan(i den-
né. Autofi zjistili, Ze beta-glukany ve stravé vyznamné snizily obsah
velkych LDL, malych VLDL a stfednich LDL frakci krevniho chole-
sterolu, pficemz obsah HDL cholesterolu a triacylglycerolt v krvi
zlstal v pribéhu pokusu nezménén. Prace dal$ich autorl potvrzuiji
(Keenan et al., 2007; Wolever et al., 2011), Ze beta-glukany o vy-
soké molekulové hmotnosti ve stravé maji na snizeni hladiny LDL
cholesterolu v krvi vy88i vliv, nez beta-glukany o nizké molekulo-
vé hmotnosti. Potraviny obsahuijici je€né beta-glukany v porovnani
s potravinami béznymi také navozuji vyS$Si pocit sytosti (Schroeder
et al., 2009; Vitaglione et al., 2009; Patel a Goyal, 2012). .

Byla vyvinuta fada metod extrakce (Lazaridou et al., 2008; Skrbié¢
et al., 2009; Benito-Roman et al., 2011; Mikkelsen et al., 2013) be-
ta-glukanll z je¢ného zrna pro pouziti do potravinarskych vyrobkd.
Fyziologicky efekt takto extrahovanych beta-glukant na lidské zdravi
neni jednoznacény (Brennan a Cleary, 2005; Ibriigger et al., 2013).

Na zakladé védeckych posudkl (EFSA, NDA 2009; 2011) vydala
Evropska Komise nafizeni ¢. 1048/2012 ze dne 8. listopadu 2012, ve
kterém schvaluje zdravotni tvrzeni o pozitivnim Uc¢inku beta-glukant

enzymatic activity moves from pH 4.5 to 5.8, optimal temperature is 40
to 45 °C. Inactivating temperature of the enzyme is 55 °C. Its activity is
increased by gibberellic acid (Kosar et al., 2000).

Approximately 80 % of beta-glucans are degraded during malting
(Wang et al., 2004, Bhatty, 1996). Wang et al. (2004) found a signifi-
cant positive relationship between beta-glucans and malt viscosity
and a significant negative relationship between beta-glucan content
in malt and Kolbach index (degree of protein modification).

During malting and mashing of barley, beta-glucans are degraded
by the activity of enzymes belonging to the group of hemicellulases.
The result of activity of the whole complex of these enzymes is called
cytolytic modification of malt. The malting process includes two basic
procedures at barley grain cytolysis:

1. The release of high-molecular beta-glucans from the complex
with proteins and other compounds,

2. The degradation of beta-glucans with high-molecular weight to
low-molecular beta-glucans or even to glucose.

The whole complex of enzymes participates in beta-glucan ca-
tabolism. The release of high- molecular beta-glucans is catalyzed
by beta-glucan-solubilase. The process continues by the activity
of endo-beta-glucanases: endo-1,3-B-D-glucanase (EC.3.2.1.39),
endo-1,4-3-D- glucanase (EC.3.2.1.4) and endo-1,3,1,4-3-D- glu-
canase (EC 3.2.1.73) (Havlova, 1999).

Undesirable contents of beta-glucans and arabinoxylans in the
brewing materials can be reduced by commercial enzymatic prepa-
rations. They differ not only in beta-glucanase and xylanase contents
but also in their capacity to reduce mash viscosity and increase ex-
tract. The addition of xylanases to the mash at lower concentrations
increases wort viscosity probably due to the release of beta-glucans
that were bound by arabinoxylans in the cell walls. Glucanases have
a higher impact on viscosity than xylanases. However, the combina-
tion of xylanases and glucanases has even a higher impact on vis-
cosity and total extract than glucanases and xylanases alone.

Malt starch adjuncts — surrogates of non-malted barley grain are
sometimes used at brewing. The advantage of the use of barley sur-
rogates is price and similar chemical composition as in malt. They
are used for the improvement of flavor and foaming power. In barley
grain, beta-glucans are not degraded by the relevant enzymes. Vari-
eties with the lowest possible beta-glucan content must be selected
carefully so that the economy of production was not affected. Con-
sidering the lauter process and filterability, it is recommended that
the ratio of surrogates should not exceed 10% (Kosaf, 2000).

Gamlath et al. (2008) also found a significant positive relationship
between beta-glucan content and grain hardness and a significant
negative relationship between beta-glucan content and water uptake
by a grain. Beta-glucans thus significantly affect milling properties of
grain and steeping time during malting.

