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Abstract:

Effects of barley variety when used in high concentrate diets were investigated in two trials. Corn
(control), Gunhilde barley, Medallion barley, and Harrington barley were evaluated. Trial one
evaluated the effects of barley variety on animal performance, carcass characteristics and diet
digestion. Eighty crossbred steers were utilized in a completely randomized feedlot trial: Trial two
evaluated the effect of barley variety on rate, site and extent of diet digestion. Four abomasally and
ruminally cannulated steers were used in a 4 x 4 Latin square designed metabolism experiment. Barley
variety did impact feedlot performance in this study. Despite an extremely rapid rate of ruminal
digestion, Harrington barley resulted in superior feedlot growth performance and carcass characteristics
when compared with Medallion and Gunhilde barleys. It would appear that Harrington barley, which
had superior quality grade and feed conversion, may be an acceptable substitute for corn in the
Northern Great Plains region until the cost of corn is lower. Kinetics of particulate passage and ruminal
digestion of high concentrate diets fed to steers were shown to differ when different barley varieties
and corn were used as basal grains. Total tract starch digestibility was greater for steers consuming
Harrington, Gunhilde or Medallion barleys compared with those fed com. Intake of digestible starch
was 8.2% greater for steers fed diets based on Gunhilde and Harrington barleys, compared with steers
consuming Medallion barley. Ruminal retention time was greater for diets based on corn or Medallion
barley compared with diets based on Gunhilde or Harrington barley. In addition, all barleys had similar
extremely rapid rates of ruminal DM and starch in situ disappearance when compared to corn. It would
appear that some barley varieties, in this research Harrington, may be able to compensate for this rapid
rate of digestion by supplying additional N in the form of microbial N to the duodenum for digestion
and absorption. This study indicates that rapid rumen fermentation of barley may not necessarily result
in depressed animal performance. It is evident that additional research is required before
recommendations on the best barley variety to feed cattle can be given. It is encouraging though to
begin to understand some factors that may affect the digestion kinetics associated with barley variety in
high concentrate diets.
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" ABSTRACT

Effects of barley variety when used in high concentrate diets were investigated in two
trials. Corn (control), Gunhilde barley, Medallion barley, and Harrington barley were
evaluated. Trial one evaluated the effects of barley variety on animal performance, carcass
characteristics and diet digestion. Eighty crossbred steers were utilized in a completely
randomized feedlot trial: Trial two evaluated the effect of barley variety on rate, site and
éxtent of diet digestion. Four abomasally and ruminally cannulated steers were used in a 4
x 4 Latin square designed metabolism experiment. Barley variety did impact feedlot
performance in this study. Despite an extremely rapid rate of ruminal digestion, Harrington
barley resulted in superior feedlot growth performance and carcass characteristics when’
compared with Medallion and Gunhilde barleys. It would appear that Harrington barley,
which had superior quality grade and feed conversion, may be an acceptable substitute for
corn in the Northern Great Plains region until the cost of corn is lower. Kinetics of-
particulate passage and ruminal digestion of high concentrate diets fed to steers were shown
to differ when different barley varieties and corn were used as basal grains. Total tract
starch digestibility was greater for steers consuming Harrington, Gunhilde or Medallion .
barleys compared with'those fed corn. Intake of digestible starch was 8.2% greater for steers
fed diets based on Gunhilde and Harrington barleys, compared with steers consuming
Medallion barley. Ruminal retention time was greater for diets based on corn or Medallion
barley compared with diets based on Gunhilde or Harrington barley. In addition, all barleys
had similar extremely rapid rates of ruminal DM and starch in situ disappearance when .
compared to corn. It would appear that some barley varieties, in this research Harrington,
may be able to compensate for this rapid rate of digestion by supplying additional N in the
form of microbial N to the duodenum for digestion and absorption. This study indicates that
" rapid rumen fermentation of barley may not necessarily result in depressed animal
performance. It is evident that additional research is required before recommendations on
the best barley variety to feed cattle can be given. It is encouraging though to begin to
understand some factors that may affect the digestion kinetics associated with barley variety
in high concentrate diets. ‘ '
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CHAPTER 1
INTRODUCTION

: Ba’.riey, grown extensively in the semi-arid emﬁronment- of Montana; is vitally
important in the malting and ceredl grain éommodity markets. 'Bérley also plays an
important role in Montana"s livestock industry as an ingredient in vdnter-suppleirmnts, and"
' b‘gckgrounding and fmishjng diets. There wer;e 52.8 million bu of barléy harvested in
~Montana in 1992 and 85.8 million bu in 1991, ranking Montana third in the nation in barley
p'roduction (Mt. Ag. Stat. Serv., 1993). Much of the barley that_is produced may not be
acceptable for the malting or cereal grain industries and is sold for a lower price as livestock
feed.

Montana's largést cash receir;ts come ﬁ’OT;l the livest'ock industry (Mt. Ag. Stat. Serv.,
1993). Montana cattle .ranchers sell over 1,000,000 feeder calves out of; state to'the cattle
finishing industry (Mt. Ag. Stat. Serv., 1993). At the presént time Montana does not have
a large feedlot industry due to the inability to slaughter large numbers of finished cattle. If ‘
at a future date, cattle feedlot operations could be developed in Montana anci finish
Montana calves with Moﬁténa grov.vn barley, the econofnic benefits to the state's.economy
would be quite large. |

Barley, when cc;mpared with comn, provides less energy for cattle ( 2.06 vs 2.24 Mcal
NE, /kg and 1.40 vs 1.55 Mcal NEg/kg, respectively; NRC, 1984). However, barley
provides a greater amount of crude protein than corn (13.4 % vs 10.1 %, réspectively; NRC,

1984). Barley has long been utilized in supplements for ruminants and extensively used in
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diets for nonruminants, and has at times been used sparingly in ruminant high concentrate
diets. Digéstive disorders (bloat ar.1d qéidosis)'.cre'ated when raﬁidly ferr,nented grain
(Qrskov, 1986) is used in a finishing diet may be part of the reason for its limifed use.

It has been the practice in the Midwest region of the United States to finish cattle on
corn, the most economical and efficient basal grain source.' Corn decreased days on féed,
improved feed’ efficiency, increased carcass. weiéht, and increased quality grade when
compared v&ith barley or barley mixes (Anderson and Boyles, 1989). However, barley as
the basal grain source has at times produced animal performance and carcass characteristics
similar to corn diets (Nichols and Weber, 1988). Barley variety has been reported to differ
in chemical composition(starch; nitrogen and phosphorus; McDona}d et al., 1991), starch
pore location (F;annon et al., 1992) and amylose content, and gelatiniiation temperatures
(Gudmundsson and Eliasson, '19.92)' which ix; turn depends upon the location and
environment in which it is grown (Kemalyan et al., 1989; Reynolds et al., 1992). The effect
. of barley variety Qn' nonruminant digestion has been linked to B~gluc;n content thr(.)ugh its
"impact on viscosity. Increased digesta viscosity potegtially decreases nutrient- absorption:

in thé small intestine (Wéng et al., 1992) . Barley variety has been shown to differ in in
- vitro dfy matter disappearance (Clark et al., 1987, K;amalyan et al., \1989), animal
performance (Ovenell and Nelso.n, 1992), éna neutral detergent fiber digestion (Ovenell et
al., 1993). Howevef, until re;:ently, barley variety used has not been reported, or -

investigated thoroughly in high concentrate diets for cattle.




This study was designed to evaluate:

1. The effect of barley variety upon feedlot performance, carcass characteristics, and diet
digestion by steers fed a high concenfraite diet.

