KVASNY PRUM.
60/2014 (5)

127

SloZeni zrna jeCmene z hlediska potravinafského vyuZiti

SloZeni zrna jeémene z hlediska potravinarského vyuziti

Marta ZAVRELOVA
Agrotest fyto, s.r.0., Havlickova 2787, 76701 Kroméftiz / Agrotest fyto, Ltd., Havlickova 2787, 76701 Kromériz
e-mail: zavrelova@vukrom.cz

Recenzovany ¢lanek / Reviewed paper

Zavrelova, M.: Slozeni zrna jeémene z hlediska potravinarského vyuziti. Kvasny Prum. 60, 2014, ¢. 5, s. 127—-130

Je€men je Siroce vyuzitelnou obilovinou — je jednou ze zakladnich surovin pro vyrobu piva, pouziva se pro krmeni hospodarskych
zvitat a Caste¢né i v pfimé lidské vyzivé. V sou¢asné dobé jsou dobfe specifikovany kvalitativni parametry zrna jeémene pro sladovnické
vyuziti. Nicméné u nékterych obsahovych latek jeémene, které jsou z pohledu sladovnického primyslu nebo i z pohledu krmeni hospo-
darskych zvifat nezadouci, byla védecky prokazana jejich prospésnost na lidsky organismus. Pro potravinarské vyuZiti Ize zrno jeémene
doporucit na zakladé v pfispévku popsanych obsahovych latek s pozitivnim U€inkem na lidsky organismus.

Zavrelova, M.: The composition of barley grain in regards to food technology. Kvasny Prum. 60, 2014, No. 5, pp. 127-130

Barley is a very versatile cereal. It is one of the basic raw materials for beer production, it is used as livestock feed and partly in human
nutrition. Presently, the qualitative parameters for brewing barley grains are very well specified. Nevertheless, some of the substances in
barley grain which, in terms of beer production and livestock feed are undesirable have scientifically proven benefits for the human body.
The present study describes the components in barley grain with positive effects in human nutrition.

Zavrelova, M.: Die Zusammensetzung des Gerstenkornes in der Hinsicht der Lebensmittelausnutzung. Kvasny Prum. 60, 2014,
Nr. 5, S.127-130

Die Gerste stellt eine sehr breit ausgenutzte Getreidepflanze — ein Hauptrohstoff zur Bierherstellung — dar, weiter wird’s zu den Vieh-
futtern und teilweise auch zur direkten Menschenernahrung angewandt. Zurzeit werden gut die Qualitdtsparameter des Gerstenkornes
zur Malzherstellung angegeben. Einige in der Hinsicht der Malzindustrie oder Viehfuttern unerwiinschte Gerstengehaltsstoffe sind, wie
wissenschaftlich erwiesen, flir den menschlichen Organismus vorteilhaft. Fiir eine Menschenernahrung kann das Gerstenkorn auf dem

Grund der obig beschriebenen Gehaltstoffe mit einer positiven Wirkung fiir menschliches Organismus empfohlen werden.

Klicova slova: 3-glukany, low phytic acid, prevence, vyZivové latky,
waxy

1 UVOD

Je€men (Hordeum vulgare L.) patfi spolu s pSenici, ryzi a kuku-
slozkou potravy zejména lidi, ktefi Zili v oblastech, kde se je€émen
vyvijel (Asie, severni Afrika) — nejdfive jako plany druh a pozdéji
jako domestikovana plodina. S migraci narodl z oblasti Urodného
pulmésice a se vznikem obchodnich cest se jeémen rozsifil i po ce-
Iém evropském kontinentu. Je€men byl v té dobé zakladni potravou
napf. fimskych gladiatord, ktefi véfili, Ze jim jeny chléb, ve srovnani
s jinymi potravinami, doda vice sily a vytrvalosti (Percival, 1921). Po
padu fimského impéria ztratil jeémen svou slavu a jeény chléb se stal
pokrmem prevazné otrokd a chudych lidi. Postupem &asu byl v prvni
fadé pouzivan pro krmeni hospodarskych zvifat, v lihovarnictvi a pro
vyrobu sladu. Ullrich (2011) udava, ze v souasné dobé je celosvé-
tove vyuziti je€mene smérovano hlavné do oblasti krmeni hospodar-
skych zvifat (55-60 %) a vyroby sladu (30-40 %). Pfima spotfeba
je€mene pro lidskou vyZivu je obecné ve vétsiné hospodarsky vy-
spélych statt velmi nizka, i kdyz se v posledni dobé objevuje snaha
o navraceni této plodiny do lidské vyzivy, nebot fada védeckych stu-
dii prokazala celou 8kalu pozitivnich u¢inkd na lidsky organismus.

