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Abstract:
Four Betzes isogenic barleys, differing in length of awn and presence or absence of bull, were
examined in a series of swine and rat growth and metabolism trials. Physical and chemical analyses
were performed on two successive years crops 1978 (78) and 1979 (79) , which were grown under
contrasting environmental conditions. Crude fiber and ash of covered barleys were consistently higher
than hulless. Betzes covered, short-awn (BCSA) had 9.2 and 5.8% lower crude protein (CP) content
than the average of other 78 and 79 isogenes, respectively. Betzes hulless, short-awn (BHSA) had the
greatest extract viscosity in 78 and Betzes hulless, long-awn (BHLA) was higher in 79. An average
extract viscosity level of 2.75 cP in 79 barleys was substantially lower than the 78 level of 3.39 cP.
Covered isogenes had 31 and 24% more plump kernels than short-awn in 78 and 79 respectively. No
differences in amino acid composition or 1000 kernel weight were seen between isogenes. Rat and
swine growth and efficiency values did not vary greatly between individual isogenes, except for the
lower protein efficiency ratio (PER)(P< .05) obtained from 79 Betzes covered, long-awn (BCLA).
Antibiotic significantly altered rat gains (P<.05) and feed consumption (P<.05) but did not influence
feed efficiency (F/G) or PER. Long-awned barleys produced greater rat gains (P<.10) in 79 isogenes
but did not affect performance of 78 barleys. Length of awn did not affect swine performance. Hulless
barleys enhanced rat F/G (P<.10) on 79 isogenes and also feed conversion of finishing swine (P<.10) .
Presence of hulls was also seen to decrease carcass yield and loin eye area (P<.05) of pigs fed 78
isogenes. True protein digestibility (TPD), net protein utilization (NPU) and biological value (BV) did
not differ between iso-types in rat nitrogen balance trials. Length of awn significantly (P<.05) affected
BV of 79 barleys while presence of hulls lowered (P<.05) TPD value of the same barleys. Hull and
awn did not affect rat performance on 78 isogenes. Digestible energy (DE) was reduced (P<.05) in 78
and 79 BCSA barleys fed to rats. Presence of hull decreased total DE values of 78 (P<.05) and 79
(P<.005) barleys while length of awn did not alter DE of barleys for rats. Covered barleys had higher
apparent BV (P<.10) and lower DE (P<.05) than hulless when fed to swine but hull did not affect
apparent nitrogen digestibility or nitrogen retention of finishing swine. Differences due. to length of
awn on barley digestibility in swine were inconsistent and generally nonsignificant. Breads produced
from isogenic flours did not differ in baking or proofing times, loaf volume or weight. Loaf volume and
weights of whole grain flour breads tended to be less than those of endosperm flour breads. BHLA
flour (endosperm) had the highest CP and produced the greatest cookie spread ratio of 5.97, followed
by BCLA, BHSA and BCSA with ratios of 5.72, 5.59 and 5.59, respectively. Taste panels ranked
whole grain and endosperm breads 3.3 and 3.1, respectively, for overall acceptability (with 5 being
excellent). 
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ABSTRACT

Four Betzes isogenic barleys, differing in length of awn and presence or 
absence of bull, were examined in a series of swine and rat growth and 
metabolism trials. Physical and chemical analyses were performed on two 
successive years crops 1978 (78) and 1979 (79) , which were grown under 
contrasting environmental conditions. ■ Crude fiber and ash of covered 
barleys were consistently higher than hulless. Betzes covered, short- 
awn (BCSA) had 9.2 and 5.8% lower crude protein (CP) content than the. 
average of other 78 and 79 isogenes, respectively. Betzes hulless, 
short-awn'(BHSA) had the greatest extract viscosity in 78 and Betzes 
hulless, long-awn (BHLA) was higher in 79. An average extract viscosity 
level of 2.75 cP in 79 barleys was substantially lower than the 78 level 
of 3.39 cP. Covered isogenes had 31 and 24% more plump kernels than 
short-awn in 78 and 79 respectively. No differences in amino acid com
position or 1000 kernel weight were seen between isbgenes. Rat and 
swine growth and efficiency values did not vary greatly between indivi
dual isogenes, except for the lower protein efficiency ratio (PER)(P<
.05) obtained from 79 Betzes covered, long-awn (BCLA). Antibiotic sign
ificantly altered rat gains (P<.05) and feed consumption (P<.05) but did 
not influence feed efficiency (F/G) or PER. Long-awned barleys produced 
greater rat gains (P<.10) in 79 isogenes but did not affect performance 
of 78 barleys. Length of awn did not affect swine performance. Hulless 
barleys enhanced rat F/G (P<.10) on 79 isogenes and also feed conversion 
of finishing swine (P<.10) . Presence of hulls was also seen to decrease 
carcass yield and loin eye area (P<.05) of pigs fed 78 isogenes. True 
protein digestibility (TPD), net protein utilization (NPU) and biologi
cal value (BV) did not differ between iso-types in rat nitrogen balance 
trials. Length of awn significantly (P<.05) affected BV of 79 barleys 
while presence of hulls lowered (P<.05) TPD value of the same barleys. 
Hull and awn did not affect rat performance on 78 isogenes. Digestible 
energy (DE) was reduced (P<.05) in 78 and 79 BCSA barleys fed to rats. 
Presence of hull decreased total DE values of 78 (P<.05) and 79 (P<.005) 
barleys while length of awn did not alter DE of barleys for rats. Cov
ered barleys had higher apparent BV (P<.10) and lower DE (P<.05) than 
hulless when fed to swine but hull did not affect apparent nitrogen di
gestibility or nitrogen retention of finishing swine. Differences due. 
to length of awn on barley digestibility in swine were inconsistent and 
generally nonsignificant. Breads produced from isogenic flours did not 
differ in baking or proofing times, loaf volume or weight. Loaf volume 
and weights of whole grain flour breads tended to be less than those of 
endosperm flour breads. BHLA flour (endosperm) had the highest CP and 
produced the greatest cookie .spread ratio of 5.97, followed by BCLA,
BHSA and BCSA with ratios of 5.72, 5.59 and 5.59, respectively. Taste 
panels ranked whole grain and endosperm breads 3.3 and 3.1, respectively, 
for overall acceptability (with 5 being excellent).

I



Chapter I 

INTRODUCTION

Barley is one of Montana’s major agricultural cash crops, ranking 

third behind wheat and cattle. The importance of barley in Montana 

agriculture is compounded by the fact that much of the livestock on 

feed in the state receive barley based rations. There has been con

siderable misunderstanding as to the value of barley for feeding 

livestock, primarily due tp its relatively high fiber levels and the 

associated problems when fed in conjunction with leguminous feeds.

Some of the hesitance in using barley may be related, however, to 

the fact that it is not a "traditional" feed for livestock in many 

areas of the U.S. and, as a result, there exists a lack of confidence 

in the general practice of feeding barley and how it affects animal 

performance. In Montana, nonetheless, barley provides a viable and 

economical answer for producers to feeding livestock.

As we are all becoming extremely aware, we inhabit a planet with 

limitations, especially in regard to its ability to provide adequate 

resources to meet the energy and nutritional needs of an escalating 

population. Currently, up to one-third of the world's children die 

during the first five years of life from malnutrition, and of those 

who survive 25 to 50 percent experience severe to moderate protein^ 

calorie malnutrition, more commonly known as kwashiorkor (Bergland,
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Quantitatively, cereal grains may supply protein intakes 

approaching or exceeding recommended daily allowances (PDA's). In 

cereal eating societies there is a shortage of protein in terms of 

quality, not quantity (Howe, 1965). The widespread use of animal 

proteins to rectify this deficiency in the future seems unlikely in 

the light of the relative inefficiency of using livestock to convert 

poorer quality- cereal proteins into nutritionally superior animal 

proteins. The supply of animal protein will probably be largely 

limited by the availability of forages and industrial by-products as 

a result.

Protein quality is not the only determinant of the nutritional 

quality of cereal grains (Gohl, 1977 and Coon, 1978). Many endogenous 

and exogenous chemical constituents- inherent in barley affect the 

ability qf animals and man to derive maximum benefit from its protein 

and other nutrients. These compounds may- directly and/or indirectly 

interfere with digestion and absorption of nutrients or possibly 

cause some, alteration of the nutrient(s) during the digestive process.

Barley is a grain that lends itself well to the task of developing 

a nutritionally superior feedstuff for both animal and man. Three

1970). As President Carter stated (1978) "...a peacful world cannot

long exist one-third rich and two-thirds hungry". Thus work to

improve the nutritional quality of cereal grains, as well as productive

yield, becomes increasingly more meaningful.
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primary reasons for barley's noted potential are I) its "hardiness" 

and ability to adapt to wide variations in soil and climatic conditions, 

2) its simple Mendelian mode of inheritance and low chrombsone number 

which makes genetic manipulation relatively easy, and 3) the fact that 

it possesses wide variations in nutritive composition, thus supplying 

a wide genetic base from which to select.

A study was initiated to evaluate the affect of length of awn and 

presence or basence of hull on the nutritional value of four isogenic 

barleys derived from Betzes. That thesis included a series of feeding 

and metabolism trials with non^ruminants, using two successive, crops 

of Retzes isogenic barleys. Baking and milling properties of the 

barleys were also examined and the overall palatability of barley 

foods made from the isogenes was evaluated.



Chapter 2

REVIEW OF LITERATURE

Barley is traditionally considered an inferior grain, relative to 

corn and wheat, for feeding livestock and also for human food purposes 

(Carroll, 1939; Larsen and Oldfield, 1961; and Newman, 1978). Ensminger 

(1978) quoted Barley’s value for swine as 88 percent that of corn and 

noted its high fibet content as a problem in feeding barley. Slightly 

more, than 25 percent of the barley produced each year in. the U.S. is 

used for brewing purposes as opposed to 65 percent for animal feed, yet 

a majority of the selection emphasis to date has been to improve malting 

barleys, Those characteristics that enhance malting may often be in 

direct conflict with those that constitute a desirable feed grain (Matz, 

1969). Thus selection for an improved feeding barley must be a totally 

separate objective.

Barley exhibits extreme variation in many of its agronomically 

and nutritionally important characters. Newman (1978) reported on 

the wide variation in protein, protein quality, fiber and other 

parameters observed in barley raised at the Montana Agricultural 

Experiment Station. -Protein alone varied from 8.9 to 22 percent, 

fiber from 1.7 to 8,9 percent, and similar variability was seen, in 

phosphorus, amino acid, and kernel weight. This, along with the fact 

that barley possesses a simple mendelian mode of inheritance, lends 

barley well to genetic manipulation, The use of an intensified
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One problem in breeding the "ideal" barley is the identification ; 

of those physical and chemical properties of barley responsible for 

its performance as a feed or food, specifically those factors of barley 

that contribute to or limit optimum animal response. The majority pf 

emphasis to date in breeding barley for livestock needs has been . 

focused on increasing the quantity and quality of its protein (Munck, 

1970). Newman et al., (1974) reported that a high-lysine mutant, 

Hiproly, resulted in improved gains and efficiency values over tradi

tional barley varieties. But, as it is well known, there are numerous 

endogenous and exogenous properties other than protein quality and 

content that effect a cereal grain'm- feeding value. It is the 

identification and effects of some of these other factors in barley 

that warrants more in depth study.

The use of isogenic lines within barley cultivars allows the 

effects of single gene characters to be expressed and the merits of 

that particular gene to be evaluated as to its nutritional and 

agronomic merit. The isogenic property, in effect, eliminates much 

of the variation normally present due to external genetic factors. 

Theoretically, any trait of interest in the cereal grain can be

selective breeding program could realistically produce a barley

cultivar having those characteristics necessary to produce maximum

economic animal performance, in addition to a cultivar acceptable for

human nutritional needs and tastes.
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The concern of this thesis is the relationship that exists 

between the physical and chemical properties of four isogenes of 

Betzes barley and the nutritional response they elicit in non-ruminant 

animals,.

I. BARLEY COMPOSITION

In discussing the physical and chemical composition of barley, 

it must be recognized that barleys differ greatly in morphological 

and physiological characteristics. When any trait in barley is 

quantified, it is thus only an average estimation.

A. Physical Characteristics

In most commercial barleys the flowering glumes (husk, chaff) 

adhere to the grain, but many varieties exist in which the hull

less (hulless) or naked kernel separates from the hull. The 

inner face.; of the hull is bound to the kernel by a thin-walled 

epidermis containing single-celled hairs. A covered barley 

is one in which the palea and lemma (hull) adhere to the pericarp, 

except at a few.air spaces, which result in the wrinkled appear

ance of the kernel. In hulless barleys, however, the pericapp 

is less compressed and relatively- non-lignifled. In the quiescent

individually evaluated without the confounding effects of other gene

characters- that would normally be present without the use of isogenic

lines.
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kernel, the lignin is almost entirely confined to the. hull and 

its apical appendage, the awn. These both tend to be broken 

or crushed during the harvesting and processing of hulless 

barleys (Briggs, 1978). Pomeranz (1974) indicated that the 

hull may comprise from 7 to 24 percent of the grain, varying 

according to type, variety, kernel size and latitude of 

cultivation. Joseph (1924) reported a three to four percent re

duction in total crude fiber level in hulless barley as opposed 

to their covered analogues. Several researchers have proposed 

that the lowered fiber level of the hulless varieties could 

result in their having improved feeding value over their covered 

counterparts (Anderson et al., 1961; Dobson and Anderson, 1958; 

and Robbins and Pomeranz, 1971).

In general, the hulless variety is inferior to the covered 

in terms of overall yield per acre (Ensminger, 1978) although 

the hulless varieties do, generally, have a higher weight per 

liter as a result of their reduced fiber content. This has 

been confirmed at the Montana Experiment Station, with isogenic 

hulless lines yielding approximately 88 percent of the covered 

parent barley (R. F. Eslick, personal communication).

Length of awn may also influence the various physical and 

chemical properties of barley. The long and short-awn character

istics are observed in both covered and hulless barleys. The
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short-awn appears, to be related directly to smaller kernel size 

and elevated beta-glucan content (C. W. Newman, personal communi

cation; Goering et al., 1970),

The two main types of cultivated barleys, depending on the 

arrangement of the kernels in the ear", are two-rowed and six- 

rowed. These two types differ considerably, not only in head 

structure, but in feeding quality, use and the geographical 

location where they are grown. Takahashi (1975) reported that 

six-rowed segregates characteristically tend to exhibit lower 

productivity, in general,largely attributable to the lack of 

uniformity In their seed size, smaller overall kernel size, 

shorter straw length and the lower fertility of lateral florets. 

Pomeranz at al, (1973) found the six-rowed barleys also contain 

an average of I to 2 percent lower kernel protein.

The superiority of the six-rowed cultivar in overall yield in 

Montana was repeatedly shown in work by Hockett and Eslick (1968), 

in which the six-rowed cultivars out-yielded the two-rowed in all 

of 25 station year comparisons. Hockett and Standridge (1975) 

used two- and six-rowed isogenics to compare effects of the gene 

controlling head conformation and found that even homozygous 

two-rowed barley, with its slightly higher tiller number and 

significantIy greater kernel weight over homozygous six-rowed, 

did not fully compensate in yield for fewer numbers of kernels
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per spike. Overall yield of barley changes considerably with 

environmental factors. Two-rowed barleys will out yield six-rowed 

in cases where moisture is a limiting factor and it is for this, 

reason two-rowed cultivars predominate in Montana (C. F. McGuire, 

personal communication).

B. Chemical Characteristics

In general, on a dry matter basis, covered barley contains 

63 to 65 percent starch, I to 2 percent sucrose and I percent 

other simple sugars, I to 1.5 percent soluble gums, 8 to 10 

percent hemicellulose, 2 to 3 percent lipids, 1.28 to 2.08 per

cent N, 2 to 2.5 percent mineral components (ash), and 5 to 6 

percent other components (Pomeranz, 1974).

As indicated above, a large proportion of the barley kernel 

is starch. Starches are composed primarily of two distinct forms 

of homopolysaccharides, alpha-amylose and amylopectin. Alpha- 

amylose is a water-soluble, linear type of starch having a 

molecular weight (MW) of 10,000 to 100,000. It consists of 

glucose residues linked via alpha-1,4 bonds, in the cis config

uration which produce a helical coil structure. Amylopectin, 

conversely, is the water-insoluble, branched form with a MW 

of over 1,000,000. - Amylopectin has approximately one alpha - 1,6 

linkage per twenty-plus alpha - 1,4 linkages, thus being quite
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similar to glycogen (Stryer, 19.75}. Starches are not pure 

carbohydrate per se, for they contain small amounts of phosphor

us and acid radicals (Maynard and Loosli, 1979).

Both amylose and amylopectin are hydrolyzed to varying 

degrees by a-r-amylase, which is secreted by the pancreas and in cer

tain animals by the salivary glands. Upon hydrolysis by either 

acid or enzymes, the starch is degraded to dextrin, maltose and 

finally glucose. Quantitatively the hexosans provide the 

majority .of the energy required by an animal to meet maintenance 

and productive needs (Pomeranz, 1974).

Goerihg, Eslick and Ryan (1957). found the amylose content of 

starch in 30 samples of Compana barley ranged from 19 to 23 per

cent, oh a dry basis. In 44 different varieties of barley, amylose 

content varied from 13 to 24 percent of the total, illustrating 

that inherent differences do exist in amylose to amylopectin ratios.

Sandstedt et al., (1962) noted much variation in the 

susceptability of raw starches to amylolytic action. Waxy 

barleys described by Goering et. al., (1973) tended to have 

very little resistance to enzyme action and their starch liqui

fied quite readily in comparison to parental cultivars. Certain 

high-amylose starches are particularly resistant to digestion 

and also prove to exhibit a certain degree of indigestibility 

by poultry and rats (Calvert et al., 1976). The resistance to
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digestion may not be directly related to amylose content as much 

as starch granule structure, packing and bonding (Pomeranz, 

Eslick, and Robbins, 1972).

Barley also contains a class of hydrocolloidal carbohydrate 

compounds called B-glucan;s. These polyglycans appear to be 

linear, water-soluble polysaccharides composed as g-D-gluco- 

pyranosyl units joined by either g-(l->3) or g-(l->-4) glycosidic 

linkages . Work done by Parrish et: al., (I960) on g-glucan 

structure, in which he utilized two enzyme preparations, 

indicated the following basic formulae:

[-(glu B-(l-»4)rglu)2-g-(l->-3) - (glu -B(l->4)-glu)2-3(l->3)-(glu g- 

(l->4)-glu)2'-6-(l"̂ 3) -]^. This is only a general formula, as 

B-glucan is not a single chemical entity. It is a generic 

term for a whole class of substances differing in molecular 

shape and size (Bathgate and Dalgliesh, 1975). As previously 

stated, these non-starch polysaccharides tend to Be primarily 

water-soluble, although Preece and McKenzie (1952) did demon- ■ 

strate that not all of the barley hydrocolloids are extractable 

with water and subsequent extractions using alkali solution is 

necessary to totally eliminate them. This is reflective of the 

variation inherent in B-glucan structure.

Viscosity of extracts from barley is derived from the 

hydrolysis of cereal gums and is mainly attributed to B-glucan
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content (Greenberg, 1974), However, other gums such as mixes 

of araboxylan, xylan, pectin and araban may also contribute to 

overall extract viscosity (Preece and McKenzie, 1952).

In general, viscous substances similar to g-glucan are 

found in many plants and are widely used in the food industry 

because of their hydrocolloidal properties. They are relatively 

non-toxic and have negligible digestibilities due to an 

incapacity to traverse the intestinal mucosa. These substances 

are generally located in the leaves, stems, husks, seeds and 

roots of plants (Anderson, 1978).

Gohl et al., (1977) removed successive layers of the barley 

kernel Dy abrasive milling techniques and tested the fractions 

for proximate composition, sugars present and viscosity. They 

found that the factor causing the viscous water solutions was 

located between the bran and center of the kernel; In addition, 

they noted a higher viscosity in early harvested grain over 

later (or combine) harvested grain. Early harvested grain 

reached a maximum of 12,000 centipoise (cP) between 40 to 60 

percent abraded kernel, as opposed to combine-harvested barley 

which had a maximum of 5,000 cP in the 55 percent abrasion region 

The rapid accumulation of polyglucans has been shown to start 

early in seed development and to continue until yellow ripeness 

(Cerning and Guilbot, 1973).
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Both oats and barley are characteristically high in.B-glucan 

content, having an average of 2.50 and 6,00 percent g-glucan on 

a dry weight basis, respectively. These compare to ,35 percent 

glucan in rice and ,34 percent in wheat. Goering e£ al., (1970) 

analyzed 12 barley genotypes and found that hulless varieties 

generally had higher viscosity than covered analogues, indicating 

perhaps that the gene controlling the presence or absence of hulls 

Is either linked to or epistatically interacting with those genes 

controlling g-glucan content. As would be expected, high con

centrations of g-glucan causes problems in the feeding of barley 

due to its limited digestibility and other adverse effects in 

the gut. The effects of these gums are well known to brewers who 

use barley as a common malting grain. The viscous solution 

resulting from the partial degradation of the g-glucan during 

the malting process slows down filtration and inevitably is a . 

limiting factor in the costly malting process (Bathgate and 

Dalgush, 1975),

The term "fiber" refers to those indigestible carbohydrate 

and non-carbohydrate compounds, with cellulose, hemicellulose 

and lignin, respectively, being the major forms'. Cellulose.is a 

homopolysaccharide, consisting of D-glucose units in g-1,4 linkage. 