2. The effect of barley variety upon the rate, site, and extent of digestion'in steers fed a

high concentrate diet.
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CHAPTER 2

LITERATURE REVIEW

High Concentrate Diets

High concentrate diets are traditionally used in management schemes requiring
animals to gain large quainfities of weight, or to perform’ at an elevated llevel, such as a beef N
steer in the ﬁnishing. phase or a high milk producingk dairy cow. Although dairy diets are |
slightly lower in concentrate content (60 %) tﬁan finishing diets (90 %) they are still
considered a high concentrate diet. The larger quantities of forage in ciairy diets 1s important

'to maintain an acceptgble level of l:;ut;cerfat in milk. éutton ét al. (1993) reported that ad
libitum feeding of a high duality forage along with an all concentrate ration maintained
butterfat levels and increased milk production as the amount of grain increased. The factdr
driving formulation of high concentraté diets is the enormous amount of energy required for
these animals to achieve the desired performance levels. These diets are formulated to
provide energy required to maintain the animal (net energy éf maintenance, NE, ) and to
provilde enough residual energy to enable the animal to achieve the performance level
desired (net energy of gairi/lactation, NE,,). This energy is usually provided in the form of
cereal grain.

| Corn has traditionally been the most economical and efficient energy source for
finishing beef cattle (Anderson and Boyles, 1989). There are many reasons that corn i;s, the
preferred cereal grain for high concentrate diets. In the Midwest region of the US, where

. . _ S
a large number of the cattle feedlots are located, corn is the cheapest and most widely
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available grain.. -Corn is higher in energy. density than barley (2.24 vs 2.06 Mcal NE,_/kg
and 1.55 vs 1.40 Mcal NE/kg, respectively; NRC, 1984). However, barley.is higher in
crude protein ysrhen compared with corn ( 13.4 vs 10.1%, DM basis; NRC, 1984). Protein
" supplements are usu_aﬂy the most expensive diet componen‘r. The use of "barley may reduce
the amount of additional protein needed, thereby reducing diet eosts. From a feeding
management standpoint corn is one of the safest energy sources. The incidence Qf bloat,
acidosis, and other metabolic disorders are reduced when using a more .‘slow‘ly fermented
feedstuff. Berley, oat and wheat starch is | rapidly and almost completely fermenteci in the -
rumen (> 90% ruminal digestion) whereas sorghum arrd cern starch ‘is fermented more
slowly in the r.umen environment (78% ruminal digeétiorl; Waldo, 1973; QOrskov, 1986). By
reducing metabolic disorders, rrr'orbidity is reduced, lreeping animals on full feed and
subsequently increasing proﬁr.

: Grairl sources other than corn, when used iwith proper management and diet
fo‘rmulation; can be effectively utilized in high concentrate diets. Ba_rley, wheat, and oats
can be of 'equal rlutritiye value for ﬁnislring cattle (Dion and Seeane, 1992), providing
adequate energy and producing equal performance (average daily gain, ADG; qu.ality,
grade, QG; and yield grade, YG), when compered with corn (Nichols and Weber, 1988;
Dion anrl Seoane, 1992). Alternative greirr sourcee have .alscl) beerr investigated in the dairy
.industry. Studies indicate that barley is en acceptable energy source. In comparison to cern,
barley has not impaired milk production or milk r]uality (butterfat level) lin lactating dairy
eows when dietary fiber levels were kept constant (DePeters and Taylor, 1985 ;Grings et al.,

1992). These results however, may be drastically impacted by fermentation rates of the
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starch fraction of the endosperm, processing and variety of grain source used in the high ~

concentrate diets.

Starch Utilization in Ruminants

' .Starch consists. of amylose, cor‘n.posed of «-1,4-linked glucose molecules, and
amylopec£in, a branched chain glucose molecule. Amylopectin is made up of both «-1,4-
linked and «-1,6-linked branch points. Starch utilization is quite different in ruminants than
nonruminants. In nonruminants, the vast majority of starch is digested Withirlx the intestinal
lumen By a-amylase secrete-d via the pancreatic dpct (Gray, ‘1992). Very little, if any, starch
is hydrolyzed by. salivary amylase, but it is rapidly degraded by hydrochloric acid in the
stomach. Alpha-amylases bind to the five terminal end gl_ucose's' of the starch molecule.
The a-amylase then cleaves the starch molecule bétween the second and third «-1,4-linked
glﬁcose residues. Maltose and maltotrioses ére the primary prqdubts ﬁroduced during this
process. The a-1,6 linkages of amylopectin are impérvious to a-amylase (Gray,1992).
Maltases (generic term for all enzymes acting on the products) generally have the ébility to

._ cléave off gluéose molecuies, but are alsé inhibited by an «-1,6-linkage. The oc~—1?6-linkages
are only cleaved by a-dextrinase. Glucose molecules are then cleaved off sequentially with
‘glucoamylase being the most efficient initially (Gray, 1992). Starch is reduced to glﬁcose
because gctive transport across tﬁe intestinal ;"nembrane is limited to glucose (Gray, 1992)..
In the ruminanfc the feedstuff undergoes a pregastric ferméritatipn phase in which the

ruminaf microbes hydrolyie most o.f the ‘readily available starch as an energy source.

Amylase producing microbes are predominate in the rumen of cattle fed a high concentrate

:
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diet (Kotarski et al., 1992). The amount of starch hydrolyzed by the 'microbes depends upon .
the ty;;e of grain, processing, and diet compositiqn (Kotarski et al 1992). The digesta then
undefgoes post-ruminal digestion starting in thé abomasum.

Pancreatic and intestinal amylase activity in the ruminant is nealjly the sarﬁe as in the
nonruminant (Harmon, 1992). Digestion in theA small intestine potentially results in the most
efficient use of starch. i‘he small intestine ;clctively transports glucosé across the intestinél
wall. Glucose has approximatély‘ 42% more value energetically when oxidized, than the
volatile fatty acids (VFA), produced during ruminal fermentation of st‘arch (Owéns et al.,
1986).

-The concept of post-ruminal starch digestion being most energetically efficient is
being challenged. Huntington (1994) reviewed starch utilization in ruminants and reported
that the additional flow of midroiaial protein to the small intestine, and VFA produced from .
rapidly fermented feedstuffs are more efficiently used than glﬁcose absorbed in the small
intestine from feeds that have Higher stafch bypass. In addition, glucose absorbed and
' ox.idized above the ruminant's requirer.nent is not utilized as efficiently as the absorptién of

the organic acid fermentation prloducts.

" The large iﬁtestir'l'e also acts as a fermentation chamber, but not as éxtensively as the
rumen (@rskov, 1986). . This secondary fermentation process produces VFA just as
fermentation did in the rumen giving the rurﬁingnt another opportunity to utilize the starch

| prior to thé excretion in the feces.
Total tract star.ch digestibilities are usually very high for concentrate diets regardless -

of the basal grain used (99%, Waldo, 1973; 92% ,0Owens et al,, 1986 i 99% Spiéer et al.,




1986). Ruminal fermentation of starch, followed by enzyrhatic digestion in the small
. ‘intestine and fermentation in the large intestine, resuﬁs in digestion of most of the available
' sfarch,fraction of the feedstuff, and therefore grain type does not substantially impact total _'
tract digestibility. Hox-zvever, site of starch digestion does differ considerably when different
basal grains are utilized. Waldo'(l§73), @rskov (1986), and Owens et al. (1986) reviewed
starch. utilization research and .rep.lorted vast differences in site and éxtent of starch
disappearance depencient upon the grain source.

Corn and sorghum grain have a slower rate of fermentation in the ru}ne;n than other
grains. Approximately 40% of the corn c;r sorghum s£arch presented to the rumen can
escape ruminal fermentation (Jrskov, 1986). Oat-s, wheat, and barley have very rapid
fermentation rates in the rumeh, and app'ro'xim'atel}; 90% of the starch is digested by the
rurrﬁnal microbes. The énergy sources that result fromlst.arch fermentation in the rumen ére
VFA, leaving only 10% of the starch to be presented to the small intestine.fb'r digestion
(Waldo, 1973; @rskov, 1986; Owens et al., 1986). Increasing sFarch flow to the small
intestine for enzymatic digestion should increase energy efficiency (Waldo, 1973). Ruminal
starch fermentation has been reported to be 75 to 80% less eﬁcient than glucose absorption
in the small intestine (6wens etal., 1986). However, research has shown that equal animal
performance levels can be achieved with different grain soﬁrces_. Animal pérf‘ormance
results cannot alWays be attributed to the starch bypass potenﬁal of the grain (IHuntingtoq, B
1994). This leads to the éonciusidn that some 'factor other than grain source may héve a

great impact on animal perforimance.
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The ruminant digestive tract is, de;signed. to remove all available starch, but is there
a limit to ;[hé amount of starch that C;m be digested? The rumen environment possibly has
. the largest siaroh digesting capacity. Tlie ruminal microbes use ?he starch as an energy
"source and prodﬁoe VEA which are absprbed aofoss the rumen wall. Corn and sorghum

starch al;pear to be less available for bacterial breakdown. The basic structure of the starch

granulé in the various grains is different, with wheat and barley starch granules being the |
closest in morphology (Mct)orllald et al.; 1991). These differences in morphology may be

as simple as surface pores of the starch granule. Fannbn et al. ‘( 1992) rel;.)orted that corn and

sorghum pores were similar and found randomly over the surface, whereas barley, rye, and

wheat pores were found along the equatorial groove. It was coricluded that the orientation

- of surface péres may alter the ability o;‘ a-amylases to attack the starch. Pore morphology

and. locéati_on may also affect bacterial attachment and digestion, and may cause corn and

sorghum starch to be less readily fermentable in the rumeﬁ. Physical properties of starch

differ between barley cultivars (Gudmuhdsson and Eliasson, 1992). The digestibility of
barley cultivars méy differ due to variation in the ability of ruminal microbes to attach and

initiate starch hydrolysis. '.

