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Spring barley (Hordeum vulgare L.) traditionally has been a major cereal crop for animal feed es-
pecially in Northern areas and also in Latvia. It is complicated to define what the ideal feed barley
should be, as the requirements widely differ not only for different species, but even for different
age groups of the same species of animals. Therefore, the breeding of feed barley has been de-
veloping very slowly and building on the basis of agronomic and beer barley quality parameters.
Targeted breeding of barley varieties for a definite application purpose of the grain is connected
with selection according to different criteria. The present article shows that the feed quality of bar-
ley is influenced both by physical grain quality indicators (colour, grain weight and size, hull con-
tent, 1000 grain weight, volume weight and grain hardness) and by the chemical composition
(carbohydrates, non-starch polysaccharides, amino acids, fibre, protein, fat, minerals and vita-
mins). On the basis of the information collected, a profile of a high quality feed barley variety for

different groups of animals is defined.
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INTRODUCTION

Spring barley (Hordeum vulgare L.) is a crop with a wide
range of application. Barley is mainly cultivated for the ani-
mal feed, food and beer production industries. Barley is a
major cereal crop for animal feed, especially in Northern ar-
eas, which are unsuitable for corn cultivation. Thus, barley
constitutes the main source of feed in Canada, North Amer-
ica and Europe. Spring barley traditionally has been a major
cereal crop also in Latvia, enjoying the highest application
as a concentrated feed ingredient for agricultural animals
compared to other cereals.

The leading exporting countries of feed barley are the
Ukraine, Russia, Australia, European Union and Canada
(Anonymous, 2012). The quality requirements for grain
from the processing industry are the most clearly defined
concerning grain used for malt production. Prices of feed
barley depend mainly on the following indices: coarseness
and uniformity of grain, grain purity and presence of grain
damaged by diseases, i.e. the demanded quality parameters
do not reflect the energy or nutritional value of grain. One
of the problems is diversity of the quality conditions set by
the users of feed grain. The required quality is highly de-
pendent on the species of animal. The processing methods
applied before the final use of grain for animal feed also
have an effect on these requirements. Consequently, there
are no unified quality requirements in place for feed grain,
which hinders the formulation of unified quality standards.
The grain processing enterprises and other buyers of grain
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in Latvia also apply only quality parameters, like grain pu-
rity, volume weight and moisture content. There are no
specific quality criteria exclusively set for feed grain. Nor-
mally, all grain failing to meet the standards set for food
grain is automaticaaly qualified as suitable for feed.

Barley is used for animal feed largely to meet the energy
needs of agricultural animals. For cows, pigs and poultry,
barley, apart from being an energy source, constitutes also a
protein source (Hunt, 1996). Also barley used for malt, for
example, has to be able to provide yeast fungi with the re-
quired energy in the process of fermentation. Therefore,
high energy value is a decisive indicator for both beer and
feed barley (Ulrich et al., 1996). Nevertheless, up to now,
feed barley breeding in the world has been strongly guided
by agronomic and physical indicators, such as yield and
volume weight. This is the reason why breeding of feed bar-
ley has been developing very slowly, building on the basis
of agronomic and beer barley quality parameters. One of the
reasons is the excessively high costs of animal feed trials.
The raw material purchasing policy of the grain mills com-
monly relating the grain price solely to the volume weight
was another disincentive consideration hindering the devel-
opment of the feed barley breeding sector.

It is complicated to define what the ideal feed barley should
be, as the requirements in place highly differ not only
among species but even for different age groups of the same
animal species. High yield for feed varieties is an important
indicator, while from the financial point of view, grain qual-
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ity is an increasingly important factor for grain producers as
the price of feed ingredients among other parameters is
largely influenced by the cost of the final product.

Targeted breeding of barley varieties for a definite applica-
tion purpose of the grain is connected with selection accord-
ing to different criteria, because “grain quality” is a com-
plex of quantitative characteristics depending on the
physical parameters of grain and their chemical composi-
tion. The use of barley grain for feed, which is distinguished
by specific chemical composition, will increase the utilisa-
tion efficiency of grain and also reduce environmental pol-
Iution with chemical compounds indigestible by the ani-
mals. The quality of barley feed is determined both by
physical and chemical criteria in a complex interaction and
also by feeding quality of the feed barley grain.

The aim of this paper is to define a profile of a high quality
feed barley variety for different groups of animals on the
basis of information reviewed in scientific literature.