Hemicellulose, a principle component in the cell walls of plants.
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is a heterogenous mixture of -monosaccharides such, as glucose, 

xylose, mannose, and galactose, Hemicellulose is much less Jresistr- 

ant to chemical breakdown than cellulose and is- defined as- a 

carbohydrate soluble in alkali solution, Lignin is- a high mole^ 

cular weight, amorphous polymer of phenyl propane derivatives 

(Maynard and Loosli, 1978) which is associated with fiber but not. 

a carbohydratei Lignin is found in the woody parts of barley, 

i,e. the hull, fibrous portions of its roots, leaves, and stems,

It is usually chemically bound to cellulose and hemicellulose.

Its association with cellulose and hemicellulose markedly reduces 

cellulose digestibility (Briggs, 1978). Pomeranz (1974). indicated 

. that the hull contains over two-thirds- of barley’s cellulose, - 

with cell walls and starchy endosperm, containing little.or no 

true cellulose.

As noted previously, barley protein and protein quality can 

be quite variable, depending largely upon moisture, natural and, 

applied nitrogen, previous cropping history, tillage practices 

and temperature (Zubriski, 1967).

Proteins play crucial roles in nearly all biological processes 

and are necessary in adequate amounts to insure efficient use of 

carbohydrates and fats and vice verse (Sewell, I960; Pomeranz,

1974; and Stryer, 1975). Osborne and Mendel (1914) evaluated
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cereal proteins and substantiated the vital role that amino acid 

constitution of a protein plays in its nutritive value. They 

stated that relative values of different proteins in nutrition are 

dependent upon their content of specific amino acids which cannot 

be synthesized by the body and are necessary for normal function. 

Lysine, tryptophan and threonine appear to be most limiting in 

grains (Howe et al., 1965; Ali et a l ., ,1975).

The introduction of Mgh--Iysine mutant grains such as 

Opaque-2 corn (Mertz, 1964) and Hiproly barley (Munck et al., 

1969) did much, to improve the feed value of both cereals.

Several studies have indicated that increased rate of gain and 

feed efficiency results in pigs fed either Hiproly or lysine- 

supplemented barley diets (Pinusson et al., 1962; Haugse et al., 

1962; Newman et al., 1977; Thomke et al., 1977; Newman et al., 

1978).

A major problem in improving cereal proteins is combining 

improved or nutritionally better protein with reasonable yields 

(Munck, 1975) . Kodanev (1975) noted a negative relationship 

between protein content and yield (r = 0.62 to -0.81). Bhatia 

and Rabson (1976) found that bioenergetically, the gross energy 

to produce high-protein grains is much more than low-protein, and 

thus the energy differential and supply of carbon must be made up 

by the plant, hence lower yield results.



16

With increased protein in cereal grains there i's- an assoc’- 

iated decrease in percent lysine (Pomeranz ? 1974). Up to 80 

percent of cereal protein is contained within the endosperm, which 

is high in alcohol-solution prolamines (hordein) and alkali- 

soluble glutelins, The former fraction is quite low in lysine 

content and the fraction that increases most significantly with an 

increase in the protein content of the kernel. The remaining por-r 

tfon of the protein is contained iti the water-soluble albumin and 

salt-soluble globulin fractions, both of which have relatively 

well-balanced amino acid profiles but are much more difficult to 

manipulate, or cause to increase as a percent of the total 

protein, than are the storage proteins (Folkes and Yemm, 1956).

Tallbert (1975) observed the ultrastructure of Hiproly and 

mutant 1508 barleys and found a major shift in protein fractions 

from those of their normal sister lines. He noted an elevated 

level of water-soluble proteins occurred at the expense of the 

prolamine proteins in the high-lysine grains. Two separate genes 

were proposed to be responsible for elevated lysine content in 

the two barleys. Alexander (1978) reported similar shifts in 

protein fractions in Ris^ mutant 86.

Sauer, Kennelly and Thacker (1979) examined amino acid 

digestibilities of barley and wheat cultivars in pigs and found 

no significant differences between apparent amino acid digesti-
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bilities among cultivars. Of the indispensable amino acids, i 

lysine and threonine were least available, Between wheat and 

barley, wheat had significantly greater amino acid availability.

The lower availabilities of lysine and threonine are direct

ly related to the digestibility of the fraction of the kernel in 

which they are found. These amino acids are found in highest 

concentration in the aleurone and embryo fractions, which have 

typically low digestibilities (Pomeranz, 1977; Folkes and Yemm, 

1956; and Thomson, 1979).

Stobart (1977) found biological value increased in high- 

lysine barley mutants developed from Bomi and Carlsberg II 

barleys, but protein digestibility was negatively correlated 

with lysine content of the protein. As a consequence, the 

net protein utilization of the mutants was reduced or no better 

than that of the parent barleys.

II. GENERAL FEEDING TRIALS:

Joseph (1924) compared covered and hulless barley to wheat 

for growing and finishing pigs and found the hulless barley equal to 

wheat for fattening pigs. The hulless barley was 8 to 15 percent 

more efficient in producing ,gain than was the covered cultivar.

However; covered barley was approximately equal to hulless when a 

high quality supplement was included,in the mixture.
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Robison (1939) conducted a series of trials to examine the

relative feeding value of covered and hulless barley.and oats to a 
corn standard. Ground barley fed hogs, on the average, required four

additional days to put on 60 pounds of gain over that of hogs on 

ground corn. Barley fed pigs also consumed 3.0 to 6.1 percent more 

feed/head/day than did corn fed hogs. Fiber dilution effects were 

mentioned as a possible reason for increased consumption. The hulless 

barley was found to possess 9.3 percent greater feeding value than the 

covered barley, with the most notable difference in feed/100 pounds 

of gain. The oat diets resulted in the poorest performance, requiring 

an additional three weeks to reach market weight.

The inhibitory effect of barley hulls on nutrient digestion, 

absorption and utilization, through chemical and physical means, was 

reported by Larsen and Oldfield (1961). They found barley hulls 

markedly depressed rate of gain and feed conversion by reducing 

digestibilities of the energy supplying components of the diet. Pigs 

in this, study responded differently to fiber from hulls and that from 

purified cellulose, when added to corn or pearled barley diets. Barley 

hulls produced the greatest reduction in rate of gain and feed conver

sion of the two. This is in agreement with other studies by Teague and 

Hanson (1954); Jensen et al. (1959); McIlroy (1961); and Pond et al. 

(1962), where elevated crude fiber i.e, from barley hulls adversely 

affected growth performance and efficiency. The inclusion of hulls
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depressed apparent digestibilities of protein, nitrogen-free extract 

and ether extract, This implicates the hull, and not the kernel per se, 

as a possible cause of sub-optimal feeding values for barley. Similar 

results were reported for oat hulls (Gerry, 1957; Jensen et: aJ., (1959).

Gill, Oldfield and England (1966) compared a hulless and a 

covered barley, Utah and Hannchen cultivars, respectively, to wheat and 

corn to examine their relative nutritive value for swine. The hulless 

barley improved gains and decreased backfat in relation to com, but 

was not significantly different in feed efficiency from corn or wheat. 

The hulled barley was. inferior to the other three for feed required 

to produce a pound of gain. Feed wastage with the covered barley was 

cited as a major problem and probable cause of poor efficiency values 

of the covered cultivar.

Newman at aly (1968) observed cultivar related variations 

existing between hulless and covered barleys and the response they 

illicit in hogs. They utilized the covered and hulless isogenics of 

Compana and Glacier and a corn control in these trials. Hulless 

Compana produced superior performance to its covered analogue in one 

of two trials, but no apparent differences existed between Glacier 

isogenes. Pigs consumed more feed on hulless barley and corn 

diets. Physical form (pellet or meal) seemed to have negligible 

effect on any particular diet's performance. There appear to be some 

factor(s), other than crude fiber, affecting hulless and covered
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In an experiment utilizing 240 crossbred pigs, Wahlstrom, Reiner 

and Libal (1977) fed five starter, 18 percent protein rations made of 

either oats, rolled oats, dehulled oats, hulless barley or corn plus 

soybean, all fed with or without added animal fat. The cdrn-'soy diet 

was superior to the other diets for daily gain and feed efficiency, 

regardless of fat inclusion or exclusion in other diets. Hulless 

barley-soy- fed hogs exhibited significantly depressed rates of gain 

(P < .01) and feed conversions from those of corn-soy, corn-soy-oats 

and dehulled oats plus- lysfne fed hogs.

Studies were conducted comparing performance of fattening pigs 

fed diets containing one of four isogenes, differing in respect to 

length of awn and presence or absence of hull, within each of the 

following barley cultivars: Titan, Comp'ana, Vantage and Glacier

(Newman, unpublished data). The short-awn isogenes produced faster 

rates of gain than the long-awn isogenes. Hulless isogenes resulted 

in significantly lower feed consumption better feed

efficiency than covered isogenes.

In an effort to establish optimum fiber levels for swine,

Axelson and Eriksson (1953) fed pigs, ad libitum, rations that were 

balanced for crude fiber, over three periods comprising the life span 

of the animal. The periods were (I) from 30 to 50 Kg, (2) from 50 

to 70 Kg., and (3) from 70 to 100 Kg. Daily consumption was seen to 

increase and metabolizable energy to decrease as level of crude fiber
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was elevated. An optimum crude fiber level of 6.57 percent was- 

established for purposes of gain and 6.26 percent for feed efficiency. 

The optimum economical level of fiber, in terms of cost/pound of gain, 

was 6.65 percent. •

Apparent digestibility of fiber varies considerably with source. 

Forbes and Hamilton (1951, 1952) fed hogs various fiber sources, 

providing about 50 percent of the cellulose in the rations, to check 

their degree of utilization. They found alfalfa meal to show the 

greatest cellulose digestibility, followed in descending order of 

digestibility by woodflock, wheat straw, and oat hulls. Other studies, 

in contrast, have reported much lower digestibilities for alfalfa meal, 

more likened to that of oat hulls which is 2 to 3 percent (Mitchell, 

1933; Troelsen and Bell,1962). Degree of lignification and chemical 

variation in the cellulose itself are probable reasons for the tremen

dous variations seen in crude fiber digestibility. This theory is 

supported by Eggum (1977) who observed that native fibers, such as corn 

husks and hulls, are more resistant to digestion and absorption than 

purified cellulose forms, Baird et̂  al. (1969) found the digestibility 

of native fibers from plant material such as peanut hulls, corn cobs, 

alfalfa meal and fescue, to be nearly equal. These studies strongly 

suggest fiber source itself greatly affects degree of utilization.

Total consumption of fibrous bulky feeds by herbivorous animals
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is limited, to a great extent, by the size of their stomach and 

capacity- of their rumen or ceacum and colon. The hog ceacum is 

relatively small, being 8 to 12 inches long and 3 to 4 inches wide 

(hloyd, 1958). A maximum cellulose digestive capacity of 40 grams/ 

pig/day, relatively independent of dietary fiber level, was reported 

by Gargallo and Zimmerman (1979). Proctor and Wright (1927) found 

that high fiber feed will swell at body temperature from 10 to 260 

percent of their original volume. In the growing pig it seems 

logical to assume that quantity of feed taken in would ultimately be 

affected, if energy is hot a limiting factor.

Bell (1954) noted marked differences in performance of mice fed 

various levels of fibrous, material, but circumstantiated that 

increasing fiber level did not affect gain or intake until the 

digestible calories per gram of dry matter (DM) dropped below 3.2QQ.

The general effects of increasing fiber content of a ration are 

the dilution of its energy value, the lowering of its digestibility 

and reduction in feed intake, all of which lead to lowered performance 

(Jensen, 1959 a,b.$ Sewell and Thomas, 1960).

Troelsen and Bell (1962) studied the effects of five different 

fiber diluents (oait hulls, alfalfa meal, wheat bran, cellulose and 

corn cobs), all fed at three distinct energy levels, in pelleted or 

meal form, on average gain, feed utilization and carcass quality: of 

swine. Daily consumption varied with diluent used when energy level
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was held constant, indicating factors other than TDN were involved in 

establishing intake level; Corn cobs produced the fastest gains, 

while depressing digestible energy intake most significantly. Increas

ing fiber levels also tended to have negative effects on carcass 

dressing percentage. Pelleting was found to increase digestible energy 

intake by 10 to 15 percent, as a result of enhanced digestibility of 

the energy components of the diet.

Baird at al, (1975) proposed diet density, and not bulk, deter

mines daily' feed intake. Pigs in this experiment appeared to eat to 

satisfy energy requirements, as changing the fiber levels had no 

noticable effect on finishing hogs when energy was held constant. 

Several studies substantiate the theory that finishing swine, fed low 

energy rations, will alter feed consumption to achieve energy intakes 

similar to controls, if physically possible (Dinusson et al., 1960; 

Haugse et al., 1962; and Kennelly et al., 1979).

Several methods of processing barley and its hull have been tried, 

with varying levels of success. Grinding has proved to be quite 

beneficial with oats, in which the hull is also seen to affect perform

ance of swine (Carroll, 1933; Carroll at al., 1937; Crampton and Bell, 

1946; and Troelssen and Bell, 1962). Grinding did not significantly 

alter consumption or performance of barley rations in tests by 

Dinusson et al. (1960) where they found hogs would tire of eating a

ration in meal form.
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Pelleting of oats and barley rations enables the pig to consume 

greater amounts, thus enabling consumption on the basis of energy 

needs (Haugse ejt al., 1962). On pelleted rations, for each unit 

percent increase in fiber level, between 5 to 13 percent, there is an 

increase of approximately 0.16 pounds of feed required per pound of 

gain as opposed to'0,20. pounds per unit increase of fiber 

when in meal form (!Dinusson at al., 1960).

It is repeatedly noted in the literature that one way to increase 

carcass. Ieaness of hogs is via dilution of the energy content of 

finishing rations by including fibrous- feeds (.Crampton at al., 1954; 

Bell, 1958; Baird at al., 1970; and Kennelly 6Bt al., 1979).

Hochstetler et̂  al.(1959) fed growing and fattening pig rations 

containing 0, 20 and 40 percent oats; 0, 20 and 40 percent wheat bran 

and 0, 10. and 20 percent alfalfa meal, all varied at the expense of 

corn. No significant differences were noticed between pigs fed 

varying levels of oats and alfalfa in respect to feedlot performance 

or carcass quality. A significant decrease in rate of gain, feed 

efficiency, dressing percentage and percent fat trim was observed in 

pigs on the 40 percent wheat bran diets. However, overall replacement 

of corn with these cellulose containing substances showed no correla

tions to carcass characteristics.
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Viscosity

The nutritional value of barley has long been recognized to be 

below that of corn for feeding poultry. The hull has generally been 

considered to be the main factor involved, for reasons similar to those 

discussed previously relating to swine, Anderson et al. (1961) fed 

hulless barley and corn to chicks and reported rate of gain was 17 

percent higher in corn fed chicks, who also exhibited a 12 percent 

advantage in feed efficiency. The hulless barley appeared no better 

than the normal barley for feeding poultry.

As mentioned earlier, barley contains a hydrocolloid, g-glucan,

which is thought.to be responsible for some of barley's growth-dq>ressing 

properties in animals. The literature shows that viscous barleys tend 

to have a lower nutritive value for poultry than does non-viscous 

(Arscott, 1960, 1963, '1965; Burnett, 1965; Thomke, 1972; Thomke and 

Hellberg, 1976). Vohra and Kratzer (.1964) reported that several 

naturally occurring polysaccharides can depress growth of chickens, 

however, B-glucan appears to be the major polysaccharide involved.

Viscous barleys have also been known to cause a problem termed 

"sticky droppings" in poultry (Willingham, 1959; Anderson, 1962^ Rose 

and Arscott, 1962; and Gobi, 1978), which leads to serious problems of 

sanitation and disease in bird facilities as they adhere to cage 

bottoms. The occurance of sticky dropping has limited the use of 

barley, as such, in broiler and layer diets,
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Coon eiib al. (1978) tested 22 barleys in an effort to establish 

their relative feeding value for chicks. Several measurements were . 

taken, including relative viscosity of extracts, which ranged from 

1.36 to 4.40. The correlation of viscosity to weight gain was r = .138. 

Although this is a fairly low correlation, they noted that of the 22 

barleys tested and ranked according to the performance they produced ita 

chicks, i.e. weight gain, those ranked 1 - 1 1  had an average of 2.85 cP 

and barleys 12 - 21 averaged 3.25 cP. Barleys 18, 20 and 21 were 

3.88, 4.40 and 3.96 cP, respectively. However, 19 (Steptoe) and 22 

(Ris^ mutant 1508) had viscosities of only 2.22 and 1.36 cP, respec

tively. Both Steptoe and Ris^ mutant 1508, however, were strikingly

high in hemicellulose, Steptoe having 11.2 percent and RiseS mutant 1508
/

with 13.0 percent. Thus, they indicated that existing differences in 

concentration of other components in the barleys, such as hemicellulose 

may have altered the outcome by masking the influence of g-glucan.

Over the past twenty years numerous studies have been conducted 

on methods of improving barley's nutritive value for poultry. It has 

been well established that water treatment can enhance barley feed 

value and significantly reduce incidence of sticky-droppings (Fry, at 

al., 1957 a,b; Berg, 1960; Anderson et al., 1961; Rose and Arscott, 

1962; Potter at al., 1965; Willingham, 1966; Adams and Naber, 1969; 

and Gohl, 1977 )• Compiled results from these experiments indicate 

there is an average increase of 17.9 percent in gain and a 9 percent
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increase in feed conversion of water-trea.ted over non-water treated 

barleys (Gobi, 1977).

Enzyme supplementation of barley based diets has also shown 

promise. Jensen et al. (1957) added two enzymes, Takadiastase and 

Clarase, to pearled barley rations at three levels. Addition of the 

enzymes, at all levels, significantly improved growth and feed 

utilization in chickens. Incomplete degradation of carbohydrates by 

the chick, due to a lack of specificity or insufficient concentration 

of enzymes, were proposed as probable reasons for observed response 

to added enzymes.

Moss (1980) fed layers Compana, Wapana, Hiproly, Hiproly 

Normal, or wheat diets, with or without enzyme (a bacterial-fungal 

fermentation product) supplementation or with added fat. Enzyme 

addition seemed to improve feed efficiency of barley diets and 

decreased average daily feed. Egg production was lower and egg size 

was smaller for layers on wheat diets.

Washonupana, a waxy, hulless, short-awn barley that may develop 

a relative high ct-amylase activity when moistened, and Unitan, a 

covered barley, were incorporated into four separate swine rations 

fed with or without a bacterial diastase supplement (Newman,

1980). Diastase supplementation had no significant effect on perfor

mance of the hulless barley fed pigs. Diastase supplementation did
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improve performance of pigs fed Unitan barley.

Nevman (1980) conducted a second trial using Washonupana and its 

normal starch isogene, Shonupana, fed with or without bacterial dia

stase to growing and finishing swine. The addition of diastase did 

improve average daily gain and feed efficiency of pigs fed Washonupana 

in this trial. Diastase, however, had no effect on performance of 

pigs fed Shonupana rations. These results were in direct opposition 

to those obtained in the trial using Washonupana and Unitan. One 

possible explanation for the observed results was that the enzyme used 

contained g-glucanase, as well as a-amylase, activity. The lack of 

response to diastase supplementation in trial I with Washonupana, 

which possesses a relatively high g-glucan content, may be due to the 

fact that the grain used in that trial was rained on in the swath. The 

effect of water treatment on barley feed value has been mentioned 

previously. Viscosity of Washonupana used in the first trial was 

2.57 cP compared to a viscosity of 3.65 cP for Washonupana used in 

the second trial (C, W. Newman, unpublished data). The enhanced
X

performance with diastase supplemented Washonupana in the second 

trial was probably' due to the glucanase activity of the enzyme rather 

than amylase,

Generally, positive results have been obtained using commercial 

and crude enzyme preparations (Anderson ejt al., 1961; Rose and Arscott, 

1962; Herstad and McNabb, 1975). Alphiav-amylase, however, has not been



29

shown to improve gain or reduce incidence of sticky-droppings 

(Willingham, 1959; Anderson et al., 1961; and Herstand and McNabb,

1975). Malt enzyme additions generally increased the value of poultry 

diets high in barley content (Willingham, 1959; Berg, 1960; and 

Anderson e£ al., 1961)• Endo-B-I, 4—glucanase, the enzyme obtained 

from germinated bapley and largely responsible for the solubilization 

of B-glucan, was isolated and identified by Moffa and Luchinger (1970) 

and was shown to be effective in relieving feeding problems commonly 

associated with high-barley diets. Moran and McGinnis (1965) and 

Scott (1972) found that enzymes other than endo-B-glucanese are addi

tionally capable of solubilizing B-glucan during mashing, thus estab

lishing the relative susceptibility of this varying and complex sub

strate to several types of enzymes.

Larsen and Oldfield (1960) added malt to barley diets and found 

it did not enhance growth or general performance of swine. Possibly the 

enzyme deficiency or specificity problem that is aided by the addition 

of malt to poultry diets, is not present in swine or manifests itself 

in some other manner.

The exact reasoning behind why water or enzyme treatments work in 

improving chick performance on barley diets remains somewhat obscure, 

but several theories have been proposed.

Water treatment is observed to increase energy utilization while 

having no effect on protein digestibility. This led Naber and
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Touchburn (1969) to suggest that water may work by increasing starch 

susceptibility to enzymatic degradation.