McAllister et al. (1993) recently evéluated the barley and corn étarch matrix and
its effect upon digestibility. They reported the endosperm protein matrix, in which the starch
molecules are embedded, is diﬁ‘erer.m for corn.and barley. The protgin matrix réther than the
starch itself may cause diﬁ‘erences in digestibility, and the éndosperm structure appax.“ently
hasva larger effect upon the digestibility of corn than barley. After treatment with proteases,

starch digestion increased more for corn than for barley. Some factor other than the protein
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matrix may be more importéﬁt iﬁ limiting access for rumen microbes to barley starch
granules. |

”l;he small intestine utilizes pancreatic enzymes to break dowﬁ starches to glucose.
Owens et al. (1986) reported that the capqoity of the small intestine to digest starch appeared
unlimited, as no plateau in glucose "le"/el occurred as diétary starch content increased.,
However, there are limits to the amount of starch that can be digested , and Owens et al.
(1986) concluded that some factor other than enzyme activity resulted in the incomplete
digestion of starch in the small intestine. Glucose transpbrt sites may be functioning at their
maximum rate or the surface area of the grain related to particle size 'may not allow compléte
hydrolysis to occur. Hu.r}tington (19945 felt that the factor limiting starch digestion may be
the amount of pancreatic enzyme.s secreted. Kreikemeier et al. (1991) i‘nfused cc-)rr"l starch
into the abomasum of steers and reported digestibility of starch decreased as the amount of
starch increased. They also reported the upper limit of starch that caﬁ be digested in t‘he.
small intestine of growing cattle lies between 480 and 960 ‘g/d. Harmon (1992) reviewed
research on the capacity of the small intestine to digest starch (corn, barley, and sorghum)
and reported a ré.nge of 122 to 635 g/d. The starch digestibilities differed widely, ranging
from 17.3 to 84.9 % depeﬁdent upon the actual level of starch presented. Harmon (1992)
and Huntingfon,(1'994) concluded dietary energy intake altered the quantity of «-amylase
present in pancreatic tissue. Huntington ( 1994) concluded that a§ additional starch was
fermented in the rumen, the added benefit from increased microbial flow to the aboﬁlasum '
outweighéd the effect of reduced bypass of starch. Optimﬁm dietary starch levels should be

matched to the production level of the animal (Huntington, 1992). Additional research is
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N

needed on measuring the quantity of pancreatic secretions and their responses to c.har‘lges in
starch level. ~ This would enable ruminant nutritionists to better match dietary starch

utilization with energy requirements.

Effect of Processing on Grain Utilization "

Processing grains can be as simple as hawésting at a high moisture conte.nt. This
takes advant_age of the ir.rimaturity. 'of the grain and results in easier hydrolysis in the rumen.
‘Prbcessing can be as corﬁplicated as treatment with formaldehyde in an a‘ttempt. to alter
digestibility through chemical means. All processing affects dry-matter (DM) and/or starch
digestion by either increasing or decreasing ruminal or post rl%mina-l digestion. Processing
: ﬁas been investigated as a metflod to increase the ruminal bypass of a rapidly fermented
grain such as barley, and to increase fhe fermentability of slowly digested grains, such as
sorghum. The added benefit of processing sorghum is believed - to be a résult of breaking
the very hard seed coat . An excellent review of grain processing effects is presented by
Theurer (1986) who ‘report.ed that corn and sorghum benefited most from processing and
barley digestion was c;nly slightly affected by processing. Recent research indicated that -
sorghum ha.s to be processed in some manner in order to maximize its nutritional value
(Streeter et al., 1990 ; Hill et él., 1991; Streeter et al., 1991). .

Recent data on the effect of barley processing on digestion by beef cattle are
summarized in Table 1. In contrastto Theurer (1986), barley OM and starch digestibility
have been iﬁc;eased by grain processing (T.able 1). Increasipg grain surface area‘through

destructive processing techniques allows a greater opportunity for microbes to attach and
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Increase digestibility. ~ As grain particle size increased total tract digestibility decreased
, (ngdo, 1973). Recent research on graﬁn processing has focused on reducing the rapid rate
. of fermentation seen with barleys. Kennelly and Ha '(1990) concluded the superior -

. .
performance exhibited by the steers fed high moisture rplled or whole bgrley was the result

of a more stable rumen environment when compared to dry rolled barley.

Table 1. The effect on digesﬁbility and ﬁnishing cattle performance of various grain
processing techniques. ' C

Reference Grain Method Ruminal digestion, % total tract, % " ADG,
' OM Starch OM . Starch  kg/d
Kénnelly and Ha, 1990 ) '
barley rolled . . 71.7% 97.8° -
barley HM -rolled - - , 76.5° . 97.9° -
barley  HM-ground - - - CT71.0™ 98.5° -
barley HM-whole - - 67.7° 89.7° -
......................... SE - - 134 - 21 -
........................ P>F - - 05 05 -
Zoebell et al., 1992 :
barley Am' whole - - - - 1.15
barley Am rolled - - - - ' - 1.20
barley whole - - - - 1.15
. barley rolled - T - - 1.18
......................... SE - - - - .05
R T P>F - - - - 18
Zinn, 1993, . '
© com  st.” flaked 60.4 83.9 82.3° 983°  1.21°
barley dry roll 56.7° 75.8 77.8° 95.0° 1.31°
barley st roll, thick = 656" 88.2° 80.7" 97.9%  1.29"
oL barley  stroll, thin 62.2" 90.1° 80.5" - 98.8" . 1.28°
......................... SE 52 ‘ 3.8 1.7 ) .06

........................ P>F .10 - .01 05 05 .10 -

“»% Means within a column and reference without common superscripts differ.
" High Moisture

~ Steam

! Not significant

' Ammoniated

Zinn (1993) reported that steam flaked corn resulted in lower ADG than found with

dry rolled ‘or steam ﬂallc‘ed.barley. In addition, steam flaked barley actually increased the
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NE,, provided to the steer compared with dry rolled barley and tended to increase with flake
thickness. It would appear that any rype of barley processing is beneﬁeial to animal
| performance compared to feeding whole barley. However, over processing may occur,
Hironka et al. ( 1 992) reported that very finely flaked barley is no better than Whole barley
- when comparing animal performance. Any barley processing technique that gelantinizes the
starch stablizes pH in the rumen envirOnment,'as seen in most steam ﬂaking studies.

McAllister et al..(1992) evaluated the effect of formaldehyde treatment on in vitro
digestion of barley. These ’researchers reported that although in vitro dry matter
disappearanc_e (IVDMD) of barley was not Changed by formaldehyde treatment, the
- viscosity, eften a causative agent in bloat, was. reduced enough to be biologically
significant. "However, McAllister et al. (1990) found treatment with .1 % formaldehyde |
did slow bacterial fermentation of barley.

Grain processing effects have also been studied in dairy diets . Poore et al.{ (1',993)
evalu‘ated dry rolled and steam flaked sorghum and reported an increase in both ruminal and
total tract starch digestibilities (48 vs 74%, and 83 vs 98%, respectively) with steain ﬂaking. _
Nocek (1990) ,cencluded that sité of starch digestion -could be manipulated by grain
. processing, but no clear cut evidence eiristed that increased level of starch flowing to the
small intestine increased milk yield or composition. Evidence dbes:exis’r that post-ruminally
digested starch is more efficiently used for miik synthesis than starch digested in the rumen
(Nocek, 1990). Huntington (1994) supports this conclusion showing that dairy cattle with”

high lactational demands, may benefit in higher milk yields more from the additional
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microbial protein presented to the small intestine from rapidly fermented’ feedstuffs than

from the glucose that is oxidized after its subsequent absorption iri the small intestine.

Effects of Barley Variety

Barley-is a unique cereal grain in that it ‘has an extensive rumber of cultivars
(Gudmundsson and Eliasso'n; 1992).. These Varie’eies were initially developed to be.‘either'
malting or feed barleys. Usually the malting barleys that cannot consistently produce high
quaﬁty mﬂt are relegated to be feed barleys. Malting barlleys'can be either 6-row or 2-row,
referring to the number of kernels present on the head in a row seen as a person looks down
on the head. Malting barleye usually contain betV\./een 10 to 13% crude protein (6-row 2.0~
to0 2.6 % N, and 2-row 1.6 % N) with more preference .given to a lower than a higher protein
content (Briggs, 1978). Higher nitrogeﬁ contents in the‘kernel increases steeping time
(hydration of the kernel, the initial step in the malting process). Once respiration begins, -
- during the germination phase of malting, higher nitro'gen levels cause respiration to proceed .
too rapidliy. (Briggs, 1978). Possibly the most important characterisﬁc for malting varieties
to possess is consistency, to ensure-good quality and consistent malt between runs (Briggs,
1.978).

