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Abstract:

Wapana barley, a high amylopectin barley produced from seven backcrosses of Compana on waxy
Oderbrook, was compared to Compana in five separate experiments to ascertain the relative feed value
for sheep. In experiment I, 96 Rambouillet and Targhee wether lambs were in a 2x2x2 factorial design
feed gain trial. Factors were Wapana vs. Compana, high rate of gain vs. low rate of gain and small
lambs vs. large lambs. Metabolizable energy intake/kg W.75/kg gain values were 3.94 and 3.13 for
large, high gain Wapana and Compana pens; 2.97 and 2.68 for small, high gain Wapana and Compana
pens; -4.06 and -16.78 for large, low gain Wapana and Compana pens; and 5.00 and 30.60 for small
low gain Wapana and Compana pens. Net energy (NEm and NEG ) of the two barleys were determined
in experiment II with the same lambs stratified in the same 2x2x2 factorial design as described above.
Net energy maintenance (NEm) values computed for the barleys from six lambs on each of the eight
treatments were 1.26 Mcal/kg and 1.45 Mcal/kg for large and small lambs, respectively, for Wapana
and 1.37 Mcal/kg and 1.42 Mcal/kg for large and small lambs, respectively, for Compana.
Corresponding net energy gain (NEg) values were .31 Mcal/kg, .77 Mcal/kg, .77 Mcal/kg and .766
Mcal/kg. Experiment III utilized four Targhee rams in a complete block design to determine the
metabolizable energy (ME) and nitrogen retention of the two barleys. Factors were Wapana and
Compana barley at 40 and 60% barley diets. Results showed no difference (P>.05) in ME or in nitrogen
retention. Metabolizable energy values were 3.02 Mcal/kg for the barleys and 2.52 Mcal/kg for the hay.
Rumen fluid analysis showed no difference (P>.05) in proprionic to acetic and butyric acid ratios.
Experiment IV measured ruminal and total tract starch digestion by using a sheep fitted with rumen and
abomasal cannulae. Rumen fluid analysis gave a proprionic to acetic and butyric acid ratio of 1:2.5 for
the Wapana diet and 1:1.6 for the Compana diet. Analysis showed 1.1 and 2.1% starch in the abomasal
fluid and .2 and .9% starch in the feces on the Wapana and Compana diet, respectively. In vitro total
dry matter (DM) disappearance and the rate of digestion was determined in experiment V. Total DM
digestion was 80.79 and 81.78% for Wapana and Compana barley which was not significantly different
(P>.05) . Digestion was 59.70% for hay; 71.70 and 68.09% for Wapana in 60% and 40% barley rations,
respectively, and 72.46 and 67.95% for Compana in 60% and 40% barley rations, respectively. In vitro
digestion after 12 hrs was 25.65 and 24.33% (P<.01) for Wapana and Compana. From 12 hrs, extent of
digestion converged until digested to the same extent at 96 hrs.
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ABSTRACT

Wapana barley, a high amylopectin barley produced from seven -
backcrosses of Compana on waxy Oderbrook, was compared to Compana in
five separate experiments to ascertain the relative feed value for
sheep. 1In experiment I, 96 Rambouillet and Targhee wether lambs were
in a 2x2x2 factorial design feed gain trial. Factors were Wapana vs.
Compana, high rate of gain vs. low rate of gain_and small lambs vS.
large lambs. Metabolizable .-energy intake/kg W* 75/kg gain values were
3.94 and 3.13 for large, high gain Wapana and Compana pens; 2.97 and
2.68 for small, high gain Wapana and Compana pens; -4.06 and -16.78 for
large, low gain Wapana and Compana pens; and 5.00 and 30.60 for small
low gain Wapana and Compara pens. Net energy (NE and NE_) of the two
‘barleys were determined in -experiment II with the same lambs stratified’
in the same- 2x2x2 factorial design as described above. Net energy
maintenance (NEp) values computed for the barleys from six. lambs on
each of the eight treatments were 1.26 Mcal/kg and 1.45 Mcal/kg for
large and small lambs, respectlvely, for Wapana.and 1.37 Mcal/kg and
1.42 Mcal/kg for large and small lambs, respectlvely, for Compana.

Corresponding net energy gain (NEg) values were .31 Mcal/kg, .77 Mcal/kg,

.77 Mcal/kg and .766 Mcal/kg. - Experiment IIL utilized four .Targhee
rams in a complete block design to determine the metabolizable energy
(ME) and nitrogen retention of the two barleys. Factors were Wapana
and Compana barley at 40 and 60% barley diets. Results showed no dif-
ference (P>.05) in ME or in nitrogen retention. Metabolizable energy
values were 3.02 Mcal/kg for the barleys and 2.52 Mcal/kg for the hay.
Rumen fluid analysis showed no difference (P>.05) in proprionic to
acetic and butyric acid ratios. Experiment IV measured ruminal and
" total tract starch digestion by using a sheep fitted with rumen and
abomasal cannulae. Rumen fluid analysis gave a proprionic to acetic
and butyric acid ratio of 1:2.5 for the Wapana diet and 1:1.6 for the
Compana diet. Analysis showed 1.1 and 2.1% starch in the abomasal
‘fluid and .2 and .9% starch in the fecés on the Wapana and Compana
diet, respectively. 'In vitro total dry matter (DM) disappearance and
.the rate of digestion was determined in experiment V. Total DM diges-
tion was 80.79 and 81.78% for Wapana and Compana.barley which was not
significantly different (P>.05). Digestion was.59.70% for hay; 71.70
and 68.09%. for Wapana in 60% and 40% barley rations, respectively, and
72.46 and 67.95% for Compana in 60% and 40% barley rations, respectively.
In vitro digestion after 12 hrs was 25.65.and 24.33% (P<.0l) for Wapana
and Compana. From 12 hrs, extent of digestion converged unt11 digested
to the same extent at 96 hrs. ‘ :




INTRODUCTION

World barley .production ranks fourth after wheat, rice, and corn-

making it an extremely important grain‘for animal and human consumﬁ-
tion. Contributing to its popuiarity is the ability to grow in more
northern latitudes, ét higher elevations and undér dryer conditions
thaq any other cereal grain. Barley yield per acre also exceeds that
of other spring planted grains such as wheat, oats and rye. 1In
addition, barley tends to have a higher protein potential than any
other grain. Montana State-University is currently coﬁducting a majér
research effort to improve the quélity.of barley beyond‘that which it
already possesses. One aspect qf_this effort is to determine whether
a high amylopectin content in barley is of nutritive value.

In the last few years, interest has focused on corn and sorghum
varieties that had a waﬁy texture in its starch fraction. Chemical
evaluation has shown that waxy starches consist of‘nearly 100%
amylopectin. Amylopectin differs from amylose in that it has a
branched ﬁolecular structure., Glucose molecules in amylose are
united in alpha-1,4 linkages whereas amylopectin has a majority of
alpha-1,4 linkages but also contain alpha-1,6 linkages which give
the branched structure. Corn and sorghum grains considered normal
have a starch fraction of 75% amylopectin and 25% amylose. Aﬁimal
feeding trials have sometimes shown superior results for waxy stérch
grains. Montana State University has dévéloped a barle& variety,

Wapana, whose starch is virtually 100% amylopectin.
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Wapana resultéd fpom-seven backcrosses. of waxy Oderbrook with
Compana and therefore shares most of the same genes as Compana.
Gross energy content of Combana and Wapana are very .similar as are
crude protein, moisture, crude fiber éﬁd ethef extract. The only
consistently different analytical value is the Van Soest neutral
detergent fiber with Wapana having higher fiber-contenf. TEe_starch
fraction of-cotn, sorghum and barley are 99 to 100% digested in the
digestive tract of ruﬁinant animals. However; barley starch is,mofe
easily digested in the rumen than either corn or sdrghum starch.
Bérley starch is 94% t 2.4 digested in the rumen whereas corn starch
is 78% T12.5 and sorghum is 76% T 22.4 digested., ‘Rumen fefméntatidn
results in a loss of available energy as heat and me£ﬁane. In
addition, volatile fatty acids aré not as efficiently’métaboiized as
- is .glucose. This implies that a feed grain that is iessAdigéstibie
in the rumeﬁ could cause greater growth than -one that is very easily
digested. It further implies that careful experimentation is required
to ;how any differentiation in the energy metabolism of any two
barleys. The'purpose of this research effort was to compare Wapana

and Compana as feeds for ruminant animals.




