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Abstract:
Weanling rats were fed purified starch diets in each of two nitrogen and energy balance trials and one
growth trial. The starches were extracted from normal Compana (NC), waxy Compana (WC), normal
Glacier (NG) and high-amylose Glacier (HAG) barleys. Diets were balanced with vitamins, minerals
and casein as the source of protein. Rats fed 14.5% protein diets showed no differences for retained
nitrogen or digestible energy. However, digestible nitrogen was increased (P<.01) in rats fed the WC
diet compared to those fed the NC and HAG starches. Rats fed the NG diets were not significantly
different in these parameters from those fed the other three diets. Similar results were noted when rats
were fed 10% protein diets except digestible nitrogen was lowered (P<.01) in rats fed the HAG starch
diet compared to the other three diets. Rats in the growth trial fed 14.5% protein diets showed no
differences in feed efficiency or feed consumption, however, gain was higher (P<.10) in rats fed the
NG starch as compared to those fed the NC or HAG. Rats fed the WC were not different in rate of gain
from those fed the other three diets. Protein efficiency ratios were higher (P<.05) for rats fed the NG
and NC compared to those fed the HAG starch diet.
Isonitrogenous, isocaloric 10% protein diets were prepared from isogenic WC and NC barleys and fed
to rats in growth and balance trials for nitrogen and energy. There were no differences in rat
performance or nitrogen and energy digestibility due to barley. Thirty-two pigs were fed NC or WC
barley diets with and without supplemental protein in each of two trials. Those fed the supplemented
diets gained faster (P<.01). Pigs fed the unsupplemented WC diet gained faster as compared to pigs fed
the normal isogene in the first trial but the results were reversed in the second trial. The WC contained
more total protein in the first trial than the NC whereas the isogenes were nearly iso-nitrogenous in the
second trial. Carcass characteristics were in general improved by supplemental protein although loin
area was not affected by added protein in the second trial.
Isocaloric, isonitrogenous 10% protein diets were prepared from HAG and NG isogenic barleys and fed
to rats in growth and balance trials for nitrogen and energy. Rats fed HAG barley had a greater rate of
gain (P<.01), consumed more feed (P<.10), were more efficient. (P<.10) and had higher PER (P<.10)
than rats consuming the NG barley diets. Thirty-two pigs were fed protein supplemented
growing-finishing diets prepared from NG or HAG in each of two trials. There were no differences in
growth data or carcass characteristics with the exception of an increase in percentage of ham (P<.05) in
pigs fed the NG diet in the first trial. In both trials, pigs fed the NG barley had a slight increase in feed
utilization (P<.01).
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ABSTRACT
Weanling rats were fed purified starch diets in each of two nitro
gen and energy balance trials and one growth trial„ The starches were
extracted from normal Compana (NC), waxy Compana (WC), normal Glacier
(NG) and high-amylose .Glacier (HAG) barleys. Diets were balanced with
vitamins, minerals and casein as the source of protein. Rats fed 14.5%
protein diets showed no differences for retained nitrogen or digestible
energy. However, digestible nitrogen was increased (P<.01) in rats fed
the WC diet compared to those fed the NC and HAG starches. Rats fed
the NG diets were not significantly different in these parameters from
those fed the other three diets. Similar results were noted when rats
were fed 10% protein diets except digestible nitrogen was lowered
(P<.01) in rats fed the HAG starch diet compared to the other three
diets. Rats in the growth trial fed 14.5% protein diets showed no dif
ferences in feed efficiency or feed consumption, however, gain was
higher (Pc.10) in rats fed the NG starch as compared to those fed the
NC or HAG. Rats fed the WC were not different in rate of gain from
those fed the other three diets. Protein efficiency ratios were higher
(Pc.05) for rats fed the NG and NC compared to those fed the HAG starch
diet.
Isonitrogenous, isocaloric 10% protein diets were prepared from
isogenic WC and NC barleys and fed to rats in growth and balance trials
for nitrogen and energy. There were no differences in rat performance
or nitrogen and energy digestibility due to barley. Thirty-two pigs
were fed NC or WC barley diets with and without supplemental protein
in each of two trials. Those fed the supplemented diets gained faster
(Pc.01). Pigs fed the unsupplemented WC diet gained faster as com
pared to pigs fed the normal isogene in the first trial but the results
were reversed in the second trial. The WC contained more total protein
in the first, trial than the NC whereas the isogenes were nearly isonitrogenous in the second trial. Carcass characteristics were in
general improved by supplemental protein although loin area was not
affected by added protein in the second trial.
Isocaloric, isonitrogenous 10% protein diets were prepared from
HAG and NG isogenic barleys and fed to rats in growth and balance
trials for nitrogen and energy. Rats fed HAG barley had a greater
rate of gain (P<.01), consumed more feed (P<.10), were more efficient.
(P<.10) and had higher PER (P<.10) than rats consuming the NG barley
diets. Thirty-two pigs were fed protein supplemented growing-finishing
diets prepared from NG or HAG in each of two trials.
There were no
differences in growth data or carcass characteristics with the excep
tion of an increase in percentage of ham (P<.05) in pigs fed the NG
diet in the first trial.
In both trials, pigs fed the NG barley had
a slight increase in feed utilization (Pc.01).

CHAPTER I

INTRODUCTION
The world's growing population is demanding more of agricultural
production than ever before in the history of man.

Science is continu

ally • trying to learn how to produce greater quantities of higher
quality food on a smaller area of. tillable land.
It is first necessary to define those characteristics desirable
for increasing food value in order, that.plant breeders may incorporate
those qualities in new varieites.

There has been considerable research

interest in recent years with new varieties of feed grains that contain
a more optimum amino acid balance.

Opaque-2 corn and Hiproly barley

which contain more total protein, lysine, methionine and other essen
tial. amino acids than standard varieties are receiving increased
attention by nutritionists and plant breeders.
The primary nutritional energy source of man and domestic farm
animals is carbohydrate.

Starch represents the greatest percentage of

the carbohydrate in energy feeds such as cereal grains.

The importance

of increasing starch digestion resulting in increased energy utiliza
tion becomes very apparent under the present economic situation.

The

starch of cereal grains is known to vary chemically in.a number of ways.
Mutant strains of corn, sorghum, maize and barley are known to have
different amyl os e amylopectin ratios..

It is possible that, one ratio

may prove to be better utilized and have interactions with other nutri
ents.

Molecular structure and granule size are also known to vary with

-2cereal species which may affect nutritional value.
In' Montana, the major feed grain is barley, a large portion of
which is marketed through cattle and hogs.

Barley is well suited for.

semi-arid regions of the world such as Montana as it can be grown
further north, at higher elevations and'with less water than any other
cereal.

Barley starch has not been investigated as closely as corn

starch and much of what is known about corn starch may not be applicable
to barley starch.

This thesis is concerned with evaluating different

starch types and associated nutritional characteristics in two barley
cultivars.

CHAPTER II

LITERATURE REVIEW
The average barley (IRN 4-00-534) contains 64.57= starch (N.R.C.
1971).

In many feedlots, the diet for finishing cattle may contain up

to 757= barley, or about 507= barley starch.

Likewise, a finishing swine

diet may have as much as 857= barley or about 607= barley starch.

It

is easy to see the importance of improving the efficiency of starch
utilization.

The concern of this thesis is the correlation of the

nutritional responses with starch properties expressed by two isogenic
lines' of two barley cultivars.
Chemical Characteristics
'

Starch.consists of two distinct molecular forms of polyemerized"
glucose molecules; a linear homopolysaccharide, and a branched hoinopolysaccharide.

The linear fraction is called amylose and the branched

fraction called amylopectin (Pasur, 1965; Greenwood, 1970).

The two

fractions of starch can be separated by selective precipitation of
starch solutions (Guthrie and Honeyman, 1968).

The addition of n-butyl

alcohol to an aqueous solution of starch will precipitate out the
amylose.

This fraction is obtained in the form of needles and makes up

about 287= of the corn starch.

The second fraction, amylopectin, can

then be. precipitated by the addition of methanol.

Industrially, the

separation of starch is done by salting out the amylose with magnesium
sulphate.

Amylose (907= pure) separates out by keeping an aqueous solu

tion of maize starch below its boiling point for 8 hours.

Amylopectin

-4(87% pure) is recovered by evaporation of the residual solution.
The two fractions of starch are associated in a starch granule
by hydrogen bonding.

These bonds may be direct hydrogen bonds or

water hydrate bridges that form radially oriented micelles or crystal
line areas (Leach, 1965).

In cereal grains, these starch granules are

found in the endosperm and are surrounded by a thin layer of protein
(Greenwood, 1970).

As the starch granule grows, it takes on a layered

effect showing a shell type structure,
1970).

(Badenhuizen, 1965; Greenwood,

The actual method of starch synthesis and deposition of the

starch in the granule is not known.
contain the two fractions.

The layers of the starch molecule

They are held together by hydrogen bonds

(Badenhuizen, 1965; Pazur', 1965).

The linear fraction, amylose, is

composed of a-D-glucose units linked by ct-(l-4) bonds (Sandstedt, 1965).
Molecular weights of amylose indicate it contains 200 to 350 a-D-glucose
residues.
'i

Amylose preparations have irregularities related to the line
structure of the starch molecule that limit the action of a-amylase
(Weil and Bratt, 1967; Banks and Greenwood, 1967).

The action of pul-

lulanase, an enzyme, specific for the a-(l-6) branched'linkage, indicates
that not all of the amylose is strictly straight chained but also has a
limited degree of branching (Banks and Greenwood, 1967).

The branched

fraction, amylopectin, is composed of a-D-glucose units linked in
straight chains by a - (1-4) linkages and the branch points being

(1-6)

-5linkages.

Amylopectin1s structure ranges from several thousand to

millions of glucose units (Pazur, 1965).

The branches of the amylo-

pectin molecule contain twenty to thirty a-glucose units (Wolfrom and
Khadem, 1965; Greenwood, 1970).

Full details of the fine structure of

amylopectin are not yet complete (Greenwood, 1970).
By use of X-ray diffraction, starches have been sorted into two
major groups with regard to their X^-ray patterns. . The A-type starch is
found in most cereal starches, such as corn, wheat and barley. A-type
starch crystallization is favored with conditions of high temperature
and low water content, while B-type starch crystal I iz.at-ip.n_ is more the
result of low temperatures and high water content (Hizukure, 1961).
The B-type starch is a tuber starch found in roots.

As of yet, the

significance of the differences between A and B type crystallization
is not clear.

However, a chain length dependence has been shown with

long chained amylopectin favoring the B-type crystallization.

Ordinary

corn starch gives an A-type pattern, yet high amylose corn starch with
long chain amylopectin gives a B pattern (Gallant ejt al_. 1972 and
French, 1973).

Short chain amyloses, Gg-G]^, have been crystalized

only in. the A form (French and Youngquist, I960).
Starch Degradation
The ability of the starch to be degraded determines the amount of
energy, received from the starch.

The starch consists of a gel-like or

amorphous region and an ordered crystalline region in approximately a

-61:1 ratio (Heilman, <^t a l . 1952).

In an aqueous solution, the starch

granule is limited in its ability to absorb cold water. By. slightly
heating the solution, the granule will imbibe more water with no
harmful effect to the starch.
As the aqueous solution of starch is heated, more water is absorbed
into the amorphous region and swelling continues to occur until the
gelatinization temperature is reached (60 to 80° C for most starches).
The gelantinization temperature varies with species of starch and
the degree of molecular association of thfe.starch (Leach, 1965; Rooney
and Clark, 1968 .; Greenwood, 1970).