TRAITS OF PHYSICAL GRAIN QUALITY

Grain colour. The barley grain (caryopsis) consists of hull,
pericarp, seed coat, aleurone layer, sub-aleurone layer, en-
dosperm and germ (Evers et al., 1999). The quality of the
feed barley is characterized by the colour of grain. The
aleurone layer of grain consists of three layers of cells, con-
stituting 5% of the dry matter of grain and is composed
mainly of proteins, minerals and vitamins. Depending on
the colour of the aleurone layer, which is determined by the
presence of phenol-containing pigments, the grain may have
black, purple, blue, green or yellow colour (Evers et al.,
1999). According to the research of J. Fregeau-Reid et al.
(2001), barley lines with purple-coloured lemma contain up
to 10-16% higher crude protein content and 5% higher
B-glucan content than in genotypes with a yellow lemma.
Barley lines with yellow grain colour have relatively higher
starch and fibre content than in genotypes with yellow
lemma. The authors point out that purple lemma could be
used as a selection criterion for reduced fibre content in
grain.

The dark colour of both, covered and hulless (naked) barley
is imparted by tannins present in the aleurone layer or the
water-soluble polyphenol compounds (Evers et al., 1999). It
has been established that these compounds limit the growth
and development of micro-organisms found in the intestinal
tract of some agricultural animals; bound to proteins and
polysaccharides they delay the functions of digestion en-
zymes. Tannin-protein molecules are too large to be ab-
sorbed by the gastro-intestinal tract of the animal. Grain
with a dark aleurone layer absorbs moisture very slowly
limiting contact of the enzyme with nutrients contained in
grain, thus impairing the digestibility of grain for all catego-
ries of agricultural animals. Poultry birds are practically in-
capable of digesting whole, unmilled barley grain. Moreo-
ver, tannins impart an astringent flavour to the feed, which
is disliked by most domestic animals (Shirley, 1998). Thus,
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barley grain with low tannin content, i.e., of light colour, is
much more suitable for feed, especially as poultry feed. The
tannin content in barley constitutes about 0.7%, in wheat —
0.4% and sorghum — 1.5% (Evers et al., 1999).

Hull content. The hull content of barley constitutes up to
13% of the weight of grain, and the weight varies from 7 to
25% depending on genotype, growth conditions and coarse-
ness of the grain (Evers et al., 1999). The hull consists
mainly of cellulose, hemi-cellulose and lignin (Munk,
1981). The hull contains more than 96% of the total cellu-
lose found in barley (Andersson et al., 1999b). The final
phases of the grain maturation limit field sprouting (pre-
harvest sprouting) of barley. At the time of harvesting, the
hull protects the germ during the abrasive threshing process
in the harvester (Olkku et al., 2005). The proportion of hulls
increases the fibre content of grain, reducing the amount of
metabolizable energy (Bell er al., 1983). Also R. Bhatty
(1986) notes that exclusion of barley hulls from the diet
may increase the digestible energy of barley by 10-15%.
The study of C. Darroch et al. (1996) demonstrated that me-
chanical addition of hulls to hull-less barley reduced protein
digestibility. Energy digestibility of grain of the hulless cul-
tivar ‘Condor’ was 87.4%, compared to 68.1% digestibility
of a mix of grain and hulls (20% hull admixture) . The pro-
tein digestibility was reduced from 88.6% to 63.3%, respec-
tively. From this viewpont, hull-less barley has an advan-
tage over the hulled barley.

Grain weight and size. The physical traits of grain closely
depend on the concentration of specific nutrients in the
grain, and therefore, since the beginning of breeding, grain
breeders have worked on targeted selection to increase the
weight and size of grain and thus improve productivity and
other commercial indicators of the variety (Rodomiro et al.,
2002; Pasarella et al., 2005). Grain weight and size are im-
portant quality indicators both for malting and feed barley.
The grain size or uniformity of grain is determined by siev-
ing to obtain four fractions: <2.2 x 20 mm (sharps), >2.2 x
20 mm, >2.5 x 20 mm, and >2.8 x 20 mm. The smaller
grain usually have lower starch level and relatively higher
protein content, resulting in reduced extract outcome
(Edney, 1996). Therefore, coarse and uniform grain (per-
centage of grain above the 2.5 mm sieve) is an important
criterion set by maltsters and brewers of different countries.
The improvement of this trait is included in different ge-
netic improvement programmes of barley (Henry and
Cowe, 1990; Fox et al., 2006)., Coarse grain that is richer in
starch ensures a higher feed quality (Edney, 1996). The
study of C. Elfverson etr al. (1999) however, did not
indentify any significant difference in starch content among
different fractions of grain, and a slight reduction of starch
content with increase of grain size was even observed. In
the same way, the protein content in different grain frac-
tions differs slightly. The correlation between grain size and
B-glucan content has been established, which has been ex-
plained by thicker endosperm cell walls. 1000 grain weight
is a physical indicator of grain commonly used in breeding
for characterisation of grain weight (Andersson et al.,
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1999b). Fairbairn et al. (1999) proposed to use the above in-
dicator for the energy value assessment of grain, as it
showed significant (P < 0.01) correlation with digestible
and metabolizable energy. Volume weight of grain is an in-
dicator used in many countries, including Latvia, to charac-
terise feed barley grain quality. Cultivars with coarser and
heavier grain have higher volume weight (Andersson et al.,
1999b). With a reduction of the volume weight of barley
grain, the fibre content increases and the starch content de-
clines. Therefore, the volume weight of grain is considered
to be a relevant indicator for relative feed value and is rec-
ommended as a criterion for setting the feed grain price.
However, studies by some researchers have demonstrated
that barley with reduced volume weight has the same feed
value as that of normal volume weight (Christison and Bell,
1975). Therefore, the real feed value of lightweight barley
remains unclear. From the point of view of grain process-
ing, barley samples with lower volume weight contain more
shrivelled-form grain, which is more complicated to process
than grain of normal or high volume weight.