LITERATURE REVIEW

Starch and its Propefties

Most vértebrates are well Suited to digest starch which is a
major source -of food energy pfoduced by plaﬁts. Cereal.chemistg in:
the last few yeafs‘have been seriously working on identifying tﬁe'
factors that cause some starch types and sources to be more digestible
than others. TFrench (1973) in a review‘article expiains the chemical
ﬁature of siarch. Starch has tWO‘bésiC'variéties: amylose and amylo-
) pectiﬁ. Amylose is a linear molecule consisting of a iafge number of
glucose molecues hpbked in an alpha-1?4ilinkage. Amylopeétin is a
bréncﬁed molecule of 1,000 tQ‘SO0,000.glﬁco;e-molécules; The majorify_
of the bonds betireen amylopectin glucbse(units'aré aléha-1,4.~ Approx-
imately 5% of the bonds are alpha-1,6 iinkages théreby causing the |
branched structure. A few alpha~i;2 and alpha-1,3 linkagés'may occur
but in minor nuﬁbers.i The classical model for the‘structure of an
amylopectin molecule is somewhat reminiscent of a tree. In this model
the branches are considered to be regularly apaced. French (1973) feels
that this model does not adequately déscribe amyiopeétin's high
solution viscosity or that electron microscopy has been unable to
discern globular amylopectin moleculeS.»lMigrographs instead show a
fibrous structure, He postulates another model in which the alpha—1,6
linkages are clustered, thereby enabliﬁg the branches to be longer
and allowing the separate:amylopectin molecules to aggregate.in

fibrous units. This type of structure would show a fibrous structure
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in electron m;crographs and have a high solution visco;ity;

Normal cereal grains contain starch that.is 75% amylgpectin,andA
257 amylose (Freﬁcﬁ, 1973; Calvert, 1975). Interest has focused on
genetiCIVarieties in which the starch fraction varies from.thg norm.
One such groﬁp gfe those whose ‘starch fraction contains nearly 100%
amylopectin. These high amylopectin grains afe often refefred té.as_
‘waxy grains. Part of the.interest in high amylopectin starch comes from
results of in vitro starch digestion research which indiéates tﬁat.it
is more digestible thaﬁ normal starch and thus may be more complétely
used by animals. Leach and Schoch (1961) treated starches from.a.
number of different sources with bacterial alpha-amylase. He found
that stafches-varied consideraﬂly in their,suscepﬁibility té the'enéyme.
The stafches studiea;'listed fromrleaéf resistant to most resistant, ﬁere
waxy maize, tapioca, waxy sorghum, sorghum,.corn, wheat, sago,.arrow4
root, potato, heat-moisture-treated potatb, and high-linear corn. This‘
study indicates that waxy starches tend to be more suscePtible to
alpha-amylase than the normal varieties. Sandstedt et al. (1968)
sub jected corn variéties that had uniform genetic backgrounds, but
various combinations of the genes responsible for starch type, to a
nﬁmber of physical examinations. They had‘homozygous varieties of
_ starch types for amylose extender, sugary , sugaryz, dull and waxy. 1In
addition, varieties that had all of the double.and triple combinations

of these genes were isolated. Corn carrying the waxy gene had one
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of the maximum Qalues-for.water absorption’énd Susceptibiiity'to
enzymatic hydroleis. Corn containi;g tﬁe suéar&é and‘waif gentﬂhad
-the highest raw-starch digestibilityva |

Why high amylopectin content causes stérch to be-ﬁore easiiy
digested is not knowq for certain. Sandstedt (1965) indicated that
the differences betweet starch granules which taﬁse wide differences
in susceptibiiity to enzyme attack is not directly related to amylose
content, density, gelatinization températﬁre, or ability of the granule
to absorb cold wéter. San&stedt and Mattern (1960)‘studied in XiEEQ
digestibility of damaged and natural étarch;‘ THéy_tohqldded that
physically damaged starcﬁ; such as flour wherelthe milling process
breaks the starch granules, is more readily digested'by amylase than

native undamaged starch. In this vein, Goering et al. (1973) reported

- fissures in Wapana barley'starch granules that may allow the entrance

of digestive enzymes. Roguls and Meites (1968) offer another possibility
that may account for some of the variability in starch digestibility.

‘In a study using human'iluids containing'aipha-amylase, high- amylopectin
starch wés more eaéily digested, They postulated tﬁat some of the
variation may be aue to small quantities of protein in the gtarch
which;cgn interfere with the alpha-aﬁylaée, keeping it from complexing
with the starch. French (1973) theorized another posSibility.‘ He
discussed the fact that the alpha-1,6 iinkages cause problems in

digestion because special enzymes are needed to break those bonds.
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Yet, the'branching may increase the gta;ph’solubility, making it easier
for the albha-amylase to digest the starch granule.

| The waxf‘starch exfracted from Wapana barley has séme unique
charactéristics. Goering et él. (1973) reported a-Brabénder coéking
curve for Wapana thaﬁ is nearly identical ‘to wa#y sorghum but hés half ‘
the swelling power and one-third the solubility of the waxy sorghum -
starch. The solubility of the waxy barley starch is éven less than
values reported for high amylose corn, which is considerably less
soluble than waxy or normal corn. A hypothesis put forward by
Goering et al. (1973) for this behavior is that thé amylopec;in of
Wapana barley has unusﬁally long branches or is naturally cross-
linked. |

Starch Digestion of Various Segments of the Gastrointestinal Tract of
Ruminants : .

Using fistulas placed in thg rumen, abomasum, duodenum gnd
terminal ileum, considerable work has been accomplished on défining
the extent of starch digestion at various.segments of the rﬁmiﬁantsf
diges£ive tract. The rumen is the major site of carbohydfate digestion.
The sma;l iptestiné and the cecum aré of lesser ‘importance but the exact
extent of their carbohydrate digestive capacit§ has not bgeﬁ accurately
measured (Waido, 1973).

Although the rumen is the major site of carbohydrate digestion,
the fermentation process results in a coﬁsiﬂefable eneréy loss to-thé

animal (Hungate 1968, @rskov et al. 1968j; Besides the losses incured
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from the heat of fermentétion and methane éroduqtion,'theré'ié an
additional loss because the voiatile fatty acids (VFA) were less
efficiently utilized for body growth than glucose (Armstfong et al., -
1960). Blaxter (1962) indicated that 143 kcal of glucose are required

to produce 100 kcal of body fat on a sheep fed an otherwise maintenance

_diet whereas 300 kcal of acetic acid are required to produce 100 kcal of

body fat. ¢rskov (1969) calculated that the total enefgy loss because
:of the fermentation pfoéess-amounted to_Zb to 30%. 'Theoretically,'
"~ the moré starch thét will bypasé Tumen digestioﬁ, the more energy that
.will be availéble.to tHe animal for production. _One e#ceptién to this
rule is milk fat prodéction (Van Soest 1963,‘¢fskov__£ al., 1969).
Milk fat production is é function of the ratiO‘of.enefgy absorbed
as glﬁconeogenic to energy absorbed as non-gluconeogenic substances.
Diegs conducive to prodgction of high levels of glucose and Qroprionic
acid aé compared to acetic and butyric acids depressed milk fat pro-:
duction. ' Flatt-et al. (1967) found that high coﬁcentrate rations lower
milk fat and raised the energy retained‘ip body fat.

Corn, sorghum, and barley are important starch sources for
ruminant animals. Work with these grgins indicate wide variations in
'digestibility. Waldo (1973>lc011ected and arganized aata from a large
number of feeding studies. He reported total tract -digestion af 997 +

1.2 for all three starch soufces combined. This indicated that starch

from these grains are very efficiently digested by ruminants. When
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he compafed the rumen digestibility of each of the three'gréins, a very

different picture emerged. Ruminal barley starch digestion was 94% T

2.4 in 23 observations. Corn starch was 78% ¥ 12.5 digested in 30

4+

observations, whereas sorghum starch was 76% * 22.4 digested in
eight observations. ihese values indicated that although all starch
is very efficiently digested by ruminants, considerably more starch
was available for postruminal digestion when cor;1 or sorghumwas fed_
than when barley was fed.

Other factors affecf.starch paséage'from the rumen to thé_
abomasﬁnlbesides grain type. Some of these.fgctors included the amount
of dry matter ingested, bafticle size; feéd.prqcessiné.and amount of |

bulk included in the diet.
| There was some controversy as to whether incréased levels of

feeding causes more starch to bypass the rumen because not all research

t al. (1966), Karr

efforts have ended with the same results. Wright
et al. (1966), Prskov et al. (1968) and Prskov et al. (1969) concluded
from their research that total intake can influence the extenf of' 
cafbohydréte digestion in ‘the rumen. ¢rskov et al. (1969) used much
highe? feed levelé in a study which showed increasedlsfarch bypaés
than did Sutton and Nichelson (1968) who showed 1it£1é starch bypass.
The maximum:aﬁduntlgiven ma?ure sheeplby Sﬁtton and Nicbeison (1968)
was 123D_g éf dry matter (DM) while ¢fsk§v‘ t al. (1969) gave growiﬁg

40 kg lambs a maximum of 1438 g of DM.
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¢rsko v et al. (1968) comparing grouﬁd vs. pelleted corn rations
foun&.that finer particles resulting from grinding had decreased rumen
retention time. This same effect was seen by Thomson et al. (1969)
and Beever et al. (1969) in studies with lucerne. Beever et al. (1970)
specifically studied the ruminal bypass of ground and flaked maize
starch in sheep. They found that 787 of the ground maize starch was
digesred in the rumen ys. 95.7%Aqf the flaked marze'etareh. Total
tract digestion was near 100% for both proeessing methods. |

The high rum1na1 digestibility of the flaked maize starch ob~
served by Beever et al. (1970) may also be 1nd1cat1ve of the greater
digestibility imparted to_the corn by the fLaklng process, Sunde
'(19725 felr rhat heeting partially gelatinized the starch in cereal
. grains thereby increaeing ruminel digestibiiity. Flaking; grinding
and pelleting in eddition to eausing increased heating, caused a
'-physical disruption of the cells and tﬁus improved tﬁe.availability of
energy. Steam—processing,:flaking, reesting; micronizetion, gelatin-
. ization and extrusion all seemed to imrreve-digestibility to the eame
relafive degree (Beesoe, 1972). Popping eise'increaeed the digestibil-
.ity but also lowered particle density:and'the animals ceuldhnot,eet ae
ﬁﬁch. Hiﬁman and Johneon (1974) fed dry-rolled,'low micronized,
medium ﬁicrdnized and high mrcronize& éorghum to beef cattle. They
feune that the'degree of micronization increesed rumen digestibility.

Micronization also dramatically increased the total tract digestion,
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Dry-rolled was 81.47 digested in the total tract while low micronized

sorghum starch was 98% diéested. They also noted digesﬁion of 51 and

95.4% for dry-rolled starch and low micronized starch in the intestines.