Gohl (1977) discovered•water treatment did not significantly 

a,ffect dry matter digestibility, crude protein digestibility or 

biological value. Water treatment of barley significantly increased . 

rat gains oyer those of untreated barley, but in examination of 

starch disappearance in four sections of the gastro-intestinal tract 

(jejunum, ileum, ceacum and colon), there was very little difference 

between treated and untreated barley, . This would indicate that starch 

solubility is not the sole answer to improved performance of animals 

on water-treated barley. Viscosity of the barley was measured during 

water treatment and was found to be a reliable measure of endogenous 

enzyme activity. A slight initial increase, followed by a steady and 

rapid decline in viscosity is noted for barleys after water treatment. 

The initial increase was said to be due to a high initial rate of 

extraction of 6-glucan from the barley. Rate of. viscosity change was 

dependent on temperature and pH. Two enzyme systems were said to be 

involved in the hydrolysis due to the presence of two pH maxima.

Preece et̂  al̂ , (1954) described a double enzyme system for barley where 

an endo-glucanase decreased viscosity and an exo-glucanase hydrolyzed 

and liberated glucose molecules. Liberation of glucose and other low 

molecular weight carbohydrates was noted by Gohl er al. (1977).

Gohl (1977, 1978) examined fresh digests microscopically to
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check composition and make bacterial counts. Rats on the water-treated 

diet were able to control bacterial flora in the gastro-intestinal 

tract, while rats on untreated diets accumulated large populations 

of bacteria in the ceacum and colon. Several reasons for the large 

number of bacteria present in the hind-gut were suggested by Gohl and 

Gohl (1977). Citing the cleansing action of the movement of digesta 

in the tract as a major determinant of bacterial distribution, it was 

suggested that transit time of digesta may have affected the normal 

flora populations. Using chromic oxide as a marker, it was shown 

that transit time of digesta was, in fact, slower with untreated barley 

than water treated, thus allowing greater bacterial populations to 

accumulate, and more of the carbohydrates present to be converted to 

microbial carbohydrate. Theoretically, the carbohydrates are then 

abducted to less efficient fermentation in the hind gut, partly 

explaining untreated barley’s inferior nutritive value. This theory 

concurs with that of Moran and McGinnis (1965) that barley adversely 

affects growth and feed utilization of poults by supporting "unfavor

able" intestinal microflora.

Certain hydrocolloids may have beneficial effects on 

digestive processes. The retardation of digesta flow can stabilize 

microbial flora and thus prevent diarrhea. This may explain some of 

the benefits derived from the inclusion of oats in baby pig diets 

(Watts, 1978). Hydrocolloids may also absorb irritating substances
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in their gel and prevent abrasion of the gastro-intestinal mucosa.

HI. Barley for Human Consumption

The use of barley for human food purposes has been primarily in 

the form of parched grain, pearled grain for soups, flour for flat 

bread, and ground or partly ground grain cooked and served as break

fast cereals (Watson, 1953), To date, barley has experienced limited 

use in most parts of the world. Korea is one country that has 

traditionally used the majority of its barley for human food rather 

than as an animal and poultry feed. The total production of this grain 

in Korea, however, has declined in recent years from 500,000 hectares 

per year, in the early.seventies, to 200,000 hectares in 1979, The 

reduction in barley production is largely attributable to its replace

ment in Korean diets by rice, a grain they considered more palatable 

(T.Y. Chung, personal communication).

The suitability of barley for cooking purposes and human consump

tion depends upon many factors, but primarily the properties of its 

starch and protein. Differences in these properties will alter 

absorption, baking properties and overall taste.

Goering and Imsande (1960) examined the composition and general 

milling properties of barley flour. Large, heavy kernels milled more 

readily with higher flour yield. Tempering, or the addition of water 

prior to milling, caused barley flour to ball up. Pearling, the
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removal of the outer layers of the kernel through abrasive milling, 

did not increase flour yields. Using an alkaline milling method to 

extract starches, differences in protein solubilities at similar pH 

were evident and said to be due to inate differences in protein 

composition. Milling yield ranged from 43 percent in Vantage to 51.4 

percent from Compana, while protein content ranged from 8.4 percent 

in Compana to 12.9 percent in Vantage. It is readily apparent that 

protein is incorporated into the kernel at the expense of starches. 

Pomeranz at al_. (1971) found protein shifts were additionally 

accompanied by positive shifts in ash, free lipids and bound lipids, 

which typically affect food flavoring.

Conventional roller-milling techniques yield four major streams; 

I) the flour, containing primarily starchy endosperm; 2) the shorts, 

a mixture of germ, fine bran and starchy endosperm; 3) the tailings, 

a mixture of aleurohe, pericarp, some starch endosperm and bran; and 

4) the bran, mostly hulls and pericarp. Robbins and Pomeranz (1971) 

examined the amino acid composition of barley and various barley 

fractions. Flour of 65 percent extraction and tailings flour contained 

more protein than whole kernel flour. High protein content of the 65 

percent-extractionflour was attributed to inclusion of some tailings 

flour with the endosperm to attain 65 percent-extraction. The bran 

was found to be low in protein, like whole kernel flour, and appears 

to be a reflection of high levels of hull and pericarp present in the
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two. The protein in the bran and shorts, however, contained more 

lysine, aspartate, serine, glycine, alanine and valine and l e s s  

glutamate than whole kernel, 65 percent-extraction or tailings flours. 

Pomeranz ut aT. (1976) noted extensive shifts in kernel protein 

composition take place with increasing maturity. Germ nitrogen doubles 

from yellow-ripeness to maturity and is notably high in arginine.

The nutritive value of a food depends upon content of indispen- 

sible amino acids such as lysine, methionine, threonine and tryptophan 

and their biological availability. Availability of proteins depends on 

their solubility and susceptibility to proteolytic action, which is 

affected by substances and compounds bound to it and the ability of 

the digestive system to absorb such compounds. As is the case with 

swine and rats, proteins in the aleurone, pericarp and hull are 

relatively indigestible by man due to the fibrous nature of these 

fractions. The value of these fractions in the human diet is question

able, as a result.

Sure (1955) supplemented the proteins in milled barley and peanut 

flour with amino acids and found addition of 0.4 percent L-Iysine,

0.5 percent DL-threonine, and 0.5 percent DL-methionine to milled barley 

resulted in a 151 percent increase in rat growth and 224.7 percent 

increase in the protein efficiency ratio. There was an additive 

effect from the addition of each one of the amino acids.
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Baking Properties

Despite the many worthwhile tests available to evaluate baking 

properties of a ,given sample, actually utilizing the sample to be 

tested for baking in products it is intended for, is still the best 

measure of its potential (Matz and Matz, 1978).

A very limited amount of information is available on the baking 

properties of barley flours. Ancient Romans and Greeks used barley 

as a bread grain but the advent and spread of wheat all but totally 

eliminated barley’s use for bread purposes. One major difference 

between wheat and barley flour is the "strength" of the dough they 

make. "Strength" is a rather ambiguous term defined as the capacity 

of the flour to make a tough, elastic dough and a low-density loaf of 

bread having a fine, uniform crumb structure (Matz and Matz, 1978).

The primary factor affecting strength is the type and amount of 

protein present in the flour. Those contributing the most to strength 

are the gluten proteins obtained from the gliadin and glutenin protein 

fractions. Development of the gluten requires kneading to establish 

a soft, elastic texture in the dough. Barley flour usually makes a 

coarse, heavy loaf. Cunningham and associates (1955) established that 

the viscoelastic proteins of barley were inferior to wheats, in that 

barley "glutens" were firmer and less cohesive and extensible than 

the wheat glutens'.

Hart e_t elL , (1970) added various gums and starches to barley
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and sorghum flours in an attempt to improve their baking quality.

The addition of 4000 ops methylcellulose was found to increase gas 

retention. Glycerylinonostearate (GMS) improved texture but made it 

crumbly. Starches (potato  ̂ arrowroot, tapioca, corn, sorghum, and 

waxy sorghum) did improve the texture and loaf volume of sorghum bread 

albeit they were of no real benefit in barley bread. Shortenings, 

such as glycerylmonostearate," vegetable and mono and diglycerides of 

fat forming fatty acids, had a softening effect on barley bread.

The contribution made by starch in bread dough is (I) it dilutes 

gluten to a desired consistency, (2) furnished sugar through amylase 

action, (3) provides a surface for a strong union with gluten, (4) 

becomes flexible during particle gelatinization (Sandstedt, 1961). 

Barley contains two distinct classes of starch granules: (Ii)S small,

slightly oval ones with distinct peripheral regions and (2) large, 

slightly irregular, rounded granules’ (Munck 'et al., 1970) . Transverse 

section of barley endosperm shows the large granules in a matrix of 

protein and smaller granules (Tallberg, 1973).

Hoseney at al.. (19.71) suggested that granule size did not govern

bread making potential. Starches from rye and barley were nearly 

equal to wheat for breadmaking.

Making, bread from barley necessitates the use of methods re

quiring minimal manipulation, such as mixing or kneading, due to a 

lack of strength. Reddick (1978) employed a ho-knead bread recipe
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to make barley bread using Company, Wapana, Hilproly (a hulless, 

high-lysine variety), and Hyproiy Normal flour. Texture of both wheat 

and barley breads made from this recipe had coarser texture than bread 

made in the conventional manner. Taste of barley breads varied with 

vultivar, although all breads had a "sour" taste similar to rye bread. 

Considerable differences in water absorption were evident. In general, 

comparing rye, wheat, barley and oats, barley and oats have the 

lowest capacity to absorb water' (Cunningham, 1955). In this study 

Hiproly Normal and Waxy Compana absorbed the least amount of water. 

Taste of all of. the breads was rated acceptable but not outstanding.

Prentice and associates (1979) processed Hiproly barley to a form 

similar to rolled oats. The barley meal was then compared to oatmeal 

as a breakfast cereal and as a replacement for oatmeal in cookies and 

breads. There was no significant difference in overall 

preference scores between barleymeal and oatmeal cereals. Distinct 

textural differences were noted between the two, the oatmeal being 

characterized as mushy, moist, sticky, smooth and creamy; and the 

barleymeal as hard, dry, crunchy, rough and grainy. Of eighteen 

panelists who chose to comment, six preferred the oatmeal texture, 

twelve preferred barley. Oatmeal, and particularly barleymeal, . 

decreased loaf volume when substituted' for 15 percent of the white 

flour in bread« Both barley'and oatmeal bread were fated as acceptable 

as 30 percent whole wheat bread by' organoleptic panels. Barley was
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nearly equal to oatmeal in date-nut and chocolate chip cookies and 

fudge-nut bars. Oatmeal was preferred over barleymeal in traditional 

oatmeal-raisin cookies, but barley cooki.es were still considered 

acceptable. Quantities of essential ,amino acids were similar in both 

barleymeal and oatmeal, and both at 15 percent replacement provided

higher levels of these amino acids than did whole wheat at 30 percent
: •

replacement.

Minimal manipulation is required for making cookies, thus making 

them a suitable product for testing barley flour. Additionally, weak 

flours are desirable for cookies to attain favorable spread character

istics. Cookie spread seems to be highly correlated to the degree of 

starch damage in the mixture and also to protein content. The less 

protein the greater cookie-spread CMatz and Matz, 1978). Starch 

damage varies as a result of grinding intensity or degree of granula

tion. Smaller particles are generally "stronger" than larger 

particles (Kent, 1977).

Very palatable pasta has been prepared from barley flours. In 

addition to pasta, barley muffins, pastry and pudding have also been 

examined (Reddick, 1978). All but the pudding gave favorable results.

Wu and co-workers (1979) made a protein concentrate from barley by 

means of alkaline extraction, The protein concentration varied from 72 

to 84 percent, accounting for 51 to 72 percent of the total barley 

protein. The concentrates contained 2.9 to 5.Q grams of lysine and
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2.1 to 4.2 grams of total sulfur containing amino acids per 16 grams 

of nitrogen. The concentrate compared! favorably, to concentrates made 

from corn, wheat, oats and triticale.

Another product that can be made from barley and shows consider-. 

able promise, is the production of maltose syrup (K. J . Goering, personal 

communication)..Washonupana is a barley that lends itself quite well to 

maltose syrup production due to its high level of amylolytic activity 

and water-soluble starch. This product could substitute quite easily 

for corn syrup in.candies and other recipes.

Taste Panels

The importance of obtaining some sort of sensory evaluation of a 

food product is quite apparent. To do this, some measure of consumer 

preference must be procured. The methods used depend on the over-all 

objectives of the study, Whether it is to ascertain if a sample is 

acceptable or not, to choose one sample over .another t>r to detect 

flavor differences between samples. Hogue and Briant (1957) demon

strated that a multiple comparison test, in which each sample was 

scored, is several times more efficient in detecting differences than 

the selection of the odd sample as in the Triangle test (AACC method 

33-50), The problem with the triangle test is that it compares one 

sample to another without indicating degree of acceptability (Kramer, 

■1961).
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Selection of panelists must also take into consideration the 

purposes of the study. If they are merely to obtain consumer reaction 

untrained.panelists are preferable. However, in tests where 

information on specific properties of a sample are needed, requiring 

the panelist be familiar with those traits, then trained personnel 

must be employed (Kramer, 1961).

Other, considerations for design of taste patiels includes scoring 

system, number of samples per sitting, position of samples, preparation 

of samples and the statistical analysis. In general, there has not 

been consistent data to indicate an advantage of scoring over ranking 

procedures. Nonetheless, the scoring system does lend itself well to 

analysis of variance (Kramer and Ditman, 1956). Up to nine samples 

per sitting are effective for taste panels, particularly when dealing 

with mild flavored products. Any more than nine samples per sitting 

can result in confusion and palate fatigue, of panelists. Sample 

preparation should be such that there are no outward differences 

between samples in color or shape, and samples should be prepared in 

a traditional manner (Kramer, 1961, Prentice, 1979).



Chapter 3

MATERIALS AND METHODS

Barleys

The barleys studied in these trials consisted of four isogenic 

types of the Betzes cultivar (CI-6398) . They were BetzeS covered, 

long-awn (BCLA); Betzes covered, short-awn (BCSA); Betzes hulless, 

long-awn (BHLA) and Betzes hulless, short-awn (BHSA). Betzes is a 

two-row malting barley, probably of Hanna derivation (Hockett and 

Standridge, 1975). The isogenes were obtained by crossing Sermo on 

Betzes and making seven backcrosses to Betzes to recover the four 

possible homozygous types. Barleys were grown at the Montana Agri

cultural Experiment Station Farm (Animal Science Farm) west of Bozeman 

Montana in 1978 and at the Fort Ellis Experimental Farm, northeast of 

Bozeman, in 1979.

Proximate analysis was performed on each of the barleys according 

to methods described by the A.O.A.C. (1970). Determination of■calcium 

content was done using a modified Kramer-Tisda.il method (Clark-Collip, 

1925) and phosphorus content as described by Fiske and Subbarow (1925) 

Amino acid analysis of the Betzes isotypes was performed using a 

Beckman 120C automatic analyzer (Spackman, Stein, and Moore, 1958). 

Separate analyses is required to determine tryptophan (Hugli and 

Moore, 1972) and cystine /2 (Hirs, 1967) . All amino acid analyses
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were conducted by A.A.A. Laboratories.* Viscosity of each barley 

was measured using the "falling ball" technique of Bendalow (1977) 

as described by Coon (1979).

Physical measurements of the barleys were taken by the M.S.U.
-

Cereal Quality Laboratory and included measurement of percent plump 

and thin kernels and thousand kernel weight.

Rat Growth Trials

Genetically similar female weanling rats of the Holtzman strain 

were used in growth trials and individually caged in woven-wire 

20 x 14 x 18 cm cages. Racks used to hold cages possessed six vertical 

and five horizontal rows on each side. Rats were assigned to treat

ments on the basis of initial weight. Treatments were alloted to 

positions on the racks in a manner designed to minimize variability 

in rat growth due to location. Feed and water were offered ad libitum, 

with feed placed in semi-covered metal cups held in ceramic crocks to 

reduce wastage. Water was provided in bottles with sipping tubes.

Feed consumption was monitored and rat weights recorded weekly through

out 28 day trials, Rats were housed in an environmentally controlled 

room providing 12 hours of light and 12 hours of darkness by means of

jA.A.A. Laboratories, 6206 89th Avenue Southeast, Mercer Island, 
Washington 98040.
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an automatically regulated lighting system.

Rat Nitrogen Balance Trials
Female weanling rats were allotted to diets on the basis of initial 

weight. Rats were housed individually in stainless steel metabolism 

cages with woven wire .bottoms and attaching collection funnels. Eight 

metabolism cages were held on each side of a rack with two horizontal 

rows and four verticle columns per side. After a four day preliminary, 

feeding period to adjust rats, they were reweighed and collection 

started. All rats were fed to provide 150 mg nitrogen daily from 10 

percent crude protein diets. Water was available free-choice through 

sipping tubes.

During the collection period both feces and urine excreta were a— 

massed separately. Urines were collected in 125 ml flasks containing 

25 ml of 5 percent sulfuric acid to prevent ammonia-nitrogen losses, 

and bottom were washed down daily and at the end of the trial urines 

were diluted with water to 200 ml in volumetric flasks. A 15 ml ali- 

quote was taken and nitrogen determined by Kjeldahl analysis- Total 

urinary nitrogen loss was subsequently calculated.

Fecal material accumulated in a 600 ml beaker containing 50 ml 5 

percent sulfuric acid. At the end of the collection 100 ml of concen

trated sulfuric acid was added to the acid feces mixtures, to digest 

and homogenize material for sampling.• Digested feces were diluted to
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5QO ml In B'volumetric flask and 100 ml samples taken for Kjeldahl 

analysis and total fecal nitrogen excretion was calculated.

True protein digestibility (TPD), biological value (BV), and net ' 

protein utilization (NPU) were calculated for each rat.= and averaged 

over diets (Mitchell, 1946; Munck, 1964 a,b).

Endogenous urinary nitrogen (EUN) was taken to be 16.14 mg/rat/ 

day while metabolic fecal nitrogen (MEN) was considered equal to 1.39 

mg N/g dry matter intake. These values were obtained from work by 

Stobart (1977) in the same laboratory with similar rats.

Rat Energy Balance Trials

Female Holtzman rats, approximately seven weeks of age and an 

average of 160 grams in weight, were assigned individual metabolism 

cages like those used in nitrogen balance trials and given free-choice 

feed and water. Rats were assigned to diets by weight and after a four 

day adjustment they were reweighed and a four day collection period 

initiated. Total feed consumption and gain during the period were 

recorded. Gross energy of each diet was determined from which total 

energy intake was established.

During the collection period, urines eere filtered through glass 

wool and collected in dry 125 ml flasks. At the conclusion of trials.
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total urine volume was recorded and a I ml sample obtained and placed 

on a cotton ball of known weight and energy content. Energy content 

was measured and total urinary energy losses were calculated.

Feces were gathered in a dry 600.ml beaker, then spread and allow

ed to air dry at the end of the trial. Dried feces were weighed, homo

genized in a coffee grinder and moisture and energy contents determined

Total fecal energy losses were then calculated. Energy measurements 

were made using a Parr Adiabatic bomb calorimeter.

Diets

Trials 1,2.

Five tsonitrogenous, 10 percent crude protein diets were formulated for

use in the first rat growth and nitrogen balance trials, designated I

and 2, respectively (Table I). Fiber levels were not equalized to 

allow inherent effects of the hull to be expressed. Four of these 

diets were formulated using 1978 increases of BCLA, BCSA, BHLA and 

BHSA barleys as the only source of protein, while the fifth diet 

consisted of a casein control diet in which purified, high-nitrogen 

casein supplied all of the protein. The casein diet was included 

to adjust protein efficiency ratio (PER) values (Chapman et al.

1959). Maize starch was. added at the expense of barley (or casein) 

to balance protein content. Maize oil was added to achieve equal 

ether extract levels. Wood cellulose (Alphacel) was added to the



TABLE I. PERCENTAGE COMPOSITION OF BARLEY AND CASEIN RAT DIETS, 1978 BETZES, TRIAL 1,2, AS
FED BASIS

Diet3 Barley/^
casein

Corn
starch

Corn
oil CaCOic

Mineral^
premix

Vitamin
premix Antibiotic^ Alphacel®

Barley Isogene 
7 8—BCLA 81.31 . 13,42 0.22 . 0.80 2.00 2.00 0.25
78-BCSA 89.29 75,21 3.50 0.80 2.00 2.00 0.25 —

78-BHLA 76.34 18.61 0.00 0.80 2.00 2.00 0.25 -----—

7 8—BHSA 78.13 16.78 0.04 0.80 2.00 2.00 0.25 —

Casein 11.24 75.21 3.50 0.80 2.00 2.00 0.25 5.00

a78-Barleys were raised in 1978; B=Betzes; CLA=Covered, long-awn, CSA=covered, short-awn, 
^HLA=Lulless, long-awn, and. HSA=Lulless, short-awn.
ICN Nutritional BiocLemicals; casein, purified, LigL nitrogen. -o

^Calcium carbonate from oystershell.
Contributed mg/kg of diet: 420 calcium carbonate, 14,700 calcium phophate, 45.4 citric acid, 
9.2 cupric c i t r a t e - HgO, 111.6 ferric citrate-5 HgO, 500 magnesium oxide, 167 manganese 
citrate, 0.2 potassium iodide, 1,620 potassium phosphate dibasic, 1360 potassium sulfate, 612 
sodium cloride, 428 sodium phosphate, 26.6 zinc citrate-2 .