Grain hardness. Up to now, grain hardness as a trait has
enjoyed only limited application as a quality descriptor of
barley grain. As hardness characterises endosperm struc-
ture, this parameter is usually applied for wheat quality as-
sessment (Darlington ef al., 2000). Based on this indicator
wheat is classified into hard wheat and soft wheat (Green-
well and Schofield, 1986). The hardness of endosperm can
be measured in different ways. It can be expressed as parti-
cle size, um (Beecher et al., 2002), as a Hardness Index in
the Single Kernel Characterisation System/SKCS (Gaines ef
al., 1996) or as a milling energy indicator, J] — amount of
energy used to mill the sample (the harder the grain, the
higher energy consumption) (Wrigley, 1999; Camm et al.,
2005).

Some studies have demonstrated that the grain hardness of
barley can critically impact grain quality. It reflects a com-
plicated correlation among the structural components of en-
dosperm: starch, protein and B-glucan (Darlington et al.,
2000). The quantitative trait locus (QTL), which is mainl
responsible for the grain hardness trait, is found in the 7"
chromosome of the barley genome (Beecher et al., 2002),
and is influenced by the genes hin a, hin b-1, and hin b-2
(Fox et al., 2007; Turuspekov et al., 2008). Grain hardness
was observed to be relatively higher in barley genotypes
with both high and low amylose content in grain (Jagtap et
al., 1993). G. Camm et al. (2005) found that varieties with
higher protein content had harder grain. The use of barley
varieties with softer endosperm is recommended in brewing
(Holopainen et al., 2005), while barley with harder endo-
sperm is better used as feed (Beecher et al., 2002).

TRAITS OF CHEMICAL GRAIN QUALITY

The primary role of nutrients contained in feed is to ensure
the life processes of an animal. Animals utilise nutrients as
structural material and as a source of energy for regulation
of body functions, activities and reproduction. Mature bar-
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ley grain usually contains 80 to 90% dry matter. The dry
matter of all feed, including barley, consists of both organic
and inorganic substances (Ositis, 1998). Organic matter in-
cludes substances containing nitrogen (crude protein) and
substances having no nitrogen in their composition (carbo-
hydrates, crude fat, vitamins).

Carbohydrates. The energy value of barley largely de-
pends on its starch content and less on indigestible fibre
components, such as cellulose, lignin and non-starch poly-
saccharides, B-glucan and arabinoxylan (hemicellulose)
(Newman and Newman, 1992b). Starch constitutes the larg-
est part of endosperm and usually amounts to about 62% of
barley grain dry matter (Evers et al., 1999) and varies in
the range from 53 to 67% (Amans, 1985). Starch is com-
posed of polymers — amylose and amilopectin (Mauro,
1996). The amylose/amylopectin ratio in starch is deter-
mined by genetic factors. The gene controlling waxy starch
(wx) is located in the 7" chromosome of barley. It deter-
mines formation of starch having 96—-100% amylopectin in
its composition. The formation of high-amylose (35-45%