Williamson (19?2) felt that heat processing of feeds could be overdone
since severe heat treatmenﬁ could depress butterfat production in

milk cows. This would suggest that a éonsiderable amount of starch
bypassed the rumen and Qas digested postruminally. In Ehis vein, it is
apparent that processing methods are not universally.effective._
McNeil et al. (1971) féd steers dry-ground micronized, steam-flaked

and recoﬁstitﬁted soréﬁum. They found that rélative to the steéﬁ-
'fléked and recoﬁstituted,.the dry-ground énd microniied“sorghuﬁ had
impaired ruminal starch digestion. The postruminalldigestion failed

to complgtely'coméensate for the reduced ruminal starch fermentation.

Topps et al. (1968) and Prskov ég al. (1969) 6b§erVed_a curious
phenomena during starch digestion experiments. @rskov et al. (1969)
fed lambs diets consisting of 1007 barley or 60% bérley-40% roughage.
More of the starch was observed to bypaés the rumen on the'diets con-
téining the roughage, causing the laﬁbéhto'gain more on the rouébage
diets. ¢;§kov g£.§1.1(1§69) felt that'thelrdughage accelgréted'the
raté of passage of ghe.smaller particles out df_the'te?iculé-rdmep.
This is perhaps a partiél explanation forlDinius's (1970) observéfipn
that the inclusion df 10% of an indigesfible éuﬁstance'such as‘sawdust,

. baggass, or kaolin in a high concentrate diet can increase the concen-

trates digestibility of 5 percent.




-11-

Barley has unique properties relative to corn and sorghum.
Processing does not have significant effects on digestibility or site
of digestion. @rskov et al. (1974) found that whole barley fed to
sheep was retained in the rumen longer fhan.ground barley, 5ut they_were
both néarly completely digested in the rumen. Feeding whole barley -
had the added benefit of causing more étable rumen conditions, harder

-fat, and less damage to the rumen wall.

An accurate measurement of the starch digestion in the small
intestine of ruminants has yet to be determined. Researchers are
unsure if the small intestines have a limited ability to secrete alpha-
amylase and therefore a limited capacity to digest starch, or whéther
with adequate adaptation ﬁime alpha-amylase secretion increases.
Walker (1959) compared the development of pancreatic émylase in young
lambs and young pigs. He found that amylase activity in lambs did not
increasé with age, but stayed at a relatively low concentration.

The pig; hOWever, rapidly increased its amylase activity. Henshael
(1963) infused 10 g doses of various carbobydrates into a’ cannula at
the proximal end of the intestines of four to six month steers.
Collections of 0% of the glucose, 627% of the sﬁcrose, 147 of the
lacﬁose, 30% of the maltose, 28% of the étarqh,and 59% of the raw
wheat starch werg‘obtained from a cannula‘heér the termipalyend of
the simall intestine. Karr et al. (1966) found that as the amount of
corn starch eﬁtering the small intestine of steers increased ffom.4.3

to 12 g/kg‘75, the percent digested decreaéed from 93% to 64 percent.
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However, the total amount of starch digesfed increased from 4.@ to
7.7 é/kg'75; Tucker et QL. (1966) observed a 16w level of corn starch
in feces of sheep regardless of the amount of starch entering the
small intestine. Grams of starch entering the small intestine,
recovered in the feces, and digestion cgéfficients were 38 g, 21 g,
and 45% for a 20% corn diet; 120 g, 30 g, and 75% for a 407% corn diet;
144 g; 32 g, and 77.8% for a 60% corn diet;‘and 130 g, 43 g, and 67% ,.A
for an 80% corn diet. Tucker et al. (1968) found the postrﬁminal
digestive system to be highly efficient; 96 to 99% o# the starch
escaping ferment#tion in the rumen of sﬁéep ﬁére digested. Tﬁey
concluded that the fermentation capaéify:of the fumen can be exceeded
but that the overall digeséive ability is not overcome with 583 g/day
of starch. Recent work by Mayes and @Prskov (1974) indicated that thé
alpha-amylage activity might be higher than thought and the facto;s
that might be limiting starch digestion in the small intestine was
utilization of maltose and maltotriose by intestinal.alpha-glucosidase
or the absorption of maltose and glucose.into the brush border cells.

Very iittle is knovm of the role of tﬁe cecum on starch -
Qigéstion.. Prskov aﬁdiFoote (1969) infused starch into tﬂe éeéum of
sheep and found that most of the sta;ch in excess of'150 g/day was
recovered in the feces. ‘Data from Karr ég gl; (1966) indicated that

.75

steers fed corn had 4.3 g/kg of starch enter the cecum and digested

83% of it. Sorghum fed to steers by’McNeiI\gE al. (1971) had 88% of
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6.5 g/kg'75 of starch digested in the cecum. These studies show that
considerable amounts of starch can be fermented in the large intestiné
of.ruminants even though the exact limits are not yet known.

prskov (1969) indicates that the factors that limit digestion'iﬁ the
large intestine are not known but are likely to include retention

time and availability of nitrogen for ﬁicrobial fermentation of
carbohydrates. |

Feeding Trials with Waxy Grain . -

Through the years a number of feeding and digestibility trials
have been conducted to determine the value of waxy cereai grains.
Some of these show waxy varieties to be superior feeds and'others :
have been inconclusive. One of the first reported studies on waxy
grain was conducted by Hanson (1946) who studied %axy corn as a feed
for swine, He fed one pen waxy corm, énother pen normal corn and the
third pen had free‘ﬁqceés Lo both waxy ana normal corn. The response
:to feeds were similar fér‘all three pens. Pigs who had their choice
of waxy and normal ate 2.6 times more nofmal corn, indicating that
waxy was unpalatablé to thé pigs. Jensen et al. (1973) fed waxy and
reéular corn to five-week-old pigs. Rates of gain were similar for
the two diets but the gain per unit of feed was about 5% higher for
the pigs fed waxy corn. The waxy corn produced 455 lbs of gain per
1,000 1lbs of feed while the regular producéd 443 1bs of gain per

1,000 1bs of feed.
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Cohen and Tanksley (1973) studied the energy and protein diges-
tibility of four different varieties of sorghum as a feed for pigs.'
"The four sofghum varieties ﬁere characterized by the .texture of tﬁeir.
endosperm and by starch type. Studied were floufy endosperm-normal
starch, intermediate eﬁdospérm-normal staréh,_cdrneous endosperm-
normal étafch, and intermediate endospérm-waxy starch, The grain
containing intermediate endosperm had greater digestibility than the
floury or cormeous textured endosperm. There was a slight but non-
significant advantage in the performaﬁcg of pigs eating waxy starch.

.Waxy corn was fed to lambs and steers in a study by Braman et al.
(1973). Waxy corn resulted in increased plasma urea—ﬁitrogen con-
centrations, incréased daily gains, igcreasgd feed efficiencies,
decreased fecal nitrogen, and decreased retention of absérbed ﬁitrogenl
1t was feit tﬁaf the protéin in the waxy cbrﬁ was less susceptible to
utilization in the rumen thereby causing fhe lower nitrogen retention.
Althbugh the lambs gained ﬁore on waxy corn than on normal corn, they
h;d better gains when urea was added to fhe waxy .corn diet, Thé
results of steer feeding trials showed Fhat waxy corn produced
greater and more efficient gains than normal corn, Waxy corn resulted
in more gain than normal corn when both were sppplemente@ with soybean
~meal. A series of feed trials conducted by Robinson et gl. (1974)
combared the response of rats, 1émbs,'heifers and steers to waxy“

and normal corn. On a 15% protein diet, the fat? fed waxy corn had
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greater gains and better feed efficiencies. At 25% protein diefs, ;he
reverse was true. Lambs showed no significant difference on nitrogen
bélanqe.' Heifer calves fed 35% corn aqd.GS% haylage shdwéd no
significant difference as fo growth. No differeﬁces weré-observed
»between waxy or nqrmal ;orn as to protein levels or with‘inclusioq of
the hormones Synovex or. Raléro in a group of Holstein steers.,
McCormick and Farlin (1974) studied averégg daily gains, dry matter
'consumption,'and feed per gain ratios of lambs fed a number of corn
varieties., Corn varieties étudied consisted of Opaque-2 high moisture,
Ogagué-z dry, waxy high moisture, waxy dry, the gentic eqﬁivalent of
waxy dry, average maturity high moisture, average maturity dry, and |
high‘ﬁoisture silage corn."There were no significaqt differenpeé in
growtﬁ. In aﬁother'frial with steersg ho'signifiqant difféfehces
EXiSted beﬁweeﬁ waxy high moisture, waxy dry, the geﬁetic counterpart
of wax&lhigh ﬁqisture, and the genetic‘coﬁhterﬁarflof any dry.
MéGinty'aﬁd Riggéi(1§68) tested a numﬁef of sbrgﬁﬁm vériéfies.
Coefficients of.digeétibility were thained wiéh stééfs‘uéiﬁg the total"
céllection technique. Waxy Feterita was among four sorghum varieties
with higher dry matter and protein‘digestibilifies, but waxy Feterita
did not differ significaﬁtly from the oéher three varieties with high
:digestibilities. Nishimuta.gg al. (1969)'stﬁdied the effect of wax&
'sofghum (3558)‘éﬁd white édfghum (G-766) in 45 kg wethers. in the