During the developmental phase, barley varieties ﬁave diverged into two categoriés,
either rich (non waxy) or relatively low (\g.va>'<y) in amylose content (Gudmundsson and
Eliasson, 1992). Barley varieties, waxy or. non waxy, have been shown to be. elifferent in
starch consistency, gelatiﬁization and viscosity (Gudmundsson and Eliasson, 1992). In

addition, waxy and non waxy varieties have been shown to differ in physical and
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morphological factors (Fannon et ai., 1992; Gudmundsson and Eliasson, 1992 ) and starch
granule size and composition (McDonaid et al., 1991).

Generally, waxy starch types contain only amylopectin, hydrate fasfer and have’
increased rates of in vitro and in vivo digestion when- compared with non \;vaxy starch types
(Huntington, 1994). Feed barleys have not been selected based on animal performance,
instead the va;iety's lack of consistent malting quality relegates it to feed barley: Animal
perfoﬁ*nance coﬁld be imp‘acted to a large degree by these variations in feed quality due to
b.arley variety.  However, Huntingt;)n ( 1994) v\jarned thgt rates gf in vitro or in vivo
digestion do not always correspond with animal p;arformance. |

Impact of variety has Been investigated most extensi\;ely in sorghum (Streeter et al.,
1991; Huntin_gt;m, 1994). Wester et al. (1992) reported that 48 hybrids of sorghum diﬁ‘ered
in in vitro starch disappearance. When 4 hybrids were selected, 2 with a slow and 2 with a
fast rate of digestion, énd used in a laﬁqb feeding trial, no difference was detected in animal
performance. However, when 10 hybrids (5 slow and 5 fast) wére used in a steer feeding
trial, differences were détected between ’Fhe fastest and the slowest digesting hybrid in steer
perforrﬁance. The fastest disappearing hyBrid éxhibited 9% faster ADG compared with the
slowest hybrid (1.33 vs 1.22 kg/d, respectively).

Barley van'ety research was rini'ti'ated in nonruminants, with the objectiye of using the
higher crude protein level associated with barley over corn. Barley varieties w'ere shown to
vary in components such as the 3-glucan content (Bhatty et al., 19915. Beta-glucan content
was shown to aﬁ'éct the viscosity of digesta in chickens, e;nd consequently impaired

digestion, but lower concentrations of low density lipoprotein were observed in the blood
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'(Wang et al., 1992). Ruminant research has primarily focused on the effects barley v'ariety.

_have upon the digestion and performance by animals fed high concentrate diets.

Barley varieties were initially screened for digestion differences by using in vitro
DM digestibility. Clark etal. (1987) evaluated 16 barle}'/ varieties and reported in vitro c-iry-
matter disappearance (IVDMD) rates rangihg between .0618 and .1209: Neutral detergent
fiber disappearance (NDFD) rates ranged from .0439 to .4369. It was concluded that
IVDMD rate could be a viable méthod to: screen many barley varieti‘e.s for digest»ibility‘
differences at' one time. Kemalyan et al. (1989) evaluated 8 barley varieties using th.e in
vitro technique, and their results agreed. with Clark et 'al. (1987), ba,;ley variety did affect
IVDMD rate. This variability in IVDMD rate could be related to animal performance if
slower digesting - varieties preseﬁt additional starch to the small intestine'for enzymatic

digestion.

Hatfield et al. (1993) reported that although starch content of barley varieties

- differed, the site and extent of dig'estion was not different. When comparing ad libitum and

restricted feeding of barley varieties to sheep, they concluded that the more desirable feed -

efficiency achieved with restricted feeding'was due to reduced wastage of feed, rather than
increased starch presented to the small intestine. Their results do not discredit the theory that
barley varieties differ in feed value. Tﬁe barley \;arieties they utilized did not difter
substantially in ruminal aigestibility. This inability to select varieties; that differ in ruminal
éligestibility may be a reasbn previous research has not been successﬁﬂ in isolating a barley

variety that can mimic corn in its higher bypass of starch to the small intestine.
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Near infrared reﬂectance spectroscopy (NIRS) was investigated as a technique to
establish the feed quality of barley. Reynolds et al. (1992) evaluated over 1600 barley
samples involving at least 78 different varieties. These samples were collected over various
locations in Idaho, Washingtor, and Oregon. These researchers attempted to develop a
regression equation to predict the feed value of dilferent barley varieties. .They concluded
that although NIRS was very easy and 51mple to use, it could not be used at this tlme to
accurately pred1ct the feed quality of barley. This may be attrlbuted to the fact that
researchers have not yet been successful in 1dent1fymg the relat10nsh1p. between starch
content, digestibility and animal performance. Increasing the NIRS ineffectiveness in
predicting feed quality is the lack of a complete regression rnodel relating in situ, or in vitro
“and in vivo animal performance. These researchers did however conclude that barley variety '
did differ in feed value, primarily due to different test yveights. Feed value of variety was
also dependent upon the location of grewth and year in which it was grown, agreeing with

earl1er work by Kemalyan et al. (1989).
Bradshaw et al. (1992) was one of the first to undertake a large cattle feeding trial
in wlnch barley varieties were compared . Two ‘hundred and twenty-four steers were utilizéd
. ina feedmg tr1a1 to compare Klages, a 2-row maltmg barley, and Steptoe a high y1eldmg
~ 6-row feed barley Barley variety had no effect upon animal performance and carcass
characteristics, but total tract acid detergent fiber (ADF) digestibility was higher for Steptoe
than Klages (40.5 vs 31.4%, respectively). Grain processing (dry-rolled, tempered/rolled, .
ammoniated/rolled or ammoniated/whole) did not affect dry matter intake (DMI), but did

affect performance (ADG). When whole barley was fed performance'was slightly
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depressed. It was concluded that the barley varieties used in this stﬁdy d1d not greatly

impact feedlot ‘performarhlce, but 'barley did need to be processed to maximize efficiency.
Ovenell and Nelson-(1992) conducted a feeding trial with 144 beef steers. to
evaluate Andre, Camelot, Clark, Cougbar, Harrington, and .Stepto‘e barleys. - All barleys
were steam rolled. prior t-o feeding. In addition, ruminally and duodenally cgnnulated steers
wére used to evaluate the site and extent of digestion of the barley varieties. Animal
performancé (ADG), and digesti-bility (DM and étarch) were found to differ among barley
varieties. In situ NDF digestibility also differed among varieties. It was cbnéﬁluded that
bé.rley varieties did differ in feed quality. Steptoe was considered by the researchers to be
a poorer feed barley than the others testéd due to decreased animal perfofmance and
digestibility. Clgrk and Andre were considered better feed‘barléys due to increased animal
pérformancé. However,. on review of the data, this conclusion ‘may be a t;it premature.
Average daily gains were similar (1.4 kg/d) for all barley varieties exc;,ept Cougbar (1.3
kg/d). Clark héd one of the least desirable feed efficiencies and was not different from
Steptoe (6.9 kg feed / kg gain). Feed efficiency for Andfe was the same as all others (avé- 6.5
lkg feed / kg gain).. No diﬁerence in carcass qualit.y or yield grade was detecfed. No
difference Was detected between the barley varieties in either ruminal .or total tract
digestibility of organic matter (OM), energy, or-starch. Neutral detergent fiber ruminal
diéestibility was not different for the'varieties, but total tract NDF digestibility was highest
for Andre and iptermediéte for Clark. An alternative conclusion would be.that barley variety
affected total tract NDF digestion and intake. No recommend;;ltions on the feed qﬁality of

the barleys utilized in this study could be made based on the data presented.
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Ovenell et al. (1993) conducted a similar experiment using Boyer, Camelqt, Clark,
Harrington, Hesk, and Steptoe barley varieties. They fed 144 steers a diet which contained
apﬁroximately 77 % barley (DM basis) for 119 d. It was conclﬁded thatﬂ barley variety
differed in NDF digestibility énd feed value. Thé more ciesirable varie‘ties for finishing beef |
steérs~wer¢ considered by the researchers to be Harrington and Camelot.. These two -
varieties supported iﬁtermediaté arﬁmal performance in the previous study. This supports
the conelusions that feed quality of barley variety may be influenced by geographic location
and year of hérvest (Kem_alyén et al., ‘1989; Reynolds et al.,'1992) and that a more-
completely ruminally digested feeds;cuﬁ‘ is more efﬁcien‘F energetically to the ﬁnishing beef
steer (Huntington, 1994).