2 FORMY ZRNA JECMENE

Je€men se vyskytuje ve dvou formach — jarni a ozimé. Taxonomic-
ké zafazeni jednotlivych odrid jeémene zavisi na rozdilné morfologii
klasu. Bothmer et al. (1995) déli H. vulgare na dvé skupiny: jeCmeny
s rozpadavym nebo pevnym klasovym vietenem. Typ fadovosti kla-
su (dvourady/Sestifady) ur€uje taxonomické zafazeni do konvariet
a typ zrna (pluchaty/bezpluchy) pak zafazeni do subvariet. Pluchaté
genotypy (obr. 1) maji obaly zrna (plucha a pluska) pevné pfirostlé
k obilce, kdezto u bezpluchych genotypu (obr. 2) zUstava zrno v oba-
lech volné (napf. podobné jako u pSenice). V pivovarnictvi obecné
je tradicné vyuzivana pluchata forma, nebot pfitomnost pluch na-
pomaha pfi filtraci piva. Nicméné bezplucha forma ma daleko Sirsi
uplatnéni v potravinarském pramyslu, kde skyta vyhodu minimalniho
zpracovani pred pouzitim.

Keywords: -glucans, low-phytic acid, prevention, nutrients, waxy

1 INTRODUCTION

Barley (Hordeum vulgare L.) belongs, along with wheat, rice and
maize to the most important cereals in the world. In the past, barley
was a main component of food, firstly as a wild plant and later as
a cultivated crop, particularly in regions benefiting on its vegetation
such as Asia and Africa. Along with the migration of people from
the Fertile Crescent and the improved trade routes, barley expanded
through the whole European continent. Barley was the main part of
food for roman gladiators who believed that barley bread provided
them with more power and endurance in comparison to other fo-
odstuffs (Percival, 1921). After the collapse of the Roman Empire,
barley lost its popularity and barley bread became a food for sla-
ves and peasants. Later, barley was mainly used as livestock feed,
for distilling and for malting. Ullrich (2011) stated that the worldwide
usage of barley is currently 55 to 60% for livestock feed and 30 to
40% for malting. The direct barley consumption in human nutrition
is generally very low in economically developed countries. Due to
a number of scientific studies showing many positive effects for the
human body, an effort has emerged recently to use this cereal inc-
reasingly in human nutrition.

2 FORMS OF BARLEY GRAINS

There exist two forms of barley — the spring and the winter barley.
The taxonomy of the specific variety depends on the different mor-
phology of the spikes. Bothmer et al. (1995) divides H. vulgare into
two groups: barley with brittle rachis and barley with tough rachis.
Furthermore, the type of spike (two-rowed barley and six-row barley)
and the type of grain (covered grain and naked grain) determine the
classification into sub varieties. The covered genotype (Fig.1) has
a tough outer shell consisting of the lemma and the palea firmly atta-
ched around the barley kernel. With the naked genotype (Fig. 2), the
grain remains loose in the covering as with wheat for example. The
covered barley is customarily used in the brewing industry because
the huzz shell helps with the beer filtration. The use of naked barley
is favourable in the food industry because of the minimal processing
before use.
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bbr. 1 Pluchaty tp zrna jeémene / Fig. 1 Covered type of barley grain
3 SKROB