course of thisvdiéestibiliﬁy trial they‘comparéd these two ébrghums
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to a locally growu red sorghum. Waxy sorghum had virtually 100%
amylepectin in its starch fraction while the white and regular ,
consisted of approximately 75% amylopectin and 25% amylose. The
White:variety had more uniform starch than the regular. Waxy and
white serghum had greater’ organic matter and uon-protern organic
matter digestibilitiee rhau the regular, 1In addition crude and
true protein digestibilities and nitrogen retention were‘better than
for the regular. Waxy and white sorghum did not differ signifieantly
in response. A net energy determination of waxy sorghum (3758) was
conducted by Sherrod et al. (1969). Net energy values for waxy
and regular sorghums were measured by the comparative slaughter
technique Wirh 48 Angus and Angus-Hereford steers. Waxy sorghum had
a net energy for maintenance (NE,) value ef 1.50 Mcal/kg while
regular had 1.43 Mcal/kg, net energy for gain (NE ) values were 1.24
Mcal/kg ‘and .95 Mcal/kg for waxy and regular sorghum. It is interest-
-ing to note that the daily gain for the reguLar was greater than that
of the waxy, and tHat the feed per gain ratie'tended to indicatevthat
the waxy was more efficient although efficiency was not siguificant
(P>.10). Carcass evaluation revealed rhat the auimals fed waxy
sorghum had a greater ‘carcass fat percentage. Hinders and Eng (1970)

showed a waxy sorghum to have feed per gain ratlos of 2.10 compared to

two normal sorghum varieties which had ratios of 2.49 and 2.34.
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Walker and.Lichtenwalner (1974) studied the ruminal digestibility of
two nearly isogenic sorghum varieties, one of ﬁhich had waxy starch.
They found that the waxy grain, after béing éuspen&e& in'nflon bags in
the rﬁmen of steers for 24 hours, was ﬁb?e d;gested than the normal
sorghum. After 48 and 72 hours in the rumen thefe was ﬁo significant
difference in the degree‘of'digestion of the fwo ;orghums.

Very liftie work has‘Been published on the nutritional quality. of
waxy barley. Moss and Newman (1973) reported on calf feeding trials
with starter rations using Hiproly, Hiproly normél, normal Compana,
and Wapana (waxy Compana). Wapana tended to have a higher average
daily gain but differences were not significant (P>.05). Moss et al.
(1973) in a study with broilers compared Wapana and Compana to wheét.
There was a significant}y lower growth rgte for Wapaﬁé as coméared to
Qompaﬁa aﬁd wheat aﬁ& the feed conversion tended~to be lower also.
Calvert (1573) did extensive studies o@‘Compana and Wapana in feed
trials with,;ats and swine, To providé‘isonitrogenpus diets for the
rats the starches were extracted from fhé barleys an& uséd fo'dilute_
ground barley diets. These-diets resulted in no significaﬁtl& greater
rates of gain, feed efficiencies, protein efficiency ratios, nitrogen
balance, or energy balancg. Pigs receiving Wapana had lower feed per
gain ratios in both supélemented‘and unsupplemented diets, ugsupple-

mentedWapanadiets caused higher average daily gains (P5.01), but
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carcass characteristics did not differ }between Wapana and Compana
diets. In a-third trial using Wapana aﬁd Compana grown in a different
locality, the unsupplemented Compana caused a slightly better (P<;05)
average daily gain than the unsupplemented Wapana. Pigs eating the
Wapana barley had a slightly better feed gain ratio. Loin eye and

percent ham did not differ between barley types.




MATERIALS AND METHODS

Experiment I: Feed Gain Trial

Ninety—éix Rambouiliet and Targhee ﬁéther lambs were used in a
2 x 2 x 2 factorial design to compare Wapana gé. Compana barley at a
low and high rate of gain.in heavy and light iambs. The lambs were
housed in a covered shed at the Fort Ellis Research Station. Thé
experiment was terminated after 48 days.

In order to accustom the lambs to a concentrate diet, 20% barley
was given the firs£ week with the barley increment increased by 10%
each week thereafter until the lambs were cénsuming 70% Bafley and 30%

hay. Whole barley was fed three times a day in a trough ﬁith 50, 30

and 20% of daily allowance given at evening, morning and midday. Long hay

was fed ‘in equal amounts evening and morning. Analysis of the barleys and

hay are given in table 1. Free access was given to warm water, trace
mineral salt, andla calcium-phosphorus supplement ﬁith vitamins.A, D
and E added. | |

All lambs were-weighed weekly and amount of diet readjusted for
for weight gains according to a formula published by ¢fskov et al.
(1969) which estimates the maximum intake, on an as fed basis, that a
lamb will eat (fged/day as percent of body wt = 5 -.0353 (wt in kg)).
ﬁigh-gain groups receivedIIOO% of this\a@oqnt while the low-gain groups
initially received 70%vdf'this amount. After 4 weeks the low-gain

groups received 80% of full feed in order to offset weight losses.
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Weighback of barley was taken daily while hay weighback was
taken bi-ﬁeekly. During the fourth week when lambs were on 60%
bar;ey diets, digesti&e.upsets began to aépear and the lambs failed
to finiSh al} of thé feed which was allowed. It became'necessary to
reaccustom certain pens to high concéntrate diets. In ordgr that
the pens which were off feed did not reqéive less feed than their
corresponding pens. (For éxampie, the pen of larger lambs receiving
high gain diets of C§mpana compared to t#e similar pen receiving
Wapaha)aboth pens were reduced to Llower grain/hay ratios. = They were
.then reaccustomed to 60% barley diets over a two weék pefiod. For
thé last week of the expefiment, 1% biéarbonate of soda was included
in théir dief. |

Experiment II: Net Energy Determination

The net enefgy determination experimental design was the same
2 x 2 x 2 factorial as the design for the feed-gain trial. The.same
lambs were uséd and maintained in the same facilities. Since the
lambs that had received the high gain diets during the feed-gain
trial had grown considérably more.thaﬁ fhe ones receiving léw gain
. diets, the feed levels wepé reversed. Each pen still received the
. same type of Barley a; béfore. |

A new methoa of calculating thé'amount of feed to be given éacﬁ
pen of lémbs Waénintfoducéd for this éxpefiment. According to theo-
reticél dééa'using the‘équations pubiished in the N.R.C. "Nutrient

Requirements of Sheép“ (1968), the feed levels dictated by Prskov's
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' equation begin to deviate from producing equal .weight gains in 1afger
lambs. One-hundred percent of feed intake calculated for large lambs
resulted in a smaller weight gain than similar calculations for
sﬁaller lambs. Research conducted by Bfody (1945) and Kleiber (1960)
iﬁdicate that mgtabplism varies proportionately to the metabolic size
'of éhe an;mals,~with metabolic size defined as the weight of an animai

75). If two animals of unequal weight

faised to the 3/4 power (wt'
are giveﬁ the same amouﬁﬁ of food, thellargef animal will use more
of that food to maintain his body functién than the smaller animal.
The effect would bg for the smaller animal to gain more fhan'the
larger until they were bq;h the same size, causing erroneous con-
clusions as to the value of a feed. If two animals were fed as a
fuﬁction of their body weight alone, the larger anima; would always
receive more food and gain more. Therefore all-animals, (penslof'
énimalé) were fed as a felative function of their metébolic size.

The eight pens of lambs were paired such that the high gain 1afge
lambs ;éceiviﬁg Wapang gpd the high gain large lambs receiving‘Compana
constituted a pair, etc.' Using the ¢rék6§ formula, 100% intake was
calculated fﬁr lambs in the pen with the greater‘averaée weight.

Dry matter intake indicated by the equation was divided by the
metabolic size to detefmiﬁe the amount of dry matter égr unit of

metabolic size. The same amount of feed per unit of metabolic size was

givgn to the corresponding pen of small lambs (DM1Wt'751=DMﬁ/Wt'752){
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Paired pens wou}d receive approximately eqqivalent amounts of feed
by use of these calculations, and the ﬁrqé value of the bérleys
could be ascertaineaf

Net energy values of the barleysIWerg computed by the methods
described by Garrett et al. (1959), Harris (197) and Sherwood (1970).
Lambs were left without food or water during the first night of the
expérimeﬁt and weighed the next morning in order to determine the
initial shrunk.Weight. Two lambs from'each pen were randomly

selected for slaughter from the lambs with weights which fell within

‘ome standard deviation of the mean weight for the pen. Lambs

selected were immediately sheared, transported to the Montama State

' University Meats Laboratory, and slaughtered using standard commer-

cial slaughtering techniques. Carcasses were cooled overnight to 2°C.

The water bath in which the specific gravity was éo be measured waé
also cooled to 2°C in order to reduce the accumulation of air bubbles
on the carcass when emersed in water. During emersion and weighing,
care wastéken to insure that large air bubbles were not entrapped
uﬁder.skin‘éﬁd,fat flaps. A 1imited:ﬁumber of iambs'could be pro-
cessed each day-soAEhé'lambs slaughtered-at the end of the experiﬁent
were slaughtered in two groups. Tweﬁfy-eight-dayé éfter initiétion of
the experiment, ghe four pens of 1arée lambs were kepf overnight
Qitﬁdut fgod'and water. The next day four lambs from each pen were

randomly selected to be slaughtered adhering to the prdce@ufes
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described above. Four lambs from each of the four pens of small lambs
were handled in the same manner 35 days after initiation of the
experiment,

A formula converting shrunk body weight to wool free empty body
weight (WFEB) was derived from data published by Mitchell et al. (1926),
Mitchell éﬁ al. (1928;) and Mitchell et al. (1928b)‘ (WFEB=.19

(WF 1ive wt) -1.42 ;.(WF live wt)).