Barley beta-glucans are also a desirable component of dietary fiber
(Brennan and Cleary, 2005). There are many studies (Keogh et al.,
2003; Chen and Raymond, 2008; Shimizu et al., 2008; Smith et al.,
2008; Babio et al., 2010; Mitsou et al., 2010; Samuelsen et al., 2011;
El Khoury et al., 2012; Tovar et al., 2012) proving that beta-glucans
(similarly as arabinoxylans) in human diet help lower LDL cholester-
ol and glucose level in blood, insulin response to meal, body weight,
blood pressure, risk of heart diseases and colon cancer and simultane-
ously they alleviate the course of type Il diabetes. As a prebioticum,
they stimulate in the colon the growth of bacteria producing volatile fatty
acids, which create an unsuitable environment for the growth of patho-
genic bacterial species, at the same time they act as nutrients for intes-
tinal enterocytes. AbuMweis et al. (2010) in their study claimed that in
the sum of studies from 1989 to 2008 beta-glucans contained in meal
led to significant lowering of total blood cholesterol by 0.30 mmol.I'* and
LDL cholesterol by 0.27 mmol.I". Behall et al. (2004) investigated the
effect of daily consumption of two amounts (3 and 6 g) of barley beta-
glucans. The authors found out that beta-glucans in meal significantly
decreased content of big LDL, small VLDL and medium LDL fractions
of blood cholesterol while content of HDL cholesterol and triacylglyc-
erol in blood remained unchanged during the trial. Studies of other
authors (Keenan et al., 2007; Wolever et al., 2011) confirm that beta-
glucans with high-molecular weight in meal have a higher effect on
the reduction of LDL cholesterol level in blood than beta-glucans with
low-molecular weight. Compared to common foods, foods containing
barley beta-glucans also evoke a higher feeling of fullness (Schroeder
et al., 2009; Vitaglione et al., 2009; Patel a Goyal, 2012).

A number of methods for the extraction of beta-glucans from bar-
ley grain for the use of beta-glucans in the food products have been
developed (Lazaridou et al., 2008; Skrbi¢ et al., 2009; Benito-Roman
et al., 2011; Mikkelsen et al., 2013) The physiological effect of these
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Tab. 1 Obsah arabinoxylant a beta-glukanG v zrnu vybranych
obilnin (Izydorczyk a Dexter, 2008) / Table 1 Arabinoxylan and beta-
-glucan contents in grain of the selected cereals (Izydorczyk and
Dexter, 2008)

Arabinoxylany / Beta-glukany /
Arabinoxylans Beta-glucans
(%) (%)
Je¢men / Barley 3.4-6.4 2.5-11.3
Oves / Oats 2.7-3.5 2.2-7.8
Zito / Rye 7.6-12 1.2-2.0
PSenice / Wheat* 2.4-10.8 0.2-1.8

Pozn.: * Upraveno dle Pritchard et al. (2011).
Note: * Adapted after Pritchard et al. (2011).

Tab. 2 Slozeni pluchatého a bezpluchého zrna waxy a nonwaxy ge-
notypl je¢émene (Newman a Newman, 2005) / Table 2 Composition
of hulled and hulless grain of waxy and non-waxy barley genotypes
(Newman and Newman, 2005)

Latka / Substance Non-waxy Waxy

Vlastnost / Trait Pluchaty | Bezpluchy | Pluchaty | Bezpluchy
[ Hulled | /Hulless | [/ Hulled | |/ Hulless

Protein (%) 15.6 16.3 16.1 16.9

Ostatni extract / 2 2.1 2.3 2.6

Other extract (%)

Mineralni 2.7 2.1 2.8 2.1

latky / Mineral

substances (%)

Skrob / Starch (%) 55.9 61.3 51.5 58.5

Nizkomolekularni 2.3 2.9 5 55

sacharidy /

Low-molecular

saccharides (%)

Vlaknina /

Fiber (%)

Celkova potravni 17 13.2 19.6 13.8

vlaknina /

Total dietary fiber

Rozpustna 4.4 4.9 5.9 6.3

potravni vliaknina

| Soluble dietary

fiber

Arabinoxylany / 6.2 4.4 6.7 4.6

Arabinoxylans

Celulosa/ 3.8 2.1 4.4 1.9

Cellulose

Lignin 2 0.9 1.8 0.9

Beta-glukany 4.4 4.7 5.3 6.3

celkem/

Total beta-glucans

Rozpustné 2.6 2.6 3.2 3.4

beta-glukany /

Soluble

beta-glucans

Viskozita / 2.8 3.1 3.3 4.9

Viscosity (mPa.s)

Objemova 67.8 74.5 66.4 73

hmotnost /

Volume weight

(kg.hl)

HTS / TGW (g) 43.3 38.4 431 38,2

Pozn.: Nonwaxy — zrno se standardnim typem endospermu a po-
meérem Skrobu; Waxy — zrno s voskovitym endospermem a vyso-
kym podilem amylopektinu na ukor amylosy.