Zrmo jeémene je zdrojem fady vyznamnych zivin. Podle Newmana
a Newmana (2008) je genom jeémene tvofen mnoha geny, které ovliv-
fuji viastnosti potravinarské kvality, pfi¢emz mnoho z nich dosud nebylo
blize charakterizovano. Nejvice variabilni slozkou ze vSech zivin v zrnu
je€mene je 8krob a jeho obsah je v priméru vétsinou v rozmezi 60-65%
(MacGregor a Fincher, 1993). Skrob je¢mene je tvofen dvéma slozka-

i —amylosou a amylopektinem — v je€meni jsou tyto slozky v poméru
22 az 26 % amylosy a 74 az 78 % amylopektinu (Newman a Newman,
2008). Byly vSak popsany genotypy jeCmene se zménénym pomeérem
amylosy a amylopektinu (Bhatty a Rossnagel, 1992; Washington et al.,
2000): tzv. vysokoamylosni genotypy (obsah amylosy vyssi jak 35 %)
a tzv. waxy genotypy (obsah amylosy 0—10 %). U potravin vyrobenych
z vysokoamylosniho je€émene byl zaznamenan vliv na sniZeni glukosy,
hladiny inzulinu a cholesterolu v krvi zvifat i €lovéka (Behall et al., 1989;
Delaney et al., 2003). V sou¢asné dobé se v souvislosti s prevenci rako-
viny tlustého stfeva dostava do popredi také tzv. rezistentni Skrob, ktery
se v zmé jeémene vyskytuje pouze v omezeném mnozstvi v rozmezi
2,2-3,0 % (Sajilata et al., 2006). Vyssi obsah byl pozorovan u genoty-
pll jeémene s vysokym podilem amylosy ve $krobu (Bird et al., 2004).
V Austrdlii byla vyslechténa odriida bezpluchého je¢émene s oznacenim
BARLEYmax™ (The Commonwealth Scientific and Industrial Research
Organisation, Dr. Matthew Morell, 2007), ktera v sobé kombinuje vysoké
obsahy vlakniny a rezistentniho Skrobu.

4 NESKROBOVE POLYSACHARIDY

Dal$imi nutriéné vyznamnymi latkami obsazenymi v je€meni jsou ne-
Skrobové polysacharidy, které jsou strukturnimi sou¢astmi bunécénych
stén obalovych vrstev zrna. Hlavnimi neskrobovymi polysacharidy jsou
arabinoxylany, B-glukany a celulosa. Z potravinafského hlediska jsou
diky svym pozitivnim U¢ink{im na lidsky organismus nejvyznamné;jsi
B-glukany. Jejich vyznam spociva ve snizovani rizika kardiovaskular-
nich onemocnéni (Hang et al., 2007), diabetu typu 2 (Chen a Ray-
mond, 2008), snizovani krevniho tlaku (Behall et al., 2004) a v pozitiv-
nim ucinku v prevenci obezity (Shimizu et al., 2008; El Khoury et al.,
2012). Vyznamnda mnozstvi 3-glukand byla nalezena z obilovin pouze
u ovsa a jemene. V pivovarském priimyslu jsou vysoké obsahy B-glu-
kan(l nezadouci, nebot zpUsobuji vysokou viskozitu sladiny, mohou
komplikovat filtraci piva (Ullrich et al., 1986), tvofit zakaly a srazeniny
(Zhang et al., 2002; Jamar et al., 2011) a negativné pUsobit na sta-
bilitu piva béhem skladovani. Celkovy obsah -glukanl v zrnu stan-
dardnich odrid jeémene kolisa v rozmezi 3,75-6,50 % (MacGregor
a Fincher, 1993). Bylo zjisténo, Ze genotypy jeémene se zménénym
pomérem amylosy a amylopektinu inklinuji k vy$§im obsahtim B-glu-
kanud v zrmu (Hang et al., 2007; Baik a Ullrich, 2008 a dalsi). Kolektiv
autor Izydorczyk et al. (2005) uvadi primérny obsah B-glukan(i u ge-
notypl jeémene s vysokym podilem amylosy 7,5 %, u waxy genotypU
6,9 %, u genotypd s nulovym obsahem amylosy 6,3 % a u genotypl
se standardnim slozenim Skrobu pak 4,4 %. Rada studii uvadi, Ze ob-
sah B-glukani zavisi jak na genotypu, tak i na podminkach péstovani
(MacGregor a Fincher, 1993), kdy teplejSi a sussi podminky péstova-
ni celkovy obsah B-glukanl zvysuji (Swatson a Ellis, 2002). Je popi-
sovan i vliv dalSich agro-environmentalnich faktor(i nejen u jeémene
(Yalcin et al., 2007; Hang et al., 2007; Dickin et al., 2011), ale i u ovsa