Experiment ITI: Metabolizable Energy Determination

A ﬁetabolizable eﬁergy (ME) and nitrogen reﬁention triai waé
conducted to>1) evaluate ghe digestibility of Wapana and Compana’
barley and to 2) determineé theME value of the two barleys since an
ME value was needed for the calculations for the. net energy experi-
ment. In addition, nitrogen retention of the barley diets was measured
to gain information of the protein quality of the two barleys.

Four yegrling Targhee rams were accustomed to metabolism crates
for use in a.complete block design to compare (1) 40% Wapaﬁa ~ 60%
chopped héy (2)'40% Compénal- 607 choppgd hay (3) 60% Wapana -~ 40% .
chobped hay or (4) 60% Compana - 40% chopped hay. The experiment was
divided into four beriods consisting of five days preparation and five
days collection for each périod. Each sheep received each diet onqé
during the experiment. Separation of the ME value of the bar}eys

from that of the hay was accomplished by solving simultaneous equations.
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The barley was fed whole, mixed in the chopped hay each morning and
evening. TFeed allowed in each period was calculated according to.
body weights taken at the start of each phase. Water was‘available
in the morning and in fhe afternoon before feeding. The amount of_
dry matter presented to each sheep was & function of metabolic size.
The largest sh;ep (80 kg) was assigned an amount of dry matter
suggested‘b§ N.R.C. (1968) aé being a good amount”for a sheép Weighing‘
80 kg. For the first period, this was 1.8 kg DM. Because this was a
1itt1e.more fhan he could eat, it was reduced to 1.75‘kg DM for';he
. last three phases. An equation was then used to calculaﬁe how much

dry matter each of the other sheep should receive (DMl/wt'7

21=DMy /vt 7).
Ihis'aﬁoqnt of feed allowed for a small but steady weight incgease in
all fouf sheep. |

During the collection periods a strict proéedure was followed.
Féces and urine were collected, stirred, weighed and sampled, starting
at 8:00 a.m. each day. 1Immediately thereafter the sheep were fed and
the area around the metabolism crates was thoroughly cleaned. fhis
proce&ure insured that collection was accurate by minimizing feed
contamination of feces and urine. Urine was collected in 100 ml of 5%
sulfuric acid to prevent nigrogen loss. One hundred-fifty gramsamples
of feces aﬁd urine‘were taken each day and frozen. . Feed weighback

was taken at the end of the five day collectidn phase. The barley in

the weighback was settled out in water, dried and weighed.
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Rumen samples were pumped via an oral tube at 1:00 and 3:00 p.ﬁ.
from each sheep during one day of each collection period. Samples
were filtered, acidified, centfifuged aﬁd frozen according to the
method described by Baumgardt (1964) and Erwin et al. (1961) for subse-
quent wvolatile fatty acid analysis (VFA). The VFAs ﬁefe analyzed in a
'Va¥ioﬁ Aerograph 1400gésch;omatograph uéing a 10% FFAP 100/200
chromsorb G.column. The ratio of the amounts of acetic plus buty ic
acids to proponic écids was computed to evaluate differences in‘
rumen digestion.

Experiment IV: Ruminal and Total Tract Starch Digestion

In order to measure the extent of Wapana and Compana starch
digestion in the rumen and in the intestine, cannulae were introduced
into the rumen and abomasum of sheep. The percentages of VFAs
produced in the rumen gi&g an indication of the relative amogﬁts of
rumen fermentation. ‘Starch analysis of the material collected in the
abomasum and in the feces give direct measurements of the extent of
starch utilized in the rumen fermentation and in the totai tract,

Inserting the‘cannulae was a two stage operation. The first
stage involved placing the sheep under a general anesthetic using
intravenous injections of sodium pentabarbitol. The area in whicﬁ the
cannula were to be placed was shaved and thoroughly washed. Lidocaine
was used as a local anestbetic. The incision for the fumen cannula was

made at a position approximately eight cm ventral to the transverse
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process of the vertabrae and eight cm posterior to the last rib of
the left side, A circular portion of skin an& musculature slightly.
larger than the diameter of the cannula was reqoved so that the wall
of the rumen was exposed. The rumen wall was then sutured to the
musculature with one line of suture and to the skin with another.
This incision Qas éllowed to heal for four to six days at which time
the portion of expoéed rumen wall was cut out and the cannula

maneuvered- into place. The abomasum fistula was placed approximately

10 cm posterior to the sternum and three cm to the right of the midline.

The same surgical procedure was used as that described for the rumen
fistula. _ |

The cannulae utilized were 2.75 inches long, hérd plastic tubes
threaded for two inéhés 6n thé outside and flanged at the bottom end.
The abomasal cannula had an inside diametgr of one~half inch and an
outside diameter of three=-fourths inch. The ruﬁen cannula had an
inside diameter of seven-eighths inch and an outside diameter of one
and one-fourth inch. 'A.plastic oval washer kept the cannula inside

the animal and a plastic nut screwed down from the outside. A cap

screwed over the end.1

;PurchaSed from Precision Machine Company, 2933 No. 36 St. Lincoln,
Nebraska 68504. : '
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Six wether lambs were fitted with cénnulae but only one survived
a sufficient time to be utilized in the experiment. Most of ﬁhe deaths
involved errors in the placement of the abomasal cannula. Two sheep
had a twist in ghé abomasum due té sutufing the stomach wall on the
1éft side of its dorsal midline. One fistula was too close to the
pylorus, whereas one was placed on the duodenal side of the pylorus.
All of these sheep apparently died of mechaﬁical blockage of the
digestive system. As an experiment, the cannula was placed on the
left side of the midline instead of the right on one sheep but this
animal also died. This cannula was well placed with no evidence of
infection according to the pathalogist's autopsy. No sign of infection
was seen in any of the lambs. |
Considerable problems were encountered in maintaining the cannula
in place. Abomasal canpula'was sometimes kicked or scraped out. The
rumen fistula would oftendilate and the cangula would eithér pop out

from inside pressure or be scraped out.

The remaining sheep was placed in a metabolism crate and maintained

along with the four sheep on the metabolizable energy determination. The

same procedures described for that group'of sheep applied for the feed-
ing and daily collection of this sheep. The lamb was given 1.25 kg

DM of feed consisting of Wapana and Compana at a level of 607% whole

: Barley and 40% chopped hay.

Rumen samples for analysis of VFAs- - were taken at 8:00 a.m.,

11:00 a.ﬁ.; 1:00 p.m. and 5:00 p.m. on the second and fourth days
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of each collection period. Samples were brepared by the methods
described by Erwin et al. (1961) and analyzed by the method described
by Baumgardt (1964). Abomasal samples to be analyzed for starch taken
and frozen e%ch morning at 8:00 a.m. of the collection periods and at
11:00 a.m., 1;00 p.m. and 5:00 p.m. of the second and fourth day of
each collection peri;d; Sfarch énalysis was conducted-by thg Montana
Staté University Chemistry Station accoraing to a procedure published

by Banks et al. (1975).

Experiment V: In Vitro Digestion

Two in vitro digestion trials wére rﬁn to ﬁetermine Wapana and
Compana barley dry matter disappearance. The in vitro digestibn
procedure was adapted from Tilley and Terry (1963) which assumes that
the amount of dry matter that disappears during the course of the in
Iziggg digestion is an accurate measurement of the in vivo digestibility.
The procedure consists of a phase in which the feed is digested in
rumen fluid and‘a phase in which it is digested iﬁ HC1l pepsin solution.

Triéi i‘c§nsistea 6f three tubes éach‘of Wapana, Compana, hay, |
60% mixures of éach_bgrley and hay, and 40% mixtures of each barley
and hay. The barley-hay tubes were incluaed at the séme levels that
Qere fed the rams in Experiment III in order to see if there was
any differenée in the digestibility of bérley when inclqded Qith hay.

. Twenty ml of McDougall's artificial saliva buffer solution

adjusted to a pH of 6.8 to 7.0 was added to .25 g of the samples which
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was in tared 100 ml tubes. Five ml of strained rumen fluiqwas then
added to each tube. The rumen fluidwas collected, using a stomach
.pump introduced orally, a few minutes before the start of the digestioh
so that it did not lose its'activity.. Té further protect the rumen
fluid ifwas képt in a thermos bottle. Repeatability of the results of
the assay was insured by collecting rumen fluid from the same animal
kept on a consFa;t die£.~ The tubeswere'flooded‘with COZ’ corked with
rubbér s;oppers_that have holes punched in them to release gas pressure
and incubated at 39°C for 48 hours. Tubgswefegently rotated a;v2,.4t
'20 and 28 hrs after initigtion of incﬁbation. Blank tubes were run
that contained no sample because a small but constant amount of organic
matter was present in the'rumen fluid. This amount must be subtracted
: froﬁ the amognt‘of dry ﬁattéﬁ left in the tubes after digestion.

| After 48 hrs the tubég'were emersed in ice cold water to stop
_bactérial gctivity and centrifuged for 10 minutes. The supernate was
pouredtoffand‘ZS ml of HCl pepsin addéd. The tubes were inéubated for
an additional 48 hrs, with stirring 2, 4, 20 and 28 hrs after initiation
of'this'second incubation. Ninety-si¥ hours following original incuba-
tibn, the.tubéé~were ceatrifuged and the supernéte poqfed off. The
tubes were dfied‘overnighf at 60°C and weighed. Percent dry matter
.disappeafancé was,caléulated by subtracting the weight of the éample
left at the end of the assay from thg weight of the original sample

‘minus the residual rumen dry matter and dividing by the weight of the

original sample.