— glukosa, fruktosa, sacharosa, maltosa a fruktany

Note: Non-waxy — grain with standard endosperm type and starch
ratio; Waxy — grain with waxy endosperm and high ratio of amylo-
pectin at the expense of amylose.

— glucose, fructose, saccharose, maltose, and fructans

na snizeni rizika onemocnéni. V pfiloze nafizeni je uveden text zdra-
votniho tvrzeni ,Bylo prokazano, Ze beta-glukan z je¢mene snizuje
hladinu cholesterolu v krvi. Vysoka hladina cholesterolu je rizikovym
faktorem pro vznik ischemické choroby srdeéni, zarover je uvedeno
w~Je tfeba informovat spotrebitele, Ze pfiznivého uUcinku je dosazeno
na zékladé denniho pfijmu 3 g beta-glukanu z jeémene. Tvrzeni Ize
pouzit u potravin, které obsahuiji alespori 1 g beta-glukanu z jeéme-
ne v kvantifikované porci.”

Beta-glukany na druhou stranu mohou predstavovat problém v kr-
mivu hospodarskych zvifat (zejm. monogastrd), kde mohou snizovat
vyuzitelnost zivin. O’Shea et al. (2010) uvadi, Ze pfidavek beta-glu-
kanas do krmiva na je¢né bazi pro prasata vedl ke zvySeni vyuzitel-
nosti krmiva (zejm. bilkovin), ved! vSak také ke zvySeni amoniakal-
niho zapachu hnoje.

Pozitivni vliv beta-glukanl ve stravé se zvySuje s télesnou hmot-
nosti prasat, proto je lepsi pfidavat beta-glukany pfi dokrmovani, nez
pfi odstaveni. Neskrobové polysacharidy bezpluchého jeCmene pak
zpUsobuji problémy i pfi vyzivé brojler(i, kde snizuji pfijem krmiva,
jeho konverzi a Zivy pfirdstek u zvifat (lji, 1999; Sharifi et al., 2012).

5 ZAVER

Neskrobové polysacharidy zrna jeémene predstavuji latky, které
ve vyzivé ¢lovéka mohou pozitivné ovliviiovat zdravotni stav. Na dru-
hou stranu predstavuji omezeni pro vyuziti jako krmiva pro mono-
gastry a sladovani, avSak vhodnym vybérem a preferenci odrid Ize
ziskat zrno obsahem nes$krobovych polysacharidil vhodné jak pro
vyrobu potravin i krmiv, ale také pro vyrobu sladu a nasledné piva.

PODEKOVANI B

Tato studie byla vypracovana v ramci projektu MZe CR NAZV &.
Ql111B044 ,Komplexni strategie pro minimalizaci negativniho dopa-
du infekce toxikogennimi houbami r. Fusarium v obilovinach a odvo-
zenych produktech®.

extracted beta-glucans on human health is not unambiguous (Bren-
nan and Cleary, 2005; Ibriigger et al., 2013).

Based on scientific assessments, (EFSA, NDA 2009; 2011) the
European Commission issued the Regulation no. 1048/2012 dated
November 8 2012 authorizing a health claim of positive effects of
beta-glucans on human health.

The health claim in the appendix to the Regulation states that “Bar-
ley beta-glucan has been shown to lower/reduce blood cholesterol.
High cholesterol is a risk factor in the development of coronary heart
disease” and further “Information shall be given to the consumer that
the beneficial effect is obtained with a daily intake of 3 g of barley
beta-glucan. The claim can be used for foods which provide at least
1 g of barley beta-glucan per quantified portion®.

On the other side, beta-glucans can be a problem in feed of live-
stock (namely of monogasters), where they can lower utilizability of
nutrients. O’Shea et al. (2010) reported that the addition of beta-glu-
canases to feed on an oat basis for pigs led to the increase of feed
usability (hamely proteins), however, it also led to the increase odor
of ammonia of manure.

The positive effect of beta-glucans in foods increases with body weight
of pigs, therefore it is better to add beta-glucans at additional feeding
than in weaning. Non-starch polysaccharides of hulless barley then
cause problems at nutrition of broilers where they reduce feed intake,
its conversion and weight gain in animals (lji, 1999; Sharifi et al., 2012).

5 CONCLUSIONS

Non-starch polysaccharides of barley grain represent substances
that in human nutrition can have a positive effect on health state. On
the other side, they represent a limitation for the use as feed for mo-
nogasters and malting, nevertheless by an appropriate selection and
preference of varieties grain can be obtained that with its content of
non-starch polysaccharides is suitable both for production of foods
and feeds and also for malt production and subsequently for brewing.
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