As the increased swelling and

subsequent gelatinization of the starch granule takes place, hydrogen
bonds are broken with a resultant loss of crystalline structure and the
development of fractures in the starch granule.

Gelatinization of

starch granules also occurs when the granule has been damaged by
pressure, heat, sheer or strain and moisture (Sandstedt and Mattern,
1960; Sullivan and Johnson, 1964; Anstaett et_ al., 1969).

When

gelatinization has taken place, the starch has undergone irreversible
swelling.

If the starch is cooled after.irreversible swelling the

solution sets up in a "rigid" gel.

However, if the aqueous starch

solution is allowed to set in cold water or slightly heated water,
reversible swelling takes place.

The water is absorbed into the gel

phase and does not effect the crystalline phase of the starch granule.
After cooling and drying, the starch appears unaltered except that the

-7gel phase has been leached out.

In the same way, acid hydrolysis under

cool conditions can leach out the gel phase and leave an insoluble
crystalline residue behind (Kainuma and French, 1972).

It has original

Iy been thought that enzymatic digestion' of starch proceeded in much
the same way.

Lathe arid Ruthven (1956) demonstrated that the fine

structure of the gel phase in the granule would not allow the large
amylase molecule inside.
surface of the granule.

Amylase.is currently thought to work on the
Leach and Schock (1961) suggested that cereal

grain starches have a coarse sponge-like structure or possess pores
large enough to admit the enzyme molecule.

Enzymatic digestion in this

case would seem to cause the formation of pits in the starch granule.
The pitted structure of the starch granule acted upon by amylase has ■
been demonstrated with the scanning electron microscope (Dronzek et_ a l .
1972).

Gelatinization of starches causes the fragmentation of the

starch granule.
molecule.

This fragmentation allows amylase to enter the starch

This results in rapid starch digestion due to internal and

external digestion.

Cooked starch digests faster than raw starch

'(Schwemmer, 1945; Walker and Hope, 1963).

Sandstedt and Mattern (1960)

showed that rate of digestion was dependent upon the accessibility of
the starch molecule to the amylase enzymes.
Amylase Action on Starch
Alpha-amylases are endo-enzymes attacking the linear starch mole
cule at any random interior point but only at the a -(1-4) linkages.

“8 r
The action of alpha-amylase on the linear amylose molecule causes the
polysaccharide to be degraded to glucose, maltose and maltotriose
(Robyt and French, 1967).

Beta-amylase also hydrolyzes a -(1-4) gluco-

sidic linkages, but only splits off maltose units from the non-reducing
end of, the starch molecule.
animals.

This enzyme is found in plants, but not

The enzyme is important for its use in determining structure

of starches; however, it is of little use in starch digestion in the
animal.

If the alpha-amylase is allowed to act on amylopectin in vitro, ■

the a - (1-6) linkages will resist amylitic digestion and give rise to
a well defined set of oligosaccharides containing the resistant branch
linkage (French, 1973). . These oligosaccharides are resistant to
further digestion by alpha or beta amylases.

Certain enzymes in micro

organisms, plants and animals are capable of breaking down the a -(1-6)
glucosidic linkages.

These enzymes have been shown to hydrolyze a

starch consisting of both amylose and amylopectin directly to ot-D-glucose
(Pazur, 1965).

The extent and amount of action of a -(1-6) hydrolases

in the animal is unclear at this time and is of limited importance when
considering digestion of high amylopectin starch by the monogastric
animal.

Microorganisms in the rumen of ruminant animals can easily

digest the a -(1-6) linkage.
HiKh-Amylose Starch
Grains typically have 25 to 30% of the starch present as amylose
with barley starch having about 25% amylose (Merritt, 1967). , Genotypes

-9of pea (Nielsen and Gleason, 1945), maize (Deatherage et al., 1954),
and barley (Walker and Merritt, 1969) have been reported to contain
starches of high-amylose content.

Most research with high-amylose

starch seems to have been concerned with amylomaize starches.

These '

starches were the result of breeding programs at the Northern Regional
Laboratory of the U. S . Department of Agriculture designed to produce
a starch with an amylose content of at least 85%.
1967).

(Langlois and Wagoner,

The amylomaize starches possess characteristics very different

from normal maize starch.
The higher the amylose content of a starch, the greater the irreg
ularity of the granule shape (Mercier et: al., 1970) .

The granules also

seem to have decreased swelling properties with an increase in amylose.
Banks eh al. (1974) suggested that amylomaize starches and highamylose pea starch also have a starch fraction that is neither amylose
nor amylopectin in the conventional sense.

Amylomaize starches have

been shown to be rather unstable in aqueous solution (Greenwood and
Hourston, 1971) with a tendency, to aggregate while amylopectin showed
no tendency to crystallize (Adkins and Greenwood, 1966).
Banks et al. (1974) has drawn five generalizations from the amylo
maize research:
normal maize.

(I) The amylose of amylomaize is the same as that of
(2) Normal amylopectin fractions have been demonstrated

in all amylomaize starches, however, it is a very small part of the
total starch in amylomaize.

(3) Amylomaize starches contain a high

-10degree of "intermediate material" that cannot be classified as'amylose
or amylopectin.

(4) In many fractionation processes this intermediate

material has been grouped with'the normal branched material. . It can
now be separated from the normal branched material but linear and
branched components
ed as yet.

of the intermediate material have not been separat

(5) This intermediate material seems to be responsible for •

the granular properties and solution instability of amylomaize starches
A mutant barley variety of Glacier, AG-38, was reported by Merritt
(1967) to have an amylose content of 44% as compared to normal barley
with 26% amylose.

The high-amylose barley has very different granular

properties from normal starch, specifically a smaller granule and
higher gelatinization temperatures (Banks., et_ al., 1973).

Banks

et al

(1974) suggested that there is little or no "intermediate material" in
the high-amylose barley starch.
The high amylose grains are of commercial interest.
quickly forms edible films
and

Amylose

which are only slightly permeable to gases

could be used as containers for foodstuffs and present no waste

disposal problems.

Merritt (1967) has proposed that the high-amylose

barley would improve the fermentability of barley by partial elimina'

tion of the- ot- (1-6) glucoside linkage which is a source of residual
carbohydrates.

Pdmeranz et al. (1972)- reported that the tightly

packed and bonded amylose reduced the availability of the amylose
fraction to amylolytic action.

The resistance to amylolytic action

-11was so severe that the high-amylose barley could not be used in experi
mental procedures for brewing tests.

This suggests that the high-

amylose starch may not be as digestible as normal starch in the
mammalian digestive system.
Feeding Trials with High-Amylose Grains
Sandstedt at al. (1962) digested cereal starches with pancreatin.
The maize starches with greater than 47% amylose were very poorly
digested, with digestion being only 22 to 50% as compared to the
starches with lower amylose percentages.
Corn of high-amylose strains as compared to a normal variety were
reported to have a decreased digestibility in rats (Borchers, 1962).
Starch from the normal corn was 95.1% digestible while starch from the
high-amylose strains was only 66.0 to 73.0% digestible.

The digestibiL

ity of the starch decreased as the percent amylose increased.

In

chickens fed normal and high-amylose corn, the normal corn starch
appeared to be totally digested while the chickens fed high-amylose
starch had 58% starch in their feces (Ackerson, 1961).

Preston et al.

(1964) fed high-amylose and normal corn to lambs on a growth trial.
There were only minor differences within each of the two treatments,
none of which were significant.

A ■digestibility trial with the lambs

showed high-amylose corn to have a slightly greater total digestible
nutrients (TDN) (71.2%) than the normal corn ration (64.0%).

Krall

(1972) reported that calves wintered for 140 days had slightly better

-12gains and feed conversions when fed a high-amylose barley diet as
compared to a normal barley diet.

After wintering, the calves were put

on a fattening diet for 156 days.

The steers fed the normal barley

gained slightly more efficiently.

An average over the total trial,

both wintering and fattening, showed that the high-amylose fed steers
gained 0.93 kg/day and the steers fed the normal barley ration gained
0.91 kg/day.
Waxy Starch '
Waxy starches contain only the branched or amylopectin fraction of
normal starch.

Unlike the linear fraction, amylose, waxy starches will

not cause retrogradation of a starch paste upon cooling.

Retrograda-

tion or "setback" is seen as an irreversible precipitate or gel net
work primarily caused by amylose (Katzbeck^ 1972).

For this reason,

waxy starches make better gels and pastes and are of great interest to
the prepared food manufacturers.

Leach and Thomas (1961) found that

the waxy starches were more susceptible to enzyme attack than the
corresponding normal starch.

Similarly, normal pea starch is attacked

more rapidly than the high-linear starch from wrinkled peas (Schwimmer,
1945).

Electron micrographs revealed that waxy sorghum starch digested

in vitro by procine a-ramylase show considerable point hydrolysis while

'q
the yellow endosperm sorghum starch exhibited radial erosion (Davis
and Harbers, 1974).

The waxy sorghum starch was also shown to be -

digested at a faster rate when the substrate to enzyme ratio was less

-13than one mg starch per I.U. procine a-amylase.

At ratios higher than

this, the waxy and yellow endosperm sorghum starches were digested
at the same rate.
These researchers also found that split grain from the waxy and
yellow endosperm sorghum was digested differentially when suspended
in rumen fluid for 75 minutes or longer.

Surface attack on the waxy

starch of the split grain was by point hydrolysis with alternate
layers digested inside the starch granule.

•

The yellow endosperm starch

was attacked without relation to the starch structure, but had large
irregularly shaped holes where digestion had taken place.

Barbers and

Davis (1974) found that split sorghum grain recovered from the jejunum
of rats and pigs showed erosion patterns similar to those seen from
hydrolysis in the rumen and by purified procine a-amylase.

The waxy

variety showed the characteristic point hydrolsis while the yellow
endosperm type showed a radial erosion pattern.

These researchers

postulated that amylase enzymes seemed to be capable of diffusing
through at least one cell wall layer and attacking the underlying
starch granule causing starch digestion, although this is a relatively
slow process,

Endosperm cell walls were not removed as digestion of

the sorghum took place, but rather appeared to shrink and flatten.
In a feeding trial by Newman et al. (1968), hulless Glacier, .and
covered Glacier were found to'be equal as a diet for pigs, however,
the hulless Compana was superior as compared to the covered Compana.

-14Goer ing _et al. (1970) .found that the naked■Compana was more waxy than
either covered Compana or the two Glacier varieties f.ed by Newman et: al.
(1968), thus the difference in the feeding trial reported by these
authors might be explained on the basis that amylopectin is more readily
available to animals.

Royals and Meits (1968) reported that starches

with a high amylopectin content appeared to be digested at higher
rates by human digestive fluids than those starches with lower amylo
pectin contents.

Sandstedt _et al. (1968) found that maize, exhibiting

the waxy trait was more readily digested than those starches of normal
amylopectin quantities.
Goering ^t al. (1973) characterized the waxy Compana barley starch.
It was found that under high magnification the waxy barley starch
granule appeared to show fractures which' might have accounted for their
susceptibility to enzyme action.

The iodine affinities of the waxy

starch indicated some contaminating amylose or that the amylopectin
branches of the waxy Compana were very long.

The waxy Compana starch

had a typical waxy starch pasting peak when run on a Brabender for a
cooking curve, and a high pasting peak, granule instability and very
little setback on cooling.
The waxy starches are easily broken down by bacterial-'ct-amylase.
It would seem that the non-waxy barley starches contain an enzyme
resistant fraction.