-30-

Trial 2 was run in order to determine the rate of digestion of
Wapana and Compana barley at various intervals following incubation.
Eighteen tubes each of Compana and Wapana were tested. The procedure
was essentiallyithe same as described above, but thrge tubes of each
bafley wére femoved at 6, 12, 24, 48, 72 ana 96 (full term) hrs from thé
water baﬁh, centriﬁuged aﬁd,driéd. The purpose of this procedure was
to determine if digestion rate was different for the two barleys. 1In
.adaition to the blank tubes to measure residual matter in the rumén
fluid at the end of the digestion, blank tubes were prepared, centri-
fdged and dried at the beginning of the digestion period. It was
assumed that a linear function described the disappearance of ary
matter from the blank tubes over the 96 hrs of digesfion. Therefore, -
that amount of rumen matter assumed to have disappeared was subtracted

from the tubes taken off before full term.




RESULTS AND DISCUSSION

Experiment I: Feed-Gain Trial

Gains per day varied considerably from pen to pen {table 1).
Feed per 'day is calculated as ME per day (table 2) because some.of the
pens went off feed making it impossible to control their feed intake.
This caused barley to hay ratios to vary considerably making kg of DM

consumed per day‘é meaningless statistic. Table 2 also shows ME per

mean metabolic size (ME/mean wt-75), and ME per gain (ME/gain kg).

The data indicates that for the pens of large, high gain; small, high

gain; and large, low gain lambs, the Compana bafley ration caused

" slightly better feed efficiencies. When expreésed as ME per metabolic

size per gain (ME/méan wf'75/gain kg) (table 2) the same three pens
appeared to be the more efficient. In the case of the two pens of
small, low gain lambs, the Wapana barleyresultedin a gain and
efficiency ratio out of proportion to the feed intake.
Feed-gain trials are not considered the most accurate measurement of

feed value because of variation in rumen-intestinal fill and potential

"differences in body protein to fat ratios. Sherrod et al. (1969)

observed that there was no differencg'in the gain between two groups

of steers fed regular and waxy sorghum but that there was a significant.
difference in the net eﬂergy for gain (NEg) and net energy for mainten-
ance (NEm) of the twé sorghums. Waxy sorghum éaused a greater deposi-
tion of_fat than regular sorghum resulting in greater energy rgtention.

A net energy determination was therefore considered essential to the

accurate evaluation of Compana and Wapana barley.
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FEED ANALYSIS FOR BARLEY AND HAY USED IN THE

FEED GAIN AND

Wapana Compana ' Hay
_Crude protein, % 11.2 11.0 16.3
Moisture, % 9.3 11.8 10.4
Ash, % " 2.9 3.0 10.1
Ether extract, % 2.2 1.6 1.9
Crude fiber, 7% 4.5 3.9 24,9
Calcium, % .06 .05 1.61
Phosphorus, % 42 .40 .25
Van Soest neutral

detergent fiber, % 15.4 12.8 -

Gross energy C/g 3890.0 3799.8 3848.2

8 The same lots of barley were used for all studies.




TABLE 2, GAIN AND ENERGY CONSUMPTION OF TWO SIZES OF LAMBS.FED WAPANA OR COMPANA
BARLEY FOR HIGH OR LOW GAIN

' o Wapana Compana
Lambs : Large Small Large = Small
Gain High Low High Low High Low High Low
Gain/day, g 49 -36 74 32 62 =9 84 5
ME mcal/day ’ 3.54 - 2.58 "3.52 2.64 +3.52 2.67 3.87 2.54
ME mcal/kgW'75 ' .193 . 146 .211 .160 194 .155 .225 .153
ME mcal/gain, kg 72.24 ;71.67 47.57 82.5 56.77 =297.0 46.07 . 508.0

ME mcal/kgW-73 ,
per gain, kg 3.94  -4.06 2.97 5.00 3.13 -16.78 2.08 30. 60"
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Experiment I1I: Net Energy Determination

The lambs in this experiﬁent were. fed as a function of metabolic
size. As a result of the measurements needed for net energy determina-
‘tion, the mean wéol free empty body (WFEB) was av;ilable for analysis
of data. Since};«l’f-‘EB-7.5 is.a more accurate indicator of metabolic size
than wt'75, it was used to énalyze feed and growth data. Table 3
expressing DM/day/WFEB'75 show that pen pairs (a pen pair is for éxample,
the two éens of large lambs receiving the high gain diets of Wapana and -
Compana barleys) ate very nearly the same amounts of feed. When
expressed in ME/day/WFEB-75 there is a little more variation between
tfeatments (table 4).

The first weight fof the lambs,shown‘on figures 1l and 2 is an 18 hr
shrunk weight taken after keeping the lambs overnight without access to
food or watef. The middie-weights aré hpt shrunk weights and the final
is again aﬁ 18'hr shrunk weight. The gain/day figures in table 3 are
computed from initial shrunk weight to final shrunk weight. If they
were computed from the middle filled weights,_they would be somewhat
greater.

Statistical analysis indicated no'éignificant differences (P>.05)

' between treatments for initial carcass specific gravities or final
carcasé specific gravities. The average specific gravity wi;hin
iﬂitial and final slaughtered lambs Wés therefore used for all carcasses.

The average for the inifial lambs was 1.04481. The WFEB- of the lambs,
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initially, therefore, contained 22.58% fat and 15..76% protein.
The average specific gravity for the final slaughter lambs was 1.05071
resulting in WFEB containing 20.10% fat and 16.02% profein. Thié would
indicate that although the lambs gained a small but decent amount of
Weighp du;ing the experiment, they lost body fat. The resﬁlts were -
that the high gain gfoups of lambs gaiﬁed a small amount of energy and
the 1oﬁ gaiﬁ.groups lost eﬁergy (table 4). The carcasses of initiél
and final'slaughter lambs were all good énd‘éhoice (J. R. Dynes,

personél communication, 1975).

The low gain groups loss of energy during the course of the.experi-

ment can perhaps be accounted for by the winter weather. Research‘b§
Joyce and Blaxter (1964) and Young (1973) measures. some of the factors
of cold stress in cattle and sheep and indicates that the animalg
utilize more energy to maintain their bodies. An example téken from

" Young (1973) and the N.R.C. (1970) Nutrient Requirements of Béef Cattle,
iﬁdicate that a 300 kg steer requires 9.3 Mcai of ME to maintain his
weight. At -6.7°C the same steer will need 11 Mcal'of ME to maintain
.his weight. Feed that ﬁﬁ&er summer conditions would result in a
small émount-of gain, results in no géin under winter conditions.
Webstér et al. (1969) in an experiment with lambs raised indoors at
15°C and 1aﬁbs raised outdoors in winter weather with aﬁ avérage mean

still dir temperature of -11.7°C had the indoor group gain 16.2 kg

over a 24 week period and the outdoor group gain 10 kg. The two groups
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ate'the samehamount of feed. The averagé mean temperature in the
Bozeman, Méntana area between December 7, 1974 and January 11, 1975
was -7.89°C. The highest temperature in that period was 6.7°C and the
lowest was -30.6°C (N.O.A.A., 1974 and 1975). Therefore, the reasondﬁhy
the lambs in this experiment lost some energy may be dug to cold stféss,
requiring the mobilization of fat in order for the sheep to meet énergy
needs. That the metabolic rates of the laﬁbs were much higher than what
is.considered normal is shown in the fasting heat production computed in
table 6. Six-month-old lambs have been ﬁeasured to have fasting meta-
boli; rateé of 68 kcal/kg w3 (Blaxte; 1962). The lambs in this study
have fas£ing metabolic rates ranging from 97.3 to 114.8 kcal/kg w72, ‘
Another factor in the energy loss of the lambs may_be a result of.
scale or operator error in the‘finallweighté of the lambs. Examination
of the weight data (figures 1 and 2) indicate that the 28-day shrunk
weights were abnormally depressed. 1In order to arrive at weights that’
may have been expected if the first and last weights were filled weights,
regression formulas were computed for each pen using the filled weights
f?om the middle weigh periods. The difference between the expected
filled weight énd the actual shrunk weights for all pens affer'35 days -
of experimenﬁation was 1.86 kg. The difference for tﬁe four pens
processed after 28 days was 4.1 kg. The &ifference for the four pens
processed'aftéf 35 days was 2.5 kg. 1t appears likely, therefore, that

the reported 28-day shrunk weight is erroneous.
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Each ‘lamb that was slaughtered was sheared just before he was
killed. This gave data upon which to base wool growth and thereby
measure the energy retained in wool. Regression of the w061 of the
initial slaughter group to the lambs weight indicated that thére was
no correlation. Therefore, by subtracting the average weight of the
.initial wool weights froﬁ the final wool ﬁeights it was fougg\that‘
the iambs'gaiqed an average of 735 kg of wool. ’

Tables 6 and 7 show the results of the computations for NE, and NEg.
Excebt for the values shown for the pené of large lambs receiving
Wapana the reported values are very similar. Thére does not appear
‘éo be any trend for Wapaﬁa and Compana to have differing NEy and ﬁEg

values. The average NEy value is 1.375 Mcal/kg. The average NEg

value
is .66 Mcal/kg. The NE, and NEg values for a ration consisting of 60%
barley and 40% early bloom alfalfa hay calculated from tables in the
N.R.C. (1970) Nutrient Requirements of Beef Cattle is 1.82 Mcal/kg and.
1.04 Mcal/kg, respectively. The NE, énd NEg values computed from this
study vary from the accepted values by the same approximate percentages.

In view of the fact that these values were measured in the winter time,

it is not surprising that they were lower than reported values.