^Contributed per kg of diet: 19,824 IU vitamin A acetate, 2,203 IU vitamin D calciferol, 11 IU 
alpha-tocopherol, 991. mg L-ascorbate, 11 mg inositol, 1,752 mg choline chloride, 50 mg mena
dione, H O  mg p-aminobenzoic acid, 99.1 mg niacin, 22 mg biotin, 2.0 mg folic acid, 0.03 mg 
^vitamin Bi2.
Contributed mg/kg of diet: 110.2 chlorotetracycline, 110.2 penicillin and 55.1 sulfamethazine. 
^ICN Nutritional Biochemicals; non-nutritive cellulose.
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casein diet to make tike diet more palatable and to reduce dustiness.

In trial I, 10 rats were assigned to each of the four diets prepared 

from the 1978 increase isogenes and 10 rats were assigned to the cas

ein control diet. Feed efficiency (feed consumed/gain) and protein . 

efficiency ratio (PER, gain/protein consumed) were calculated with PER* s 

adjusted to a 2.50 casein standard (Chapman et al., 1959).

In trial 2, eight rats were assigned to each of the same four 

Betzes diets fed in trial I, for a total of 32 rats in the trial. Diets 

were stratified on two metabolism racks in a manner that allowed equal 

placement on both units.

Trials 3,4.

Eight isonitrogenous, 10 percent protein diets were formulated for use 

in a second rat growth study, trial 3, and an energy balance study, 

trial 4 (Table 2). The four 1978 Betzes isogenes were used in a 

4 X 2  factorial design with either none or .25 percent antibiotic mix

ture included in the diet. Antibiotic was added at the expense of corn 

• starch and furnished 110.2 mg chlorotetracycline and penicillin and 55.1 

mg sulfamethazine per kilogram. Diets were balanced in a manner similar 

to those for trial I. A casein control was not included in the second 

trial.

Rat growth trial 3 was designed to evaluate the extent of barley 

x antibiotic interactions on rat performance. Ten rats were assigned



TABLE 2. PERCENTAGE COMPOSTION OF RAT DIETS, 1978 BETZES, TRIAL 3,4, AS FED BASIS
Percentage

Dieta Barley Corn
starch

Corn
oil CaCOqb

Mirieralc
premix

Vitamin^
premix 6Antibiotic

Barley X Antibiotic:
78-BCLA+Antibiotic 81.30 13.43 0.22 0.80 2.00 2.00 0.25
78-BCLA^Anitbiotic 81.30 13.68 0.22 0.80 . 2,00 2.00 0.00
78-BCSA+Antibiotic 89.29 5,58 0,08 0.80 2.00 2,00 0.25
7 8—BC S=A-Ant ib Lotic 89,29 5.58 0.08 0.80 . 2.00 2.00 0.00
7 8-BHLA+An tibIotic 76.34 18.61 0.00 0.80 2.00 2.00 0.25
7S-BHLA-Antibio tic 76.34 18.86 0.00 0.80 2.00 2.00 0.00
78-BHSA+Antibiotic 78.13 16.78 0.04 0.80 2.00 2.00 0.25
7 8-BHSA-Antibiotic 78.13 17.03 0.04 0.80 • 2.00 2.00 0.00

a78-refer to barley raised in 1978 ; B=Betzes; CLA=covered, long-awn. CSA=covered, short- oo
^awn, HLA=Lulless, long-awn. and HSA=Lulless, sLort-awn.
^Calcium carbonate from oystersLell.
Contributed mg/kg of diet: 420 calcium carbonate, 14,700 calcium phosphate, 45.4 citric acid, 
9.2 cupric citrate*2% HgO, 500 magnesium oxide, 111.6 ferric citrate*5 HgO, 167 manganese 
citrate, 0.2 potassium iodide, 1,620 potassium phosphate dibasic, 1360 potassium sulfate, 612 
sodium chloride, 428 sodium phosphate, 26.6 zinc citrate.
Contributed per kg of diet: 19,824 IU vitamin A , 2.203 IU vitamin D calciferol, 11 IU
alpha-tocopherol, 991 mg L-ascorbate, 11 mg inositol, 1,752 mg choline chloride, 50 mg mena
dione, I10 mg p-aminobenzoic acid, 99.1 mg niacin, 22 mg biotin, 2.0 mg folic acid, 0.03 mg 
vitamin Bj^*
^Contributed mg/kg of diet: 110.2 chlorotetracycline, 110.2 penicillin and 55.1 sulfamethazine.
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to each of eight treatment diets previously described. Similar meas

urements to those taken in trial I were collected and calculated, with 

the exception of adjusted PER, as experimental design (4.x 2 factorial) 

did not facilitate use of a casein control.,

Trial 4 was an energy balance trial utilizing 32 rats, 4 on each 

of the 8 diets used in trial 3. Digestible energy (DB) and metaboliz

able energy (ME) were calculated from data collected as described for 

energy balance trials.

Trials 5, 6, and 7.

Five diets were formulated using 1979 increases of the four Betzes iso

genes and casein, for use in a third rat growth trial (trial 5) and 

nitrogen and energy balance trials, designated 6 and 7, respectively 

(Table 3). All diets were isonitrogenous, 10 percent protein and bal

anced similar to diets for trial I, except for the addition of 3.5 per

cent maize oil to each diet. Fifty weanling rats were assigned to the 

five diets used in rat growth trial 5. Measurements and calculations 

were the same as those in trials I and 3.

Trials 6 and 7 were nitrogen and energy balance trials, respect

ively, conducted using, the same 1979 Betzes isogenic diets as used in 

growth trial 5. Eight rats were assigned to each of the four test 

diets for both trials and procedures outlined previously for nitrogen 

and energy balance trials were followed.



TABLE 3. PERCENTAGE COMPOSTION OF BARLEY AND CASEIN RAT DIETS, 1979 BETZESv TRIALS 5,6, AND
7, AS FED BASIS• »

Dieta
Percentage

Barley/ ^ 
casein

Corn
starch

Corn
oil CaCO^c

Mineral^
premix

Vitamin
premix Antibiotic^ Alphacel^

Barley Isogene—
79-BCLA 71.95 19.50 3.50 0.80 2.00 2.00 0.25
79-BCSA 80.65 10.80 3.50 0.80 2.00 2.00 0.25 . ------

7 9-BHLA 71.95 19.50 3.50 0.80 2.00 2.00 0.25 — ----

79-BHSA . 76.33 15.12 3.50 0.80 2.00 2.00 0.25 —

Casein 11.04 73,91 5.00 0.80 2.00 2.00 0.25 5.00

aIS-TBarley was raised in 1978; B=Betzes; CLA=covered, long-awn, CSA=covered, short-awn, 
^HLA=Hulless, long^-awn, and HSA=Hulless, short—awn.
ICN Nutritional Biochemicals; casein, purified, high-nitrogen. m

^Calcium carbonate from oystershell. °
Contributed mg/kg of diet: 420 calcium carbonate, 14,700 calcium phosphate, 45.4 citric acid, 
9.2 cupric citrate-2% HgO, 111.6 ferric citrate•5, H2O, 500 magnesium oxide, 167 manganese 
ditrate, 0.2 potassium iodide, 1,620 potassium phosphate dibasic, 1360 potassium sulfate, 612 
sodium chloride, 428 sodium phosphate, 26.6 zinc citrate..2 H^O.

^Contributed per kg of diet: 19,824 IU vitamin A acetate, 2.203 IU. vitamin D calciferol, 11 IU 
alpha-tocopherol, 991 mg L-ascorbate, 11 mg inositol, 1,752 mg. choline chloride, 50 mg mena
dione, H O  mg p-aminobenzoic acid, 99.1 mg niacin, 22 mg biotin, 2.0 mg folic acid, 0:03 mg 
^vitamin B^?-
Contributed mg/kg of diet: 110.2 chlorotetracycline, 110.2 penicillin and 55.1 sulfamethazine. 

^LCN Nutritional Biochemicals; non-nutritive cellulose.
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All diets fed in all trials contained equal amounts of minerals, 

vitamins and calcium carbonate. All diets, except for those used in 

trials 3 and 4, contained equal amounts of antibiotic. Barley used in 

the diets were ground through a Magic Millstone, then mixed mechanically 

with other ingredients. Piets were, stored and maintained under constant 

refrigeration to avoid rancidityJ

Syine Growth Trials

Crossbred pigs used in growth trials were assigned by genetic back

ground, sex and weight to test diets. A maximum of four pigs were as

signed to 3.05 x 1.52 m, steel mesh wire pens situated in an environ

mentally regulated building with concrete slatted floors. Treatments

were assigned to pens in a manner designed to reduce environmental vari-
%

ations within the building. Feed and water were available to the pigs 

ad libitum. All animals were weighed at the start of the trials and bi

weekly thereafter. Feed consumption was monitored each time the pigs 

were weighed. Pigs were started on trial at an average weight of 19 kg 

and fed 16 percent barley-soybean meal, vitamin-mineral fortified diets. 

All pigs were slaughtered when each pen group averaged 90+ kg. Average 

daily gain (ADG), average daily feed .(ADF) and feed/gain ratios were 

calculated for grower, finisher and total periods. ADG was calculated on 

individual pigs and feed data were calculated by pen groups.
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Carcass data was collected from all animals in the trial. Car

casses were chilled and weighed to establish dressing percentage based 

on live weight at slaughter. Carcass length was measured as the 

distance from the anterior edge of the aitch'bone to the anterior edge 

of the first rib. Backfat thickness at the IOth rib was measured at 

the point perpendicular to the widest point of the loin eye at this 

position. Fat cover was measured at three points to arrive at an 

average backfat depth; i.e, the last lumbar vertebrae and the first 

and last ribs. Weights of the wholesale cuts, trimmed ham, loin and 

shoulder were recorded and percentage ham, ham+loin and lean cuts (ham, 

loin and shoulder) were calculated. Loin eyes, at the IOth rib, were 

traced and loin eye areas calculated. Adjustments to 100 kg live- 

weight basis were made on average backfat, loin eye area and carcass 

length as described by the National Association of Swine Records 

(1976). Percentage muscle was calculated using cold.carcass weight, 

actual fat depth at the IOth rib and loin-eye area, as instructed in 

the Pork Producers Handbook (1976) .

Swine growth, trial 8.

Diets fed to swine consisted of 16 percent crude protein grower 

diets and 14 percent crude protein finisher diets with calcium and 

available phosphorus levels of.6 percent and.5 percent, respectively. 

Eight diets were formulated, using the 1978 increase Betzes isogenes,
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with each isogene used in a grower and a finisher ration for swine 

trials 8 and 10 (Table 4). Barleys were ground through a verticle 

cone-shaped portable grindery-mixer, using a .40 cm screen, to which 

other ingredients were later added for blending. Soybean meal, 44 

percent protein, was added in equal amounts to all diets to increase 

protein to desired levels and prevent amino acid deficiencies from 

occurring. Equal amounts of salt, trace mineral, vitamin and anti

biotic premixes were added to grower and finisher diets, to meet or 

exceed the requirements established by NRC (1979) for growing and 

and finishing diets, respectively.

Proximate analysis, calcium, and phosphorus determinations were 

made on all diets formulated using methods previously described. 

Twelve pigs, with an average weight of 19.2 kg, were assigned to each 

of four treatment diets, in three replications, for trial 8. Pigs 

were switched to finishing diets at an average weight of 53.3+1.9 

kg and slaughtered at a 94.0+1.0 kg.

Swine growth, trial 9.

Four diets were prepared using the 1979 Betzes, consisting of only a 

grower ration for each isogene, for use in swine trial 9 (Table 4). 

Seven crossbred pigs were assigned to each of four 1979 treatment 

diets in two replications. Average weights of pigs going on and 

coming off trial were 19,5 + .2 kg and 60.5 + 1.8 kg, respectively.
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TABLE 4. PERCENTAGE COMPOSITION OF SWINE DIETS, 1978 AND 1979 BETZES 
_________ ISOGENES, -TRIALS 8, 9, TO, AS FED BASIS___________

Barleya’̂ IRNb Grower ration Finisher ration
(Trials: 8, 9, and 10) (8)

Ingredient, %
Barley 80.675 87.425
Soybean meal 5-04-604 16.000 9.750
Dicalcium phosphate . 6^01-080 1.450 1.200 .'
Limestone 6-02-632 .700 .700
Salt .500 .500
Trace mineral 
premix . .050 .050
Vitamin premix^ .400 .250
Selenium premix6 .025 .025

gAntibiotic premix 
(Tylan-10)

.200 .100

identical diets.were - prepared from each of the Betzes isogenes.
^International Reference Number.
0Furnished the following per kg of premix: 200 g zinc, 1.0 g iron, 55 
g manganese, 11 g copper and I g cobalt.
^Furnished the following per kg of premix: I,102,300 IU vitamin A, 
220,460 IU vitamin D , 2,204 IU vitamin E, 99..2 mg menadione sodium 
bisulfite, d—pantothenate and 220,460 mg choline.
eSelenium 200 premix supplied g/45.36 kg of premix: 20 selenium, 36- 
40 calcium, obtained from sodium selenite, calcium carbonate and 
iron oxide.
^Percentage protein calculated for each diet: Growers (1978)-CLA,
1 6 .0; CSA, 16.24; HLA, 16.88; HSA, 16.96. Finishers-(1978) CLA, 14.0 
CSA,14.96, HLA,15.04; HSA, 14.26.
^Provided per kg of diet: 110.2 mg chlorotetracycline in grower diets 
and 55.1 mg chlorotetracycline in finishing diets.
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No finishing period was run on 1979 Betzes barley isogenic diets due 

to insufficient amounts of test barley available. No carcass data 

were obtained on these pigs.

Swine Digestibility Study, Trial 10.

Four crossbred barrows, weighing an average of 64.0 + 3.2 kg, were 

used in a 4 x 4 latin square design digestion trial, so that each of

the four pigs was tested on all treatment diets in all of four possible
■

cage locations. Treatment diets were 1978 Betzes increase finisher 

rations used in the growth trials. Pigs were confined to metallic 

adjustable crates with metal grate flooring through which feces and 

urine were separately collected. Two crates capable of holding two 

pigs each were used and all hogs were rotated so that each occupied 

all possible positions. Water was available, ad libitum via nipple 

waterers attached to the crates.

Test animals were adjusted to their new diets for five days 

prior to the start of each collection period. This aclimation. period 

was used to establish the amount of feed fed. The average amount con

sumed by the pig eating the least was established as the amount 

to be fed to all pigs. Chromic . acid was included in 

the feed at a level of ,3 percent, at the start of the collection 

period and again in the first feeding following termination of the 

collection. Accordingly, fecal collections were initiated at the
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first appearance of chromic oxide in feces and were stopped when 

chromic oxide appeared again at the end of the trial. Total fecal 

excretment was measured twice daily from which 10 percent aliquotes 

were taken, stored in Whirlpacs and refrigerated. Samples were 

combined and homogenized at the end of each trial. Composite samples 

were taken and total proximate and energy analyses accomplished.

Urine was collected twice daily for the same period as feces.

A 10 percent aliquote was collected in the first replication but was 

decreased to 5 percent in the following three replications. Urine 

aliquotes were acidified with 10 percent HCl and stored individually 

under constant refrigeration, A methyl red indicator was used in the 

acid to determine the point of acidification of the urine and total 

amount of acid added, to each sample was recorded. Urine samples were 

collated at the end of the trial and a composite sample obtained.

Total urine nitrogen was determined on the sample using standard 

Kjeldahl procedures. Calculations of urinary nitrogen and fecal 

nutrient losses were made (Appendix Table I).

Pigs remained in crates for the entire 40 days of the trial, 

taken out only for weighing and changing positions in crates at the 

end of each replication.

Barley Baking Tests

For the purposes of baking various food products from the Betzes
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isogenes, two milling techniques were employed. Five kilograms of 

each isogene were ground to make whole grain flour using the Magic 

Millstone mill. Ten kilograms of each isogene were also run through 

a Buhler mill that is typically used for wheat but made suitable 

barley flour with slight adjustments. Those adjustments included 

tempering the barley 30 minutes prior to milling to raise moisture 

levels to 13 percent, and then replacing 145 M with 88 M sieves.

After one complete run through the mill, the shorts fraction was 

remilled, in an effort to increase flow yield. The top sifter on the 

third break side of the mill was then removed so the shorts fell 

directly on the 88 M sieve. "Throughs" produced flour while "overs" 

went on to the reduction rolls and were remilled (Mill Flow Chart, 

Figure I). Recovery data on the fractions were recorded and proximate 

analysis run using standard methods (AACC, 1962).

The flour, both whole grain and purified endosperm, were then 

used to bake bread and cookies. Average cup weights were taken 

initially to establish volume relationships (Table 5).

The recipe used to bake breads is shown in Table 6. This recipe 

was used in earlier work by Reddick (1978) and is a batter bread 

requiring minimal manipulation. Baking times, loaf volume and 

palatability characteristics were measured.

A standard baking quality test for cookies (AACC method 10-50)
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TABLE 5. AVERAGE CUP. WEIGHTS OF FLOUR, BRAN AND SHORTS FOR BETZES 
BARLEY ISOGENESa

Mill .Barley
Fraction BCLA BCSA BHLA BHSA

Flour weight, g 81.1 80.7 77.2' 80.7

Bran weight, g 48.0 47.9 45.6 49.9

Shorts weight, g 52.7 50.8 48.8 48.8

3Values are based <m  the average of three cup weights.

TABLE 6. NO-KNEAD BREAD RECIPE USED FOR BAKING BETZES ENDOSPERM AND
WHOLE GRAIN BREADS

Ingredient Amount

Flour 150 g
Warm water 150 ml
Yeast 3.5 g
Shortening - I Tbl
Salt I tsp
Sugar I Tbl

Mixing Method: To 150 ml 40° C water add yeast and dissolve. Add 
sugar and mix. Then add salt and shortening to mixture. Add approx
imately 150 g flour until it starts to thicken.
Baking Method: Bake for 30-plus minutes at 3750F. Prior to baking,
proof the batter at 100°F, requiring 45+ minutes to obtain maximum
rise.
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was used with, cookie spread and general palatability measurements 

obtained. Cookie spread was calculated as described by the AACC 

(1966).

Both cookies and breads were stored in sealed plastic bags that 

were frozen at 0° C the same day as baking to preserve freshness for 

taste panels.

Taste panel data were collected on the breads. Since the pri

mary purpose was to establish the overall palatability of the breads, 

a multiple-comparison taste test was used (example shown in Figure 

2). Each sample was scored on a scale of I to 5 with'I being un

acceptable and 5 excellent. The characteristics on which samples were 

scored included color, flavor, texture and overall appearance and palat 

ability. Panelists were also asked to make general comments on 

samples.

Eight panelists were employed to taste each of the samples. A 

maximum of four samples were presented to any panelist per sitting. 

Panelists were comprised of Montana State University faculty and grad

uate student volunteers, all relatively untrained in taste panel 

methodology, but considered appropriate for simply obtaining consumer 

reactions to a product.

Statistical Analysis

Data on rat and swine growth trials were analyzed using least



PRODUCT TASTER'S NAME

Below are listed several characteristics to be evaluated. Rate each numerically on the follow
ing scale:

5 = excellent (great as is, no improvement needed).
4 = very good (pretty good, but not of rave quality).
3 = acceptable (OK but could stand improvement).
2 = barley acceptable (edible if nothing better around).
I = unacceptable (forget it, probably not worth working on).

In addition, briefly describe or characterize your reaction to the quality being evaluated;
Use one or two words, for example: under texture-grainy, smooth, lumpy, jelly-like, crunchy, 
crisp, etc.

SAMPLE A SAMPLE B SAMPLE C SAMPLE D
CHARACTERISTIC RATING REACTION RATING REACTION RATING REACTION RATING REACTION

Texture

Flavor

Color
Overall
Appearance

Overall
Palatability.

What suggestions do you have for improving the product?

TASTE PANEL SCORE SHEET (SAMPLE),., FIGURE 2.
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squares procedures where applicable (Harvey, 1966), with swine gain 

data analyzed by least squares and cO'-varianee, using initial weight 

as the dependant variable. Nitrogen and energy balance data were also 

analyzed using least squares procedures. Duncan’s multiple range test 

was applied to all means where significance was indicated (.Snedecor 

and Cochran, 1967).



Chapter 4.
RESULTS

Chemical analysis of barleys and diets. Proximate analysis, 

calcium and phosphorus composition of the barley isogenes from both 

1978 and 1979 increases are shown in table 7. Certain chemical differ

ences are seen between isogenes. The covered, short-awn isogene had

9.2 and 5.8 percent lower crude protein than the average of the four 

in 1978 and 1979, respectively. The 1979 increase crop had an average

7.3 percent higher protein content than did the 1978 crop. Consistent 

differences are seen to exist in the crude fiber content of the 

covered and hulless isogenes, as expected due to the absence of

the hulls on the hulless isogenes. Covered barleys contained 118.2 

percent more crude fiber than did hulless isogenes, with an average of

2.4 percent for covered and 1.1 percent for the hulless. Percent ash 

tended to follow fiber level, with those isogenes having more fiber 

also having a higher percent of ash (1.6 percent). No notable differ- ■ 

ences are seen in levels of other proximate fractions,.calcium or 

phosphorus in barleys.

Measurement of viscosity of barley extracts are shown in Table 8. 

The 1978 BHSA had a 12.9 percent higher viscosity than did the 

next highest viscosity isogene, BCLA, and was 25.3 percent higher than 

BCSA which had the lowest viscosity measurement. In 1979, however.
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levels of (3-glucan were significantly reduced as indicated by the 

lower viscosity from the 1978 crop, with levels of 2.75 cP and 3.39 cP 

for 1979 and 1978, respectively. No trends similar to those seen in 

the 1978 isogenes were observed in the 1979 increases.