Fengeet al. (1994) used five ruminally and duodenally cannulated étgers to evaluate
the effects of starch le\}el, and barley variety on digestive ﬁmg.ﬁo;l‘ in forage-based diets.
Russell and Steptoe barleys. were compared, v&ith corn serviﬁg as the control. " Barley
supplements were higher in both ruminal and total tract starch digestion than the corn
supplement. Nitrogen ﬂ(.)W to the smail inte'stine also follbwet_i this trend with all barley
treatments supplying increased amounts of nitrogen. Corn supplemented steers had the
lowest NDF intake. These results support conclu.siéns by Réynolds et al. (1993) that barley

qclliets provided increased carboh.ydrate digestion and increased microbial growth compared
to a corn diet. In addition, a greéter quantity of -protein supplied to the small intestine may.
make barley equal to or superior to corn in forage-based diets. Effective supplementation
of p-oor qualﬁty hay diets réquires that the availability of protein and energy be balanced to

insure maximum animal response (Sunvold et al., 1993).  Although the diets fed in this
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study were not high concen;crate diets (<35%) it illustrates a need fér further research into
the utilization of protein and energy, and their potential interactions in high concentrate
diets. | |

Hunt et al. (1994) fed diets similar to those fed by Feng et al. (1994), and reported
" that barley variety dici not affect growth performance or carcass characteristics. .waever,
barley diets with high levels of starch had a depressed intake. The depressed intakes may
be related to fluctuating pH levels. Kennelly and Ha (199Q) and Hironka et al. (1992)
observed a less s.table rumen environment resulting from fluctuations in pH levels with high
levels of .starch,in bariey diets. .-

Hepton et al. (1994)'_evaluated the effect starch and fiber content of barley variety
. had on growth in beef steers. These reséarchers evaluated the effect of the hull fraction as
the major sou'rce'.of variation in feed value between barley variéties. They concluded that
as starch level increased a positive linear correlation existed with digestibility. Animal
performance. responded quadratically to inereasing starch level, aud was greatest for the
100% barléy ‘treatment versus any treatmént with pearled barley or hulls addéd. i\Io
.difference was seen in animal perforﬁance between treatments contéining pearled grain
with . higher digeétibilities; and hulls with slower digestibility. Therefore, _répidly
degradable grain sources may not alwaysl have a negative impact on animal performance.
Ovenell and Nelson (1992) and Ovenell et al- (1993) reported that some very highly.
digestible barley varieties supported animal performance similar to that found with less

digestible varieties.

T=T==1T"
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Barley breeders have recently become interested in the feed value of barley and the
factors influencing its digestibility and resuitant animal performance when-used in high -.
conceptrate diets. Gibson et al. (1994) proposed that if the trait(s) that affects barley
diges;cibility can be liqked to a specific chromosolme, then barley breeders ;:an bégin a
breed-ingh program to increase the feed value of barley varietieé. These researchers utilized
in situ DM and starch digesti‘bi}ity to screen 150 double haploid lines fr'o'm the cross of
Steptoe and Morex . The lines were evaluated for in situ DM and starch disappearance rates, .
agronomic measures and malting characteristics and mapped to known genetic markers in
the barley genome. They were then correlated t6 each other. From this study and others
associated with it they have determined ‘that‘ genetic differences in barley impact
digestibility. It is evident from the.conflicting results presented that additional'research into
barley variety and how it affects digestibility and animal performaﬁce is needed. It is
encouraging that barley breeders and animal scientists are working toéether to produce a
better feed barley. Although research has shown barley at times to be equal to corn in feed |
quality, the development of a barley variety that car; consi;tently equal corn in animal

performance, maintain ruminal pH, and decrease metabolic disorders, has not been achieved.

If this can occur the barley and livestock industries may benefit economically.

\
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CHAPTER 3

EFFECTS OF BARLEY VARIETY OR CORN ON FEEDLOT PERFORMANCE,

CARCASS CHARACTERISTICS, AND DIET DIGESTION BY STEERS
Introduction

Barley. is an important agronemic crop in Montana with approximately eighty-five -
million bushels produced annpally (Montapa Agricultural Statistics Serviée, 1993). Barléy
also plays an important role in the livestock industry as an ingredient in baékgrodﬁding and
finishing diets, and in winter supplements é&:rqss the North\.Nest.

Corn has traditionally been the most profitable and efficient feéd grain for finishing
beef cattle (Anderson and Boyles, 1989). The ruminal bypass of the starch in corn has been
thouéht to be a primary factor affecting performance (Waldo, 1973; @rskov, 1986). B‘ar.ley
has been shown to be highly fermentable in the rumen, éllowing very little of the starch to
escape ruminal f_efmehtafion for digestion in the small intestine (@;'SI.{O\(, 1986). However,
barley diets have been shown 't.o prpvide similar animal performancé and carcass
characteristics compared to corn diets (Nichols and Weber, 1988; Bradshaw et al., 1992).
More recently, it has been demonstrated that barley variety can affect IVDMD rate (Clark
et al., 1987; Kemalyan et al., 1989), animal performance (Ovenell aqd Nelson, 1992) and
NDF digestion (Ovenell et al., 1993) . This study was designed to evaluate the effects of
barley variety upon feedlot performance, car.cass characteristics, and diet d%g_esti.on by steers

fed a high concentrate diet.
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Mater.ials‘ and Methods

Eighty Angus x Hereford steers (average initial weight 287 kg) were assigned to one

of 16 péns based on equal pen weight in a completely randomized design. The four dietary

treatments were: 1) corn; 2) Gunhilde barléy (Gun); 3) Medallion barley (Med); or 4)

Harrington barley (HAR) as the.basal grains in high concentrate finishing diets. Harrington.

is a 2-row culttvar grown exténsively as malting barley,,While Gunhilde was developed as
a feed -barley in Europe. Medallion is a high yielding 6-row cultivar, developed as a feed
barley and genetically similar to Steptoe barley. |
Diéts were balaﬁced to be isocaioric (1.87 Mcal’kg NE,,, 1.23 Mcal’kg NE,) and
isonitrogenous (12.6% CP). The :corn utilized in the trial was pﬁrchased at a local grain
elevator in Bozeman, MT. The ba}rleys were grown at the Southefn Agricultural Research
Center, Huntley, MT, under irrigation. All grains were coarsely cracked pr'ior to feeding.
| Low quality grass hay (<7.0 % CP) was chopped to 5.1 cm p.rior to mixing diets. Ingredient

.and nutrient composition of the diets are presented in Table 2. -
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Table 2. Composition and nutrient coﬁtent of finishing diets containing corh Gunhilde
barley (GUN), Medallion barley (MED), or Harrmgton barley (HAR) as the basal grains.

e Barley variety .........

Item Corn GUN MED HAR .

O % DM ba51s .................

Ingredient
Barley - 80.00 80.00 80.00
Corn : 70.00 - - -
Grass hay : 20.50 12.70 12.70 12.70
Canola oil A5 . 15 15 ' 15
Soybean meal 3.75 ' 2.15 , 2.10 2.40
Urea : 1.00 .70 1.00 -
Molasses, dry 1.25 ' 1.25 1.25 1.25
Limestone - .50 .59 70 75
Sodium chloride 20 120 20 20
Potassium chloride 16 , 16 .16 .16

. Dicalcium phosphate 1.09 - .70 34 . .99

TM premix® - .05 .05 . .05 .05
‘Sodium bicarbonate 1.30 . 1.30 1.30 1.30
Vitamin premix” 01 .01 .01 .01
Tylan, 88 mg/kg® 0125 - 0125 0125 0125,
Rumensin, 132 mg/kg? .024 .024 024 ' 024

Nutrient _
Ash, % 5.57 5.69 5.50 6.09 -
Gross energy, Kcal/g - 4.16 4.12 415 . - 4.10
Crude protein, % 12.73 - 13.05 13.65 11.04-
Acid detergent fiber, % 11.19 10.25 10.20 10.64
Calcium, % 54 42 44 .53
Phosphorous, % 49 . 51 44 .56
Starch; % _ . 46.48 38.91 36.07 40.67
NE,,, Mcal/kg® . 1.87 1.87 1.87 1.87
NE,, Mcal/kg® - 1.23 1.23 1.23 1.23

* Trace mineral premix contained: 20.0% Mg, 6.0% Zn, 4.0% Mn, 5.0% Fe, 2.7% S, 1.5%
Cu, .11%.1, .01% Se, and .01% Co.

* Vitamin premix contained: 30,000 TU/g Vitamin A, 6,000 IU/g Vitamin D, and 7.5 IU/g
Vitamin E. _

¢ Elanco Products Co., Indianapolis, IN.