TABLE 3, INTAKE AND GAIN DATA FOR LAMBS OF TWO SIZES FED WAPANA AND COMPANA BARLEY FOR HIGH

OR LOW GAIN ON A NET ENERGY STUDY

: . Wapana ' Compéna
Lambs __Large " Small Large Small
- Gain High Low High Low High Low High Low .
Feed kg DM/day 1.46  1.13 1.36 1.07 1.37 1.14 1.36  1.11
ME mcal/day 4.13  3.20 3.85 3.04 3.87  3.23 3.83 3.14
cu  ke/day ' 151 .099 164 .065  .139  .052 164 . .096
Feed kg DM/gain, kg 9.67 11.41 8.29 16.46  9.86  21.92 8.29  11.56
ME meal/gain, kg  27.35 32.32  23.48 46.77 27.84 62.12  23.35  32.71 $
Feed kg DM/WFEB-75*  .096  .072 .093 .073  .089  .073 .092 .074
ME meal/WrEB-75  .270 ©-.205 - .263  .208 . 206 .259.  .209

2.51

* Wool free empty .body weights




TABLE 4., CALCULATION OF ENERGY GAIN, FEED CONSUMPTION; AND HEAT PRODUCTION OF LARGE AND

ENERGY DETERMINATION: EXPERIMENT II

SMALL LAMBS FED HIGH AND LOW GAIN DIETS OF WAPANA AND COMPANA BARLEYS DURING NET

Wapana Compana
Lambs ~ Large Small Large Small
Gain High Low High Low High Low High Low
Gain in energy (P),'n .

meal 2.48 -1.19  6.50 -1.59  1.55  -4.28 6.59 - .82
Total feed consumed .

(F), kg 40.85 31.67 47.56 37.52 38.30  32.06 47.42  38.88
Mean WFEBY kg 37.92 38,98 35.83 35.66 38.36  32.06 36.29  37.00
Mean WFEB- /> 15.28 15.60 14.64 14,59 15.41  15.869 14.79  15.00
P/WFEB* 7> .56 . -.076  .444  -,109 . .10l  -.273 439 -.055
#/WFEB- 75 - 2.673 2,030 3.25  2.59  2.485 2.043" 3.21  2.59
ME mcal/kg 2,83 2.83  2.83  2.83  2.83 2.83 2.83 2.83
ME/kg x F/WFEB* 7.564 5.816 9.19 7.28 7.033 5.782 9.08 7.34
Total heat production

(H) E-P/WFEB-75 7.408 5.816 8.75  7.39  6.932 5,782 8.64 7.40
'Daily E/WFEB-72, kecal 270 205 263 208 251 206 259 210
Daily H/WFEB-77, kcal 264 208 250 211 248 216 247 211

* Wool free.empty body weights.
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TABLE 5. EQUATIONS DESCRIBING RELATION OF HEAT PRODUCTION TO
METABOLIZABLE ENERGY INTAKE AND POINT OF ENERGY
EQUILIBRIUM OF LARGE AND SMALL LAMBS ON WAPANA AND
COMPANA BARLEY IN NET ENERGY DETERMINATION. EXPERIMENT IT

Equation Energy equilibirum -
Large lamb Wapéna "~ log Hp = .00160 ME -1.99 219 Mcal
Large lambs Compana log Hp = .0013 ME -2.06 © 238 Mcal
Small lambs Wapana Tog Hp = .00135 ME -2.043 216 Mcal
Small lambs Compana log Hp = .00141 ME -2.028 213 Mcal
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TABLE 6. CALCULATION OF NET ENERGY FOR MAINTENANCE IN LARGE AND SMALL
LAMBS ON WAPANA AND COMPANA BARLEYS IN NET ENERGY DETERMINATION.
EXPERIMENT TT

Large lambs Small lambs

Wapana Compana Wapana Compana

ME/WFEB- /5%

at energy equilibrium 219 238 216 213
Feed consumed kg/WFEB'75 '

at energy equilibrium 77.38 84.10 76.33 75.27
Hp at zero intake _ 97.27 144,82 110.41 106.66
NEp ’ . ) .

(Hp at zero intake/feed cons) 1.26 ©1.37 1.45 1.42

4" Wool free empty body weights.
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TABLE 7. CALCULATION OF NET ENERGY FOR GAIN IN LARGE AND SMALL LAMBS
ON WAPANA AND COMPANA BARLEYS IN NET ENERGY DETERMINATION.
EXPERIMENT TIT

Large lambs Small lambs
Wapana Compana Wapana Compana
F/WFEB-72 ad libitum 2.673 2.485 3.248 3.207
| F/WFEB-/3 equilibirum 2.167 2.355 2.672  2.634
Difference .506 .130 . 576 .573
p/urEB- 75 . 156 .101 444 439

NE; (P/WFEB-7°/Diff.) .310 777 771 .766
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Figure 2. Weight gains of small lambs on Wapana and Compana
barley in net energy determination. Experiment II.
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determination. Experiment II.
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Experimeﬁt I1I: Metabolizable Enexgy Determination:

| Three éf the shéep used in the experiment ate nearly equivalent
amounts of feed per kg W'75‘during each of the collection periods. One
sheep ate less than the others but ate at a relatively consisﬁent level
throgghout the experimenf. Because sdﬁe.bf the sheep had what appeared
to be considerable quantities of whole barley in their feces, the barley
was separated from the feces and weighed. Results indicate that an
average of 5.2% of the barley in the 60% barley diets and 7.8% of the
barley in the 40% barley diets passed through the digestive system as
intact kernels (table 8).

Results of statistical énalysis of the nitrogen retention data
indicate that there was no significant difference (P>.05) between barley
types or levels of.feedingl(table 8). Individual sheeb did, however,
diffef significantly (P<.05) in nitroéen.fgtention. There was also
no significant differencés;kP>;05) in the ratio of acetic plus butyric.
acids to proprionic acids (table 8). |

Results of the ME determination indicate tﬁaf Compana énd Wapana
do not differ significantly (P>.05) in the diets in which théy were
used (table 8). Therefore, in order to have ME values with which to
analyze the data in the net energy determination, the average ME of
the 60% barley diet and the 40% barley diet was computed. _Simultaneous
equétions were solved to"separate the ME of Fhe hay from that oﬁ the

barley. This resulted in.a value of 3.02 Mcal/kg of ME for the Wapana
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and Compana barleys and 2.52 Mcal/kg of ME for the hay. The N.R.C.
(1973) "Nutrient Requirements of Sheep'" indicate an average ME-value
of 3.11 Mcal/kg for barley énd 2.28 Mcal/kg for alfalfa-brome grass
hay. The hay usgd in the experiment was'of excellent quality, but a

value of 2.52 Mcal/kg of ME may be somewhat high.
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| TABLE 8. FEED, NITROGEN RETENTION, VOLATILE FATTY ACID AND
! : METABOLIZABLE ENERGY DATA OF RAMS ON 607% AND 40%
‘ WAMPANA AND COMPANA BARLEY DIETS, EXPERIMENT III

g ‘ . 60% Barley 40%.Barley
C , Wapana Compana Wapana Compana
| | fggd ke DM/kg W75 ..062 . .00l .061 .062
| ME Mcal/kg w75 ‘ .265 .262 258 264
Whole barley in feces, %. . 4.95 ' 5.40 7.20 8.30
Niffogen retained, %  16.2 10.0 15.0 23.3
Acetic acid, % ' 37.3 35.9 41.6 40.7
Proprionic acid, % 28.0 27.4 25.0 25.8
Butyric acid, % 26.5 25,3 23.1 24.3
ME Mcal in diet - B 2.77 2.88 2.77 2.68 .
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Experiment IV: Ruminal and Total Tract Starch Digestion

Results of this experiment cannot be considered conclusive because
only one animal was used in one trial with Wapana and one trial with
Compana. In addition, that animal ate'approximately one-half the dry
matter during the Compana trial as during the Wapana trial. Résults
_can, however, be considegéd indicative of certain trends’in barley
digestion. Starch analysis-by a procedure‘published by Bankg'gg al.
(1970) indicate that the Wapana contained 54.87% étarch and the Compana-
50.1% starch. In sheep which ate Wapana, 0.2% starch was found in fhe
feces and 0.9Z'was found the the feces of those eatiﬁg Compana,
indicating that total tract starch digestion was considerable. On the
Wapana diet, 1.,1% starch was found in the abomasal contents of the sheep
and 2.1% when on a Compana diet., This indicates that ruminal starch
digestion was very ﬁigh for .both barleys.. Analysis of rumen fluid
indicated that the Wapana diet causedvé proprionic to.acetic and
butyfiq rétio éf_1:2.5 while the Compana diet was 1:1.6. This may be
indicative of greater fermentation caused by tﬁe Wapéna diet but iﬁ:
Experiment IIT, ME determin;tion there. was no difference between diets.
.As a result of this samplihg, it is not possible to detefmine which
barley was more completely digested, but if the results of this trial
is normal, Wapana barley starch is more digeéted in the rumen tﬁaﬁ is

Compana barley starch.
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Experiment V: In Vitro Digestion

The results of the first in vitro digestion found Compana barley
to be 81.78% digested while the Wapana barley was 80.79% digested. A
mixture of 60% barley and 40% hay resulted in the Compana being 72.46%
_digested and the.Wapana being 71.70% digeéted. A ﬁixture of 40%
Ibarley and 60% hay resulped in the Compana diet being 67.95% digested
and the Wapana diet being 68.,08% digested}- The ‘hay was 59.70% digested;
Statistical analysis indicated that there:isrm)significantrdifferences
(P>.05) in the extent of digestion of the barleys. Values for the
barley-hay mixtures show no variation due to interactions of bafley
and hay.