starch is controlled by the gene amo I located in the 7t

chromosome of the barley genome (Xue et al., 1997; Wash-
ington et al., 2000). Through combination of both the above
genes, genotypes with average amylose content are obtained
(Washington et al., 2000). The alleles of the gene control-
ling waxy starch can be transferred either by backcrossing
or by applying mutagenic methods (Swanston, 1997). The
diverse chemical structure and relations of amylose and
amylopectin determine the properties of starch (Manner,
1985; Song and Jane, 2000). The molecule of amylase is
long with a linear shape, while that of amylopectin is short
and branchy (Song and Jane, 2000). For the majority of bar-
ley varieties, starch contains 70—-80% amylopectin and
20-30% amylose, i.e. ratio 3 : 1. Significant differences in
chemical composition have been found for the hulless geno-
type: normal or high amylose content. For genotypes with
high or low amylose content the crude protein content in
grain is usually higher (Oscarsson et al., 1997). As their en-
dosperm cell walls are relatively thicker, their $-glucan con-
tent in grain is higher than that of conventional barley (6.4%
and 4.8%, respectively) (Ullrich et al., 1996). In a study on
barley varieties with waxy endosperm Izydorczyk et al.
(2000) found that the average P-glucans content in grain
was 6.30% (4.38% for ordinary barley). The p— glucan con-
tent of the hulless waxy genotype cultivar ‘Provashanupana’
is 14.9% (Andersson et al. (1999a). Hulless waxy genotypes
are usually distinguished by a very high crude fat content
(6.06-6.81%) and a relatively high crude ash content of
grain (2.33-2.36%) (Andersson et al., 1999a; Li et al.,
2001).

In grain endosperm, starch is accumulated in the form of
pellets (tiny grains) encapsuled in a protein matrix (Morri-
son, 1995), laid out in layers with different amylase and
amylopectin content (Song and Jane, 2000; Svihus et al.,
2005). Barley, as well as wheat and rye, contain two types
of starch granules — A (large, lenticular) (>10 um) and B
(small, round) (<10 pm) (Vasanthan and Bhatty, 1996). The

3



starch granules are gradually developed over the grain mat-
uration period. A-type granules constitute only about
10-15% in mature grain, but constitute up about 90% of the
total weight of starch. A-type starch granules contain more
amylose than in small B-type granules (Kang et al., 1985;
Ao and Jane, 2007;). The number and ratio of A and B
types of the starch granules are determined both by the ge-
notype and environmental factors (Kang et al., 1985; Morri-
son et al., 1986; Li et al., 2001).

In contrast to non-ruminants, the saliva of ruminant animals
does not contain the enzyme amylase, and therefore, the
process of breaking down the starch is not started in the
mouth. When grain reaches the rumen, reticulum and
omasum, microbial enzymes break down the fibreous struc-
tures, starch and protein of grain before the feed passes on
to abomasum and the small intestine, where it becomes in
contact with amylase, protease and lipase (Huntington,
1997). As the first, second and third stomach is the main
site of starch digestion, the starch digestion rate could be the
main factor causing digestive disorders and affecting animal
productivity. When grain is digested too quickly and thus
preventing animals from fully benefiting from the energy
contained in grain, barley is commonly referred to as the
‘hot’ feed (Bowman et al., 2001). In the case when starch
digestion is excessively fast, the pH level declines resulting
in slowing down of microbial digestion, reduction of feed
intake and loss of the daily weight gain (Hogan and Flinn,
1999; Hunt, 1996). Bowman et al. (2001) and Svihus et al.
(2005) indicate that proteins closer bound to starch gran-
ules, as observed in barley with higher hardness, slows
down the digestion of starch in the animal stomach, thus
transferring this process to the small intestines, which is a
desirable property in feed barley. In barley genetic improve-
ment programmes conducted in Canada and the USA, vari-
eties with relatively low dry matter digestibility are selected
(‘slow DMD’ barley) (Bowman et al., 2001).

Non-starch polysaccharides. Non-starch polysaccharides
— (1-3) and (1->4) p-D-glucan (B-glucan) and
arabino-(1—4) B-D-xylan (arabinoxylan) are mainly found
in the cell wall of the aleurone layer and starch with 3—5 um
thickness (Bacic and Stone, 1981; Newman and Newman,
1992b). The barley starch cell wall contains 75% [3-glucan,
20% arabinoxylan and 2% cellulose (Evers et al., 1999;
Shewry and Morell, 2001). Varieties with high B-glucan
content have a thicker cell wall (Oscarsson et al., 1997,
Zheng et al., 2000). Content of B-glucan in the dry matter of
barley usually varies from 2 to 7% (Oscarsson et al., 1997;
Grausgruber et al., 2004). The traits of non-starch polysac-
charides are important in relation to nutritional value of bar-
ley grain used as food (Fastnaught et al., 1996) and feed
(Engstrom et al., 1992). The studies show that consumption
of food with high -glucan content decreases the cholesterol
level and stabilises the blood glucose level, both for humans
and animals (Klopfenstein, 1988; Newman et al., 1989). On
the other hand, the use of high B-glucan content poultry
feed may create problems (Newman and Newman, 1992a).
It has been established that feeding poultry a diet with high
barley content, B-glucan affects the poultry health and pro-
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ductivity by causing viscose-like faeces (McNab and
Smithard, 1992). B-glucan, especially its soluble fraction,
has a major impact on the viscosity of barley extract and
therefore, this indicator has been widely studied both in re-
lation to barley use in food (Andersson et al., 1999a) and
feed (Campbell et al., 1989; 1zidorczyk et al., 2000; Svihus
and Gullord, 2002). R. Bhatty, a scientist from Canada, pro-
posed extract viscosity measurement as a simple method to
assess -glucan content in in early hybrid stages of varieties
suitable for feed (Bhatty, 1987). For genotypes with low
and high B-glucan content in grain, a difference of the
placement of B-glucan within the endosperm exists.
Namely, for varieties with low 3-glucan content, it is stored
mainly in the aleurone layer, while for genotypes with high
B-glucan content it is distributed evenly throughout the
whole cell wall of the grain endosperm. Since this factor af-
fects milling quality, it should be taken taken into consider-
ation for barley which is used for food and for feed (Zheng
et al., 2000).