Results of the physical analysis are shown in table 8. Betzes 

CLA (1978) had 53.9 percent more plump kernels and 18.5 percent greater 

thousand kernel weight than the BHSA isogene which had the lowest 

percent plump of the four isogenes in 1978. The long-awn barleys had 

22.9 percent more plump kernels than short-awn in 1978 but the trend 

was reversed in the 1979 barleys as short-awn barleys had 3.5 percent 

more plump kernels. Covered barleys had 31 and 24 percent more plump 

kernels in 1978 and 1979, respectively, than the hulless varieties.

Only minor variations are seen between isogenes for thousand kernel 

weight with the BHSA isogene being somewhat lighter in 1978 but not so 

in 1979.

Tables 9 and 10 show the amino acid composition of 1978 and 1979 

barley isogenes, respectively. Lysine content,expressed as a percent 

of the whole kernel, was 9.84 and 13.54 percent greater in hulless than 

covered isogenes in 1978 and 1979 increases, respectively. Lysine, 

expressed as a percent of amino acid nitrogen (g/16g N)shows 79-BHLA 

containing 17.7 percent more lysine than the average of the other three 

isogenes.-' Content of other indispensible amino acids is relatively the
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s-ame for all barleys, with. the. exception’ of .79—BHLA which, displays.a 

higher methionine content (23..4 percent} than the other 1979 isogenes» 

Threonine content, expressed as- a percent of total protein, was 21..6 

percent higher in covered isogenes than hulless in 1979, and 12.7 per

cent greater in 1978.

Proximate analysis-, calcium and phosphorus content of diets used 

in rat trial's- I, 2, 3, 4, 5, 6, and 7 are shown in table 11. Crude 

protein was calculated at 10 percent and analysis shows most diets did 

not vary , in tills and other nutrients any more than would be expected 

due to mixing, sampling and analytic errors.

Proximate composition, calcium and phosphorus content of. swine 

grower and finisher rations are shown in table 12. Rations were bal

anced to supply at least 16 percent protein for growing pigs and 14 

percent crude protein for finishing pigs, while, also supplying .6 

percent calcium and .5 percent available phosphorus. Slight differ

ences noted in protein content and other nutrients are due to inherent 

differences in the content of these nutrients between isogenes and 

those same errors as mentioned previously for rat diets.



TABLE 7. PROXIMATE ANALYSIS AND CALCIUM AND PROSPORUS CONTENT OF 1978 
_______ ' AND 1979 BETZES BARLEY ISOGENES, 90% DRY MATTER BASIS

Barley
PERCENTAGE3

CP EE CF Ash NFE Ca P

78-BCLA . 11.9 1.7 2.0 2.6 71.8 .01 .40 ■
7 8—BCSA 10.9 1.7 2.7 2.7 72.0 .01 .42 ’
7 8—BHLA ' 12.7 2.0 1.0 . 2.1 72.1 .01 .43
78-BKSA 12.5 2.0 1.2 • 2.3 72.1 .01 .42

79-BCLA 13.4 2.1 . 2.2 2.7 . 69.6 .01 .48
79-BCSA 12.2 1.9 2.7 2.6 70.7 .01 .48
79-BHLA 13.5 2.2 1.0 2.3 71.0 .01 .52
79-BHSA 12.7 2.0 1.2 2.4 71.7 .01 .48

aCP=crude protein, EE=ether extract, CF=crude fiber, NFE=nitrogen-free 
extract, Ca=Calcium and P=phosphorus Cor phosphate).

TABLE 8. VISCOSITY, PERCENT PLUMP KERNELS, PERCENT THIN- KERNELS AND 
_________IOQO KERNEL WEIGHT OF 1978 AND 1979 BETZES BARLEY ISOGENES

MEASUREMENT

Barley
Viscosity,

cPa
Percent
plump

Percent
thin

1000 kernel 
weight, g

78-BCLA 3.44 72.9 . 0.8 42.7,
78—BCSA 2.95 36.0 . 54.3 41.4
78-BHLA 3.22 27.9 26.4 ' 39.0
78-BHSA 3.95 19.0 38.2 34.8

79-BCLA 2.61 45.4 19.6 36.3
79-BCSA 2.82 47.9 21.1 38.5
79-BHLA 2.88 20.4 42.9 35.7
79-BHSA 2.68 24.9 37.5 37.5

acP=centipoise.



TABLE 9. AMINO ACID CONTENT OF 1978'INCREASE BETZES BARLEY ISOGENES, AS FED BASISa’b

Barley
Amino Acid BCLA BCSA BHLA BHSA
Alanine .364 (4.01) .343 (4.18) .397 (4.06) .410 (4.18)
Arginine .517 (5.70) . .470 (5.73)■ . 546 (5.61) .549 (5.59)
Aspartic acid .515 (5.68) .495 (6.03) .558 (5.71) .593 (6.04)
Cystine/2 .242 (2.67) .233 (2.84) .253 (2.59) .244 (2.49)
Glutamic acid 2.192 (24.17) 1.905 (23.22) 2.340 (24.05) 2.322 (23.66)
Glycine .364 (4.01) .318 (3.88 .374 (3.81) .397 (4.05)
Histidine .198 (2.18) .184 (2.24) .221 (2.27) .222 (2.26)
Isoleucine .347 (3.83) .316 (3.85) .375 (3.84) .371 (3.78)
Leucine .706 (7.78) .655 (7.98) .771 (7.89) .765 (7.80)
Lysine ,318 (3.51) .305 (3.72) .349 (3.57) .342 (3.49)
Methionine .159 (1.75) .148 (1.80) .172 (1.76) .170 (1.73)
Phenylalanine .527 (5.81) .464 (5.66) .562 (5.75) . .559 (5.70)
Proline .960 (10.59) .801 (9.76) 1.021 (10.49) 1.005 (10.24)
Serine .372 (4.10) .365 (4.45) .426 (4.36) .472 (4.81)
Threonine .353 (3.89) .332 (4.05) .393 (4.03) .392 (3.99)
Tryptophan .146 (1.61) .136 (1.66) .156 (1.60) .147 (1.50)
Tyrosine .329 (3.63) .303 (3.69) .355 (3.67) . .354 (3.61)
Valine .460 .(5.07) .432 (5.27) .502 (5.13) .499 (5.09).

Total 9.069 8.204 9.779 9.813

Kj eldahl
Protein(N X 6.25)11.925 .10.886 12.735 12.492

aValues in parenthesis are expressed as a percent of amino acid nitrogen (g/16g N) and other 
values are expressed as percent of the whole kernel, single analysis.
^Values are adjusted to a 90 percent dry matter basis.



TABLE 10. AMINO ACID CONTENT OF 1979 BETZES BARLEY ISOGENES, AS FED BASISa >b

Barley
Amino Acid BCLA BCSA BHLA BHSA

Alanine .388 (3.53) .362 (3.58) .421 (3.71) .399 (3.65)
Arginine .415 (3.77) .411 (4.36) .418 (3.69) .598 (5.47)
Aspartic acid .678 (6.17) .639 (6.31) . .646 (5.70 .617 (5.65)
Cystine/2 .250 (2.27) .244 (2.41) .253 (2.23) .242 (2.21)
Glutamic acid 3.157 (28.72) 2.687 (26.55) 3.237 (28.55) 3.236 (29.61)
Glycine .322 (2.99) .322 (3.18) .377 (3.33) .308 (2.82)
Histidine .234 (2.13) .202 (2.00) .292 (2.58) .233 (2.13)■
Isoleucine .419 (3.81) .372 (3.68) .438 (3.86) .415 (3.80)
Leucine .789 (7.18) .706 (6.98) .817 (7.21) .775 (7.09) •
Lysine .328 (2.98) .317 (3.13) .401 (3.54) .345 (3.16)
Methionine .158 (1.44) .151 (1.49) .205 (1.81) .162 (1.48)
Phenylalanine .651 (5.92) .568 (5.61) .615 (5.43) .655 (5.99)
Proline 1.193 (10.85) 1.153 (11.39) 1.195 (10.54) 1.192 (10.91)
Serine .518 (4.71) .464 (4.59) .589 (5.20) .511 (4.68) :
Threonine .456 (4.15) ' .481 (4.75) .363 (3.20) .372 (3.40)
Tryptophan .154 (1.40) .147 (1.45) .156 (1.38) .145 (1.33)
Tyrosine .386 (3.51) .328 (3.23) .400 (3.53) . .325 (2.97)
Valine .491 (4.47) .536 (5.30) .514 (4.53) .401 (3.67)
Total 10.995 10.119 11.337 10.928
Kjeldahl
Protein(N X 6.25) 13.380 12.114 13.509 12.690
aValues in parenthesis arei expressed as a percent of amino acid nitrogen (g/16g N) and other
values are expressed as percent of the whole kernel, single analysis. 
Values are adjusted to a 90 percent dry matter basis.
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TABLE 11. PROXIMATE ANALYSIS, CALCIUM AND PHOSPHORUS CONTENT OF DIETS 
FED IN RAT TRIALS I, 2, 3, 4, 5, 6, and 7, AS FED BASIS

_________________Percentage3__________
Dietb CP DM Ash EE CF NFE Ca P

Trial I, 2:
78—BCLA 10.3 91.3 4.9 2.0 2.4 71.7 .71 .67
78-BCSA 10.2 93.0 4.9 2.0 2.3 72.6 .70 .69
78-BHLA 10.3 92.0 4.8 1.7 1.1 74.1 .76 .80
78-BHSA 9.9 91.3 4.4 1.8 1.1 . 74.1 .73 .70
Casein 10.7 93.0 3.0 0.2 . 1.2 77.9 .73 .48
Trial 3,4:C
7 8—BCLA+AB 10.4 93.0 4.8 1.7 2.7 73.4 —  — ..
7 8—BCLA-AB 10.2 93.2 4,7 1.6 2.6 74.1 —

78-BCSA+AB 10.4 93.2 4.9 1.6 2.8 73.5 — —

78—BCSA-AB 10.1 92.4 4.9 1.6 3.2 72.6 — —

78-BHLA+AB 10.5 93.4 4.4 1.4 1.3 75.8 — —
7 8-BHLA-AB 10.3 93.5 4.3 1.4 1.5 76.0 — —

7 8-BHSA+AB 10.4 93.2 4.5 1.4 2.1 74.6 —— —
7 8-BHSA—AB 10.1 92.7 4.4 1.5 1.5 75.2 — —

Trial 5, 6:
79-BCLA 10.7 92.1 4.6 4.7 2.5 69.6 . 66 .69
79—BCSA 10.3 92.2 4.9 4.6 3.4 69.0 .86 .77
79-BHLA 10.8 92.6 4.3 4.8 1.4 71.3 .65 .72
79-BHSA 10.2 92.8 4.6 4.7 1.8 70.5 .82 .74
Trial 7:
79-BCLA 10.9 92.6 4.6 4.4 3.1 69.6 .76 .75
79—BCSA 10.3 92.2 4.9 4.6 3.4 69.0 .86 .77
79-BHLA 10.8 92.6 4.3 4.8 1.4 71.3 .65 .72
79-BHSA 10.2 92.8 4.6 4.7 1.8 70.5 .82 .74

aCP=crude protein, DM=dry matter, EE=ether extract, CF=crude fiber, 
NFE=ntirogen-£ree extract, Ca=calcium and P=phosphorus.
b78-BCLA=^978 Betzes covered, long-awn, 78-BCSA=1978 Betzes covered, 
short-awn, 78-BHLA=1978 Betzes hulless, long-awn, and 78-BHSA= 1978 
Betzes hulless, short-awn. 79— means raised in 1979.
C+AB means antibiotic was included in the diet, -AB means no antibiotic 
was included in the diet.
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TABLE 12. PROXIMATE ANALYSIS, CALCIUM AND PHOSPHORUS CONTENT OF BETZES
BARLEY GROWER AND FINISHER DIETS FED IN TRIALS 8, 9 AND 10 ,
AS FED BASIS

Percentage3
Diet CP DM Ash EE CF NFE Ca P
Trial 8: 
Grower diet— 

7 8—BCLA 17,5 94.3 6.5 1.2 4.0 65.1 .67 CO

78—BCSA 16.8 93.2 6.0 1.2 3.6 65.6 .68 .79
7 8—BHLA 17.4 93.2 5.3 1.3 2.0 67.2 .68 .79
78-BHSA 18.8 93.2 5.6 1.3 1.8 66.4 . 66 .78

Trial 8, 10:
Finisher diet- 

7 8—BCLA 15.6 91.1 5.6 1.5 3.7 64.8 .55 .68
78-BCSA 14.3 91.5 5.4 1.8 2.9 67.4 .54 .70
78-BHLA 15.8 91.4 5.1 1.8 2.4 66.4 .55 .74
78-BHSA 15.9 91.1 5.1. 1.7 2.8 65.8 .48 .71

Trial 9: 
Grower diet— 

79—BCLA 18.0 93.1 4.6 1.8 2.9 65.8 .46 .61
79—BCSA 17.0 92.3 6.1 1.7 3.7 63.8 .68 .79
79-BHLA 17.9 92.6 4.8 1.7 2.3 65.9 .51 .69
79-BHSA 18.0 92.6 4.9 1.9 . 2.3 65.5 .53 .72

aCPf=crude protein, DM=dry matter, EE=ether extract, CF=crude fiber, 
NFE=n±trogen-free extract, Ca=calcium and P=phosphorus
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Rat growth trial I. Results obtained from the first feeding tfial are 

shown in table 13. Data presented in tables 14 and 15 show the main 

effects, length of awn and presence or absence or hulls, respectively.

A significant difference CP < .01) between growth and efficiency of 

rats fed the barley treatment diets and those on casein diets was read

ily apparent, withxcasein producing superior rat performance in all 

instances. Only.slight non-significant (P > .05) differences were 

noted in respect to rat gain, feed consumption, feed efficiency and 

protein efficiency ratios between Betzes isogenic treatments.

When rat growth and feed conversion were compared in. relation to 

affect of length of awn, no pronounced differences were seen. A minor 

difference was seen between long-awn and short-awn isogenes in PER, 

but it was not significant. When analyzed for effect of hull, rat 

performance was not significantly altered by the presence or absence

of hull.
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TABLE 13. LEAST SQUARES MEANS OF RAT GROWTH, FEED CONSUMPTION, FEED
EFFICIENCY AND ADJUSTED PROTEIN EFFICIENCY RATIO DATA OF RATS 
FED 10% ISONITROGENOUS BETZES BARLEY AND CASEIN DIETS, TRIAL 
I, 1978 INCREASE_______. __________ ■

Diet
No.
rats Gain, g

Feed
consumed,g

Feed/gain
ratio

Protein 
' efficiency 
ratio, Adi.

78-BCLA 10 71.80a 362.4 5.Ila 1.91*
78-BCSA 10 77.OOa 369.8 4.82* 2.05*
78-BHLA 10 73.IOa 358.7 4.93* 1.88*
78-BHSA 10 69.80a 360.4 5.24* 1.97*
Casein . 10 92.80b 343.2 3.71b . 2.50b
a,b ,Means is same column with, different superscript letters are signif-
icantly different, P <.01 .

TABLE 14. LEAST SQUARES MEANS OF RAT GROWTH,, FEED CONSUMPTION, FEED
EFFICIENCY AND ADJUSTED PROTEIN EFFICIENCY RATIO DATA OF RATS
FED BETZES BARLEY ISOGENES DIFFERING IN LENGTH OF AWN, TRIAL
I, 1978 INCREASE

-■ Protein
No. Feed Feed/gain efficiency

Diet rats Gain,g consumed,g ratio ratio, Adi.

Long-awn 20 72.45 360.55 5.02 1.93
Shor t-awn 20 73.40 365.10 5.03 2.03

TABLE 15. LEAST SQUARES MEANS OF RAT GROWTH, FEED CONSUMPTION, FEED 
EFFICIENCY AND ADJUSTED PROTEIN EFFICIENCY RATIO DATA OF RATS 
FED BETZES BARLEY ISOGENES DIFFERING IN PRESENCE OR ABSENCE 
OF HULL, TRIAL I, 1978 INCREASE

Diet
No.
rats Gain,g

Feed
consumed,g

Feed/gair
ratio

Protein 
L efficiency 

ratio, Adi.

Covered 20 74.40 366.10 4.97 2.01
Hulless 20 71.45 359.55 5.09 1.95



Main effects of length of awn and presence of hull are also shown 

in Table 16. No differences in BV, TPD or NPU were seen that would 

be attributable to affect of awn length. Presence of hull was seen 

to significantly affect TPD (P < .05), but had no apparent influence

73

.Rat nitrogen balance, trial 2. Results of trial 2 are shown in table

16. Individual variations between Betzes isogenes for true protein

digestibility (TPD), biological value (BV) and net protein utilization

(NPU) were non-significant in all cases.

on BV and NPU.
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TABLE 16. LEAST SQUARES MEANS OF BIOLOGICAL VALUE, TRUE PROTEIN DIGEST
IBILITY', AND .NET PROTEIN UTILIZATION AS INFLUENCED BY LENGTH 
OF AWN AND PRESENCE OR ABSENCE OF HULL, TRIAL 2_____________

Barley
No. 
rats

True
protein
digestibility

Biological
value

Net
protein
utilization

78-BCLA 8 72.00 81.99 . 58.89
78-BCSA 8 71.47 78.03 55.34
78-BHLA 8 74.30 78.05 58.22
78-BHSA 8 . 78.05 75.63 59.08

Main Effect:
Long-awn 16 73.15 80.02 58.56
Short-awn 16 74.76 76.83 57.21

Covered 16 71.73*. 80.01 57.12
Hulless 16 76.18b 76.84 58.65

a^Means same column with different superscript letters are signif
icantly different, P<.05 .

\
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Rat growth trial 3. Table 17 shows the results obtained when the Betzes 

were fed to weanling rats with and without antibiotic. Significant 

variation was seen in gain and feed consumption (P < .05) of rats on 

the various treatment diets. Betzes CSA + AB produced much higher gains 

(P < .05) than any of the other covered barley diets or any of the 

hulless diets fed without antibiotic. Although all diets fed with 

antibiotic included produced superior gains to those of similar diets 

fed without antibiotic, that difference was significant (P < .05) in 

only two isogenes, BHLA and BCSA. Feed consumption was also signific

ant Iy greater. (P < .05) in BHLA and BCSA diets fed with antibiotic 

than those fed without, but this was not seen in BCLA or BHSA diets.

Feed efficiency and protein efficiency ratios did not differ signif

icantly between any of the diets.

Table 17 additionally shows rat performance on Betzes isogenes 

without regard to the use of antibiotic. No differences are seen in 

rat growth, feed consumption and conversion, or protein efficiency 

ratios.

Table 18 shows the effect of awn on rat performance. The long- 

awn varieties resulted in slightly higher (P < .10) consumption 

levels of diets, but differences in gain, feed efficiency, and PER. 

were negligible.

Effects of the presence of hulls on rat growth and performance
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are shewn'±n table 19. As shown, rat performance on either covered or 

hulless barley was similar.

Response of rats to barley treatment diets fed with and without 

antibiotic is shown in table 20. Statistically, significant differences 

CP < .01) were observed in rat growth and feed consumption. Feed 

efficiency was also slightly improved CF < .10) in diets fed with anti
biotic.. No differences are noted in PER values between treatments.

Table 21 illustrates how rat performance is affected by hull a 

antibiotic and also awn x antibiotic interactions. In all cases the 

inclusion or exclusion of antibiotic in diets did not affect the 

response of rats to the influence of awn length or presence or hull.
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TAJ3IvE 17. LEAST SQUARES MEANS OF RAT GROWTH, FEED CONSUMPTION, FEED
EFFICIENCY' AND PROTEIN EFFICIENCY- RATIO DATA OF RATS FED 
10% ISONITROGENOUS .BETZES■ BARLEY ISOGENIC JDIETS, WITH..AND 
WITHOUT ANTIBIOTIC, TRIAL 3, 1978 INCREASE _______■

Diet
No. 
rats Gain, g

Feed '
consumed,g

Feed/gain 
ratio..

Protein.
efficiency
ratio

78—BCLA+AB 10 88.20%'= 4*9.0?'= 5.34 1.81
7 8-BCLA-AB 10 79.60^'^ 440.Ib'= 5.61 1.76
78—BCSA+AB 10 104.50? 528.9? 5.08 1.91
7 8-B C S A-AB 10 82.80 ' 461.2b'= 5.32 1.84
78-BHLA+AB 10 101.20?'= 5:27 1.83
78-BHLA-AB 10 79.80 '̂̂ 434.3b' 5.55 1.78
7 8-BHSA+AB 10 92.10?,C 491.4*'= 5.40 1.80
7 8—BHSA-AR 10 88.30b,C 482.3 ’ 5.50 1.81

78—BCLA 20 83.90 454.44 5.47 1.79
78-BCSA 20 93.65 495.05 5.20 1.87
78-BHLA 20 90.50 , 479.80 5.41 1.80
78-BHSA 20 90.20 486.85 5.45 1.80

’ ’ * JNeans In same column with, different superscript letters are 
significantly different, P<.05 .

TABLE 18. LEAST SQUARES MEANS OF RAT GROWTH, FEED CONSUMPTION, FEED
EFFICIENCY AND PROTEIN EFFICIENCY RATIO DATA OF RATS FED 
BETZES BARLEY ISOGENIC DIETS DIFFERING IN LENGTH OF AWN, 
TRIAL 3, 1978 INCREASE__________________________________

Diet
No.
rats Gain,g .

Feed
consumed,g

Feed/gain 
ratio

Protein
efficiency
ratio

Long-awn 40 87.20 467.17* 5.44 1.79
Short-awn 40 91.92 490.95b 5.33 1.84

’ Means in same column with different superscript letters are signif
icantly different. Pc.10 .