Goering et. al. (1973) stated his results suggested

that waxy Compana starch was unique.

He believed that some natural

-15cross bonding or extremely long amylopectin chains may be partially
responsible for the waxy Compana starch differences. . The ease by
which this starch is attacked by enzymes.would, also suggest that it
would make better feed and an ideal substrate for fermentation.
Feeding Trials with Waxy Grains
McGinty and Riggs (1968) found several differences in the diges*

'

'

tibility of sorghum grain varieties.

They noted that the waxy sorghum

grain had higher coefficients of digestibility for dry matter than did
some.other varieties.

Nishimuta e_t al. (1969) determined the digesti

bility of regular, waxy and white sorghum grain diets fed to sheep.
The waxy and white had significantly higher (P<.05) digestibility of
organic matter and non-protein organic matter than regular sorghum .
grain.

The waxy and white also had significantly.great (Pc,10) diges

tibility of nitrogen-free extract and gross energy as compared to the
regular sorghum grain.

Crude fiber digestibility of the white grain

was significantly higher (Pc.01) than the other two diets.

The crude

and true protein digestibility and nitrogen retention were improved
with the waxy and white grains as compared to the regular grain diet.
These results indicated that the starch in both the waxy and white
was more readily available than that of the regular grain.

Sherrod

et al. (1969) determined the net energy values of regular and waxy
sorghum grains as fed to finishing steers.. Net energy for maintenance
of the grains was 1.43 and 1.50 megcal per kg, and the diets 1.35 and

-161.41 megcal per kg for■the regular and waxy sorghum grains, respectively.
Net energy of gain values for the grains were 0.95 and 1.24 megcal per
kg and 0.86 and 1.10 megcal per kg for the rations.

Waxy sorghum fed

steers had a more efficient feed utilization both on a live weight
(P<.10) and a carcass (Pc.05) basis as compared to the steers fed the
regular sorghum.

These results suggested that the glntenous starch

in the waxy grain provided a more readily available energy source than
the non-glutenous starch in the regular sorghum grain.
McCormick and Farlin (1974) found no significant difference
(P<.05) of average daily gain, dry matter consumption, or feed effir
ciency of corn diets fed to sheep.

The diets included Opaque-2 high

moisture and dry, waxy high moisture and dry, genetic equivalent to
waxy dry, average maturity corn high moisture and dry and silage corn
high moisture.

Waxy corn and its genetic counterpart as high moisture

and dry were also fed to steers.
in the performance of the animals.

Again there was no real difference
Braman et al. (1973). included waxy

corn in the diets of finishing lambs and steers fed all-concentrate,
diets.

In the first trial, no significant difference was noted in

nitrogen retention, of lambs fed the waxy or normal corn diets.
Apparent nitrogen digestibility was higher (Pc.Ol) with the waxy corn.
In trial two, the apparent nitrogen digestibility was higher (Pc.Ol)
for lambs fed the waxy corn diet.

The higher nitrogen digestibility

is due to decreased (P<.10) fecal nitrogen loss on the waxy.corn diet.

It was noted that there was an interaction (Pc.Ol) of corn type by ’•
supplemental nitrogen for urinary nitrogen excretion.

Excretion in

creased with added dietary urea when regular corn was fed but not
when waxy corn was fed'to lambs.

It was felt that the higher diges

tibility of the waxy corn would increase the nitrogen requirement of
the rumen microflora, thus the added non-protein nitrogen (urea) was
more efficiently used by the microbes of the sheep fed the waxy corn
diet.

In a third trial, steers fed a waxy corn-soybean diet had

greater and more efficient gains (P<.05) than steers fed a regular
corn-soybean diet or a regular or waxy corn diet supplemented with soyr
bean meal plus urea.

In a fourth trial, steers fed a waxy c o m diet

produced more efficient daily gains (P<.05) than those fed a normal
corn diet.

This agrees with Hinders and Eng (1970) who reported a 9%

increase in daily gains of steers fed waxy sorghum grain as compared
to those receiving normal sorghum grain.

Kent Feeds, Inc, (personal

communication) reported a 10% improvement (P<.025) In average daily
gains of steers fed waxy corn as compared to those fed normal corn.
The waxy corn fed to steers also had a 9.5% increase (P<.025) in feed
efficiency.
Hanson (1946) fed swine waxy and normal corn diets.

In one trial,

pigs fed waxy corn made more rapid and efficient gains than pigs fed
the normal corn and a normal-waxy corn mixed diet.
i

In the second trial

the normal waxy corn mixed diet produced better gains as compared to

-18either the normal or waxy corn diets.

Allowed a choice, of either the

waxy or normal corn, the pigs preferred the normal corn diet.

Jensen

et al. (1973) fed young pigs normal corn and waxy corn diets.

In the •

first trial, rate of gain in pigs from 5 to 12 weeks of age were the
same for the waxy corn and normal corn diets, however, gain per unit of
feed consumed was significantly higher (P<.05) for the waxy corn diet.
In the second trial, there were no statistical differences.
Cohen and Tanksley (1973) fed sorghum grain diets to growing swine
Pigs fed waxy and normal sorghum grain showed no significant difference
in digestibility coefficients for dry matter, organic matter and gross
energy and the metabolizable and digestible energy was the same for
the two grain types.

CHAPTER III

COMPARISON OF WAXY, HIGH-AMYLOSE AND NORMAL
BARLEY .STARCHES IN PURIFIED RAT DIETS
SUMMARY
•Starches from high-amylose Glacier, waxy Compana and their normal
sisterline barleys were extracted and purified.

Isonitrogenous 14.5%

protein diets were prepared with the purified starches, casein, miner
als, and vitamins.

The purified diets were fed to female weanling rats

in a growth trial and a balance trial for nitrogen and energy.

Ten

percent protein diets, were also fed to female weanling rats in a
second balance trial.
Rats in the growth trial evidenced no difference in feed consump
tion or feed efficiency due to starch, whereas average gain was higher
(P<.10) for rats fed the normal Glacier starch diet as compared to rats
fed the normal'Compana or high-amylose Glacier starch diets.

Rats fed

the waxy Compana starch diet were not different from the rats fed the
other three diets for average gain or protein efficiency ration (PER).
The normal Glacier and normal Compana starch fed rats had a higher
(P<.05) PER as compared to the rats fed the high-amylose Glacier starch.
No significant differences were observed for retained nitrogen or
apparent digestible energy due to starch in the first metabolism trial.
Waxy Compana starch fed rats digested more nitrogen (P<.01) than rats
fed the normal Compana or high-amylose Glacier starches, while the
normal Glacier starch fed rats were not different from the other three

-20groups in this regard.

There were no differences in retained nitrogen

or digestible energy between diets in the second balance trial.
High-amylose Glacier starch diets were lower (P<.01) in digestible
nitrogen as compared to the other three diets.
Introduction
Preston et: al. (1964) reported high-amylose corn to be similar in
value to normal corn for ruminants, while Borchers (1962) has reported
lower digestibility of high-amylose corn fed to rats.

Pomeranz .et a l .

(1972) found that high-amylose barley had a m u c h .lower susceptibility
to amylolytic action, probably due to starch structure.

Sandstedt

et a l . (1962) reported-lowered susceptibility of high-amylose corn
starch to amylase action.

Waxy barley, as characterized by Goefing

et a l . (1973) appeared very easy to liquify as compared to normal
starch.

The ease by which the enzymes attacked the waxy starch sug

gested that it would make a better feed and an ideal substrate for
fermentation.

It appears that high-amylose starch is less susceptible.

to enzyme degradation than normal or waxy starch.

Waxy grains have

been reported to provide more available energy, higher average daily
gains and improved feed efficiency in ruminants (Nishimuta et al.,
1969; Sherrod et al., 1969; Hinders and Eng, 1970; Braman et al., 1973)
and monogastries (Jensen ej: al., 1973).

Both high-amylose and waxy

barleys are available and interest has been shown in both.

It is

desirable to study the ability of the monogastrie to degrade and

-21and utilize the purified starch.
Materials and Methods
Starch was extracted and purified from four barleys, normal
Compana, waxy Compana, normal Glacier and high-amylose Glacier, by a
wet-milling technique after 24 hr of steeping with 0.2% sodium meta
bisulfate (Watson, 1964).

Starches were screened through a 400-mesh

screen and centrifuged in a solid basket.

The thin dark layer of

protein material which collected at the top of the basket was removed
with a spatula.

The starches were air-dried at room temperature and

analyzed for moisture, protein, fat and ash to determine purity.
Iodine affinity was determined by the method of Schoch (1957) modified
by use of dimethyIsulfoxide as the solvent.

Brabender viscosity of

individual starches was determined by the procedure described by Smith
(1964).
The four starches provided the major ingredient for 14.8% protein
diets using casein as a common protein source (table I).

Forty female

weanling rats of a commercial inbred strain weighing 50 to 60 gm were
divided into four equal treatment groups and stratified according to
initial weight and cage height.
ad libitum for four weeks.
weekly.

Rats were individually caged and fed

Feed consumption and gain were measured

Total gain, feed consumption, feed efficiency (F/G) and

protein efficiency ratios (PER) were calculated for each rat.
Eighteen rats of the same strain, age and sex were divided into

-22four treatment groups and placed on a nitrogen-energy balance trial.
The rats were individually housed in stainless steel metabolism cages.
They were fed ad libitum for a 5 day adjustment period and then limit
fed 5 days to the least amount any one rat.would consume.

During the

5 day collection.period, feces was measured daily and urine twice a
day.

Rats were then changed to different diets and allowed a 5 day .

adjustment period followed by a 5 day collection period.
feces were analyzed by the macro-Kjeldahl technique.

Urine and

Energy of the

feces and feed was determined in a Parr adiabatic oxygen bomb calori
meter.

A second balance trial using 10% protein diets was accomplished

as above.

All data were analyzed by the least squares means method

(Harvey, 1960).

Difference between.means were determined by the

Newman-Keuls method (Snedecor and Cochran, 1967).
Results and Discussion
Chemical composition of the starches is. shown in table 2 and iodine
affinities indicated that starch types were as expected.

Iodine affin

ity of the waxy Compana starch indicated there was some contaminating
amyldse or that the branches of the amylopectin were very long as
shown by Banks et al. (1970) who reported that iodine binding of .amylo
pectin increases as branch length increases.

Waxy Compana produced a

typical waxy Brabender curve (figure I), having a high pasting peak,
granule instability, and very little setback on cooling.

This pasting

curve was very similar to the curve of waxy Compana as shown by

-23TABLE I.

COMPOSITION OF BARLEY STARCH DIETS

Ingredients

7=

S tarcha
Casein
Alphacel^
Corn oil
Vitamin m i x ^
Mineral mix^
Calcium carbonate
Sodium phosphate, monobasic
Methionine

65.90
16.85
5.00
5.00
2.20
4.00
0.35
0.50
0.20

aFour diets were prepared with either normal Glacier, normal Compana,
high-amylose Glacier or waxy Compana starches.
^Nutritional Biochemical Company, non-nutritive, cellulose, vitamin
diet fortification mixture and salt mixture, USP XIV.

TABLE 2.

PERCENT COMPOSITION OF EXTRACTED STARCHES USED IN.
FORMULATING PURIFIED STARCH DIETS,
I
, TRIAL
— -

Barley
starch type

Compana,
Compana,
Glacier,
Glacier,

normal
waxy
normal
high-amylose

aIodine affinity.