The second in vitro digestion was designed to determine the rate
of Wapana and Compana barley digestion. Figure 4 shows the results
in graph form. After 12_hrs Wapana is 28.65% digested while Compana
is 24.33% digested (P>.01). From that point, digestion rates converge.
After 96_hrs'of digéséipn Wapana is 81.36% Qigested aﬁd Compana 81.31%
digested, comparing very well with the fiﬁal DM diéappearance'found in
the first in vitro digestion. Wapana bafley appears to be more quickly
digested in rumen fluid than Compana. After 48 hrs of rﬁmen fluid and_
48 hrs of HCl pepsin digestion, they appear to be digested to the

same extent.
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SUMMARY

Wapana barley was produced from seven backcroéses of Compana
barley on waxy Oderbrook barley. Therefore, Wapana and Compana are.
néarly isogenic barleys with the'major difference being Wapana's. high
amylopectin content.l The purpose of this research is to..compare these
two barleys to determine if a high amylopectin éontent is advantageous‘
in a barley to be fed to ruminants. To this end, five separate experi-
ments were conducted.

Experiment I was a feed-gain trial. Ninety-six Rambouillet and
'Targhee wether lambs were separated into eight pens in a 2 x 2 x 2
factorial design. Factors were Wapana vs. Compana, high rate of gain
vs. low rate of gain, and small lambs vs. large lambs. Results ex-
presséd as ME intake/kg W'75/kg gain are 3.94 and 3.13 for large,
high gain Wapana and Compana pens; 2.97 and 2.§8 for small, high gain
Wapéna and Compéna pens; ;4.06 and -16.78 fo£ large, low gain Wapana
and Compana pens; and 5.00 and 30.60 for the small low géih Wapana and
Compana pens. ?hree of the four groups resulted in Coﬁpana having
more efficient gains. This may indicate a tendency towards Compana
having better feed value.

Experiment II was conducted to determine the net energy (NE, and
NEg) of the two barléyé; The lambs were stratified in the same 2 x 2 x
2 factorial design as described above. Although the high gain groups
gained an average 162 g/day and the low gain groupslgained 78 g/day,»

body fat dropped from 22.58% to 20.10%. This resulted in'very small
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energ& retention for the high gain pens and negative energy retention
for the low gain pens. fhere was incidgntiy no measurable difference
in carcéss density (P>.05) between tréatments among the initial élaughter
_lambs or émong the final slaughter lambs. Fésting heat production
ranged from 97.27 to 114.82 kcal/kg we /o which is considerably higher
phan the 68 kcal/kg W'75.reported in the literature for six-month;old
iamﬁs. it is known that cold weather causes increased enefgy needs?
and these high fasting heat production values could be indicative of
that. The higher energy requirements indqced by winter weather could
aléo explain the loss iﬁ Body fat, Ne; energy maintenance (NEm) values
compute& for the barleys were 1.26 Mcal/kg and 1.37 Mcal/kg fof-the
pens of large lambs on Wapana and Compana and 1.45 Méal/kg and 1.42
Mcal/kg for the pens of smaller lambs., Net energy gain (NEg) values
were .31~Mca1/kg, 777 Mcal/kg, .771 Mcal/kg and .766 Mcal/kg for

the large Wapana and Compana pens and the small Wapana and Compana

pens. Both NE, and NE, values are approximately 667% of values calcu-

g
lated for a diet of barley and high quality hay. This may also be
indicative of the higher metabolic rate caused by winter weather.
Results of these computed net energy values indicate thét these
barleys_héve equal feed potentials,

Experiment iII was.run to dete;miﬁe metabolizable eﬁergy (ME)

and nitrogen retention. Four yearling.Térghee rams were utilized

in a complete block design. Factors were barley type andiéo%




54 .

. . ) {
barley diets vs. 40% barley diets. The sheep were allowed five days'’
for preparation an& five days for collection on each ration. 1In
addition to collections of feces and urine, rumén,fluid for VFA
analysis was collected from each sheep on each diet with an oral
stomacﬁ tube. Results of VFA analysis showed no significant differences
in proprionic to acetic and butyric ratios (P>.05). Statistical
analysis of nitrogen retention data indicate that there was no signifi-
cant difference (P>.Q5) between barley types or levels of feeding.
Coﬁpana and Wapana also did not differ,(3>.05) in ME. The'average ME
value of both barleys was calculated to bé 3.02 Mcal/kg and the hay
was 2.52 Mcal/kg. These values compare favorably with published data.

Experiment IV was designed to measure ruminal and total tract
starch digestion., Six sheep had rumen and abomasum_cannulae inserted
for use in this experiment, but five died before they could be utilized.
The experiﬁent was continued with only_one sheep. Analysis of rumen
fluid indicated there was a proprionic to acetic and butyric ratio of
1:2.5 for the Wapana diet and 1:1.6 for the Compana dietf Starch
analysis of abomasal fluid found thatvfhere was 1.17% starch resulting
from the Wapana diet and 2.1% from the Compana diet. There was .2% and
.9% in the feces on the Wapana and Coméana diet, respecfively. These
results cannot be considered conclusive because of the smalltsample
but it does indicate that barley starch is highl§ digegtible in the

rumen of sheep and nearly completely digested in the total tract of
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sheep. If these results are normal, it 'indicates that Wapana barley
starch is more digested in the rumen than Coﬁpana barley starch.

Experiment V ﬁas-an in vitro digestion trial designed to defermine
the total dry matter (DM) digestion of the barleys and the rate of
digestion. Total DM digestion was 80.79% and 81.78% for Wapana and
Compana barley. Statistical analysis indicates there is no difference
(P>.05). The hay was 59.,70% digested and tubes of Wapana and Compana
in 40% barley-607% hay and 60% barley-40% hay mixtures was 68.09%, |
67.95%, 71.70% and 72.467 digested. Rate of digestion results showed
Wapana to be 28.65% digested and Compana to be 24.33% digested after
12 hrs in rumen fluid (P<.61). From that point, extent of digestion
converged until they were digested to the same extent after full term '
(96 hrs).

The only evidence that Wapana and Compana differ in feed value

‘is the possible tendency for the Compana to produce more efficient

gains as seen in the feed-gain trial. The possible tendency for

Wapana to be more digested in the rumen as seen in experiment IV, and
the highly significant results of the'in vitro digestion. The 1iteraturé
indicates tﬁét barley starch is virtually 100% digested in the total
tract‘of ruminant animals and 94%2.4% digested in the rumen. This is

in contrast to corn and sorghum which ié.%8T12.5% and 76%22.4%

digested in the rumen. Results of experiment IV confirm that barley

starch is highly digested in the rumen and in the feces. For a cereal
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grain of thé'game relativelgnergy conteﬂt‘aé another to have a greater.
feed potential, it would-either have to Eg digested to a greater extent
in the total tract or be less digested in the fqmen. Rumen digéstion
.is'léss efficiently utilized metabolic products. Since ba;ley starch

- is highly digestible both in the rumen éﬁd total Eract, difference
between barley varieties would be 'small and therefore easily masked by
variations in animals. Results of the in vitro digestion suggests that
Wapana is more rapidly digested than Compana buf apparently.not enough
to show significant differences in animal responses since none of the
animal'feeding experiments éhow significant differences.

In ordgr to more adedﬁately determine the feed value of Wapana
and Compana bérley, éhree additional evaulations should be conducted.
Fifst the rate of in zig;g.digestion should ﬁe determined for a number
of Wapana and Compana pairs grown in different years and locations.
Second, different surgical techniques shéuld be explored in order to

establish permanent cannulae in the rumen and abomasum of é number of

sheep. The ruminal and total tract starch digestion of the barley
starch could then be measured accurately. Third, experiments with the
two barleys in rations containing urea should be undertéken. Urea is

very fapidly absorbed aﬁd eliminated from the ruminants body. If
Wapana is more rapidly digested it would_act in concert with'the urea

resulting in more protein being available to the animal.
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DIGESTIBILITY OF DIETS IN METABOLIZABLE ENERGY

TRIAL, EXPERIMENT TIT

Crude Crude ' Ether

protein fiber extract Ash NFE
607 Wapana 70.0 37..0 52.9' 43.1 '81.3.
607% Compana 68.2 43.5 50.3 30.1 80.1
40% Wapana 72.2 47.8 43.2 42.3 78.8
40% Compana 70.9 45,0 24,7 39.1 79.3
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APPENDIX TABLE 10. MEAN SQUARES AND DEGREE OF FREEDOM OF STATISTICAL

ANALYSTS
Mean Degree of
squares - - freedom
Experiment ITI
Initial slaughter lambs
Specific gravity: '
Wapana vs. Compana ' .000025 1
Large vs. small lambs . - .000072 1
High rate of gain vs. low .000064 “ 1
Barley x size - . 000125 1
Barley x rate of gain ~ .000133 1
Size x rate of gain .000088 1
Barley x size x rate of gain .0000 1
Error .000124 8
Final slaughter lambs
Specific gravity: )
Wapana vs. Compana .00005 1
Large vs, small lambs .00000 1
High rate of gain vs, low .00030 1
Barley x size .00029 1
Barley x rate of gain .00029 1
Size x rate of gain . . .00000 1
Barley x size x rate of gain . .00029 1
- Error - .29474 24
Experiment III .
Metabolizable energy ,
Sheep ‘ _ ' .027 3
Wapana vs. Compana .0 1
60% barley vs. 40% barley .06 1
Barley x feed level .05 1
9

Error o . .03
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Mean Degree of
squares freedom
Experiment II
Nitrogen retention
Sheep .94 3
Wampana vs. Compana .0 1
60% barley vs. 40% barley .17 1
Barley x feed level .13 1
Error .11 9
Experiment IV
In vitro digestion .
" Extent of digestion, 96 hrs 1.50 (T-test) 2
Extent of digestion, 12 hrs 10.71 (T-test) 2
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