4 Hoffman-LaRoche Inc., Nutley, NJ.

e Calculated based on NRC (1984).
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Steers were implanted with Ralgro® on day- one of the ﬁriai. A 28-d adaptation
period was used to adjust steers to the higﬁ conk;;éntrate. digts. During this period the dietary
concentrate:forage was increased .23 kg/d. After the 28-d adaptation period, the 'steers
(a'verage weight 309 kg) were fed for an additional 168 d. @teérs ‘were given ad libitum
access to feed which was offered once daily between 0500 and 0700. Feed bunics were
inspected before feeding and feed offered adjusted daily to allow ad libitum-access. Feed
offered Was'recorded daily and the feed refusals were weighed and recorded every 14 d.
Weekly grab samples of feed ingredients were taken throughout the experiment. Water and
TM salt blocks v.vere offered ad libitum throughout tile trial. Initial and final unshrunk
weights were obtained on two consecutive days and averaged. Animal weight change was
m(_aasured every 28 d during the experiment. D_ry matter intake, ADG and feed con\./ersion
(kg feed / kg gain) were calculated. Four steers were removed from the éxperirrient (2 bloat,_
1 acidoéis, llhigh .mountain disease). Performance calcx'mlétions were -adjusted for the
| removal of these steers.-

Fecal grab samples were taken from éach s;teer after 56 d.(early), 84 d (mid) and 140
d (late) on feed, and composited by pen. .Acid insoluble ash (AIA; Van Keu‘len and Young,
1977) was used as an internal marker to estimate fecal output.- This allowed the éalculatio'n'
of DM, starch, and CP total tract digestibility, and daily digestible intakes. Prior fo analysié,
samples were ground in a Wile;y mill to pass a 1-mm screen. Diet samples collected weekly
" were composited on a equal weight basis. Analyses performecli included: DM, Cp, OM

(AOAC, 1990), ADF (Van Soest et al., 1991), GE in a adiabatic bomb calorimeter, total
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starch (Megazyme, Sidney, Australia), Ca and P (AOAC, 1990). Fecal grab samples were
anaiyzed for DM, OM, CP and total starch. |

The steers were slaughtered when visual estimates indicated that 80% would grade
Choice. Hot carcass weights were obtained on the day of slaughter; other carcass
measurements, were taken after a 24-h chill. Kidney, heart and pelvic fat, marbling and
preliminary quality and yield grades were assigned by a USDA grader. A marbling score
of 4 represented sr'nall marbling, the minimum required for thé low choice quality grade,
with a 5 repr.es‘ehting modest fnarbling. Yield anda qﬁal_ity grades were calculated with a
quality grade of 12 representing low choice, and 13 representing average choice.

Data were analyzed as a completely randomized design with a one-way analysis of
variance usiné the GLM prgéedﬁre of SAS (1993), with the model y, = ,a + T +-. €, (.i =
treatments (4), j = pens within each treatment (4), «= overall mean, 7'= treatment effect,
€ = 1s the O\I/erall error effect). Pen was the experimental unit for all performance data.

Least square means were separated by the LSD method (SAS, 1993) if the treatment F-test

was significant (P < .10). Least square means and the associated standard errors are

reported. '

Results and Discussion

Steers consuming the corn diet gained 12.6% faster (P = .002) than steers consuming
HAR or MED over the 168-d feeding period (Table 3). Steers fed HAR gained 10.2% faster
(P = .002) than steers fed GUN, while no difference in ADG was detected between GUN and

MED. Cumulative ADG by days on feed is presénted in Figure 1. This figure represents the
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ability of HAR to sustain cumulative ADG equal to corn until the final 28 d of the

experiment. .

Table 3. Feedlot performance of steers fed corn, Gunhilde barley(GUN) Medalhon
barley(MED), or Harrington barley (HAR) based high conentrate diets

..... Barley variety . . ..

Item Corn GUN MED HAR SE P>F
Pens, no. : 4 4 -4 4 — e
Steers, no. | , 19 19 18 18 - -~

 Initial wt, kg . 286 286 288 287 6 -.4612
Final wt, kg 550° 499° 5122 527° 5.6 .0002
ADG, kg/d 1.43° 1.18° 1.23® 1.30° 039 0020
DM Intake, kg/d 10.4° 78 1T 8.6 31 .0002
Feed:gain 736" - 679 . 628 6.59" 221 0303
Diet cost, $/100 kg? 13.11 1148 11.55 1151 - -

. Cost:gain, $/100kg = ~93.25°  75.00° 69.00° 72.75* 033 .001

a,b,c

Means in a row without a common superscript differ (P <.05).
T Cost includes only feed cost: Corn grain $11.77 /100 kg
' Barley grain -+ $9.88/100 kg

Grass hay $7.66/100 kg
Corn supp. $34.83 /100 kg
Gun supp. $36.54 /100 kg
Har supp. $35.88 /100 kg
Med supp.  $35.90/100 kg

During the adaptatiqn period the corn fed steers had a higher (P = .04) ADG (.94 kg/d)
than any of the barley fed steers (.72 kg/d). After ful} feed was offered,- from d 0 to 28 the
corn fed steers gained 8% faster (1.21 kg/d, P = .05 ) than the HAR fed steers (1.12 kg/d) and
33% faster than either GUN or MED (.91 kg/d) fed steers, with the HAR fed steers gaining
23.1% faster than GUN or MED fed steers. From d 28 to 84 the corn and HAR fed steers

gained 23.7 % faster (146 ke/d, P = 005 ) than the GUN and MED (1.18 kg/d) fed steers.
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Between d 84 and 140 d, the com and HAR fed steers gained faster (P = .007; 1.48 and 1.35
kg/d, respectively) than the GUN fed steers (1.18 kg/d), with Med fed steers being
intermediate (1.30 kg/d) and not different (P > .10) from HAR or GUN fed steers. During
the final 28 d, the com fed steers gained 12.6% faster (1.43 kg/d, P = .004) than either HAR
or MED (1.27 kg/d) and 18.0% faster (P = .004) than the GUN fed steers (1.18 kg/d). The

MED and GUN fed steers did not differ (P > .10) in ADG during this time.

HAR MED

Days on Feed

Figure I. Cumulative ADG of steers fed corn, Gunhilde barley (GUN), Medallion barley
(MED), or Harrington barley (HAR) based high concentrate diets.
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Steers consuming corn had greater (P = .0002) DM intakes, than those fe;i HAR, MEDI ‘
_ or GUN (Table 3). .In an associated métabolism trial, Boss and Bowman (1994) reported -
lower ruminal fluid pH levels in barley fed steers, compared Qith a more constant pH seen‘
in steers fed corn. This fluctuation in pH may have contributed to the lower DM intakes
observéd in the barley fed cattle.
~ Steers consuming corn had poorér (P =.0303) feed conversion than s;ceers fed HAR, .
) MED, or GUN. Our feedlot growth performance results agree with Ovenell et al. (1993)
who reported HAR was_a' superior feed barley .for' steers consuming a hiéh concentrate diet.
These conclusions also support the théory proposed by Huntington (1994) that the energy.
derived from products (VFA) of rapidiy fermentedl feecistuﬁ‘s is more efficient than glucose
absorbed in the small intestine which is oxidized. ~Medallion is genetically similar to
Steptoe, a-cultivar that has been shown to be a less desirable barley variety for finishing
steers (Ovenell and Nelson, 1992; Ovenell et al., 1993). The ADG of 'steers in the present
study was slightly lower thaﬁ the range reported by Ovenell and Nelson (1992) and Ovenell
et al. (1993). .This may be related to the lower DM intakes of the steers ’on. this study, '
p<-)tentia11y relgted to grain processing. Ovenell and Nelson (1992) and Ovenell ét al,, (1993)
steam rolléd the barley prior to feeding. Steam processing or other less‘ destru.ctive grain
processing has been shown to maintain a more stable pH in the rumen (Kennelly and Ha,
1990:, Zinn, 1993).
In tHis-stud'y corn had supgrior overall grovs.rth performance (ADG), however the cost
. of the diet may be a factor to be con.sidered in the feéion. The cost of gain paralleled feed

conversion. The corn diet cost $.21/kg.gain more (P = .001) than the barley diets (Table 3).
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In much of the Pacific Northwest, the grov;/ing season is too short to copsistently produce
corn, and most of the corn has to be shipped in adding to the cost of the diet.

Hot carcass weight was 22.6 kg heavier (P = .0001) for steers consuming' corn
compared with steers consui’nir;g HAR, GUN and MED (Table 4). Backfat thickness was
.37 cm greater (P =.0031) for steérs fed corn and HAR compa'red With those fed GUN and
MED. No differences (P = .7299) _wefe found in longissimus muscle area, with all stee'rs
averaging 77.68 cm?. Yield grades were higher (P =-.0019) for steers fed corn and HAR
compalred with those fed GUN and MED Only 2 carcas_sés had yield grades of 4. Marbling
score and quality grade were higher (P = .007) for steers fed HAR compared with corn,
GUN, and MED Only twé carcasses graded Select, with 9 grading Prime and the balance
grading Choice. These results conflict with Anderson and Boyles (1989) who reported c_o‘rn'
had superior quality grades when c_:ompare'd with barley fed steers! and disagrees with
Ovenell and Nelson:( 19925 énd Ovenell et al. (1993) ;NhO reported that barle}; variety did not
affect most carcass characteristics, YG and .QG. However, these researchers fed their steers
approximately 50 d iess._ Cardass characteristics have previously been reported to be
unsensitive to differences in basal grains and grain processing (Zinn, 1993). Carcass
characteristics reported here illustrate that days on feed may be more imporpant than grain
source fed in detefmining carcass qualify. ’ Wﬁen evaluating the growth performance and
carcass éharacteristics’, HAR appeared to be a superior feed barley and the fact that marbling

and QG were superior to corn may positively impact net profit.
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Table 4. Carcass characteristics of steers fed corn, Gunhilde barley (GUN), Medallion
barley (MED), or Harrington barley (HAR) based diets

... Barley Variety . ...