H 2O

Ether
Protein extract

Ca

7c

7=

. 7o

7=

3.2
2.1
4.4
4.9

0.6
0.6
0.5
0.8

0.1
. 0.0
0.1
0.1

.03
.04
.04
.03

P

I.A.a

7c
.04 .63
.02 0.3
.04 6.1
.08 11.4

Amylose

%
31.5
1.5
30.5
51.8

25

92.5

Temp.°C

92.5

50

50

Brabender units

1000

Normal Compana---- —_
Normal Glacier -----High-amylose Glacier
Waxy Compana — ^

0

10
Figure I.
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-25Goering nt al. (1973).
pasting temperature.

t

The high-amylose Glacier demonstrated a high
The cooking curves of the normal starches were

similar to those reported elsewhere (Goering, 1970).
Rats fed normal Glacier starch gained more (P<.10) than those fed
high-amylose Glacier or normal Compana starch diets (table 3).

The PER

of normal Glacier and normal Compana fed rats were higher (Pc.05) than
the PER of high-amylose Glacier fed rats.

Gain and PER of rats fed

waxy starch were not different from gains and PER of rats fed the three
other starches.
There was no difference (Pc^Ol) between the four starch diets in
either balance trial for retained nitrogen or apparent digestible
energy.

Waxy Compana starch diets fed in the first balance trial had

more (Pc.01) digestible nitrogen than the high-amylose Glacier or
normal Compana starch diets.

The normal Glacier starch diet was not

different in digestible nitrogen from the three other diets.
amylose Glacier starch fed rats of the second balance trial
less nitrogen (Pc.01) than rats fed the other three diets.

The highretained
Results

from the two balance trials tend to show greater digestibility of
nitrogen in the waxy starch diets compared to the high-amylose starch
diets which agrees with Braman e_t al. (1973) who reported an increase
in nitrogen utilization with lambs and steers fed waxy corn as compared
to animals fed corn with higher amylose content.
The tightly packed and bonded amylose fraction of the high-amylose

-26Glacier starch (Pomeranz et al., 1972) may have been responsible for
the inferior nutritional quality of the high amylose starch diets as
evidenced by lower gain, lower PER and reduced apparent nitrogen
digestibility.

The latter, which was a measure of nitrogen recovered

in the feces, may possibly have been the results of greater amylotic
activity and subsequent nitrogen loss.

TABLE 3.

PERFORMANCE OF RATS FED C O M P M A AND GLACIER BARLEY STARCHESa

Starch source
Item

Normal
Compana
10

N o . rats
Avg
Avg
Avg
Avg

gain, g
feed, g
feed/gain
PER

107.6e±2.. 34c
325i5 ±6.80
3.28 ±.06
2.04d±.03

Waxy '
Compana
9b .
108.2de±2.56
363.0 ±7.45
3.34 ± .06
1.99de±.03

Normal
Glacier
9b
114. ld±2.56
^ 372.3 ±7.45

3.37± .06.4
2.08d±.03 '

High-amylose
Glacier
10
104.3g± 2.'34 '
354.1 ±6.80
3.40 +.06
1.94e±.03

Balance trial I 14.5% protein
Observations/diet
Retained N , .%^
Digestible N, %®
Digestible energy, %“

8b
65.0 ±3.48
95.7d± .31
94.5 ± .53

9
58.0 ±3.22
97.2d± „29
94.6 ± .49

9
65.8 ±.22
96.7de± .29
95.1 ±..29

9
64.4 ±3.22
95.8e± .29
94.3 ± .49

I
I

Balance trial 2, 10% protein'
Observations/diet
Retained N , %^
Digestible N, %>§
Digestible energy, %h
a
b
c
de

8
75.7 ±3.43
9 4 . 7 ^ .39
94.7 ± .32 '

7
75.3 ±3.69
94.5d± .42
94.4 ± .34

8
79.8± 3.54
95.ld± .40
95.2 ± .34

7
70.6± 3.72
92.6e± .42
93.9±
.35
<V

Least squares means.
One rat died.
Standard errors of the mean.
Means on the same line bearing different superscript letters differ significantly:
Gain (P<.10); PER (P<.05) and digestible N (P<.01).
f N intake - (fecal N + u r i n e N)
x 100
N intake
g N intake - fecal N
x 100
N intake
h Caloric intake
fecal calories
x 100
Calorie intake

CHAPTER IV '

WAXY COMPANA VS NORMAL'COMPANA,BARLEY
IN RAT AND PIG DIETS
Summary
Isogenic pairs of barley, waxy Compana (WC) and normal Compana
(NC), were grown at three locations.
iodine affinity test.

Starch type was substantiated by

Isocaloric, isonitrogenous diets (10% protein)

were fed to inbred female weanling rats.

Rate of gain tended to favor

rats fed the normal isogene but the difference was not statistically
significant.

Feed/gain ratios and protein efficiency rations were not

altered by starch type.

There was no difference between diets for

retained or digestible nitrogen or digestible energy.

Eight pigs

averaging 24 kg were assigned to each of four diet groups consisting
of protein supplemented and unsupplemented NC and WC barleys (SNC, SWC,
USNC, USWC).

The performance of pigs fed SNC and SWC was not different,

but both supplemented groups gained faster (P<.01) and more efficiently
than those fed the USNC and USWC diets.

Pigs consuming the USNC diet

gained less than those fed the USWC diet (P<.01).

Source of barley

had no significant effect on carcass parameters, whereas pigs fed the
unsupplemented diets had poorer carcass characteristics as compared to
those fed supplemented rations (P<.01).

In a duplicate trial with .

barleys grown at a second location, results were the same for supple
mented groups, however, pigs fed USWC had a slower rate of gain than
those fed the USNC (P<.01).

-29Introduction
Waxy grains are characterized by the large percentage of amylopectin and near absence of amylose in the starch.

Waxy Compana starch

was described by Goering et al. (1973) to have nearly 100% branched
chain molecules.

These authors also stated that the waxy starch

granule appeared to have fractures and contained a small amount of
amylose or long amylopectih branches.

This starch was easily hydro

lyzed by bacterial alpha-amylase.
Nishimuta (1969) found the organic matter and non-protein organic
matter of waxy grain sorghum diets to be more digestible by sheep than
a normal grain sorghum diet.

He also reported that waxy grain sorghum

appeared to provide more readily available energy for steers than
normal grain sorghum.

Braman et al. (1973) observed that percent

digestible nitrogen was increased when steers were fed a waxy corn
diet as compared to a normal corn diet.

He also noted steers fed waxy

corn were more efficient as compared to those fed normal corn diets.
Pigs fed waxy corn had a slight advantage in gain (Hanson, 1946) and
were more efficient (Jensen at al., 1973) as compared to those fed
normal corn.

Cohen and Tanksley (1973), however, found no difference

in the performance.of growing pigs fed normal and waxy grain sorghum
diets.
This study was initiated to compare normal and waxy Compana barleys
as basal grains.

One rat growth and balance trial and two pig growth

-30trials are reported.
Experimental Procedure
Barleys.

Isogenic pairs of Compana barley, normal and waxy, were

grown in adjoining plots at three locations (Nos. I, 2 and 3). Chemical
analyses of the barleys were accomplished according to A.O.A.G.

(1970)

and amylose amylopectin ratios determined by the iodine affinity method
of Schoch (1957) modified by the use of dimethylsulfoxide as the sol
vent.

Amino acid analysis of the barleys were accomplished after a

24-hour acid hydrolysis (Spackman e_t al., 1958).

Separate analyses

were necessary for cystine/2 (cystine + 2 x cysteine)

(Hirs, 1967) and

tryptophan (Hulgi and Moore, 1972).
Trial I .

Isocaloric, isonitrogenous, 10.5% protein diets were

formulated by diluting barley with normal or waxy starch that had been
extracted from the respective barleys.

The 10.5% protein diets were

prepared from casein, corn ■ starch, corn oil, vitamins and minerals, to
meet NRC (1972) requirements (table I).

Ten female weanling rats were

stratified to each diet according to initial weight and cage location
and individually fed ad libitum for 28 days.
were measured weekly and for the total period.

Gain and feed consumption
Total gain, feed con

sumption, feed efficiency and protein efficiency ratios (PER) were cal
culated for individual rats.

The PER were adjusted with the average

PER obtained from rats fed the casein control diet as suggested by
Chapman et: al. (1959) .

-31TABLE I.

PERCENTAGE COMPOSITION OF BARLEY AND CORN STARCH CASEIN DIETS
FED TO RATS
NC-2

WC-2

70.7

70.2

89.5

70.7 . 84.6

--

17.5

16.7

—

16.2

——

——
-—

——

54.6

NC-3

I

WC-I

CO

NC-I

Is

Dieta

Casein

Ingredients, %
Barley
Casein
Starch, waxy
Starch, normalb
Starch, cornc
Corn oil
Alphacelc
Water
Vitamin mixc
Mineral mixc

83.3
12.1

3.6
2.0
. 3.3
2.2

. 2.0

3.4
1.5
3.2
2.2
2.0

3.2
1.6

1.5
2.2
2.0

3.5
1.8
3.1
2.2
2.0

6.9

3.6
1.4
.8
2.2

2.0

——

3.4
. -9
1.3
2.2
2.0

—

—-

68.7
5.0
5.0
5.0
2.2
2.0

.aNC=Iionnal Compana and WC=Waxy Compana barley. The numerical suffix
refers to the isogenic pair.
^Purified starch extracted from waxy or normal Compana barley.
cNutritional Biochemical Company, purified corn starch, non-nutritive
cellulose, vitamin diet fortification mixture and B e m h a r t Tomavelli
Salt Mixture Modified-1135B.

-32A nitrogen and energy balance trial was conducted with four or
five rats assigned to each diet.' They were placed in metabolism cages
and fed ad libitum for a 5 day adjustment period and then fed once a day
for 5 days with feed limited in amount to that consumed by the.rat con
suming the least.

Urine was collected twice daily, acidified and

refrigerated and feces were collected daily and air dried.

At the end

of the first collection period, rats were reassigned diets and allowed
to adjust for 5 days,
before.

followed by a second 5 day collection period as

Nitrogen was measured in aliquots of urine and feces (A.O.A.C.,

1970) and gross energy determined with a Parr oxygen bomb calorimeter.
Apparent digestible nitrogen, retained nitrogen, and apparent digestible
energy were calculated.
Data were analyzed by least squares analysis (Harvey, 1960) and
significant mean differences tested by the method of Newman-Keuls
(Snedecor and Cochran, 1967).
Trial 2 .

Thirty-two crossbred weanling pigs were stratified into

four treatment groups on the basis of initial weight, sex and litter.
Growing and finishing diets were formulated from waxy and normal
Compana (isogenic pair number 2) with and without supplemental protein
(table 2).

Eight pigs were fed each diet ad libitum in replicated

groups of four in an environment controlled building having total
concrete slatted floors.

Pigs were terminated when they reached

99.3l"2.3 kg of when the feed supply was exhausted.

Individual average

-33daily gains were computed and analyzed by least squares analysis
(Harvey, 1960). and adjusted for the regression of initial weight by
covariance (Snedecor and Cochran, 1967).

Average feed consumption and

feed efficiency were calculated for treatment groups.
Loin area was measured at the tenth rib and backfat was the aver
age of three measurements taken on chilled carcasses at the first rib,
last rib and the last lumbar vertebrae.