3
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rEAPLE 19. LEAST SQUARES MEANS OF RAT GROWTH., FEED CONSUMPTION, FEED
EFFICIENCY AND PROTEIN EFFICIENCY RATIO DATA OF RATS FED

■ BETZES BARLEY ISOGENIC DIETS DIFFERING IN RESPECT.TO.PRES--.
___________ ENCE OR ABSENCE OF HULLS', TRIAL 3, 1978 INCREASE_________ _

Diet
No.
rats Gain,g

Feed
consumed,g

Feed/gain 
ratio

Protein
efficiency
ratio

Covered 40 88.77 474.80 5.34 1.83
Hulless 40 90.35 483.32 5.43 1.80

TABLE 20. LEAST SQUARES MEANS OF RAT GROWTH, FEED CONSUMPTION, FEED
EFFICIENCY AND PROTEIN EFFICIENCY RATIO DATA FOR RATS FED 
BETZES BARLEY ISOGENIC DIETS AS AFFECTED BY USE OF ANTI- 
BIOTICS, TRIAL 3, 1978 INCREASE__________________________

Effect
No. 
rats Gain.g

Feed
consumed,g

Feed/gain
ratio

Protein
efficiency
ratio

(+) Antibiotic . 40 96.50a 503.65a ■ 5.27C 1.83
GK) Antibiotic 40 82.62b 454.47b 5.50d 1.80

31^Means in same column with different superscript letters are signif
icantly different, P<.01 . „
c’̂ Means in same column with different superscript letters are signif
icantly different,(P<.10,'.
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TABLE 21. LEAST SQUARES MEANS OF RAT GROWTH, FEED CONSUMPTION, FEED '
EFFICIENCY AND PROTEIN EFFICIENCY RATIO DATA. FOR RATS FED
BETZES' BARLEY ISOGENIC DIETS' AS AFFECTED BY HULL X ANTI
BIOTIC AND AWN X ANTIBIOTIC .INTERACTIONS, TRIAL 3, 1978
INCREASE

Interaction
No.
rats Gain,g

Feed
consumed,g

Feed/gain 
ratio

Protein -
efficiency-
ratio

Hull x antibiotic^
Covered (+) 20 96.35 498.95 5.21 1.85
Covered (-) 20 81.20 450.65 5.46 1.80
Hulless (+) 20 96.65 508.35 5.34 1.81
Hulless (-) 20 84.05 458.30 5.53 1.79

Awn x antibiotic
Long-awn (+) 20 94.70 497.15 5.30 1.81
Long-awn (-) 20 79.70 437.20 5.58 1.77
Short-awn (t) 20 98.30 510.15 5.24 1.85
Short-awn (-) 20 85.55 ' 471.75 5.41 1.83

aC+)^antibiotic was used in treatment; (-)=no antibiotic was used in 
treatment.
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Rat energy balance trial 4. Table 22 shows the results obtained in 

trial 4. Barley isogene differences for digestible energy (DE) and 

metabolizable energy (ME) are evident with the BCSA + AB diet 

showing a significantly (P < .05) lower percent ME in comparison to 

all hulless barley diets and to the BCLA + AB diet. BCSA + AB was not 

statistically different (P > .05) from either BCLA - AB or BCSA - AB. 

Combining isogenically similar barley treatments shows significant 

differences (P < .05) exist between BCSA and the othqr three treatments 

in ME.

Measurements of DE found the hulless barley diets, BHSA + AB and 

BHLA - AB, to be significantly higher (P < .05) than covered barley 

diets, except for the BCLA + AB diet. Other hulless treatment diets, 

BHLA + AB and BHSA - AB had DE values significantly (P < .05) higher 

than both BCSA treatments, but were not different (P > .05) from 

either BCLA treatments. BCLA + AB was not significantly different from 

any of the other treatments except for the BCSA + AB diet, in which 

case it was significantly higher (P < .05). Looking at DE values of 

diets,without regard to antibiotic, shows results similar to ME, with 

BCSA again having a substantially (P < ;05) lower DB.

Length of awn effects were not significant for either DB or ME. 

Significant differences were seen between covered and hulless barleys 

(P < .05), with the hulless having greater ME and DB. With respect to
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barley x antibiotic interactions-, no differences were seen in either 

DE or ME that would be attributable to the influence of antibiotic.
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TABLE 22. LEAST SQUARES MEANS OF METABOLIZABLE AND DIGESTTBLE ENERGY 
DATA FOR RATS FED BETZES BARLEY ISOGENIC DIETS' AS INFLUENCED 
BY LENGTH: OF AWN,- PRESENCE GF HULL AND. ANTIBIOTIC, .TRIAL 4 
1978 INCREASE *

Diet
No. ■ 
animals

Metabolizable 
energy, %

Digestible 
energy, %

78-BCLA+AB 4 86.76* 87.48a,C,d
78-BCLA-AB 4 86.41a,b 87.05b,C,d
78-BCSA+AB 4 84.36b 84.70b
78-BCSA-AB 4 86.04a,b 86.82b,d
7 8—BHLA+AB 4 CO OO ro 89.21a,c
7 8—BHLA-AB 4 88.77a 89.11*
7 8—BHSA+AB 4 CO OO O' to 0 89.24*
78-BHSA-AB 4 88.39a 88.97*'*

78-BCLA 8 86.58a 87.26*
78-BCSA 8 85.20b 85.76b
78—BHLA 8 88.49* 89.16*
78-BHSA 8 88.51* 89.10*

Long-awn 16 87.54 88.21
Short-awn 16 86.85 87.43

Covered 16 85.89* 86.51*
Hulless 16 88.50b 89.13b

Antibiotic 16 86.99 87.66
No Antibiotic 16 87.40 87.99

a’k>c’ĉMeans in same column with different superscript letters are 
significantly different, P<.05 ■.



Rat growth, trial 5. Table 23 shows- results from rat growth trial 5. 

There were no significant differences in gain or feed efficiency seen 

between barley treatments. The protein efficiency ratio (PER) for 

BCLA was significantly lower (P < .05) than BCSA and BHLA iso

genes, but did not differ-from the BHSA isogene. Betzes HSA was not 

significantly- different Q? > .05) from either BCSA or BHLA barleys.

The casein diet produced significantly' („P < .05) better gain, feed 

conversion and overall protein utilization than any of the barley 

treatments.

The effects- of length of awn <pn rat performance are shown In 

table 24, The only, difference seen between long and short^awn was in

mote gain CB <.10) with the short-awn _

Table 25 shows the influence hull had on rat performance. Hul- 

Iess barleys had significantly lower feed to gain ratios (P < .10) but 

gain and PER did not vary greatly between the covered and hulless

83 '

treatments*
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TAJIIjE 23. LEAST SQUARES MEANS OF RAT GROWTH, FEED EFFICIENCY AND AD
JUSTED PROTEIN EFFICIENCY RATIO DATA OF RATS FED 10% ISO-
NITROGENOUS BETZES BARLEY 'ISOGENIC AND CASEIN DIETS, TRIAL
5, 1979 INCREAS-E_________ ' ■ ■__________

No.
Diet ' rats Gain; g •

Feed/gain
ratio

Protein 
efficiency 
ratio, Ad.i .

79—BCLA IQ 
79—BCSA 9 
79-BHLA 10 
79-BHSA 10

8Q.60a 
94.67a 
92.IOa 
96.30a

5.26a 
5.06a 
4.83a 
4.89a

1.79b
1.98a

Casein 10 119.90b . 3.85b 2.50C

a^ 1 cMeans in same column with different superscript letters are 
nificantly different, P <.05.

sig-

TABLE 24. LEAST SQUARES MEANS OF RAT GROWTH, FEED EFFICIENCY AND AD
JUSTED PROTEIN EFFICIENCY RATIO DATA FOR RATS FED BETZES 
BARLEY ISOGENES DIFFERING IN LENGTH OF AWN, TRIAL 5, 1979 
INCREASE

No.
Diet rats Gain, g

Feed/gain 
ratio

Protein 
efficiency 
ratio, Adi.

Long-awn 20
Short-awn 19

86.35a 
95.48^

5.05 . 
4.98

1.88
1.94

a 5̂ Means in same column with different 
nificantly different, P <.10.

superscript letters are sig-

TABLE 25. LEAST SQUARES MEANS OF RAT GROWTH, FEED EFFICIENCY AND AD
JUSTED PROTEIN EFFICIENCY RATIO DATA FOR RATS FED BETZES 
BARLEY ISOGENES DIFFEREING IN PRESENCE OR ABSENCE OF-HULL, 
TRIAL 5, 1979 INCREASE

■ No.
Diet rats Gain, g

Feed/gain
ratio

Protein 
efficiency 
ratio, Adj•

Covered 19
Hulless 20

87.63
94.20

5.16a
4.86b

1.89
1.93

a b* Means in same column with different superscript letters are sig
nificantly different, P <.10.
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Rat nitrogen balance trial 6. Table 26 shows results of the 1979 

Betzes nitrogen balance trial 6. No significant differences are 

seen between barley isogenes in true protein digestibility (TPD), 

biological value (BV) or net protein utilization (NPU), Length of 

awn had a significant effect on TPD (f < .10), with the long-awn 

barleys having the greater digestibility. Biological value was 

slightly greater (P < .10) for short-awn cultivars than long-awn 

cultivars. Awn length did not influence NPU.. A minor difference 

(P < .10) was seen between covered and hulless barleys for TPD, 

with the hulless having an 83.94 percent TPD as opposed to 79.94 

percent TPD for covered. BV and NPU for covered and hulless barleys

were similar.
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TABLE 26. LEAST SQUARES MEANS OF BIOLOGICAL VALUE, TRUE PROTEIN DIGEST-
IBTLITY AND NET. PROTEIN UTILIZATION AS ..INFLUENCED BY LENGTH 
OF AWN AND PRESENCE OR-ABSENCE.0F~HULL, TRIAL 6, 1979 INCREASE

Barley
No.
rats

True
protein Biological
digestibility# value,%

Net •
protein
utilization,#

7 9—BCLA 8 80.79 73.32 59.15
79—BCSA 8 79.09 81.04 63.92
79-BHLA .8 87.71 76.27 66.40
79-BHSA 8 81.17 78.07 63.23

Long—awn 16 83.75C 74.80* 62.78
Short-awn 16 80.13d 79.55b 63.57

Covered 16 79.94d 77.18 61.54
Hulless 16 83.94C 77.17 64.81

3  "b’ Means in same column with different superscript letters are signif
icantly different, P<,05 .
C’ t̂Means in same column with different superscript letters are signif
icantly different, P< . IC .
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Rat energy balance trial 7. Results of the 1979 energy balance trial 

are shown in table 21. Digestible energy (DB) measurements on the 

four 19.79 Betzes isogenes showed a significant difference Q? < . Oil ex

isted between BCSA and the other three isogenes, with BCSA exhibiting 

inferior digestibility. Awn length had a slight effect (P < .10) 

on DB with the long-awn isogene having a greater DB percentage. Hull 

presence had a definite influence on DB of treatment diets. Hulless 

barleys had significantly- greater Q? < .0.05) DB than did the covered 

cultiyars.
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TABLE 27. LEAST SQUARES MEANS OF DIGESTIBLE ENERGY DATA FOR EATS AE
INFLUENCED BY'UENGTH OF AWN .AND PRESENCE QR-ABSENCE. OF- 
HULLS'. TRIAL 7, 1979. INCREASE ______________

No. Digestible-■
Diet animals energy, %

7 9—BCLA 8 88.74*
7S-ECSA 8 86.63b
79-BHLA 8 90.Ola

7 9—BHSA 8 90.Ila

Long-awn 16
16'

89.38^
88.37"Short-awn

Covered . 16 87.69e
Hulless 16 90.06f

’ Means in same column with different superscript letters are signif
icantly different, Pc.01 , 
d’■ Means in same column with different superscript letters are signif
icantly different, Pc. 10 . 
f’ Means in same column with different superscript letters are signif
icantly different. Pc.005 .
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Swine growth trial 8. Results from feedlot trials on growing and . 

finishing swine fed the four Betzes isogenes grown in 1978 are shown in 

tables. 28 and 29, respectively. During the growing period, average daily 

gain CADG) and average daily feed (ADF) were not influenced to a 

significant degree by barley source. Correspondingly, no differences 

in feed required per kilogram of gain were observed. Similar results 

were obtained during the finishing period, with dietary barley source 

haying non^-significant effects on ADG, ADF and feed efficiency values.

Feedlot performance of pigs over the entire growth trial and 

their carcass data is shown in table 30. No differences were noted 

between diets in ability to produce gain and overall feed conversion 

values. Additionally, carcass data did not indicate there were any 

statistically significant variations existing between Betzes isogenes 

and the type of carcass they produce.

The separate effects of hull and length of awn during the growing 

and finishing periods are shown in tables 31 and 32, respectively.

During the; growing period, the long-^awn characteristic appeared to be 

significantly (P < ,10) better than the short-awn trait in efficiency 

of feed utilization. ADG and ADF were unaffected by either length of 

awn or presence of hulls. In finishing swine the presence of hulls 

significantly (P < ,10)increased ADF and feed/gain ratio while length 

of awn had non-significant effects. Other performance measurements were 

unaltered by either hull or awn.

{



The. effects of hulls or length of awn over the entire trial on 

pig performance and carcass characteristics are shown in table 33. 

Length of awn had no effect on either feedlot performance or carcass 

traits. The presence of a hull significantly (P < .05) increased feed 

consumption and produced significantly (P < .05) poorer feed con

version, but rate of gain did not differ between hulless or covered 

barleys. Percent carcass yield was significantly depressed (P < .05) 

in covered barley diets as opposed to hulless. Hulless barley fed 

pigs also produced significantly larger loin eye areas (P < .05) than 

did covered ba,rleys> All other measurements were similar for both 

covered and hulless barleys.



91

TABLE 28. MEMS OE AVERAGE DALLY GAIN, AVERAGE DAILY EEED M D  FEED/GAIN
FOR PLGS FED BETZES BARLEY:GROWER DIETS, TRIAL 8 (20-50 KG), 
1978 INCREASE '

.Barley
Item BCLA BCSA BHLA BHSA

No. animals . 12 12 12 12
Avg. initial wt, kg 19.0 19.4 19.4 19.3
Avg. final wt, kg 52.3 52.5 55.2 53.2
Avg. daily gain, kg^ .66 . 66 .72 .67
Avg. daily- feed^ kg 
Feed/gain ratio

1.86 2.09 1.95 1.95
2.78 3.12 2.71 2.85

^Least squares means. 
"Analysis of variance means.

TABLE 29. MEMS OF AVERAGE DAILY GAIN, AVERAGE DAILY FEED AND FEED/GAIN 
FOR PIGS FED BETZES BARLEY FINISHER DIETS, TRIAL 8 (50-100 KG) 
m 8 INCREASE______________.__________ ______ __________

Barley
Item BCLA BCSA BHLA BHSA

No. animals 12 12 12 12
Avg. initial wt, kg 52.3 52.5 55.2 53.5
Avg. final wt, kg 93.9 93,0 94.8 94.5
Avg. daily gain, kg^ .72 .71 .72 .72
Avg. daily feed,^kg 3.02 2.95 2.80 2.78
Feed/gain ratio 4.17 4.19 3.90 3.85

^Least squares means. 
0Analysis of variance means.
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TABLE' 30.. MEANS OF AVEEAGE DALLY GAIN, AVERAGE DAILY FEED, FEED/GAIN
AND..CARCASS DATA FROM EIGE.' FED BETZES BARLEY ISOGENES FOR. 
THE TOTAL GROWTR TRIAL, (20-100 KG), 1978 INCREASE, TRIAL 8

Barley
Item BCLA BCSA BHLA BHSA

No. animals 12 12* 12 12
Avg. initial wt, kg 19.0 19.4 19.4 19.3
Avg.. final w t , kg 93.9 93.0 94.8 94.5
Avg. daily gain, kg^ .68 .69 .71 ' .69
Avg. daily feed, kg 2.49 2.55 2.40 2.39
Feed/gain ratio 3.55 3.71 3.33 3.39

bCarcass data—
Yield, % 69.98 68.95 '71.08 70.40
Ham, % 20.19 20.69 20.12 20.64
Ham & loin, % 38.08 38.39 37.93 38.54
Lean cuts, % 53.26 53. 64 52.93 53.89
Carcass muscle, % 54.53 54.06 54.09 55.08
T • 2Loin eye area, cm 29.27 27.67 30.79 30.37
Avg. backfat, cm 2.89 2.77 2.84 2.81
Carcass length, cm 78.24 79.30 78.34 79.14

^Carcass data represents only 11 animals. 
Least squares means. 
cAnalysis of variance means.
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TABLE 31. MEANS' FOR AVERAGE DAILY' GAIN, AVERAGE DAILY FEED AND FEED/GAIN 
FOR FIGS FED SEIZES BARLEY GROWER DIETS DIFFERING IN LENGTH 
OF AWN AND PRESENCE .OF ;HULLS', TRIAL .8, ■. CZOtt-SO- EG}. , . = 1978 IN
CREASE

Hull Awn
Item Covered Hulless Long-awn Short-awn

No. animals ■24 24 24 24
Avg., Inital wt, kg 19.2 19.4 19.2 19.4
Avg. final wt, kg 52.4 54.2 53.8 52.8
Avg. daily gain, kga .67 .70 .69 .67
Avg. daily- feed,^kg 1.97 1.95 1.91 2.01
Feed/gain.ratio 2.95 2.78 2.75a 2.98 .
a> Means in same row with, similar column headings, having different 
superscript letters are significantly- different P .10.
^Least squares means. 
aAnalysis of variance means.

TABLE 32. MEANS FOR AVERAGE DAILY GAIN, AVERAGE DAILY FEED AND FEED/GAIN 
FOR PIGS FED SEIZES BARLEY FINISHER DIETS DIFFERING IN LENGTH
OF AWN,.AND PRESENCE OF HULLS, TRIAL 8, 1978 INCREASE

Hull Awn
Item Covered Hulless Long-awn Short-awn

No. animals 24 24 24 24
Avg. initial wt, kg 5.2. 4 5 4.2 ■ 53.8 52.8
Avg• final wt, kg 93.4 94.6 94.3 93.6
Avg. daily gain, kga .72 •72b .72 .72
Avg. daily feed,^kg 2.9 9a Z.. 79“ 2.91 2.87
Feed/gain ratio 4.18a 3.87b 4.03 4.02
a^Means in same row with similar column headings having different 
superscript letters are significantly different, P .10. 
aLeast squares means. 
aAnalysts of variance means.
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Table.33. MEANS OF AVERAGE DAILY GAIN, AVERAGE DAILY FEED, FEED/GAIN 
AND CARCASS DATA FROM PIGS FED BETZES BARLEY ISOGENES DIF-
FERING IN LENGTH.OF AWN AND PRESENCE 
GROWTH TRIAL, 1978 INCREASE, TRIAL 8

OF HULLS, FOR THE TOTAL

Hull Awn
Item Covered Hulless Long-awn Short-awn

No. animals 24 24C 24 24 .

Avg. initial wt, kg 19.2 19.4 19.2 19.4
Avg.'final wt, kg 93.4 94.6 94.3 93.6

Avg. daily gain, kg^ .70 .71 .70
Avg. daily feed^ kg 2.52* 2.39% 2.44 2.47
Feed/gain ratio ' 3.63* 3.36* 3.44 3,55

Carcass data

Yield, % 69.46* 70.74b 70.53 69.68

Ham, % 20.44 20.38 20.16 20.67

Ham & Loin, % 38.24 38.24 38.01 38.46

Lean cuts, % 53.45 53.42 53.11 53.76

Carcass muscle, % 54.30 54.59 54.31 54.57
T  • 2Loin eye area, cm 28.47* ' 30.58b 30.03 29.02

Avg. backfat, cm 2.83 2.83 2.87 2.79

Carcass length, cm 78.77 78.74 78.29 79.22

a ’̂ Means in same row with similar column headings, having different
superscript letters are significantly different, P < .05). 

cCarcass data represents only 23 animals.

^Least squares means.

Analysis of variance means.
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Swine growth trial 9. Results obtained from swine growth trial 9 

for pigs fed four Betzes isogenic barley diets are shown in table 34. 

All four grower diets produced similar average daily gains, average 

daily feed and feed efficiency ratios.

Presence of hull and length of awn affects are shown in table 
35. No differences occurred in swine performance due to the effects 

of presence of hull or length of awn on barleys fed in the diet.
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TABLE 34. MEANS OF AVERAGE DAILY GAIN, AVERAGE DAILY FEED AND 
FEED/GAIN FOR PIGS FED BETZES BARLEY GROWER DIETS, 
TRIAL 9 (20-50 KG), 1979 INCREASE

Diet
Item BCLA BCSA BHLA . BHSA

No. animals 7 ■ 7 7 7

Avg. initial wt, kg 19.48 19.48 19.74 19.68
Avg. final wt, kg 61.23 60.65 63.05 59.29

Avg. daily gain, kga .77 .73 .80 .76
Avg. daily feed, kg • ' 2.16 2.09 2.22 2.05

Feed/gain ratio*3 2.81 2.86 2.78 2.70

aLeast squares means. 
^Analysis of variance means.