To describe the digestibility of feed material, including bar-
ley, two indicators are often used: Neutral Detergent Fibre
(NDF) and Acid Detergent Fibre (ADF) — both reflecting
the fibre contents in feed (Ositis, 1998). The above indica-
tors are often listed in chemical composition tables of feed
and area included in statistical calculations (Zhang et al.,
1994). They are also used for assessment of germplasm
(See Newman and Newman, 1992a). NDF comprises
hemi-cellulose, cellulose, lignin, lignified nitrogen or un-
available protein, insoluble ash and silica. NDF limits the
animal’s ability to take in the dry matter, energy and feed.
ADF or lingo-cellulose incorporates cellulose, lignin, ligni-
fied nitrogen and silica. The difference between NDF and
ADF characterises the amount of hemi-cellulose, or cell
sugar (Ositis, 1998). Both NDF and ADF are practically in-
digestible in the gastro-intestinal tract of humans and
non-ruminant animals (Newman and Newman, 1992b).
Among different genotypes of barley, NDF content varied
from 12 to 20%, and that of ADF from 4 to 8% (Bhatty and
Christison, 1975). A higher fibre content is associated with
lower digestibility (Fairbairn et al., 1999). This relationship
is valid for all groups of animals, especially species with a
single stomach, i.e., pigs and poultry. Therefore, barley va-
rieties with reduced fibre content have higher feed value for
non-ruminants. A small amount of fibre in the diet is impor-
tant for all domestic animals for transit of feed through the
gastro-intestinal tract and promotion of excretion of toxic
material (Newman and Newman, 1992a). Hunt (1996)
points out that the consumption efficiency of the energy
contained in barley is influenced by the digestibility indica-
tor of the fibrous part of grain. It has been established that
NDF and hull content in grain have a significant adverse
impact on digestibility in situ. Varieties with lower dry mat-
ter digestibility are characterized also by lower hull digest-
ibility. Thus, varieties with elevated fibre, ADF and NDF
content in grain should be utilised for feeding ruminants, as
this would slow down the dry matter digestibility in the
stomach of the animal, eventually improving the efficiency
of using the energy contained in starch (Hunt, 1996).
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Nitrogen-containing substances or proteins in organic mat-
ter found in the dry matter of feed are of utmost importance
(Ostitis, 1998). The protein of barley, identical to that of
other cereals, is an aggregate of 20 amino acids, the combi-
nations of which determine three physiological functions of
proteins in the system: metabolic, structural and back-up
function (Newman and Newman, 1992b; Evers et al.,
1999). Protein makes up the second largest fraction of the
grain endosperm. Dry matter of the barley grain consists of
8-20% crude protein (Evers et al., 1999).

Protein can be divided into four groups, depending on their
solubility in different solvents. Protein solubility fractions
are named albumin, globulin, glutelin and hordein. The
hordein fraction represents the major group of storage pro-
tein in the grain. Hordein can be classified into three groups
of polypeptides called B, C, D hordeins based on their elec-
trophoretic mobility (Evers et al., 1999). The B and C frac-
tions account for 70-80% and 10-12%, respectively, of the
total hordein, while the D fractions are a minor component
(about 5%). Each group of hordein is synthesised from a
family of structural genes. The major B-hordein and
C-hordein are encoded by the multigenic loci Hor2 and
Horl, respectively, both located on the short arm of chro-
mosome 5. D-hordein synthesis is encoded by the Hor3 lo-
cus located on the long arm of chromosome 5 (Shewry and
Halford, 2002). These different hordeins differ in molecular
weight and amino acid composition. In barley, alcohols sol-
uble protein, or prolamin, has poor nutritional quality, it is
notably deficient in the essential amino acid lysine, and is
responsible for poor quality of the whole grain when used
as a diet for monogastric animals (Molina-Cano et al.,
2000). The ratio of B and C- hordein fractions influences
grain hardness and extractivity (Peltonen et al., 1994).
Molina-Cano et al. (2000) suggested that both B-hordeins
and B-glucan are relevant to water uptake. B and C-hordein
have been shown to be associated also with milling energy,
as an increase in C-hordein along with a decrease in
B-glucan was related to a decrease in milling energy, a char-
acteristic trait of grain hardness (Molina-Cano et al., 1996).