Carcass length was determined

as the distance from the anterior edge of the aitch bone to the anterior
edge of the first rib.
99.8 kg live weight.

Loin area, backfat and length were adjusted to
The trimmed ham was expressed as a percentage of

live weight.
Trial 3 .

Trial 3 was a replicate of trial 2 except that the barley

fed was isogenic pair number 3.

Pigs were managed, data collected,

computed and analyzed as in trial 2.
Results
Barleys.

Proximate analyses were the same for the six barleys

except for the difference in protein content between barleys in isogen
ic pair number 2, with normal Compana having a lower percentage of pro
tein than the waxy Compana (table 3).

The amino acid analysis showed

little difference in the amino acid composition of the barleys in pairs
I and 3.

The normal Comparia of pair number 2 had a lower percentage of

total amino acids recovered (table 4) and the waxy isogene contained
347= more lysine which may have been due to the protein content.
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PERCENTAGE COMPOSITION OF SWINE DIETS

Diet

IRN

Unsupplemented
Grower Finisher

Supplemented
Grower Finisher

95.40
-1.95
1.70
.50
.40
.05

84.20
11.35
1.90
1.60
.50
. .40
.05

Ingredients, %
Barley (4)
Soybean meal (5)
Limestone (6)
Sodium phosphate (6)
Salt (6)
Premixa
Antibiotic^

5-04-612
6-02-632
6-04-287
6-04-151

96.13
1.70
1.40
.50
.25
.02

89.58
6.70
1.70
1.25
.50
.25
.02

aFurnished the following per kg iof premix: Vitamin A, 1,102 ,300 IU;
vitamin D g , 220,460 IU; vitamin E, 2,204.6 IU; vitamin K , •99.2 mg;
vitamin B^2» 8.8 mg; niacin 8,808.4 mg; d-pantothenic acid, 4,409.2 mg;
riboflavin, 1,543.2 mg; choline 220,460 mg; zinc, 30 g; iron 15 g;
copper, 1.65 g; manganese, 8.26 g; cobalt .15 g, and iodine .23g.
^Oxytetracycline; 44.1 mg/kg of growing diet and 22.05 mg/kg of
finishing diet.
i

TABLE 3.

PROXIMATE ANALYSIS, CALCIUM, PHOSPHORUS, AMYLOSE AND AMYLOPECTIN CONTENT OF THE
COMPANA BARLEY ISOGENIC PAIRS
______________________ '
■'

Isogenic b •
H 2O
Barleya
pair
%

Ash

Protein

Ether
extract

Crude
fiber

N-free
extract

%

%

%

%

I

NC

I

9.0

2.4 .

15.2

2.0

• 4.3

67.1

WC

I

8.0

2.6

15.3

2.3

' 5.0

NC

2

8.5

2.3

12,0

2.0

WC

2

■6.8

2.3

15.2

NC

3

7.3

.2.6

3

6.3

2.8

WC

■

■

Ca

P

Amylose

7=

7=

7, ■

AmyloPectin
7=

.11

.38

26.0

73.6

66.8

.13

.35 . 1.5

98.5

3.8

71.4

.10 ' .43

2.1

4.5

. . 69.1

.10

12.7

1.6

4.3

71.5

'12.9

1.9

4.9

71.2

26.0

73.0

.45

1.5

98.5

.07

.37

29.0

.13

.35

1.7

aNC=normal Compana and WC=Waxy Compana.
kpairs I, 2 and 3 were fed to rats in trial I and pairs 2 and 3 were fed to pigs in
trials 2 and 3, respectively.

71.0 "
98.3
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TABLE 4.

AMINO AOID COMPOSITION OF THE COMPANA BARLEY ISOGENIC
PAIRS3 ’

Barleyc

NC-I

WC-I

NC-2

WC-2

.36
.44
.59
.25
2.62
.34
.23
.38
.67
.35
.14
.57
1.18
.43
.34
.21
.23
.49
9.82

.49
.68
.80
.32
3.65
.
.45
.30
.53
.91
.47
.23
.83
1.67
.58
.47
.28
.42
.67
13.75

NC-3

WC-3

Item:
Alanine
Arginine
Aspartic acid
Cystine/23
Glutamic acid
Glycine
Histidine
Isoleucine .
Leucine
Lysine
Methionine
Phenylalanine
Proline
Serine
Threonine
Tryptophan
Tyrosine
Valine
Total

.46
.64
.76
.28
3.60
. .43
.30
.51
.89
. .44
.20
.82
1.66
.56
.45
.27
.37
.65
13.29

.45
.63
.74
.31
3.55 .
.42
.30
.51
.88
.43
.21
.80
1.64
.58
.45
.35
.40
.65
13.30

.42
.57
.67
.28
2.98
.40
.26
.44
.78
.40
.19
.67
1.35
.50
.40
.27
.34
.57 .
11.49

.43
.61
.71
.29
3.18
.40
.27
.47
.82
.41
. .20
.72
1.43
.52
..42
.29
.38
.60
12.15

aExpressed as a percentage of the whole barley.
^AAA Laboratory, 14351, 22nd Northeast, Seattle, WA 98125.
cNC=nortnal Compana and WC=Waxy Compana. The numerical suffix refers
to the isogenic pair number.
^Cystine + 2 x cystein.

-37Trial I . Rats fed waxy Compana tended to eat less total feed which
was reflected in a slower rate of gain although the differences were not
statistically significant (table 5).

Starch type did not influence

feed efficiency, PER or the nitrogen and energy balance.
Trial 2 .

Pigs fed the protein supplemented diets had a faster

(P<.Cl) average daily gain (ADG) as compared to pigs fed unsupplement
ed diets.

There was no difference in rate of gain between pigs fed .

the two supplemented diets, however, the unsupplemented waxy Compana
fed pigs had higher (P<.01) ADG as compared to pigs fed the unsupple
mented normal Compana diet (table 6).

Pigs fed the unsupplemented and

supplemented waxy diets were 29 and 8% more efficient, respectively,
than pigs fed the normal unsupplemented and supplemented diets.
Carcasses of pigs fed the two supplemented diets were superior
(P<.05) to carcasses of those finished on unsupplemented diets as
measured by loin area arid backfat (table 6) .

The percent ham of pigs

fed the unsupplemented waxy barley diet did not differ from that for
pigs fed the supplemented diet or the unsupplemented normal Compana.
However, pigs fed the unsupplemented normal Compana diet had a signif
icantly lower (P<.05) percent ham as compared to those fed the supple
mented diets.
Trial 3 . The ADG of the protein supplemented pigs was significant
ly greater (P<.05) than the ADG of the unsupplemented pigs.

There,

was no difference in rate of gain between pigs fed the two protein

TABLE 5.

PERFOKMANCE OF RATS FED DIETS PREPARED FROM NORMAL (NO) AND WAXY COMP ANA (WC)
ISOGENIC BARLEY PAIRS, TRIAL Ia
NC-I

No. rats
Avg gain, g
Avg feed, g
Avg feed/gain
ratio
Avg PER

9

WC-I

NC-2

10

10

WC-2

NC-3

WC-3

10

10

10

78.6±3.85b 72.2±3.65
368 .9+ 12.8 348.1±12.I

80.5±3.65
377.9+12.1

79.2±3.65
353 ..2±12.1

82.0±3.65
372.8±12.I

79 .3 + 3.65
368.1±12.I

4'.82±. 11
I .91±.15

4.69±.11
2.06+.05

■4.48±.ll
2.10±.05

4.60±.11
2.07±.05

4.68±.ll
2.01+.05

4.71+.11
2.01±.05

Nitrogen and energy balance
Observations/diet
Digestible N, %
Retained N, 7=
Digestible
energy, 7, .

9

9

10

;

9

10

9

81.6+1.27
46.8±3.77

80.8±1.27
44.3±3.77

83.8+1.20
45.5±3.56

84.0±1.27 ' 82.4±1.20
52.0±3.98
43.9±3.56

81.2±1.27
45.4±3.77

95.0±.65

94.9+.65

94.7±.65

94.6±.65

94.8*. 65

aLeast squares means.
^Standard errors of the mean.

94.7±.65

-39TABLE 6.

FEEDLOT p e r f o r m a n c e a n d c a r c a s s c h a r a c t e r i s t i c s o f p i g s f e d
NORMAL AND WAXY COMPANA ISOGENIC BARLEYS (PAIR 2) , WITH .AND
WITHOUT SUPPLEMENTAL PROTEIN, TRIAL 2________________ .______
.No Supplement
Normal
Waxy
Compana
Compana .

Supplemented
Normal
Waxy
Compana
Compana

No. pigsa

8

8

8

8

Avg daily gain, kg^
Avg daily feed, kg
Avg feed/gain ratio

.46f±.03
2.39
5.19

.59e ±.03
2.47
3.68 .

.80d ±.03
2.94
4.19

.73d ±.03
2.81
3.85

No. carcasses

5

7

7

8

ob
Loin eye are, cmr
Ham, /o
Backfat, cm^
Length, cm*5
a

21.5e ±1.79
12.5e ± .21
4.2d ± .23
76.3± 1.05

25.4e ±1.28
13. Ide ±.15
4.0d ± .16
77.1 ± .75

31.1d ±1.17
14.3d ± .14
3.4e ± .15
76.9 ± .68

32.5d ±1.28
14.4d ± .15
3.5e ± .16
76.8 ± .75

Average initial weight was 24.4 kg and average final weight was
95.0 kilograms.
Least squares means. Average daily gains were adjusted for regres
sion on initial weight by covariance.
c Standard error of the mean.
defMeans on the same line bearing different superscript letters differ
significantly (P<.01) for average daily gain and (P< .05) for loin
eye area, percent ham, and backfat.

-40supplement ed barley diets, however, pigs fed the unsupplemented normal
Compana diet had a significantly greater (Fe.05) ADG as compared to
pigs fed the unsupplemented waxy Compana diets (table 7).

Pigs fed .

the unsupplemented and supplemented waxy Compana diets were slightly
more efficient as compared to those receiving the two normal Compana
diets.
There was no difference in loin area due to barley type or protein
supplement.

Pigs fed the two supplemented diets had significantly less

(P<.05) backfat as compared to pigs fed the two unsupplemented diets
(table 7).

Percentage ham of pigs fed the unsupplemented waxy and

normal Compana did not differ.

However, pigs fed unsupplemented normal

Compana had a significantly lower (Pc.05) percentage of ham in compari
son to pigs fed the two supplemented diets.
Discussion
The increased rate of gain and improved feed efficiency of pigs
fed unsupplemented waxy barley as compared to pigs fed the unsupplement
ed normal barley (trial 2) was probably due to the higher protein and
lysine content of the waxy isogene in barley pair number 2.

The high

est PER in the rat trial was observed in rats fed this barley, although
the difference was not statistically significant.

The diets fed pigs

in trial 3 were more closely isonitrogenous and had similar lysine
levels.