TABLE 35. MEANS OF AVERAGE DAILY GAIN, AVERAGE DAILY FEED AND FEED/ 
GAIN FOR PIGS FED BETZES BARLEY GROWER DIETS DIFFERING IN 
LENGTH OF AWN AND PRESENCE OF HULLS, TRIAL 9 (20-50 KG), 
1979 INCREASE

Hull Awn
Item Covered Hulless Long-Awn Short-Awn

No. animals 14 14 14 14

Avg. daily gain, kg3 .77 .77 .79 .75

Avg. daily feed, kg*3 2.13 2.14 2.19 2.07

Feed/gain ratio*3 es! 2.78 2.77 2,76

aLeast squares means. 
^Analysis of variance means.
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Swine Digestibility Trial 10. Results of the swine digestibility 

trial are shown in table 36. All treatments produced similar apparent 

nitrogen digestibility, nitrogen retention, biological value and 

digestible energy values. Minor differences are seen in percent 

digestible crude fiber and ether extract, but they were not significant, 

Influence of presence of hull and length of awn on digestibility 

of nutrients by swine is shown in table 37. Hull had a significant 

effect (P < .10) on the biological value of treatment diets, with 

covered isogenes having a higher percent B.V. Hull did not affect 

the apparent nitrogen, crude fiber or ether extract digestibility or 

nitrogen retention but did affect (P < .05) digestible, energy content 

of diets, Eulless barley diets were higher in digestible energy than 

tEose prepared from covered barleys. Length of awn had little effect 

on diet digestibility.
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TABLE 36. LEAST SQUARES MEANS OF PERCENT APPARENT NITROGEN, CRUDE FIBER, 

ETHER EXTRACT, AND ENERGY DIGESTIBILITY, NITROGEN RETENTION AND 
BIOLOGICAL VALUE OF BETZES'.BARLEY ISOGENIC SWINE FINISHER DIETS 

■_______ TRIAL 10, 1978 INCREASE; _____________________ .
Diet

Item BCLA BCSA BHLA BHSA

No. observations 4 4 4 4
Apparent nitrogen 

digestibility, % 74.45 73.47 75.96 73.26
Nitrogen retention, % 41,08 41.98 37.53 34.15
Biological value, % 54.97 57.21 49.53 46.53
Crude fiber, % 18.45 21.68 11.73 20.68
Ether Extract, % 57.07 54.22 48.57 40.55
Digestible energy,% '82.16 81.34 84.67 83.78

TABLE 37. LEAST SQUARES MEANS OF PERCENT APPARENT NITROGEN, CRUDE FIBER, 
ETHER EXTRACT, AND ENERGY DIGESTIBILITY, NITROGEN RETENTION, 
AND BIOLOGICAL VALUE OF BETZES BARLEY ISOGENIC SWINE FINISHER 
DIETS AS AFFECTED BY LENGTH OF AWN AND PRESENCE OF HULLS,
TRIAL 10, 1978 INCREASE

Hull Awn
Item Covered Hulless Long-awn Short-awn

Mo. observations 8 8 8 8
Apparent nitrogen

digestibility, % 73.96 74.61 75.21 73.37
Nitrogen retention, % 41.53 35.84 39.30 38.06
Biological value, % 56.09a 48.03 52.25 51.87
Crude Fiber,% 20.06 16.20 15.82 21.17
Ether extract, % 55.75d 44.56 . 52.82 47.39
Digestibility energy, % 81.75 ' 84.23 83.42 82.56

a’bMeans in same column with different superscript letters are signif
icantly different, P<.10 .

Ql^Means in same column with different superscript letters are signif
icantly different, P<.05 .
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Milling and Baking Trials. .Percent yifeld of the three major flows off 

the Buhler flour mill are shown in table 38. BHLA yielded the greatest 

percent flour followed by BCLA, BCSA and BHSA, respectively. Bran 

yield' wa$- highest in both short-awn isogenes. The percentage of shorts 

recovered was not greatly different between isogenes.

Proximate analysis of the shorts, bran and flour fractions, from, 

both 1978 and 1979 isogenes, is shown in table 39. In general, the bran 

fraction contained the highest percent protein followed, by shorts and 

flour, in descending order. Ash and. crude fiber percentage is substant

ially greater in the bran fraction than flour. Ether extract of bran 

was also somewhat higher than either flour or shorts. Nitrogen-free ex

tract percent was substantially higher in the flour fraction than bran 

and shorts.

Table 40 shows results of baking tests using milled flour (endo

sperm) and whole grain flour. Proofing time tended to be longer for 

endosperm flour breads than whole grain flours but baking times did not 

differ to any great extent between flour and whole grain breads. Loaf 

weight Qf endosperm flour breads was almost double that of whole grain 

breads and the former also had a greater loaf volume than whole grain 

breads.

Table 41 shows results of taste panel evaluations of barley breads. 

Of the endosperm flour breads, BHSA was ranked highest in texture, 

flavor, color, overall palatability and was second highest for overall
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appearance. BHSA tKus received the highest total score of 3.33 as op- 

posed to scores of 3.18, 3.03 and 2.88 for BCLA, BHLA and BCSA, re

spectively. Whole grain flour breads,in general,were ranked higher, 

having total scores ranging from 3.50. for BCSA to 3.13 for BCLA. BCSA 

ranked highest for texture, flavor, overall appearance and overall pal- 

atabili.ty and was considered equal to BHSA for color. General comments 

made by panelists about texture and taste of endosperm flour breads 

include:taste-sweet, good, none, not yeasty, nut—like, grainy; texture- 

crumbly, smooth, moist, heavy, light and fluffy, grainy, coarse, and 

rubbery. Comments on texture and taste of whole grain breads were: 

taste-"twangy" , mild, wheaty, gummy, cattle feed, oat-like, bitter, 

like corn-meal; texture-mealy, crumbly,grainy, gummy, dry, rice-like, 

and coarse. General consensus was that barley breads were acceptable 

but texture and structure needed improvement. The addition of "sweet" 

ingredients was suggested several times to supplement or mask the barley 

flavor.

Cookie spread data are shown in table 42. The covered barleys 

tended to spread farther than hulless barley and long-awn isogenes 

farther than short-awn barleys, although those differences were minor. 

Cookie thickness did not vary greatly between cultivars, ranging from 

60 mm for BCSA to 65 mm for BHLA. Cookie spread ratio was greatest for 

BHLA with 5.97 followed by BCLA, BHSA and BCSA with ratios of 5.72,
5.59 and 5.59, respectively.
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TABLE 38. BETZES BARLEY .MILLING DATA. 
YIELD OR FOUR ISOGENESi 1978

’PERCENT.FLOUR, 
INCREASE

BRAN. AND SHORTS

Barley Flour Bran Shorts

BCLA 58.2 26.1 9.7
BCSA 57.0, 32.3 OO I-

»

BHLA 62.0 28.0 7.2
BHSA 54.9 32.0 • 9.8

v
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TAJSLE 39. PROXIMATE ANALYSIS OF BETZES BARLEY FLOUR, BRAN AND SHORTS 

GRONN IN 1978 AND. 1979 ■ .
________________ ■ PERCENTAGE5 __'___

Year-barley CP DM ASH EE CF NFE

Flour 
78—BCLA 11.5 95.3 1.5 2.0 .2 80.1
78-BCSA 10.4 93.7 1.5 1.9 .2 79.7
78-BHLA 12.1 92.8 1.4 1.9 .1 .77.3
7 8—BHSA 11.7 95.6 1.4 1.7 .1 80.7
79-BCLA 15.0 92.8 1.9 2.2 ■ .1 73.6
79—BGSA 13.4 93.8 2.0 2.3 . -I 76.0
79—BHLA 13.8 95.5 1.7 2.2 .1 77.7
7 9—BHSA 12.2 92.9 1.6 1.8 .1 77.2

Mean— 12.5 94.1 1.6 ' 2.0 .1 77.4
Bran
7 8—BCLA 15.0 95.5 4.2 2.9 4.1 • 69.3
78-BCSA 14.2 93.6 4.3 3.1 ,3.0 68.0
78-BHLA 16.3 93.8 3.8 3.3 2.6 67.8
78-BHSA 15.7 93.6 3.6 2.9 2.1 .69.3
79-BCLA 15.7 94.1 4.3 2.7 6.4 65.0
79-BCSA 14.7 94.9 4.5 2.9 6.1 66.7
79-BHLA 17.1 93,8 4.4 . 3.6 3.4 65.3
79-BHSA 14.2 93.6 2.6 1.9 1.8 73.1 ■

Mean- 15.4 94.9 4.0 2.9 3.8 68.1
Shorts
78-BCLA 13.6 • 95.6 3.9 2.5 3.6 72.0
78-BCSA 10.9 93.9 3.3 2.1 3.5 74.1
78-BHLA 13.2 93.3 2.8 2.3 2.0 73.0
78-BHSA 13.1 93.4 2.8 2.2 2.0 73.3
79-BCLA 16.0 93.2 3.2 2.5 3.1 68.4
79-BCSA 14.3 94.4 3.8 2.5 4.3 69.5
79-BHLA 15.8 93.1 . 3.1 2.7 2.4 69.1
79-BHSA 14.2 93.5 2.9 2.2 1.6 72.6

Mean- 13.9 93.8 3.2 2.4 2.8 71.5

aCP^crude protein, DMf=Hry matter, EE=ether extract , CF=crude fiber
and NFE=Miitrogen^free extract.
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TABLE 40. BAKING DATA ON FLOUR AND WHOLE GRAIN BREADS MADE, FROM. THE 
. FOUR BETZES BARLEY ISOGENES._______ ____

Flour
Proofing 

time, 
30+ min

Baking 
time, 

30+ min'
• Loaf 
Wt, ga

Mean loaf 
volume, cc

Endosperm:
BGLA 30+15 30+15 53.8 585 .
BCBA 30+15 30+10 66.2 535
BHLA 30+15 30+15 65.5 530
BHSA . 30+15 30+10 56.0 585

Whole grain flour:
BCLA 30+0 30+10 31.4 440
BCSA (
BHLA

30+0 30+10 30.5 440
30+0 30+10 27.0 460

RRSA 30+0 30+08 20.9 425

^values represent the average of two loaves.
Volume determined by rapeseed displacement, measure in cubic centi
meters.

TABLE 41. TASTE PANEL EVALUATION OF BREADS MADE FROM THE ENDOSPERM
FLOUR
GENES

AND WHOLE GRAIN 
, 1978 INCREASE.3

FLOUR
L

OF THE FOUR BETZES BARLEY ISO-

Flour Texture Flavor Color
Overall
appearance

Overall
palatability

Total
score

Endosperm:
BCLA 2.88 . 3.13 3.50 3.25 3.13 3.18
BCSA 2.75 2.63 3.50 2.88 2.62 2.88
BHLA 2.75 3.00 3.63 2.88 2.88 3.03
BHSA 3.38 3.25 3.75 3.00 3.25 3.33

Whole grain:
BCLA 3.13 ' 2.75 4.13 2.75 2.88 3.13
BCSA 3.38 3.50 4.00 3.50 3.13 3.50
BHLA 2.88 3.00 4.13 3.38 3.06 3.29
BHSA 3.00 3.38 4.00 3.00 3.06 3.29

aScoring based on a scale of I to 5, with I being unacceptable and 5 
excellent.
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TABLE 42. COOKIE BAKING .DATA OE COOKIE THICKNESSy COOKIE WIDTH, AND., 
__________COOKIE SpKEAB RATIO FOR FOUR BETZES BARLEY ISOGENIC FLOURS

Barley flour WidtKf mm Thickness, mm
Cookie spread 

ratio

78-BCLA 389.0 68 5.72
78-BCSA 386.0 69 5.59
78-BHLA 387.8 65 5.97
78-BHSA 380,0 68 5.59



Chapter 5

DISCUSSION

The four Betzes isogenes examined in this study were fairly 

typical of two-rowed malting barleys in terms of overall physical and 

chemical characteristics. The parent isogene, BCLA, exhibited the 

greatest percent plump kernels, while BHSA had the lowest percent' 

plump. This is in agreement with findings reported, by Eslick, 

personal communication and Briggs (1978) on isogenic barleys and 

effect of hull and awn. Kernel weight, a general representation of 

protein-starch ratios, was seen to vary according to changes in 

protein content from barleys grown in 1978 and 1979. Protein is 

usually lighter than starch, thus a kernel high in protein will have 

a correspondingly low kernel weight (C.F. McGuire, personal communi

cation) . The same trend was reported in non-isogenic barleys that 

varied in protein content (Killen, 1977). Measurement of viscosity 

of barley extracts in -1978 isogenes indicated a somewhat higher level 

of g-gluean existing in BHSA than the other isogenes. This would 

support unpublished data from the Montana Station (C.W. Newman, 

personal communication). Betzes isogenes grown in 1979 did not show 

similar trends in extract viscosity, as both BHLA and BCSA isogenes 

had greater viscosities than BHSA. A possible reason for the change 

in viscosities from 1978 to 1979 could be that the 1979 BHSA was 

rained on in the field after being swathed and the other three were



106

not. Studies by Gohl (1977) have shown that water treatment initiates 

glucanase activity and rain would thus lower overall viscosity measure

ments. The 1979 barleys were grown under completely different envir

onmental conditions also. The 1978 barleys were irrigated and 1979 ■ 

barleys were instead raised on dryland and received very little 

natural precipitation. ■

Response of fats and pigs fed test diets indicated that no real 

differences exist between isogenes in their ability to produce gain

and their nutrient availabilities. The lower PER of 79-BCLA in
'

trial 5 was the only significant difference seen among test diets.

These findings failed to support earlier work by Rasmuson (1972) and 

Newman (1980) where differences were observed between isogenes, with 

covered, long-awn types producing lower feed to gain ratios then 

covered, short-awn types. It should be noted that barleys fed by 

Rasmuson (1972) and Newman (1980) were feed-type and the barleys fed 

in the current study were developed from a typical malting barley. 

Results from the present study also show no direct correlation 

between feed utilization and barley viscosity. Response of rats to 

barleys having the highest viscosity measurements was not different 

from others, in either growth trial I or 5. Rat growth trial 3 

excluded antibiotic in one-half of the treatment diets to establish 

if it may be masking any possible influences by g-glucan in barley, 

it has been proposed by Gobi (1977) that viscous substances retard
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rate of digesta passage and that the end result is an inefficiency' 

in utilization of the feed due to greater conversion of plant starches 

into microbial carbohydrates. Findings of this trial show antibiotic 

to have a significant effect on feed consumption and gain in rats but. 

minor to no effect on feed and protein utilization. This would 

possibly indicate that antibiotic, in this case, was not having a 

"nutrient sparing" effect, i.e. preventing microbial degradation and 

metabolism of feedstuffs, but was rather having the generalized 

effect of improving thrift of animals so that they consumed greater 

amounts thus gaining at a faster rate. Improvement in thrift, may 

have been due to several factors, most notable would perhaps be 

shifts in microbial populations to a more favorable balance, as 

described by Moran and McGinnis (1965). Antibiotics usually have 

their greatest effect in young, stressed animals (Cravens and Hoick, 

(1970) and have been shown to have little or no influence on performance 

of some animals when the animal environment is near optimum (Newman, 

et̂  al., 1972). Results obtained in trial 3 suggest that antibiotic 

was not interfering with response of rats to treatment diets.

Main effect of length of awn was seen to have only minor 

influence on rat and swine performance. In general, consumption seems 

to be greater with short-awn barleys but. feed efficiency and gain are 

not significantly affected.

Presence of hull was seen to have questionable effect on overall
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feed value of barley for both rats and swine. The effect of hull on 

feed conversion was significant (P < .10) in finishing swine but not 

growing. This was also observed by Newman and Eslick (1970) in a 

swine feeding trial with Compana and its hulless isogene, Nupana.

Over the total swine growth trial 8 the absence of hull significantly 

(P < .05) increased consumption and reduced feed required per kilogram 

of gain. Feeding hulless barleys resulted in larger carcass yield 

and larger loin eye areas than did covered barley. These findings, 

relating increased fiber with increased leanness of hogs, support 

reported findings by Baird et al., (1970) and Kennelly et al., (1979).

Findings of biological measurements made in nitrogen and energy 

balance trials provide some possible explanations for observed results 

of growth trials. Both rat nitrogen balance trials indicated no 

differences .existing in TPD, BV or NPU values between treatment 

isogenes. Hulless barleys had significantly higher TPD in trial 2 

(P < .05) and also trial 6 than covered and may account for the better 

feed efficiency ratios obtained with hulless barleys in swine, trial 

8, The 79-BCLA had a slightly lower NPU than other isogenes from 

the 1979 increase, and although not a significant difference it may 

in part explicate the lower PER in trial 5. Short-awn isogenes in 

trial 6 had significantly better BV (P < ,05) than covered barleys 

which may partially explain improved gains obtained with short-awn 

isogenes in rat growth trial 5.
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Energy balance trials show hulless barleys having significantly 

greater DE and ME. values, which explain differences in feed efficiency 

ratios between covered and hulless isogenes in trial 5. The 78-BCSA 

and 79-BCSA were seen to have a significantly lower ME and DE than 

other isogenes which may reflect effects of their slightly higher 

crude fiber level both years.

The swine digestibility study found no significant variations 

between isogenes or between the two main effects of hull and awn.

Covered isogenes had a slightly higher BV and lower DE than hulless 

(P < .10) but those were the only detectable differences. These 

findings of greater digestibility of energy in hulless barleys coin

cides with other reports on the effect of fiber in rats and swine 

(Jensen, .1959, a,b; Troelsen and Bell, 1962 and Baird, 1975).

Baking tests with the Betzeh isogenes indicated that a fairly 

acceptable bread can be made from barley flours. The overall concensus 

from taste panels was that barley breads left a "sour" aftertaste that 

may possibly be eliminated by inclusion of other ingredients with 

complimentary flavors.

While these studies did not support the theory that inherent 

nutritional differences exist between isogenes differing in length of 

awn and presence of hull, other than small effects due to crude fiber, it 

cannot be conclusively stated that none exist. As previously mentioned, 

these trials were conducted using a malting type barley which.



HO
indirectly, has been bred and selected for lower viscosity of malt 

extract. Possibly, differences would be detectable in feed-type

barleys.



Chapter 6

SUMMARY

Proximate analysis, amino acid analysis, extract viscosity and 

physical analysis were performed on two successive crops, 1978 and 1979 

increases:of four Betzes isogenic barleys, differing in length of awn 

and presence or absence of hull, Barleys in 1978 were grown on irri

gated land and those in 1979 Were grown on dry-land at the Montana 

Agricultural Experiment Station, Bozeman, Montana, Five isonitrogenous, 

10 percent protein diets were fed to 50 rats in a growth study (trial 

I) and 32 rats in nitrogen balance study (trial 2), which consisted of 

1978 Betzes isogenes and a casein control, Eight isonitrogenous, 10 

percent protein diets, consisting of two diets from each 1978 Betzes 

isogene, with or without antibiotic included in the diet, were fed to 

80 rats in a second growth study (trial 3) and to 32 rats in an energy 

balance study (trial 4). Isonitrogenous, 10 percent protein diets, made 

from the four 1979 Betzes isogenes and a casein control, were fed in a 

third growth study to 50 rats (trial 5) and to 32 rats each in nitrogen 

and energy balance studies (trials 6 and 7). Casein diets in trials I 

and 5 were included to permit calculation of adjusted protein efficiency 

ratios (PER). Diets fed to swine in growth trial 8 were vitamin, miner

al and antibiotic fortified barley-soybean grower and finisher diets 

formulated using the four 1978 Betzes isogenes. Swine diets used in 

feeding trial 9 were similar to those used in trial 8 except that 1979



112
Betzes isogenes were used and only a grower diet was formulated due to- 

the limited barley available. Four barrows were fed each of four 

finisher diets used in trial 8 to determine apparent nitrogen digest

ibility (AM)), nitrogen retained (NR), biological value (BV) and 

digestibilities of crude fiber, fat and energy.

Fifteen kilograms of each isogene were milled and endosperm flour 

breads, whole grain flour breads and cookies made to evaluate baking 

characteristics and flour strength of Betzes isogenes. Two taste 

panels were conducted to establish palatability of endosperm and whole 

grain breads.

Crude fiber and ash content of covered barleys were consistently 

higher than hulless. Betzes covered, short-awn (BCSA) had 9.2 percent 

and 5.8 percent lower crude protein content than the average of the 

other 78 and 79 isogenes, respectively. Betzes hulless, short-awn 

(BHSA) had the greatest extract viscosity in 1978 while Betzes hulless, 

long-awn had the highest in 1979. The average extract viscosity level 

of 2.75 cP in 1979 Betzes was substantially lower than the 1978 level 

of 3.39 cP. Covered isogenes had 31 percent and 24 percent more plump 

kernels than hulless isogenes in 1978 and 1979, respectively. Long- 

awn barleys averaged 23 percent more plump kernels than short-awn in 

1978, but did not differ in 1979. No substantial differences were 

seen between isogenes in amino acid composition on thousand kernel 

weight.
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The four Betzes isogenes produced similar growth, feed conversion

and protein utilization values in rat growth trial I. Length of awn and 
presence of hull appeared to have minor influence on rat performance.

In rat growth trial 3, rats fed diets with antibiotic added consumed 

significantly more feed (P < .05) and attained greater weights (P < .05) 

than those on diets without antibiotic, but antibiotic did not affect 

feed efficiency (F/G) or PER values (P > .05). No differences, as 

measured by rat performance, were seen in the four Betzes isogenes in 

trial 3. The PER of Betzes covered, long-awn (BCLA)' was inferior 

(P < .05) to those of other isogenes in rat trial 5, but BCLA did not 

differ from others in gain produced or F/G ratio. Long-awned isogenes 

produced slightly greater gain (P < .10) while hulless barleys had 

slightly better feed conversion (P < .10) in trial 5.

True protein digestibility (TPD), net protein utilization (NPU) 

and BV did not differ between Betzes isogenes in nitrogen balance 

trials 2 and 6. Length of awn had a substantial effect (P < .05) on .