Amino acids are divided into two large groups: essential
and non-essential amino acids. Non-essential amino acids
are synthesised by animals while essential amino acids need
to be consumed with feed in order to ensure adequate meta-
bolic processes (Degola and Belicka, 2005). Amino acids
determine the biological value of protein. Of the 20 amino
acids, eight are essential (valine, isoleucine, leucine,
methionine, threonine, lysine, tripthophan, phenylalanine),
eight are non-essential (asparagine, alanine, glutamine,
glycine, proline, aspartic acid and glutamic acid) and four
are partially essential (arginine, histidine, cysteine and tyro-
sine) (Newman and Newman, 1992b). The essential amino
acids, apart from playing an indispensable role in protein
synthesis, are of major importance also in metabolic pro-
cesses and implementation of specific functions in non-ru-
minant domestic animals. Lysine has a special role in me-
tabolism of the amino acids directly by participating in their
syntheses; consequently, the amount of protein in the sys-
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tem is almost totally dependent on the content of lysine in
the feed ration. When balancing the ration according to
amino acid requirements, lysine is deemed the leading
amino acid and is expressed as 100%. This is because lysine
is almost totally used for formation of amino acids in ani-
mals while other amino acids, which are also needed in the
pig feed, are not wholly used in the production of amino ac-
ids (Degola and Belicka, 2005). Therefore, regarding qual-
ity of barley protein, the strongest emphasis usually is
placed on lysine (Ositis, 1998). A higher protein content in
grain is associated with lower content of essential amino ac-
ids. This is due to the increase of hordein, a back-up protein
containing a high percentage of glutamic acid, a nonessen-
tial amino acid, as well proline, but very little lysine
(Newman and Newman, 1992b). A high content of glutamic
acid and proline in protein of barley is not desirable, as
these amino acids are practically unavailable to animals and
cause environment pollution with nitrogen compounds
(Lange et al., 2006).

Protein and amino acids play also a role in physiological
processes of ruminants. It is especially important for young
animals receive high protein feed (Degola and Belicka,
2005). Nevertheless, ruminants can survive on a diet lack-
ing high quality protein, as microbes in their gas-
tro-intestinal tract are capable of synthesising 50% of both
essential and non-essential amino acids. The nitrogen
needed for the above synthesis is obtained by micro-organ-
isms in the process of breaking down the nitrogen-contain-
ing fractions of the feed material (Ositis, 1998). Therefore,
C. Newman and R. Newman (1992a) consider that barley
varieties with elevated crude protein content in grain would
be more appropriate for ruminant domestic animals. One of
the factors determining the uptake of protein and amino ac-
ids in ruminants is rumen protein solubility. The protein
fractions albumin and globulin have higher solubility than
prolamine and gluteine. As barley mostly contains the
prolamine fraction, the protein digestibility in rumen consti-
tutes about 70%. Protein digestibility further affects starch
digestibility (Barneveld, 1999). Bhatty et al. (1974) consid-
ers that 11% protein content in barley used for feed would
be sufficient; breeding for low protein content is usually re-
lated to high starch content in grain and higher yield of
grain.

There have been attempts to improve barley protein quality
through manipulating genes of specific mutations. In 1967,
a variety was established in the World Barley Collection of
Plant Gene Resources with elevated lysine content in pro-
tein, named ‘Hiproly’ (carrier of gene lys/) (Munk et al.,
1970). Another gene (lys3a) was discovered by ‘Riso 1508’
(Doll, 1973). High lysine genotypes are distinguished by a
higher lysine proportion in protein and their protein is better
balanced. This is due to a lower proportion in protein of
glutamic acid and proline, amino acids that are valueless for
non-ruminants. Hordein fractions of high lysine genotypes
characterised by a higher proportion of low molecular
weight (B hordein) fractions were found to be rich in lysine
and other essential amino acids (Klemsdal er al., 1987).
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Mutants high in lysine usually have reduced starch content
(Helm et al., 1974; Salomonsson et al., 1980). In the study
of Aman and Newman (1986), the starch content in high
lysine genotypes varied from 25% for the line ‘Riso 13’ to
54% for the line ‘Riso 56’. As lower average grain weight is
inherent to this genotype, its hull content was by 2% higher
(which relatively increased also the fibre content in grain) in
comparison with that of conventional barley (Gabert et al.,
1996). Also, agronomic indicators, such as 1000 grain
weight and grain productivity, are significantly lower in
lines high in lysine, compared to thse for conventional bar-
ley (Eggum et al., 1995).