Item " Corn ‘GUN MED HAR SE P>F
Hot carcass wt, kg 318.5° 291.2° 293.9° 302.6° 5.19 .001
KHP fat, %' 2.18° 1.89%® 1.87° 2.08™ 088 .0456
Backfat,cm 1.07° 64° 61° .94 099 0031
Longissimus area, cm® 78.1 77.4 79.4 76.8 . 178 .7299
Marbling sco.re4= 4.65* 417 4.11° 5.42° 297 .0074
Quality grade+1L - 12.65° 12.17° 12.11° 13.42° 297 .0074
Yield grade 2.79° . 2.10° 1.99* 2.60° 163 .0019

a,b,c

+

+ Marbling score: Slight =3, Small = 4, Modest =5 etc.
# Quality grade (calculated): -Select = 11, Choice™ = 12, Choice® = 13, Choice™ = 14 etc.

Calculated yield grade.

Means in a row without a common superscript differ (P < .05).
% Kidney; heart and pelvic-fat.

In vivo digestibilities were calculated by, period (early, mid, late), but no treatment x

period interaction (P > .10) was detected, therefore, only treatment means are presented

(Table 5). Invivo DM and starch digestibilities were 11.2 and 8.8% lower, respectively, for

corn compared with the three barley diets (P =-.0001). Crude. protein digestibility was

lowest (P = .0001) for steers fed comn (69.1%), intermediate for those fed HAR (74.1%), and

highest..'fof steers.consuming GUN and MED (81.1 and 80.8%, respectively). In an

" associated metabolism study, in situ DM digestibility of the individual .grains followed the

same trend as in vivo DM digestibility of the entire diets, with corn grain having an 8.1%

lower (P = .03) digestibility compared with the three barley grains (Boss and Bowman,

1994). Rate of in situ DM digestion was 83% slower (P = .0940) for corn (.0538 h")_ '

compared with HAR and GUN (.2778 and .3723 h™), although no difference was detected

between the intermediate, MED (.2241 h') and the other treatments (Boss and Bowman,
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| 1994). These results agree with @rskov (1986) 'whe reported that corn digestion was slower
and Iess.corriplete than barle.y digestion in the rumen.

The ADG rankings followed the rankings for total starch in the diets and digestible
starch intakes (Table 5). The corn fed steers had grea’rer digestible DM intakes (P = .001) |
when compared to the barley fed steers‘. The steers consuming the corn diet had an 18.4%
greater digestible starch intake (P = 0001) than the steers consummé HAR. This increase
in drgestrble DM intake and digestible starch intake may be contr1but1ng to the 18% greater
ADG observed for the steers fed corn.  The HAR fed steers exhibited intermediate ADG and '
digestible starch intakes. The conﬂictrng data between performance and ruminal digestiorr
lmake it impossible to contribute the superior anirnal r)erformance to ruminal digestible starch

content in the diet.

Table 5. Nutrient digestibilities by steers fed corn, Gunhilde barley (GUN), Medallion
barley (MED), or Harrmgton barley (HAR) based high concentrate diets’ '

. . Barley variety . ... :
Item - Cormn GUN MED_ HAR SE Pr>F

In vivo digestibility, % : , :
Dry matter , 71.2° 80.9° 80.8 78.9° 82 -.0001
CP : 69.1° 81.1°  80.8° 74.1° 1.02  .0001
Starch 89.8° 97.9° 98.9 198.8° 52 - .0001

Digestible intake™, kg/d - : o
DM .17 6.86° 6.82° 7.09° 078 .0011
CP 95 91°. 91° 73 013 .0001
Starch 4.5° 3.5 3.3° 3.8" 041 0001

»be Means in a row without a common superscript differ (P <.05).
Nutrient * % in vivo digestibility.
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Implications

Barley variety did impact feedlot performance in this study. ' Despite an extremely rapid
rate of ruminal digestion, Harrington barley resulted in superior feedlot growth performance

and carcass characteristics when compared with Medallion and Gunhilde barleys. It should

be noted that performance was confounded by DM iﬁtakes, ‘digestible DM intakes and |

digestible starch infakes, with corn fed steers having the highest ADG. However, it would
appear that Harrington barley, which had superior quality grade and feed conversion, may

be an acceptable substitute for corn in this region until the cost of corn is lower. In future

. research, added attention should be made to insure closer intakes to better compare barley

variety to corn and its applicability to finishing steers on high concentrate diets. These data-

suggest that rapid ruminal digestion having a negative influence on animal performance may .
not be true. More research is needed to quantify and evaluate barley characteristics that

influence animal performance.-
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CHAPTER 4

- EFFECTS OF BARLEY VARIETY OR CORN ON RATE, SITE AND EXTENT OF
DIGESTION IN STEERS CONSUMING A HIGH CONCENTRATE DIET

Introduction

Barléy is the primary small grain grown in much of the semi-arid region of North

America. Montana produces approximately 85 million bushels annually, ranking it third in

the nation (MT Agricultural Statistics Service, 1992). Barley is important as an ingredient

in backgrounding and finishing diets, and winter supplements, however, corn has
traditionally been the most profitable and efficient feed grain for ﬁnishing‘ beef cattle
(Anderson and Boyles, 1989). Anderson and Boyles (1989) reported decreased days on

feed, improved feed efficiency, increased carcass weights, and increased quality grades for

corn fed steers when compéred with barley fed steers. The rumirial bypass of corn starch -

has been thought to be the primary factor affecting animal performance (Waldo, 1973;

@rskov, 1986; Owens et al., 1986). Barley has been shown to be highly fermentable in the |

rumen, allowing- very little of the starch to escape and be digested in‘ the small intestine
(Drskov, 1986; Owens et al., 19'86). - Digestion in the small intestiné potentially results in
the most efficient use of starch:- The small i,nfestine actively t;anspoﬁs glucose across the
intestinal wall. Glucose has approximately 42% more value energetically when o'x@dized,
than the volatilé fatty acids (VFA) producéd duri.ng ruminal fermentation ;)f starch (Owens

etal, 1986). If a'barléy. variety can be identified that has the potential to present'increa'sed
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amounts of starch to the small intestine,as in'corn, the economic ’bér'leﬁts to the ‘bAar-ley and
livestock industries may be substantial.

Barley diets have resulted in animal pefformaﬁce and carcass charactetistics similar
to corn diéts (Nichols and Weber, 1988; Bradshaw ef al., .1992). Recently, ft has bee.n ‘
derﬁonstrated— that bafley variety may affect IVDMD (Clark et al., 1987; Kemalyan et al,,
1989), NDF digestion (Ovenell et al., 1993), and animal performance (Ovenell and Nelson,

| 1992). Conflicting results in animal performance ‘ana starch kinetics may- result ffom
research not focusing on barley variety, and are diﬂ;lgult to interpret as often the variety used
is not reported. Tﬁis study was designed to evaluate the effect of corn or barley variety in

high concentrate diets, on rate, site and extent of digestion.