BV in trial 6, but did not affect rat performance in trial 2. Covered 

barleys had a lower TPD (P < .05) than hulless isogenes, in trial 2 

but were not different in trial 6. Digestible energy (DE) was signi

ficantly lower for BCSA in trial 4 (P <. 05) and trial 7 (P <. 01). 

Length of awn had no affect on DE in trial 4, but long-awned barleys 

had a slightly greater DE (P < .10) in 7. Presence of hull decreased 

total DE values (P < .05) of barleys In trial 4 and also in 7 (P < 1005).
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Average daily gain (ADG), average daily feed (ADF) and F/G ratios 

of growing and finishing pigs fed the four Betzes isogenes were simi

lar in both swine growth trials 8 and 9. Carcass measurements taken 

in trial 8 and digestibilities taken in trfal 10 did not differ between 

isogenic treatments. Covered barleys had slightly greater F/G ratios 

(P < .10) than hulless during the finishing period but did not differ 

during the growing period. Presence of hull significantly decreased 

carcass yield and loin eye area (P < .05) of pigs in trial 8. Covered 

barleys had a higher apparent BV (P < .10) and lower DE (P < .05) 

than hulless iso-types but hull did not affect AND or NR of finishing 

swine. Differences due to length of awn in swine growth and digest

ibility trials were inconsistent and generally nonsignificant.

Breads produced from isogenic flours did not differ in times 

required for baking or proofing, loaf volume or loaf weight. Loaf 

volume and loaf weights of whole grain flour breads, however, tended 

to be substantially less than the endosperm flour breads. The BHLA 

flour (endosperm) had the highest crude protein and produced the 

greatest cookie spread ratio (T/W) of 5.97, followed by BCLA, BHSA 

and BCSA with ratios of 5.72, 5.59 and 5.59, respectively. Taste 

panels found whole grain breads to be superior to barley endosperm 

flour breads for overall acceptability and gave them overall scores 

of 3.3 and 3.1, respectively.
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APPENDIX TABLE I. CALCULATIONS FQR PXG METABOLISM T R I M

To calculate grams of nitrogen per gram of sample (g N/g):
A. For feces g N/g = .0014 X ml titrated

grams of sample X dry matter %

B. For Urines g N/g is found by:
1. total collected urine + ml total added acid EX. 781+50=

831 where 781=total collected urine; 5O^ml acid,
2. find % urine by; total collected urine _ 781 _ gono

urine + acid 831
3. Weigh out 3 ml of urine and take that number times %

urine. EX.: 2.9481 X .94 - 2.7712
(This number is used in the denominator in the calculation).

4. The numerator for urines is found the same as for the feces. 
EX.; g N/'g =p .0014 X ml titrated

wt. of 3 ml urine X % urine

To find total grams of N in feces use the following formula:

Feces gross wt. X DM = grams dry feces.

Grams dry feces X g N/g - g N (total) feces.

To find total grams of N in urine use the following formula:

ml urine gross X grams urine/ml = g (total) urine, 
grams total urine X g N/g = g N (total) urine.

To find total grams of N in the feed use the following formula:

% protein of feed (as is)/6,25 = grams N feed. 
g N feed/DM p g N/g (..0014 X ml titrated)/(g sample X DMO

Feed total TC DM -- g feed on DM basis.
Peed grams X N/g -■ grams N (feed) total.

Apparent Biological Value: (ABV)=gN consumed - gN excreted feces - gN 
excreted in urine)/(gN consumed - gN feces).

Apparent Digestibility: (AD) = (gN consumed - gN feces)/(gN consumed). 
Retained N; (RN) = CgN consumed - gN feces - gN urine)/CgN consumed).
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APPENDIX TABLE 2. LEAST SQUARES ANALYSIS OF RAT GROWTH, FEED CONSUMP
TION, FEED EFFICIENCY AND PROTEIN EFFICIENCY RATION 
DATA OF RATS FED 1978 BETZES BARLEY ISOGENIC. DIETS 

___________________IN TRIAL I. ________ ■ _____________
Source of Feed Feed/gain
Variation d.f. Gain Consumed Ratio PER

Total 50

Mu-Y I 760.5 3960.5 .010 .801

Treatment 4 859.2a 949.6 3.710a •676a .

Remainder 45 116.3 685.2 . .395 .049

aP < .01

APPENDIX TABLE 3. LEAST 
TION, 
DATA ( 
TRIAL

SQUARES ANALYSIS OF RAT GROWTH, FEED CONSUMP- 
FEED EFFICIENCY AND PROTEIN EFFICIENCY RATIO 
DF RATS AS INFLUENCED BY AWN AND HULL IN
I.

Mean Squares
Source of 
Variation d.f Gain

Feed
Consumed

Feed/gain 
Ratio PER

Total 40

Mu-Y I .225 6579.2 3.058 2.294

Hull I 87.025 429.0 .144 .031

Awn I 9.025 207.0 .001 .119

Hull X awn I . 180.625 81.2 .894 .005

Remainder 36 120.225 686.9 .482 .056
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APPENDIX TABLE 4. LEAST SQUARES ANALYSIS OF TRUE PROTEIN DIGESTIBILITY,
BIOLOGICAL VALUE, AND NET PROTEIN UTILIZATION OF RATS 
FED 1978 BETZES BARLEY ISOGENIC DIETS IN TRIAL 2.

Source of 
Variation

Mean Squares

. d.f. TPD BV . NPU

Total 32

Mu-Y ' I 133.7 • 79.1 542.0

Diet 3 71,7 55.6 ' 24.1

Remainder 28 34.4 93.2 63.9

APPENDIX TABLE 5. LEAST SQUARES ANALYSIS OF TRUE PROTEIN'DIGESTIBILITY,
BIOLOGICAL VALUE AND NET PROTEIN UTILIZATION AS 
INFLUENCED BY HULL AND ANN IN TRIAL 2.

Mean Squares
ouujL ue u -l 
Variation d.f. ■ TPD BV NPU •

Total 32

Mu-Y I ' .063 5.848 ■ .428

Hull I 158.064a 80.645 18.850

Awn I 20.673 81.473 14.526

Hull X awn I 36,423 4.821 38.940

Remainder 28 34.423 93.247 63.921

ap<.05.



119

APPENDIX TABLE 6. LEAST SQUARES ANALYSTS OF RAT GROWTH, FEED CONSUMP
TION, FEED EFFICIENCY AND PROTEIN EFFICIENCY RATIO 
DATA OF RATS FED BETZES BARLEY ISOGENIC DIETS, WITH 
AND WITHOUT ANTIBIOTIC IN TRIAL 3.

Source of 
Variation d.f.

Mean Squares

Gain
Feed

Consumed
Feed/gain 

ratio PER '
Total 80
Mu-Y I 30615.3 98350,3 .564 1.095
Treatment I 8 6 9 \ 6 a 12466.4a .289 ,018
Remainder 72 237.5 3797.2 .317 .035

ap<.01.

APPENDIX TABEE 7, LEAST SQUARES ANALYSIS OF RAT GROWTH, FEED CONSUMP
TION, FEED EFFICIENCY AND PROTEIN EFFICIENCY RATIO " 
-DATA AS INFLUENCED BY AWN AND HULL AND ANTIBIOTIC 
IN TRIAL 3«

Mean Squares
Source of 
Variation d.f. Gain

Feed
Consumed

Feed/gain
ratio PER

Total 80
Mu-Y I 32715.7 1134070.0 7397.4 8.039
Hull I 49.6 1453,5- .179 .012
Awn I 446.5 11305.Ot . .260 .039
Antibiotic I 3850.3a 48363.6 .986b .025
Hull X awn I 505.0 5594.5 .496 .038
Hull X antibiotic I 32.5 15.3 ,022 . .004
Awn X antibiotic I ' 25.3 2322.0 .052 .002
Remainder 73 250.4 3994.7 .314 .034

aP<i.Ql.
bP<.10>
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APPENDIX TABLE 8. LEAST SQUARES ANALYSIS OF DIGESTIBLE AND- METABOLIZ
ABLE ENERGY OF RATS FED BETZES BARLEY ISOGENIC DIETS-, 
WITH AND WITHOUT ANTIBIOTIC IN.TRAIL 4.

Source of 
Variation

Mean Squares- ■
■d.f. DE ME

Total 32

Mu-Y I . 1.005 1.240

Diet 7 10.495* . 9.789'

Remainder 24 2.407 1.831

ap<,01

APPENDIX TABLE 9. LEAST SQUARES ANALYSIS OF DIGESTIBLE AND METABOLIZ
ABLE ENERGY AS INFLUENCED BY' HULL AND AWN AND 

' ANTIBIOTIC IN TRIAL 4.
Mean Squares

Source of 
Variation d.f. DE - ME

Total 32

Mu-Y I 1.005 1.240

Hull I 54.889* 54.288*

Awn I 4.859 3.740

Antibiotic I .861 1.386

Hull X awn I 4,198 3.892

Remainder 27 2.460 1.821

ap<.oi.



121

APPENDIX.TABLE. 10, LEAST SQUARES ANALYSIS QF RAT GROWTH, FEED EFFICIENCY
AND PROTEIN EFFICIENCY RATIO DATA OF RATS FED 1979 
.BETZES BARLEY ISOGENIC .DIETS IN TRIAL 5.

Mean Squares'
Source of 
Variation ■ ' d.f,

Feed/gain ■
Gain ratio PER

Total 49

Mu-Y I 2204.5 1.579 .700

Diet 4 2056,2a 2.952a .761'

Remainder 44 267,9 ,254 ,032

aP<.01.

APPENDIX TABLE 11, LEAST SQUARES ANALYSIS OF RAT GROWTH, FEED EFFICIENCY 
■ AND PROTEIN EFFICIENCY' RATIO DATA AS INFLUENCED BY 

_______________  AWN AND HULL IN TRIAL 5. _______ ' _______
Mean Squares

Source of 
Variation d.f. Gain

Feed/gain
ratio PER

Total 39

Mu-Y .1 168.9 .005 .381

Hull I 419.6 .873a .026

Awn I 811.6a .048 .039

Hull X awn I 236.8 .160 .162

Remainder 35 226.3 .302 .033b

aP<.10.
bP<.05.
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APPENDIX TABLE. 12, LEAST SQUARE? ANALYSIS OF TRUE PROTEIN DIGESTIBILITY?
BIOLOGICAL VALUE AND NET PROTEIN UTILIZATION OF RATS
FED 1979 BETZES BARLEY ISOGENIC DIETS IN TRIAL 6.

Mean Squares
Source of 
Variation d.f. TPD BV NPU

Total 32

Mu-Y I 299.7 21.8 558.0

Diet 3 87.4 83.8 72.3

Remainder 28 42.2 40.1 36.1

APPENDIX TABLE 13. LEAST SQUARES ANALYSIS OF TRUE PROTEIN DIGESTIBILITY,
BIOLOGICAL VALUE AND NET PROTEIN UTILIZATION AS 

__________________ . INFLUENCED BY HULL : AND AWN IN TRIAL 6.______________
Mean Squares

Source of 
Variation d.f. TPD BV NPU

Total 32

Mu-Y I 2017,2 21.863 847.3

Hull I 128.2b .000 85.9

Awn I 104,7 181.213a 5.1

Hull X awn I 29.4 70.122 126.Ob

Remainder 28 42.2 40.016 36.1

aP<.05.
bP<.10.



123

APPENDIX TABLE 14. LEAST SQUARES ANALYSIS QF RAT GROWTH AND DIGESTIBLE
ENERGY OF RATS RED 1979 BETZES ISOGENIC DIETS IN ' 
TRIAL 7.

Mean Squares
Source of 
Variation d.f. Gain DE

Total 32

Mu-Y I 2.531 40.501

Diet 3 110,115* 21.052*

Remainder 28 30,576 2.161

ap<.oi.

APPENDIX TABLE 15, LEAST SQUARES ANALYSIS OF RAT GROWTH AND DIGESTIBLE
ENERGY AS INFLUENCED BY HULL AND AWN IN TRIAL 7.

Mean Squares
Source of 
Variation d.f. Gain DE

Total 32

M ut-Y I 2.531 40.501

Hull I 47.531 45.220*

Awn I .781 8.100

Hull X awn I 282.031* 9.835^

Remainder 28 30.576 2,161

aP<,Ql
bP<i.05.
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APPENDIX TABLE 16, LEAST SQUARES ANALYSIS O f AVERAGE DAILY GAIN FQR
GROWING, FINISHING AND TQTAL PERIODS OF SWINE FED 

_____________ ■ BETZES BARLEY ISOGENIC DIETS IN TRIAL.8,
Mean Squares

Source of Average Daily Gain
Variation d.f Grower Finisher Total
Total i 48
Mu-Y I .023 .005 .024
Diet 3 X .040 .005 .013
Sex I .364* .037 ,329*
Reps 2 ,011 .074 .000
Diet X Sex 3 .015 .006 .006
Initial Wt B Line I ,021 .223 .002
Remainder 37 . ,018 .022 .017

ap<.Ql.
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APPENDIX TABLE 17. LEAST SQUARES ANALYSIS OF AVERAGE DAILY GAIN FOR '
GROWING, FINISHING AND TOTAL PERIODS AS AFFECTED BY 
HULL AND AWN IN TRIAL 8. _________________

Mean Squares
Source of Average Daily Gain
Variation d.f. Grower Finisher Total
Total 48
Mu-Y I .022 .003 .021
Hull I .061 .002 .024
Awn I .022 .003 .007
Sex I .360* .034 .323'
Reps 2 ,010 .078b .001
Hull X Awn I .028 .015 .003
Hull X Sex I .001 .003 .000
Awn X Sex I .039 .004 .005
In WT B Line I .020 .229* .002
Remainder 38 .017 .022 ,017

ap<.oi.
bP<.10.
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APPENDIX TABLE 18. ANALYSIS OF VARIANCE ANALYSIS OF FEED EFFICIENCY OF

SWINE FED 1978 BETZES BARLEY ISOCENIC DIETS IN ■ ' ? 
___________________ TRIAL 8,_____________

T'. " " —  ---- " -- - '— 1 ..  »------:----------------- --------------------

Source of 
Variation d.f.

Mean Squares
Feed Efficiency'

Grower Finisher Total

Total 11
Hull I .087 .276 .2160

Awn I ,163 .001 ,0037

Hull X awn I ;038 .004 .0439

Remainder 8 . .037 . .1055 . 0394

APPENDIX TABLE 19. ANALYSIS OF VARIANCE ANALYSIS IN AVERAGE DAILY FEED
OF SWINE FED 1978 BETZES BARLEY ISOGENIC DIETS IN 
TRIAL 8.

Mean Squares
Source of Feed Efficiency
Variation d.f. Grower Finisher Total

Total 11

Hull I ,010 .050 - .205

Awn I ,166 .025 .001

Hull X awn I ,190 .010 .009

Remainder 8 .122 .321 .156
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_____ __________ Mean Squares_________________
Source of Percent Percent Percent Lean Carcass
Variation_________ . d.f.____Yield Ham Ham & Loin Cuts Muscle

Total 47

APPENDIX TABLE 20. LEAST SQUARES ANALYSIS OF CARCASS YIELD, PERCENT
HAM, HAM AND LOIN, LEAN CUTS AND CARCASS MUSCLE ' •
TAKEN FROM SWINE FED 1978 BETZES ISOGENIC DIETS

___________________ IN TRIAL 8.____________

Mu-Y I 58.741 3.549 43.701 62.663 33.440

Diet 3 7.880 .815 .387 1.170 2.325

Remainder 43 3.553 1.358 4.236 6.561 12.609

APPENDIX TABLE 21, LEAST SQUARES ANALYSIS OF AVERAGE BACKFAT, CARCASS
LENGTH' AND LOIN EYE AREA TAKEN FROM SWINE FED 1978 
BETZES ISOGENIC DIETS IN TRIAL 8.

Mean Squares
Source of 
Variation d.f. Backfat Carcass Length

Loin Eye 
Area

Total 47

Mu-Y I .060 .046 2.593

Diet 3 .007 .313 .527

Remainder 43 .033 .454 .231
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APPENDIX TABLE 22. LEAST SQUARES ANALYSIS OF CARCASS YIELD, PERCENT
HAM, HAM AND LOIN, LEAN CUTS, AND CARCASS MUSCLE 

___________________ OF SWINE AS INFLUENCED BY HULL AND AWN IN TRIAL 8.
____________Mean Squares_______ .

Percent
Source of 
Variation d,f. Yield' Ham

Ham and 
Loin

Lean
Cuts

Carcass
Muscle

Total 47

Mu-Y I .444 7.161 2.350 87.089 8.232

Hull I 17.214b .041 .000 .012 . .876

Awn I 7.661 2.738 3.170 4.546 .703

Sex I 1,093 12.169a 48.036* 53.1653 191.95a

Reps 2 '13.592 ,570 2.986 3.889 3.687

Hull X awn I .361 .001 .252 .884 6.079

Hull X sex I 1.577 .565 .056 .386 5.126

Awn X sex I 12.242b 1.815 10.405 9.225 10.926

Remainder 38 2,939 1.136 3,031 5.261 7.381

aP<.01.
bP<.05.
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APPENDIX TABLE 23. LEAST SQUARES ANALYSIS OF AVERAGE BACKFAT, CARCASS
LENGTH AND LQIN EYE AREA AS INFLUENCED BY HULL AND 
A W  IN TRIAL 8 . _______________

Mean Squares
Source of 
Variation d.f. Eackfat

Carcass
Length

Loin Eye 
Area

Total 47

Mu-Y . I .008 3.948 .244

Hull I .000 .002 1.12/

Awn I .009 1.430 .261

Sex I ,322 1.795 1.006'

Reps 2 .125 ,003 ,231

Hull X awn I ,004 .032 .095

Hull X sex I ,008 1,451 .055

Awn X sex I .024 1,792* .027

Remainder 38 .014 .376 .209

ap<.05.
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APPENDIX TABLE 24. LEAST SQUARES ANALYSIS OF AVERAGE DAILY GAIN. FOR

• SWINE FED 1978 BETZES BARLEY ISOGENIC DIETS IN 
TRIAL 9.

Mean Squares'
Source of 
Variation d.f. ADG

Total 28

Mu-Y I ■ .218

Diet 3 .027

Remainder 24 .049

APPENDIX TABLE 25. LEAST SQUARES ANALYSIS OF AVERAGE DAILY GAIN OF
PIGS FED 1979 BETZES BARLEY ISOGENIC DIETS IN 
TRIAL 9,

Mean Squares
Source of 
Variation d.f. ADG

Total 28

Mu-Y I .002

Sex I. .000

Hull I .000

Awn I .052

Hull X awn I .028

In WT B Line I .176

Remainder 22 .043



131

APPENDIX TABLE 26. LEAST SQUARES ANALYSIS QF APPARENT NITROGEN DIGES
TIBILITY, NITROGEN RETENTION, AND BIOLOGICAL VALUE 
OF PIGS FED 1978 BETZES BARLEY: ISOGENIC FINISHER 
RATIONS IN TRIAL 10,

Mean Squares.
Source of 
Variation d,f.

Apparent Nitrogen Nitrogen 
Digestibility % Retention %

Biological 
Value %

Total 16

Mu-Y I 9.938 1.594 18.147

Diet 3 6.063 51.280 95.963

Remainder 12 9,573 33,498 . 54,043

APPENDIX TABLE 27. LEAST SQUARES ANALYSIS OF ETHER EXTRACT, CRUDE 
FIBER AND ENERGY DIGESTIBILITIES OF PIGS FED 1978 
BETZES ISOGENIC FINISHER RATIONS IN TRIAL 10.

Mean Squares
Source, of. Ether Crude
Variation d, f,. Extract % Fiber % Energy %

Total 16

Mu-Y I 417,2 20,5 ,001

Diet 3 212,3 80,2 . 9.155

Remainder 12 64,5 77.5 3,884
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APPENDIX TABLE 28. LEAST SQUARES ANALYSIS OF APPARENT NITROGEN DIGES

TIBILITY , NITROGEN RETENTION AND BIOLOGICAL VALUE 
OF PIGS FED 1978 BETZES ISOGENIC FINISHER RATIONS
IN TRIAL 10.

Hean Squares
Source of 
Variation

Apparent Nitrogen 
d.f. Digestibility %

Nitrogen 
Retention %

Biological 
Value %

Total 16

Mu-Y I ,718 45.294 .000

Trial 3 32.423* 15,818 33.122

Hull I 1,697 129.448 259.854*
Awn I 13.561 6.128 .578

Trial X hull 3 .127 67,966 119.002

Trial X awn 3 .529 2.103 3.345

Hull X awn I 2,933 18,254 27.458

Remainder 3 5,214 48.104 60.701

ap<.io.
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APPENDIX TABLE 29. LEAST SQUARES ANALYSIS OF ETHER EXTRACT, CRUDE 1

FIBER AND ENERGY DIGESTIBILITIES OF PIGS FED 1978 
■ ______BETZES ISOGENIC FINISHER RATIONS IN TRIAL.10.

Mean Squares _______ __
Source of Ether Crude
Variation__________ d.f, ' Extract % Fiber %_________Energy %

Total 16

Mu-Y ■ I . 12.781 72.765 .001

Trial 3 88.547 39.929 11.522*

Hull I 491,731 59.676 24.552*

Awn I 118.266 148.231 2.907 .

Trial X hull 3 9,071 63,999 2.026

Trial X awn 3 38,872 21.824 .986

Hull X awn I 26.781 32.776 .006

Remainder 3 121.314 . ’ 184.206 1.001

aP<t05,
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