In trial 3, the unsupplemented normal Compana fed pigs

appeared to consume more and had the increased rate of gain as compared

-41TABLE 7 .

p e r f o r m a n c e AND CARCASS CHARACTERISTICS OF PIGS
NORMAL WAXY COMPANA ISOGENIC BARLEYS (PAIR 3) , WITH AND
WITHOUT SUPPLEMENTAL PROTEIN,- TRIAL 3___________________
feedlot

No Supplement
Normal
Waxy
Compana ■
Compana

fed

Supplemented
Normal
Waxy
Compana
Compana

No. pigs3

7d

8

8

8

Ayg daily gain, kgb
Avg daily feed, kg
Avg feed/gain ratio

.64e +. Olc
3.12
4.88

.56f ±. 01
2.58
4.61

.73d ±.01
2.72
3.73

.72d ±. 01
2.57
3.57

No. carcasses

7

8

8

8

Loin eye. area, cm
Ham, 7o
Backfat, crn^
Length, crn^
a

2b

23.111.29 • 21.211.18
12.7a±.32
13.3de±.29
3.1d1.12
3.4d±.13
77.41.58
77.11.53

22.511.18.
24.0+1.18'
14.0dl.29 - . 14.2di.29
2.6el .12
. 2.7e±.12
77.51.53
78.31.53

Average initial weight was 28.3 kg and average final weight was
95.0 kg.
b Least squares means. Average daily gains adjusted for the regres
sion of initial weight by covariance.
c Standard error of the mean.
defMeans on the same line bearing different superscript letters differ
significantly (P.c.Ol) for average daily gain and (P<„05) for percent
ham and backfat.
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to pigs fed the unsupplemented waxy Compana, although they had a poorer
feed efficiency.

In both pig trials, the waxy Compana barley diets,

whether supplemented or unsupplemented produced superior feed effi
ciencies as compared to the normal barley diets, while rats fed waxy
and normal isonitrogenous diets showed no differences or trends in
this regard.

The waxy barley appears to be of the same feed quality

as normal barley when fed to pigs as a major fraction of the pig. diet.
There are indications, however, that the waxy barley may be better
utilized than normal barley when fed to mohogastries.

CHAPTER V

HIGH-AMYLOSE GLACIER VS NORMAL GLACIER BARLEY
IN RAT AND PIG DIETS
Summary
Isogenic pairs of barley, high-amylose Glacier (HAG) and normal
Glacier (NG), were grown at three locations.
tiated by iodine affinity test.

Starch type was substan

The HAG tended to have a more desirable

amino acid balance than the NG in that it contained more lysine as a
percent of the protein.

Isocaloric, isonitrogenous diets (10% protein)

were prepared from the three barley pairs and fed to inbred female,
weanling rats.

Feed consumption and rate of gain were increased.

(P<^01) with rats fed the HAG diets.

These rats also tended to show a

greater (P<.10) feed utilization and protein efficiency ratio as com
pared to those fed the normal isogene. ' Starch type did not influence
retained nitrogen, but rats fed the NG isogene were able to digest
the nitrogen and energy better (P<.01) than those fed the HAG.

Thirty-

two pigs averaging 17.5 kg were assigned to one of two diet treatment
groups and fed balanced diets prepared with HAG or N G .

Pigs were

terminated when they reached an average weight of 96.2 kilograms.
Starch type did not affect feed consumption utilization or daily gain.
Pigs fed the NG diet yielded a slightly greater (P<.05) percentage of
ham as compared to those fed the HAG isogene.
carcass length were not affected by diet.

Backfat, loin eye and

No significant differences

were observed in the growth and feed data or in carcass characteristics
in a duplicate trial with barleys grown at a second location.
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Introduction
High-amylose grains are characterized by a higher than normal
percentage of amylose in the starch fraction.

Normal grain starches

contain 25 to 30%. amylose in the starch fraction with the remainder
being amyldpectin.
25% amylose.

Merritt (1967) reported barley starch to have about

Genotypes of pea (Nielsen and Gleason, 1945), maize

(Deatherage et al., 1945), and barley (Walker and Merritt, 1969) have
been reported to contain starches of higher than normal amylose content.
An extensive review of chemical and physical properties of high-amylose
starches has been presented by Banks At al. (1974).

He concluded that

these starches had very different granular properties from normal
starch.

Pomeranz et: al. (1972) reported that the tightly packed and

bonded amylose molecule in a Glacier mutant reduced the availability of
the amylose fraction to amylolytic action.
Sandstedt j2t al. (1962) reported that maize starches with greater
than 47% amylose were poorly digested by pancreatin in vitro as com
pared to starches with lower amylose percentages.

High-amylose corn

fed to rats was reported to have a lowered digestibility as compared
to rats fed normal corn (Borchers, 1962).

Chickens also showed lowered

utilization of high-amylose corn as compared to normal corn.

The

chickens fed the normal corn appeared to totally digest the normal
corn starch while those fed the high-amylose corn had 58% of the starch
appear in their feces (Ackerson, 1961).

Preston et al..(1964) found

-45that high-amylose and normal corn diets were equivalent for growing
lambs in a growth trial, while a digestion trial with lambs demonstrated
the high-amylose corn to be more digestible than the normal corn.

Krall

(1972) reported that steer calves wintered for I40 days had slightly
better gains and feed conversions when fed a high-amylose Glacier
barley diet as compared to a normal Glacier barley diet.

After winter

ing, the calves fed the .normal barley in a fattening diet gained slight
ly more efficiently.
This study was initiated in view of conflicting results referring
to nutritional quality of high-amylose Glacier and normal Glacier
barleys as basal grains.

One rat growth and balance trial and two pig

growth trials are reported.
Experimental Procedure
Barleys.

Isogenic pairs of Glacier barley, normal and high-

amylose starch, were grown in adjoining plots at three locations
(Nos. I, 2 and 3).
ing to A.O.A.C.

Chemical analyses of the barleys were done accord

(1970) and amylose amylopectin ratios determined by

the iodine affinity method of Schoch (1957) modified by the use of
dimethylsulfoxide as the 24-hour acid hydrolysis (Spackmah ejt al., 1958).
Separate analyses were necessary for cystine/2 (cystine + 2 x cystein)
(Hirs, 1967) and tryptophan (Hulgi and Moore, 1972).
Trial I .

Isonitrogenous, 8.24% protein diets containing adequate

minerals and vitamins were formulated by diluting the barley with

-46normal or high-amylose starch that had been extracted from the respec
tive barleys.

A 10.0% protein control diet was prepared from casein,

corn starch, corn oil, vitamins and minerals to meet NRC (1972) require
ments (table I) for the growing rat.
Ten female weanling rats were stratified to each diet according
to initial weight and cage location and were individually fed ad
libitum

for 28. days.

Gain and feed consumption were measured weekly

and for the total period.

Total gain, feed consumption, feed effi

ciency and protein efficiency ratios (PER) were calculated for each rat
The PER were adjusted with the average PER obtained from rats fed the
casein control diet as suggested by Chapman et al. (1959).
A nitrogen and energy balance trial was conducted with four or
five rats assigned to each diet.
and fed ad libitum

They were placed in metabolism cages

for a 5 day adjustment period and then fed once a

day for 5 days with feed limited in amount ot that consumed by the rat
consuming the least.

Urine was collected twice daily, acidified and

refrigerated and feces were collected daily and air dried.

At the

end of the first collection period, rats were reassigned diets and
allowed to adjust for 5 days, followed by a second 5 day collection
period as before.

Nitrogen was measured in aliquots of urine and feces

(A.O.A.C., 1970) and gross energy determined with a Parr oxyben bomb
calorimeter.

Apparent digestible nitrogen, retained nitrogen, and

apparent digestible energy were calculated.

-47Data were analyzed by least squares analysis (Harvey, I960)' and
significant means differences tested by the method of Newman-Keuls
(Snedecor and Cochran, 1967).
Trial 2 .

Thirty-two crossbred weanling pigs were stratified into

two treatment groups on the basis of initial weight, sex and litter.
Growing and finishing diets were formulated from high-amylose and
normal Glacier barleys (isogenic pair number 3) (table 2).

Eight pigs

were fed each diet ad libitum in replicated groups of four in an
environment controlled building having total concrete slatted floors
Pigs were terminated when they reached 96.3^2.3 kg or when the feed
supply was exhausted.

Individual average daily gains were computed

and analyzed by least squares analysis (Harvey, 1960) and adjusted
for regression on initial weight by covariance (Snedecor and Cochran,
1967) .

Average feed consumption and feed efficiency were calculated

for treatment gouprs, and analyzed by analysis of variance (Snedecor
and Cochran, 1967).
Loin area was measured at the tenth rib and backfat was the aver
age of three measurements taken on chilled carcasses at the first rib,
last rib and the last lumbar vertebrae.

Carcass length was determined

as the distance from the anterior edge of the aitch bone to the
anterior edge of the first rib.
adjusted to 99.8 kg live weight.
percentage of live weight.

Loin area, back fat and length were
The trimmed ham was expressed as a .

-48Trial 3 .

Trial 3 was a replicate of trial 2 except that barley

isogenic pair number 2 was used.

Pigs were managed, data collected,

computed and analyzed as in trial 2.
Results
Barleys.

Proximate analysis were the same for the six barleys

(table 3), while the amino acid analysis indicated a trend toward a
slightly improved amino acid balance in the high-amylose Glacier as
compared to the normal Glacier due
Trial I .

to an increase in lysine (table .4).

Rats fed the high-amylose Glacier diets consumed more. .

(Pc.01) and made greater (Pc.01) gains than those fed the normal
Glacier diets (table 5).

Feed utilization and PER tended to better

(Pc.10) for rats fed the high-amylose Glacier diets as compared to
those fed the normal diets.

There was no significant interaction be

tween barley starch type and isogenic pair in regard to growth.
Percent apparent digestible nitrogen and apparent digestible
energy were significantly greater (P<.01) for rats fed the normal
Glacier diets as compared to those fed the high-amylose Glacier diets .
(table 5).

Starch type did not influence the percentage of retained

nitrogen.
Trial 2 .

Average daily gain and average daily feed were not dif

ferent for pigs fed the normal or high-amylose Glacier barley diets,
however, pigs fed the normal Glacier barley showed an increase of 9%
in feed efficiency (P<.01) when compared to pigs fed the high-amylose
Glacier diet (table 6).

Starch type did not influence backfat, loin eye

—49area or length of carcasses although pigs fed normal Glacier had a
greater (P<.05) percentage of ham as compared to pigs fed the highamylose Glacier diet.
Trial 3 .

Rate of gain was not affected by starch type, however

there was a 5.2% increase (Pc.10) in feed utilization for pigs fed the
normal Glacier diet as compared to those fed the high-amylose starch
type (table 7).

Carcass characteristics were not influenced by the

starch type.
Discussion
Evaluation of barley starch type by rats was confounded by the
slightly better protein quality of the high-amylose Glacier barley.
There was 8.6% more lysine in the high-amylose barley protein as com
pared to the protein of normal Galcier (3.60 vs. 3.91%).

Rats fed the

high-amylose Glacier barley diet consumed 23.1% more lysine than those
fed the normal Glacier diet, which improved the performance of the rats
fed the high-amylose Glacier barley diet.

Pomeranz at al. (1972)

observed that the starch fraction of the high-amylose barley.was
resistant to in vitro amylose digestion due to the tightly bonded
nature of starch structure.

This agrees with the lower apparent digest

ible energy for rats and poorer feed efficiency of pigs fed the high- .
amylose barley diet as compared to those fed the normal barley diet.
The structure of the high-amylose starch molecule may also account for
the lower apparent digestible nitrogen of the high-amylose barley.

-50The difficulty in enzymatic hydrolysis may have resulted in the secre
tion of greater amounts of amylase resulting in greater quantities of
fecal nitrogen.