A relevant quality indicator of feed barley is the lipid or fat
content of grain. In cereals, the lipid content varies from 1%
to 14% (Svihus et al., 2005), while barley usually contain
2-3% crude fat (Newman and Newman, 1989). For barley,
approximately 30% of fat is concentrated inside the germ
(Andersson et al., 1999b). Part of the fat is found on the sur-
face of starch granules (Welch, 1978). Fat is an important
source of energy for animals, and can ensure 2.25 times
higher energy per unit of weight than carbohydrates. Fat is
also a significant body heat regulator. Elevated fat content
of barley grain facilitates the milling process (Newmans and
Newman, 1992a). Fat has high importance in relation to im-
provement of barley feed value and an increase of fat con-
tent can be achieved through genetic improvement (Welch,
1978). In his study, among 86 barley varieties, the crude fat
content varied between 1.9-4.1%.

Barley grain has low low minerals content, which does not
fully meet the animal’s needs (Newman and Newman,
1992a). Minerals, mainly P, Ca, Mg and K, are mostly
found in the aleurone layer of grain (Stewart et al., 1988).
The amount of minerals in barley grain is small and reaches
the concentration required to ensure the physiological pro-
cesses over the germination period of grain (Evers et al.,
1999). Among the minerals, closer attention is paid to phos-
phorus, as its supplementation to feed significantly in-
creases feed costs. Barley usually contains about
0.34-0.45% phosphorus. In barley grain, about 70% of the
phosphorous content is found in the form of phytic acid or
phytates (mean 0.25-0.30% in dry matter of grain), which is
fully consumed by ruminants but unavailable for non-rumi-
nants, consequently polluting the environment with phos-
phorus compounds and reducing feed efficiency (Linares et
al., 2007; Raboy et al., 2000). Phytic acid slows down the
exchange of other important trace elements: zinc, magne-
sium and calcium, which can cause zinc deficiency prob-
lems for non-ruminants (Selle et al., 2000; Veum et al.,
2002). As phytic acid is known to form complex com-
pounds with proteins, the digestibility of protein and amino
acids is reduced under its influence (Kies ef al., 2001). Spe-
cial breeding programmes have been targeted to increase
the available phosphorous in grain (Poulsen et al., 2001;
Rosnagel, 2000). Usually, however, by reduction of the
phytic acid level, the total phosphorus content in grain is
also diminished (Newman and Newman, 1992b). For barley
genotypes created by the mutagenesis, the proportion of in-
organic phosphorus is increased, but the total phosphorous
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content remains unchanged, as the ratio of phytic acid con-
stitutes only 13-43% of the total phosphorus in grain (or
0.09-0.14% in dry matter) (Bowen et al., 2006; Poulsen et
al., 2001). A low phytate level in grain is critical also for
malting barley, since an significant negative correlation has
been established between the phytate content and the extract
outcome, and between phytate content and the content of to-
tal protein in grain (Dai et al., 2007). For food barley, a low
phytate level is also advisable, as it limits the availability of
minerals in the same way as in feed. Some studies have
confirmed the beneficial role of phytates in cancer preven-
tion (Selle et al., 2000). Calcium constitutes only about
0.05% of the dry matter of barley grain. It is the most re-
quired mineral both in animals, including poultry, and can
be easily added to the ration at sufficiently low cost
(Newman and Newman, 1989).

Barley contains Vitamin E, one of the most significant nat-
ural anti-oxidants. The amount of the Vitamin E in grain is
genetically pre-disposed and varies from one variety to an-
other from 16.2 to 23.8 mg kg'1 (Pryma et al., 2007). Barley
is a valuable source of B vitamin, with an exception of B12
(Newman and Newman, 1992b).

On the basis of information collected from scientific litera-
ture, a profile of a high quality feed barley variety for dif-
ferent groups of animals is presented in Table 1.