Obr. 2 Bezpluchy typ zrna jeémene/ Fig. 2 Naked type of barley grain
3 STARCH

Barley grain is a source of many important nutrients. According to
Newman and Neuman (2008) the genome of barley has some genes
with an impact on the food quality. Many of them have not been further
specified yet. The most variable nutrient is starch. Barley grains con-
tain on average 60 to 65% starch (MacGregor and Fincher, 1993). The
barley starch consists of two components, the polysaccharide amy-
lose (22—-26%) and amylopectine (74-78%) (Newman and Newman,
2008). However, Baahatty and Rossnagel (1992) and Washington et
al., (2000) described barley genotypes with modified ratios. The high-
-amylose genotype has an amylose content of more than 35% and the
waxy genotype contains 0 to 10% of amylose. Food produced from
high-amylose barley could reportedly lower glucose, insulin and cho-
lesterol levels in the blood of animals and human beings (Behall et al.,
1989; Delaney et al., 2003). Currently, due to a link with prevention
of colon cancer, resistant starch has gained increased interest. Bar-
ley grain contains only about 2.2 to 3.0% resistant starch (Sajilata et
al., 2006). Higher contents of resistant starch were only found in the
barley genotype with higher content of the amylose (Bird et al., 2004).
In Australia a variety of naked barley with the name BARLEYmax™
(The Commonwealth Scientific and Industrial Research Organisation,
Dr. Matthew Morell, 2007) was cultivated. BARLEYmax™ combines
a high content of fibre with a high content of resistant starch.

4 NON-STARCH POLYSACCHARIDES

Further important substances in barley are the non-starch polysa-
ccharides. They are structure components in the cell walls of the grain
covering. The main non-starch polysaccharides are arabinoxylans,
B-glucans and celluloses. From the nutrition point of view, 3-glucans
are the most important because of their beneficial influence in the hu-
man body. The B-glucans lower the risk of cardio-vascular diseases
(Hang et al., 2004), and Type 2 diabetes (Chen and Raymond, 2008).
They also lower blood pressure (Behall et al., 2004) and have a positive
impact in the prevention of obesity (Shimizu et al., 2008; El Khoury et
al., 2012). Significant amounts of 3-glucans in cereals were only found
in oats and barley. In the brewing industry, high contents of 3-glucans
are unwanted. They raise the viscosity of the wort, complicate the beer
filtration (Ullrich et al., 1986), create turbidity, and precipitate which
have a negative influence on the beer stability during storage. The
total content of B-glucans in standard barley varieties ranges from 3.75
to 6.50% (MacGregor and Fincher, 1993). It was found that barley ge-
notypes with modified ratios of amylose and amylopectin tend to have
higher contents of -glucans in the grain (Hang et al., 2007; Baik and
Ullrich, 2008 and further studies). Izydorczyk et al., (2005) state that
the average content of -glucans in high-amylose genotypes is 7.5%,
in waxy genotypes 6.9%, in genotypes with a zero content of amylo-
se 6.3% and in genotypes with a regular starch composition 4.4%.
A number of studies suggest that the content of 3-glucans depends on
genotype as well as on the cultivation conditions (MacGregor and Fin-
cher, 1993). According to Swatson and Ellis (2002), warmer and dryer
cultivation conditions increase the total content of 3-glucans. Yalcin et
al., (2007), Hang et al., (2007) and Dickin et al., (2011) describe the
further influential agro-environmental factors for barley and Peterson
(1991) for oats. The European Food Safety Authority (EFSA) which
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(Peterson, 1991). Evropsky urad pro bezpecnost potravin (European
Food Safety Authority, EFSA), ktery ma mimo jiné za ukol poskytovat
nezavisla védecka stanoviska, schvalil tvrzeni, Ze $-glukan z je€mene
snizuje hladinu cholesterolu v krvi. Tohoto pfiznivého ucinku je dosa-
zeno na zakladé denniho pfijmu 3 g B-glukanu z jeémene a toto tvrzeni
Ize pouzit u potravin, které obsahuiji alespon 1 g 3-glukanu z je€mene
v kvantifikované porci (Nafizeni komise €. 1048/2012).