Also, the protein layers in the starch granule would

riot be digested until hydrolysis of the starch occurred thus increasing
fecal nitrogen if the starch granule was not totally hydrolyzed.
It would appear that the starch type exhibited in the high- .
amylose Glacier barley is inferior to the starch fraction in normal
Glacier even though it is associated with a more desirable amino acid .
balance in the barley protein.

This was clearly shown in rat perform

ance on a low protein (9.24%). rat.diets whereas pig gains were not
affected by starch type when the animals Were supplied with adequate
protein quality.

-51TABLE I.

PERCENTAGE COMPOSITION OF BARLEY AND CORN STARCH CASEIN DIETS
FED TO RATS

Dieta

NG-I

HAG-1

NG-2

HAG-2

NG-3 • NAG-3 Casein

83.20

85.5Q

90.50

85.50

6.11
-"

— —

Ingredients, %
Barley
88.00
Casein
Starch, high-amylose^ — —
. 1.60
Starch, normaI^
Starch, cornc
3.40
Corn oil
2.80
Alphacelc
2.20
Vitamin mixc
2.00
Mineral mixc

5.20

3.22
3.70,
1.40
3.27
2.20 . 2.20
2.00
2.00

-—
3.10
2.20
2.20
2.00

— —

89.60
1.53

.3.54
3.55
3.21
2.20
2.00

3.12
1.55
2.20
2.00

* mm

10.34
—-72.46
5.00
8.00
2.20
2.00

aNG=Iiormal Glacier and HAG=high-amylose Blacier. The numerical suffix
refers to the isogenic pair.
^Purified starch extracted from high-amylose Glacier or normal Glacier
barley.
cNutritional Biochemical Company, purified corn starch, non-nutritive
cellulose, vitamin diet fortification mixture and Bernhart-Tomavelli
Salt Mixture Modified 1135-B.

TABLE 2.

PERCENTAGE COMPOSITION.OF SWINE DIETS

Diet

IRN

Trial 2
Grower Finisher

Trial 3
Grower Finisher

80.45
14.10
1.00
1.90
1.60
0.50
0.40
0.05

78.35
16.20
1.00
1.90
1.60
0.50
0.40
0.05

Ingredients,'%
Barleya (4)
Soybean oil meal (5)
Fish solubles (5)
Limestone (6)
Sodium phosphate (6)
Salt (6)
Premix*3
Antibioticc

5-04-612
5-01-969
6-02-632
6-04-287
6-04-151

86.83
8.60
1.00
1.60
1.20
0.50
0.25
0.02

84.68
10.75
1.00
1.60
1.20
0.50
0.25
0.02

aBarleys used in trial 2 were isogenic pair No. 3 while those used in
trial 3 were isogenic pair No. 2.
^Furnished the following per kg: Vitamin A, 1,102,300 I U ; vitamin D g ,
220,460 IU; vitamin E, 2,204.6 I U ; vitamin K, 99.2 mg; vitamin B^g;
8.8 mg; niacin,
8,808.4 mg; d-pantothenic acid, 4,409.2 mg; ribo
flavin, 1,543.2 mg; choline 220,460 mg; zinc, 30 g; iron 15 g;
copper, 1.65 g; "manganese, 8.26 g; cobalt, 0.15 g and iodine, 0.23 g.
cOxytetracycline, 44.1 mg/kg of growing diet and 22.05 mg/kg of
finishing diet.

TABLE 3.

PROXIMATE ANALYSIS, CALCIUM, PHOSPHORUS, AMYLOSE AND AMYLOPECTIN CONTENT OF
GLACIER BARLEY ISOGENIC PAIRS

Isogenic^
H 2O
Barleya
pair
%
NG

Ash

Protein

Ether
extract

Crude
fiber

N-free
extract

Yo

Yo'

Yo

Yo

Yo

Ca

P

■ Amylose

Yo

Yo

Yo •

Amylopectin
Yo

‘ I

11.9

2.6

10.5

1.8

5.8

67.4

.02 . .33 .. 27.3

72.7

HAG

I

11.7

2.5

11.1

2.3

6.1

66.3

.02

.35

52.3

27.7

NG

2

7.3

3.0

10.8

1.5

7.7

69.7

.04

.42

26.9

73.1

HAG

2

8.2

2.8

10.2

2.1

5.3

71.4

.04

.43

51.8

.27.2

NG .

3

8.4

2.4

10.8

1.7

5.6

71.1

.01

.39

27.1

72.9

HAG

3

7.4

2.9

10.3

2.1

7.2

70.1

.03

.40

52.1

■

.

27.9

aN G = n o m a l Glacier and HAG=high-amylpse Glacier.
kpairs 1,2 and 3 were fed to rats in trial I and pairs.2 and 3 were fed to pigs in trials
3 and 2, respectively.

-54TABLE 4.

AMINO ACID COMPOSITION OF THE GLACIER.BAELEY ISOGENIC PAIRSa >b

Barleyc

NG-I

HAG-1

NG-2

HAG-2

NG-3

HAG-3

Item:
Alanine
Arginine
Aspartic acid
Cystine/2
Glutamic acid
Glycine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Proline
Serine
Threonine
Tryptophan
Tyrosine
Valine
Total

.37
.50
.62
.25
2.45
.35
.22
.35
.63
.36
.16
.53
1.14
.43
.34
.19
.30
.48
9.67

.42
.57
.70
.26
2.53
.39
.24
.37
.66
.40
.17
.57
1.17
.46
.37
.24
.33
.41
10.36

.40
.54
.64
.25
2.85
.37
.23
.38
.69 .
.37
.17
. .62
1.31
.47
.37
.21
.34
.41
10.72

.

.37
.40
.55
.51.
.61
.66 .
.24
.24
2.31
2.56
.38
.35
.22
.22
.36
.36
.64
.65
.36
.39
.16
.17
.54
.57
1.03
. 1.18
.44 .
.44
.36
.34
.21
.22
.32
.31
.49
.49
9.72 .
9.93

.46
.58
.69
.25
2.61
.38
.23
. .37
.65
.40
.17
.56
1,13
.46
.37
.23
.32
.50
10.36

aExpressed as a percentage of the whole barley.
^AAA Laboratory, 14351, 22nd Northeast, Seattle, W A 98125.
cNG=normal Glacker and HAG=high-amylose Blacier. The numerical suffix
refers to the isogenic pair.
^Cystine/2 + 2 x cystein.

-55TABLE 5. PERFORMANCE OF. RATS FED DIETS PREPARED FROM NORMAL AND HIGH'
_______ AMYLOSE g l a c i e r i s o g e n i c BARLEYS. TRIAL Ia
•________________

No. rats
Avg
Avg
Avg
Avg

gain, g
feed, g
feed/gain ratio
PER

Normal
Glacier

High-amylose
Glacier

28

30

7 3 . 2 ^ 3 . IOb
394.0+ 9.11
5 . 4 9 % 16
2 . 0 1 % 06

86.9C±3.09
- 438.1c±9.08
5.11d±.16
2.16c±.06

Nitrogen and Energy Balance
Observations/diet
Digestible N, a
L
Retained N, %
Digestible energy, %

27

27

81.4c±l-35
59.7± 1.77
94.7C± .35

75.1d±1.35
59.6± 1.77
91.1d± .35

.

aLeast squares means.
^Standard errors of the mean.
cc^Means on the same line bearing different superscript letters differ
significantly (P^.Ol) except those means reported for feed/gain
ratio and PER which differ significantly (P<.10).

-56TABLE 6.

FEEDLOT PERFORMANCE AND CARCASS CHARACTERISTICS OF PIGS FED
NORMAL AMD HIGH-AMYLOSE GLACIER ISOGENIC BARLEYS (PAIR 3)
TRIAL 2______ '
__________________ ____________________

Barley .

Normal
Glacier

High-amylose
Glacier

No. pigs

16

16

Avg initial wt, kg
Avg final wt, kg

17.6
96.3

17.4
96.1

Avg daily gain, kga
Avg daily feed, kg
Avg feed/gain ratio

.73' ± .0 1 b
2.13
2.86c

.73±„01
2.25
3,13d

No. carcasses

16

16

Ham, 7=a
' '
Backfat, cma
a
Loin eye area, cm^.
Length, cma

14.Oc ±.13
2.7 ±.09
32.9 ±.39
79.0 ± 4 9

13.6d ±.13.
2.5 ±.09
32.2 ±.39
79.0 ±.49

a Least squares means,
k Standard error of the mean.
c^Means on the same line bearing different superscript letters, differ ■
significantly. (P^Ol) for feed/gain ratio and (P<.05) for percent ham.

-57TABLE 7.

FEEDLOT p e r f o r m a n c e a n d c a r c a s s c h a r a c t e r i s t i c s o f p i g s f e d
NORMAL AND HIGH-AMYLOSE GLACIER ISOGENIC BARLEYS (PAIR 2)
TRIAL 3
______
Normal
Glacier

High-amylose
Glacier

No. pigs

16

16

Avg initial wt, kg
Avg final wt, kg

22.0
98.7

21.8
98.3

Avg daily gain, kga
Avg daily feed, kg
Avg feed/gain ratio

.76 ±.01b
2.66
3.50c

.75±.01
2.76
3.68d

No. carcasses

16

16

Ham,. %a
Backfat, cma
a
Loin eye area, cm^
Length, cma

14.3 ±.20
3.5 ±.27
34.9±1.12
76.I ±1.01

14.7±.20
3.3±. 27
34.0±1.12
76.8±1.01

a Least squares means.
k Standard error of the mean.
c^Means on the same line bearing different superscript letters differ
significantly (P<.IQ)„

CHAPTER VI

SUMMARY AND CONCLUSION
Many problems can occur when evaluating available energy of a
feedstuff by animal feeding trials.
barley can differ

Protein quality of one isogenic

substantially from that of its sister barley thus

confounding the results.

This was noted when rats were fed a limited

amount of protein (10.0% to 10.8%) in feeding trials with waxy Compana
and high-amylose Glacier barleys.

Rat growth data was noted to respond

positively with those barleys having better amino acid balances.

Data

from the nitrogen and energy balance trials with rats fed the whole
barley diets appeared to give results indicative of the available energy
of the barley and did not seem to be influenced by the protein quality.
The waxy Compana barleys produced more available energy for rats,
followed by the normal barleys and the high-amylose Glacier, respectively.
Digestible nitrogen followed the same pattern.

It has been suggested by

Braman _et al. (1973) that ruminants better utilize, the waxy starch types.
Rumen microorganisms attack the waxy starch much more rapidly as com
pared to normal type starches.. This increased microbial attack causes
an increased nitrogen demand resulting in more protein being utilized.
Rats may digest some of the starch in this manner in the gut, although
it is questionable that the microbial activity in the rat gut is active
enough to cause an increased nitrogen demand,

it is also possible that

the enzymes secreted by the rat to digest starch find it easier to
digest the waxy starch type as compared to the normal or high-amylose .

-59starch types, resulting in increased enzyme secretion for starches of
higher amylose content.

These enzymes would appear as a source of

nitrogen in the feces causing a lowered apparent nitrogen digestibility
value with starches of increasing amylose content.

Rats fed purified

starch diets received the same type protein (casein) eliminating the
protein quality confounding effect.

When rats were fed an excess of

protein (14.5%), the nitrogen digestibility was increased in those rats
receiving the waxy Compana or normal Glacier starch diets as compared to
those fed the normal Compana or high-amylose Glacier diets.
tein

When pro

was limited to 10% in the purified starch diets, only the high-

.

amylose Glacier starch diets were inferior in regards to nitrogen
digestibility.