AGRONOMIC TRAITS IMPORTANT FOR FEED BAR-
LEY

For cost-effectiveness of feed barley cultivation, it is essen-
tial for the variety to have a sufficiently high yield potential.
Therefore, breeders carrying out genetic improvement of
feed barley should concurrently keep in mind also the bal-
anced position of quantitative and qualitative traits of grain.
In the same way, account should be taken of meteorological
conditions, which can adversely impact feed grain quality
over the grain maturation period. Warm and damp weather
after the blooming phase, recently observed in Latvia, pro-
motes infection of barley with diseases caused by Fusarium
spp., shedding mycotoxins, such as deoxinovalenol (DON).
Such grain is not fit for feeding of any animals, and piglets
are especially susceptible to it. Therefore, genetic resistance
of a feed barley variety against fusariosis is critical. As
mycotxins are mostly contained in hull of barley grain, hull-
less barley has significantly lower (P < 0.05) mycotoxin
content than hulled barley (Legzdina and Buerstmayr,
2004). Near infrared spectroscopy (NIRS) technologies can
be used for fast evaluation of germplasm for presence of
mycotoxins in grain (Arganosa et al., 2003).

SUMMARY

The reviewed literature indicates that the feed quality of
barley is influenced both by physical grain quality indica-
tors (colour, grain weight and size, hull content, 1000 grain
weight, volume weight and grain hardness) and chemical
composition (protein, carbohydrates, non-starch polysac-
charides, amino acids, fibre, protein, fat, minerals and vita-
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Table 1

MODEL PROFILE OF HIGH QUALITY SPRING BARLEY VARIETY FOR USE IN FEED FOR ANIMALS OF DIFFERENT GROUPS CON-

STRUCTED ON THE BASIS OF GRAIN QUALITY INDICATORS

Trait Ruminants Pigs Poultry
1000 grain weight high high high
Volume weight high high high
Starch content high (starch high in amylose)  high (waxy endosperm, high ration of B gran-  high (waxy endosperm, high ratio of B granules)
ules)
Crude protein content average to high, low hordein  average average

proportion in protein
B-glucan high
Amino acid content composition is not important
Crude ash content high high
Hull content low to average
Fibre content low to average low
Grain hardness hard endosperm of grain

Content of minerals and high
vitamins

mins). Breeders working towards the genetic improvement
of feed barley need to think concurrently about balancing
the quantitative and qualitative indicators.

An important role in success of the feed barley breeding
outcome is played by access to high genetic diversity of
quality traits on the part of the breeder. Experience has
shown that efficient building on genetic diversity can pro-
duce a variety with physical and chemical indicators of
grain quality that ensures agricultural animals with maxi-
mum energy value while reducing the feed costs. Grain
quality for different types of barley, i.e., two-row, six-row,
hulled and hull-less genotypes differs. The specific chemi-
cal composition (high B-glucan and crude fat content) is
characteristic of genotypes with waxy endosperm, while ge-
notypes high in lysine have an elevated ratio of essential
amino acids in protein.

From a commercial point of view, the productivity and dis-
ease resistance will continue to be important descriptors of a
feed barley variety. Likewise important for high quality
feed barley are such indicators such as purity, grain colour,
and moisture content which can affect grain storage, digest-
ibility and processing. However, under intensive production
systems, the users of feed grain that consider the feeding ra-
tions and calculate the feed costs will be more interested to
take into account indicatorsof feeding value of grain and its
quality for each species of the agricultural animals.
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LOPBARIBAS MIEZU GRAUDU KVALITATES RADITAJU RAKSTUROJUMS

MieZi (Hordeum vulgare L.) ir nozimiga graudaugu suga izmantoSanai lopbariba, ipasi ziemelu apgabalos, ar Lavija. Ir gruti definét idealus
lopbaribas mieZus, jo dazadam majdzivnieku sugam un pat vienas sugas ietvaros vecuma grupam ir loti atSkirigas prasibas. Tapéc lidz §im
lopbaribas miezu selekcija ir attistijusies Joti 1eni un veidojusies uz agronomisko un alus mieZzu kvalitativo raditaju bazes. Miezu Skirnu
selekcijas process noteiktam graudu izmantoS$anas virzienam ir saistits ar izlasi péc dazadiem raditajiem, jo graudu kvalitate ir kompleksa
kvantitativa pazime, kura atkariga gan no graudu fizikalajiem parametriem, gan no kimiska sastava. Raksta apkopota informacija liecina, ka
miezu lopbaribas kvalitati ietekmé gan fizikalie graudu kvalitates raditaji (graudu krasa, plekSpu saturs, graudu masa un izmeéri, 1000
graudu masa, tilpummasa, graudu cietiba), gan graudu kimiskais sastavs (oglhidrati, ne-cietes polisaharidi, proteins, aminoskabes,
kokskiedra, tauki, mineralvielas un vitamini). Pamatojoties uz zinatniskaja literatiira iegiito informaciju, izveidoti augstvertigas lopbaribas
mieZu Skirnes raksturojumi izmantoSanai dazadam majdzivnieku grupam.

Proc. Latvian Acad. Sci., Section B, Vol. 66 (2012), No. 1/2.
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