5 VITAMIN E

Zrno jeémene je také zdrojem fady vitaminG a mineralnich latek. Nej-
sledovanéjsi skupinou vitamind v zrné jeémene je vitamin E, coz je mo-
nofenolicka latka s vyraznymi antioxida¢nimi ucinky. Tokoly (isomery
vitaminu E) jsou rozdéleny do dvou skupin — tokoferoly a tokotrienoly.
Do kazdé skupiny patfi 4 isomery, které se rozliSuji feckymi pismeny q,
B, y a 6 (Liu a Moreau, 2008). JeCmeni je v této souvislosti vénovana
znacna pozornost, protoze je jednou z mala rostlin, kterd syntetizuje
v8ech osm izomer( vitaminu E, které chrani obilku pred oxidaci béhem
skladovani a kli¢eni (Cavallero, 2004). Vitamin E pfedstavuje pro ¢lové-
ka esenciélni chemickou slou€eninu vyznamné se podilejici na celkové
antioxida¢ni kapacité. Za antioxidant s nejvétsi biologickou aktivitou je
povazovan a-tokoferol (Traber a Packer, 1995; Chen et al., 2006).

6 FYTOVA KYSELINA

V fadé rozvojovych zemi byly v minulosti u obyvatel s jednostran-
nym jidelnickem v podobé obilovin a Iusténin pozorovany mineralni
malnutrice. Bylo zjisténo, Ze v téchto zemich je béZny nedostatek zinku
a Zeleza zpusobovan potravou chudou na tyto prvky a bohatou na fy-
tovou kyselinu (Marounek, 2004), ktera tvofi s esencialnimi mineraly,
jako vapnik, zinek, Zelezo a hofc¢ik komplexy, které jsou pro absorpci
biologicky nevyuzitelné (Lee et al., 2003). Znaénym Uspéchem bylo
vySlechténi mutantnich linii nejen jeEmene (Bregitzer et al., 2010), ale
i kukurice (Mazariegos et al., 2006), pSenice (Guttieri et al., 2004), soji
(Frank et al., 2009) a ryze (Ali et al., 2013), které maiji snizeny obsah
fytové kyseliny a zvySeny podil anorganického fosforu — tzv. Ipa (low
phytic acid) genotypy (Bregitzer a Raboy, 2006), které nasledné nasly
vyznamné uplatnéni zejména v krmeni hospodarskych zvifat. Ve vyzivé
lidi pfijimajicich vyvaZenou stravu miize mit fytova kyselina i fadu pozi-
tivnich Gcinkd — pusobi jako antioxidant. Kyselina fytova je antioxidant,
snizuje riziko kolorektalniho karcinomu a ma pfiznivy vliv na lipidovy
metabolismus, brani vzniku ledvinovych kament a je prekursorem deri-
vatud inositolu s vyznamnymi fyziologickymi funkcemi (Marounek, 2004).

7 TUK

Obsah tuku v je€ném zrnu neni vysoky a kolisa v zavislosti na od-
r(idé a péstebnich podminkach od 2,4 % do 3,9 % (Morrison, 1993).
Protoze je obsah tuku v zrnu je€mene tak nizky, neni lisovani oleje
z celého zrna jednoduché, ani ekonomicky vyhodné (Moreau et al.,
2007). Tuk je v rdmci je¢né obilky koncentrovan zejména v klicku,
kde predstavuje okolo 18 % z celkového obsahu tuku v zrnu (Pri-
ce a Parson, 1975) a z tohoto dlvodu se k lisovani oleje pouzivaji
odpadni mleci frakce (obsahuijici klicky), které jsou na tuk bohatsi.
Hlavnimi mastnymi kyselinami v zrnu je€émene jsou kyselina palmi-
tova, kyselina olejova, kyselina linolova a kyselina linolenova (New-
man a Newman, 2008). Relativné vysoky obsah kyseliny linolové
(50,7-57,9 %) Cini je€ny olej nutriéné hodnotny v prevenci kardiovas-
kularnich a rakovinnych onemocnéni (Fedak a De La Roche, 1977;
Wahle et al., 2004).