The rat data suggested that waxy barley starch was of

equal or possibly superior nutritional value for rats to the highamylose barley starch which appeared to be inferior to normal starches
also.

It is possible that the rat is not the ideal small animal for

this type of study.
There were indications that the waxy.barley was better utilized by
pigs followed by the normal and high-amylose barley, respectively.
Continuing research with pigs and the barleys of different starch types
will help to answer the question of the nutritional value for pigs.
Digestion trials with pigs fed the Glacier and Compana isogenes would
add considerable to the present knowledge.
Digestion of the starch is a function of the time allowed for
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enzymatic hydrolysis and of surface area available for this hydrolysis.
The starch granule containing a high percentage of amylose seems to
resist digestion, possibly due to the type of enzymatic attack.

The

high-amylose starch molecule is tightly bound into a coil making it
difficult if not impossible for the amylase enzyme to enter the inside
of the molecule, thus the enzyme must act on the granule surface.

Due

to the tightness of the molecule, there may be more water hydrate
bridges and hydrogen bonds making it harder for degradation to take
place.

With the normal starch granule, the coiled molecular structure

still will not allow the amylase to enter the starch molecule, however,
the greater number of branch points may lessen the binding strength of
the nolecular structure thus making it slightly easier to break down.
The waxy starch may have "pores" of sufficient size to allow the amylase
inside the granular structure thus allowing digestion from both within
and outside the waxy starch granule.

The high degree of branching would

also make disruption of the granular structure much easier.

A basic

knowledge of the structure and enzyme action as affected by the struc
ture seems to be the key to a better understanding of animal utilization
of the starch.

APPENDIX

-62APPENDIX TABLE I.

Source of
variation
Total
Treatment (A)
Cage level (B)
A x B

Error

MEAN SQUARES OF DATA FROM PURIFIED BARLEY STARCH
DIETS FED TO RATS, CHAPTER 3, TRIAL I
Degree of
freedom
38
3
4
12
18

Gain

149.5532a
43.5077
49.8636
54.6668

Feed
consumption

Feed/
gain

PER

745.6760
1382.1738° .
486.8862
463.0366

.0240
.3175°
.1040
.0305

.0347
.0636b
.0230°
.0084

f'P<• 10
bP<.05
CP<.01

APPENDIX TABLE 2.

Source of
variation

MEAN SQUARES CALCULATED FROM NITROGEN AND ENERGY
BALANCE OF BARLEY STARCH DIETS, CHAPTER 3 , TRIAL I
AND 2
Degree of
freedom

Digestible
nitrogen

Retained
nitrogen

Digestible
energy •

6.9244
1.0907

115.2299
147.4321

.2805
1.5805

97.3944
93.9546

1.8243
.8430

Trial I
Total
Treatment
Error

20
3
16 ,

Trial 2
Total
Treatment
Error
aP <.91

30
3
26

7.9547a
1.2215

-63APPENDIX TABLE 3. MEAN SQUARES OF DATA FROM COMPANA BARLEY DIETS FED
____________________ TO RATS, CHAPTER 4, TRIAL I___________
Source of
variation

Degree of
freedom

Gain

59
I .
2
4
2
4
8
37

2.5107 .
185.4592
200.7495
220.3728
378.8804
405.6658
416.0439

Total
S tarch (A)
Location (B)
Cage level (C)
A x B
A x C
B x C
Error

Feed
consumption

3337.8772
1025.4619
3448.6680
507.4343
2628.0820
9-65.5986
1269.9836

Feed/
gain

PER

.0024
.1825
.0779 .
.1482
.1804
.0830
.1130

.0182
.0855
.0172a
.0261
.0352
.0170
.0248

aPc.. 05

APPENDIX TABLE 4.

MEAN SQUARES COMPUTED FROM NITROGEN AND ENERGY
BALANCE OF COMPANA BARLEY DIETS, CHAPTER 4, TRIAL I

Source of
variation

Degree of
freedom

Total
Starch (A)
Location (B)
Replication (C)
A x B
A x C
B xC
Error

56
I
2
I
2
I
2
46

.

Digestible
nitrogen

2.7173
7.0520
25.5109
33.3378
.8657
14.9355
14.3546

Retained
nitrogen

34.0562
135.6658
285.7124
43.4811
350.6494
66.2251
127.0089

Digestible
energy

4.1103
8.4639
21.2568
35.7026
1.6944
17.4844
14.4844

.
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APPENDIX TABLE 5. ' MEAN SQUARES OF GROWTH DATA FROM COMPANA BARLEY FED
____________________ TO PIGS, CHAPTER 4, TRIAL 2________________________ ^
Source of
variation

Degree of
freedom

Total
Barley (A)
Supplement (B)
Replication (C)
Sex (D)
A x B
A x C
A x D
B x C
B x D
C x D
Covariate
Error

Average
daily gain

32
I
I
I
I
I
I
I
I
I
I
I
20

.0371
2.2824%
.0000
.4369a
.3520a
.-0003 .
.0807
.2715a
.0316
.0192
.0878
.0315

aP<.01
APPENDIX TABLE 6.

Source of
variation

Degree of
freedom

Total
27
Barley (A)
I
Supplement (B) I
Replication (C) I
Sex (D)
I
A x B
I
A x C
I
A x D
I
B x C
I
B x D
I
C x D
I
Error
16
aP<.01

MEAN SQUARES OF CARCASS DATA FROM COMPANA BARLEY FED
TO PIGS. CHAPTER 4, TRIAL 2
Percent
Backfat
ham

.02618
.6517
13.4067a 2/3210%
.3361
.4008
.0461
3.1114
.2111
.4133
.3521 . .1296
.1738
.0071
.8012
.1080
.0016
.4133
.6966
.2029
.1853
.7564

Loin eye

.8991
9.5355a
.1480
.1902
.2116
.2083
.1519
.0557
2.4624a
.1048
.2611

Length .

.5861
.1637
4.2225
10.4396
.9256
3.8641
.5144
2.9917
.9498
.0066
3.7741

-65APPENDIX TABLE 7.

MEAN SQUARES OF GROWTH.DATA FROM COMPANA BARLEY FED
TO PIGS, CHAPTER 4, TRIAL 3

Source of
variation

Degree of
freedom '

Total
Barley (A)
Supplement (B)
Replication (C)
Sex (D)
A x B
A x C
A x D
B x C
B x D
C x D
Covariate
Error

Average
daily gain

31
I
I
I
I
I
I
I
I
■ I
I
I
19

.1109a
.6531a
.0029
.3449b
.0173
.0193
.1480a
.0846a
.0132
.0002
.0278
.0075

aP<.01
b P <.05

APPENDIX TABLE 8. MEAN SQUARES OF CARCASS DATA FROM COMPANA BARLEY FED
_______TO PIGS, CHAPTER 4, TRIAL 3__________________________
Source of
variation

Degree of
freedom

Total
31
Barley (A)
I
Supplement (B)
I
Replication (C). I
I
Sex (D)
I
A x B
A x C
I ‘
A x D
I
B x C
I
B x D
I
C x D .
'I
Error
20
aP< .01
bP< .05

Percent
ham

Backfat

Loin eye

Length■

1.3678
9.4816a
.5333
11.0291%
.3928
1.7359
.5334
.9936
.3805
1.3909
.6829

.1299
2.7989%
.1177
1.0267
.3503
.1671
.6778%
.0271
• .0809
.0001
.1174

.0073
.2249
.0397
.1698
.5450
.0014
.1436
.6021
.7004
1.0404
.2685

.4071
3.2601
.7322
9.800 b
, 2.0085
.0702
1.1225
. .2230
1.3574
.0344
2.2531 .

—66APPENDIX TABLE 9.
_______________
Source of
variation

MEAN SQUARES OF DATA FROM GLACIER BARLEY FED TO RATS,
CHAPTER 5, TRIAL I___________________ ;_____________ -

Degree of
freedom

Total
58
Barley (A)
I
2
Location (B)
Cage level (C)
I
2
A x B
A x C
I
2
B x C
Covariate
I
Error
- 47
ap<.01
bPc-IO
cPc.05

2102.8574*
226.6594
419.7334
218.8081
169.5459
534.7798
365.4399
193.4012

Feed
consumption

21704.4570a
176.6423
5361.1523
1414.9617
624.9312
2621.3691
168.3804
1074.1497

Feed/
gain

I .6606b
1.0638
.9524
.6959
.1378
.7919
2.7996c
.5426

PER

..2277%
.2386b
.2460b
.2081
.0216
.1399
' .3729c
. .0716

.

■APPENDIX TABLE 10.

Source of
variation
Total
Barley (A)
Location (B)
A x B
Covariate
Error'
aP<.01

Gain

MEAN SQUARES COMPUTED FROM NITROGEN AND ENERGY
BALANCE OF GLACIER BARLEY FED TO RATS, CHAPTER 5,
■ TRIAL I

Degree of
freedom
54
I
2
2
I
47

Digestible
nitrogen

Retained
nigrogen

Digestible
energy

392.4268*
25.4719
27.7404
86.9066
41.7615

.0984
313.1365
136.0161
218.3951
71.2244

122.7882a
14.9658b
5,7705
.3977
2.7414

-67APPENDIX TABLE 11. MEAN SQUARES OF GROWTH DATA FROM GLACIER BARLEY.FED
_____________________ TO PIGS, CHAPTER 5, TRIAL 2_________________________
Degree of
freedom .

Source of
variation

32
I
I
3
I
I
24

Total
Barley (A)
Sex (B)
Replication
A x B
Covariate
Error

Total
Barley (A)
Sex (B)
Replication
A x B
Remainder
ap<,01
bP<.05

.0045
.0325
.0447
.0006
.0317
.0125

.

MEAN SQUARES. OF CARCASS DATA FROM GLACIER BARLEY
FED TO PIGS, CHAPTER 5, TRIAL 2

APPENDIX■TABLE 12.

Source of
variation

Average
daily gain

Degree of
freedom

Percent
ham

32
I

I.1704a

I

1.2961*

3
I
25

.2105
.2113
.2677

■Backfat

Loin eye

Length

.0300
.0313
.0014

2.1013b
1.0952&
.3508

.0050
.6050
.3079

.0136

1.8145a

.0209

.2385

.0613

.

.5857

-68APPENDIX TABLE .13.

MEAN SQUARES OF GROWTH DATA FROM GLACIER BARLEY FED
TO PIGS, CHAPTER 5, TRIAL 3

Source of
variation

Degrees of
freedom
32
I
3
I
3
I
3
I
I

Total
Barley (A)
Replication (B)
Sex (C)
A x B
A x C
B x C
Covariate
Error

Average
daily gain

.0006
.0042
.0011
.0047
.0012
.0034
.0486%
. .0042

aP'< .01

APPENDIX TABLE 14.

Source of
variation

Degree of
freedom

Total
. 32
Barley (A)
I
Replication i
(B)
3
Sex (C) .
I
A x B
3
A x C
I
B xC
3
Error
19
a (P< .05

MEAN SQUARES OF CARCASS DATA FROM GLACIER BARLEY
FED TO PIGS, CHAPTER 5, TRIAL 3
Percent
ham

Backfat

Loin .eye

1.2013
.9545
3.7950*
1.1119
.0841
.5976
.6152

.1540
.2642
1.2090*
.1040
.0265
.2013
.1855

.2415
.2643
2.5200*
.6619
.0820
.4775
.4864

Length

4.5150
4.7138
12.8018* .
.5.3229
.0545
3.2444
2.4232
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