8 ZAVER

Efektivni moZnosti sniZeni rizika nejrGznéjsich civilizaénich one-
mocnéni a tim i ekonomickou zatéz, ktera pfi Ié€bé téchto onemoc-
néni vznik4, je jednoznacéné prevence. Zafazeni je€mene do jidel-
ni¢ku maze prispét k udrzeni normalni hladiny cholesterolu v krvi
a snizeni rizika kardiovaskularnich srde¢nich onemocnéni. Svij
vyznam ma konzumace jeémene také v prevenci cukrovky Il. typu
a rakoviny tlustého stfeva a v prevenci a 1é¢bé nadvahy.
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has, among other things the task of presenting independent scientific
opinions confirmed the claim that the B-glucans in barley lower the
cholesterol level in blood. This beneficial effect is achieved through
a daily intake of 3 g B-glucans from barley and this claim could only be
used for foodstuffs containing at least 1 g of barley 3-glucans in a stan-
dard portion (Commission Regulation EU No. 1048/2012).

5 VITAMIN E

Barley grain is also a source of many vitamins and minerals. Due to
high antioxydant effect, the most monitored group of vitamins in barley
grain is vitamin E. The tocols (isomers of vitamin E) are divided into
two groups — the tocopherols and the tocotrienols. Each group has
four isomers — a, B, y and & (Liu and Moreau, 2008). Barley is one of
the few plants that synthesises all eight isomers that protect the ca-
ryopsis against oxidation during storage and germination (Cavallero,
2004). Vitamin E is an essential substance for the human body con-
tributing to the total antioxidant capacity. The most biologically active
isomer is a-tocopherol (Traber and Packer, 1995; Chen et al., 2006).

6 PHYTIC ACID

Due to the non-varied diet consisting of cereals and pulses, inha-
bitants of many developing countries suffer from malnutrition. De-
ficiencies in zinc and iron are common due to a diet poor in these
elements and rich in phytic acid (Marounek, 2004). Phytic acid forms
complexes with essential minerals such as calcium, zinc, iron and
magnesium, which cannot be biologically absorbed by the human
body (Lee et al., 2003). Therefore, it was very useful to breeding the
Ipa (low phytic acid) genotypes which are mutant lines with reduced
contents of phytic acid and increased proportions of inorganic phos-
phorous (Bregitzer and Raboy, 2006). These mutants were cultiva-
ted not only from barley (Bregitzer et al., 2010) but also from maize
(Mazariegos et al., 2006), from wheat (Gulttieri et al., 2004) from soya
Frank et al., 2009) and from rice (Ali et al., 2013). They are frequently
used as livestock feed. Phytic acid could have also a positive impact
in human nutrition based on balanced food. Phytic acid is an anti-
oxidant. It reduces the risk of colorectal cancer, effects favourable
lipid metabolism, prevents the occurrence of kidney stones and it is
a precursor of inositol derivates which have important physiological
functions (Marounek, 2004).

7 FAT

The content of fat in barley grain is not high and varies from 2.4 to
3.9 % depending on the variety and cultivation conditions (Morrison,
1993). Due to such a low content of fat, the oil pressing from the
whole grain is rather complicated and economically not viable (Mo-
reau et al., 2007). In the barley caryopsis, the fat is mainly concentra-
ted in the germ and makes up about 18 % of the total fat in the grain
(Price and Parson, 1975). As a result, the abraded waste fractions
containing the germs are used for oil pressing. The main fatty acids
in barley grain are palmitic acid, oleic acid linoleic acid and linolenic
acid (Newman and Newman, 2008). Due to the relatively high con-
tent of linoleic acid (50.7-57.9%) barley oil has health benefits in the
prevention of cardio-vascular diseases and cancer (Fedak and De
La Roche, 1977; Wahle et al., 2004).

8 CONCLUSIONS

The best possibility for decreasing the risk of the various lifestyle
diseases and lowering the associated economic burdens linked to
their treatment is prevention. Barley as a part of a diet could con-
tribute to the maintenance of normal blood cholesterol levels and
lower the risk of cardio-vascular diseases. Barley consumption also
has some importance in the prevention of Type 2 diabetes and colon
cancer and in the prevention and treatment of obesity.
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