Animal Surgery

- Four Angus x Hereford steers with ruminal and abomasal cannulae were utilized in

a4 x 4 Latin square designed experimeﬁt to evaluate the effect of ba.rley variety wheﬁ fed
in a high concentrate diet. Surgicél and' care protocols for all rgs'earch a/nimals on this study
were apﬁroved by the Montana State University Animal Car‘e Committee.  All necessary
steps, including tranquilization, regionai or local anesthesia, Weré useéi.to alleviate or
minimi;e ,pain. Steers were rem.ox'/ed from feéd for 24 h and water for 12 h prio; to su.rgery.
A rumen cannula (i.d. 7.62 ¢m; Bar Diamond, Pvarm;a, ID) was inserted iﬁto_ the left
paralumbar fossa of the steer approximatély 4 cm below the transverse processes‘ of the
Iumbar vertebrae and 4 cm behind the 13 rib. Steers were anesthe;tized with a 16 gauge

needle full of small animal Rompum and 1 cc of Butorphenol iv after being restrained ina -
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working chute ana head gate. Butorphenol was used to reduce the amount of Lidocaine
required when ‘perforrr.ling two surgeries on a single day. The surgical site was clipped anci
shaved, wéshed with soap and water,- rinsec_i with a dilute iodine solution, and sprayed with
an alcohol spray p'rior to administration of a local anesthesia. Lidocaine (2%, 50 cc) was
administered in a reversed "7" just anterior to the- surgical site via subcutaneous,
intramuécular, and intradermal routes. An additional 25 cc was administered ventrally and
dorsally to each of the first 4 transverse processes of the lumbar vertebrae. Approximatelsz
1@ minutes elapsed prior to the initiation ‘<.)f surgery. A circular (10 cm diameter) piece of
epidermis was remoyed, followed by the ﬁanual blunt separation of the three muscle layers
and peritoneum to expose the rumen. Approximatély 5 cm of the rumen was exteriorized,
and 8 stay stitches (nonabsorbable guture) were located equidistant around the circular
epidermal aréa attaching the rumen to the epidermal layer. Continuous stitching with an
absorbable suture was performed between each s.‘t,ay stitch. A vertical incisi‘on in the rumen
wall ;;vas made with a scalpel; the incision ferminating 1 em .from each side of the epidermal
layer. The canpula was soaked in hot water to soften the rubber, inverted and placed in the -
rumen incision site. The 7.62 cm i.d. smaller cannula remained in the rume;n for 30 d after
the initial surgery, ensuring a very tight fit when a larger (102 ecm id.,,, Ba“r Diamond)
cannula was inserted to facilitate collections. -

To install the abomasal carmuia, the steer was placed in a left lateral recumbency
position. An a_réa approximately 10 cm poste.rior to, the last rib at the l_evel of the
costochondral junction-and parallel to the rib v;/as prepared for surgery similar to the

preparation for the rumen surgery. Lidocaine was administered, in a "7" to anesthetize the
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logal surgical area. A 15 cm paracostal laparotomy was performed td gain access to the
peritoneal cavity. After location of the abomasum, the abomasum was exbosed through the
incision. The incision's surrounding area was II)acked with sterile.gauze spor'lges’rr‘loiste'ned
with sterile saline solution. A longitudinal incision (2.5 cm) along the abomasum was made
avoiciing'_the-pyloric region. A simple'Pla.stisol T canﬁula (.d. 2.54 cm, Universitgf of
M]ééburi, Columbia, MO) was placed in i:he abomasum and located towards tﬁe veptral end.
of t-he incisic.)r.l. Using absorbable suture, a purse string pattern was sutured around. the
incision site z;nd cannula, the purse string was pulled tight and tied.. The cannula was
exteriorized (apprc;xim'ately 3.8 cm) tﬁrough the incision .site. After remoyél‘ 6f the sponges,
the peritoneum and muscle layers were sutured with absorbable suture material. Th‘e ,
epidermal layer was sutur;ed with nonabsorba;b-le suturé material. Retainer ringé and plugs
we're. put in place and the steer was allowed to recover from anesthesia. For 24 h following
surgery the steers were housed in individual clean pens (5.8 m?). The steers were offered
clean water and high quélity.élfalfa héy. |

Steers were treated with Combiotic (10 ml, Pfitzer Animal Health, New York, NY)
by an 1.m. .injection daily for 3 d after surgery. Postoperative care included washing the
cannulas, applying topical medication (Furacin, Norden Laboratories, Smith-Cline Co.,
Lincpln, NE) and morﬁt'oring rectal terrzlperature for 7 'd after surge&: Ebidermal sutures
were femoved agproxifnately 14 d after the surgery. Steers were allowed to recover aﬁd

adapt to the cannulas for a minimum of 60 d before collections began.
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Material and Methods

[

Throughout ’ehe trial steers were hou_sed in individual 15 m” pens bedded with ‘straw.'
Water and trace mineral salt blocks were available free choice. AutematiC‘ waterers were
monitored and cleaned as requlred Pens v;/ere scraped and cleaned on a regular basis and
rebedded only during the first week of the adaptatlon perlod

- The dietary treatments compared were 1) corn; 2) Guhh'ilde barley (GUN); 3)
Medallien barley (MED); or 4) Harrington barley (HAR) as the basal grains in high
concentrate diets.. Gunhilde barley (8.0 kg/ﬁl) is 'a European feed barley, while Medallion
barley (7.8 kg/hl) is a 6-row cultivar developed as a feed baﬂey and geneticallly related to
.the variety Steptoe. Harringtoa barley (7.8 kg/hl) is prir.narily grown as a 2-row malting
_‘ barley. The corn (9.0 kg/hl) utilized in the .tria{ Wae purchased at a local elevator in
Bozeman, MT. Barleys were grown under irrigated ceaditions at the Soutﬁern Agricultural
Research Center, Huntley, MT. |

Diets were balanced to be isocaloric (1.87 Mcal /'kg NE,, 1.23 Mcal./kg NE,) and
‘isonitr'ogencl)us (1v2.6% CP).  All grains were coarsely cracked through a‘roller mill prior
to feediﬁg. Low quality grass hay (< 9.0% CP) was chopped to 5. 1‘ cm prior to mixing diets.
Ingredient compbsition of the diets is presented in Table 6.

Steers were limit fed these diets (1 to 1.5% 'B\.N/d) in 2 portions, half at 0600 and
hal_f at 1800,. attempting to achieve a steady state condition. Each experimenfal period of t_he
Latin square consisted of 21 d, with 1.4 d for diet adaptation followed by 7 d for saﬁble
collection. Diet changes from one period to the next were done on a step wise substitution

basis. The new diet was substituted at 25 %/d until the new diet made up 100% of the diet.
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The diet substitution was done in the initjal 4 d of the adaptation period. Feed samples were

col_lectéd twice daily at feeding during the 7-d collection periods, and éomposited within

steer and period. Feed samples were ground in a Wiley mill to pass a 1-mm screen and -
. 7

analyzed for DM, N, OM (AQAC,_ 1990) and total starch (Megazyme, Sidney, 'Australia);‘.

Steers were dosed twice daily via tﬁe rumen cannula prior to feeding with 5 g Cr,04
in gelatin capsules -(dosé = 10 g/d) throughouf the experiment as a marker to estimate
abomasal or fecal output. Steers were pulse dosed via the n’lr'nen cannula with 350 g of Yb-
labeled grain (Poore et al., 1991) on day one’of the collection period as a digestion kinetics
marker. Fecal and abomasal grab samples were taken at 0, 3, 6, 9, 12, 15, 18, 21, 24, 30, 36,
42, 48, 54, 60, and 72 h post-dosing.

Fecal samples were dried in a forced air oven (50° C) for 72 h, and then ground in
‘a Wiley mill to pass a 1-mm screen. A portion of the hourly fecal samples was compositéd
on a DM basis withiri steer and period. Fecal composites were analyzed for DM, OM, N,‘
_ total sfarch, and Cr (Hill and Anderson, 1958) to est-imate fecal output.. Abomasal samples
were divided in half on a volume basis at the time of collection. One abomasal sample was
I?ophilized, and the other was frozen-for later ammc')niél an-alysis (AOAC, 1990). A portion
of the. hourly lyophilized abomasal samples were composited on an equal dry weight basis
and analyzed for DM, N, OM, total starch and' Cr. Hourly dried fecal, lyophilized abomasaI
and Yb-labeled grain samples were analyzed | for Yb content by atomic absor‘pti;)n
spectfophotométry (Ellis et al., 1982): The hourly abdmas'z-il-and fecal Yb concentrations
were fitted both a oﬁe- and two-compartment mode;l (Ellis' et al, 1979), to estimate

particulate flow rate, retention time, time delay (Tau) and DM output.
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- Table 6. Composition and nutrient content of feedlot diets with corn, Gunﬁilde barley
(GUN), Medallion barley (I\/IED) or Harrington barley (HAR) as the basal grains

...... Barley Variety . . .. ..
Item Corn GUN MED HAR
N, %DMbasis . .............
Ingredient, %
Barley S . 80.00 80.00 80.00
Corn 70.00 - - —
Grass hay 20.50 12.70 12.70 12.70 -
Canola oil : 15 15 15 15
Soybean meal 3.75 2.15 2.10 2.40
Urea . 1.00 .70 1.00 --.--
Molasses, dry . 1.25 1.25 1.25 1.25
Limestone : .50 5935 .70 75
Sodium Chloride .20 .20 .20 20
Potassium Chloride 16 .16 .16 - .16
" Dicalcium phosphate 1.094 . .70 344 9935
TM premix’ . .05 05 . .05 .05
Sodium bicarbonate : 1.30 1.30 1.30 1.30
Vitamin Premix" 01 .01 01 01
Tylan, 88 mg/kg 0125 0125 - 0125 0125
Rumensin, 132 mg/kg . .024 024 .024 .024

t Trace mineral premxx contained: 20.0% Mg, 6.0% Zn 4.0% Mn, 5.0% Fe, 2.7% S, 1.5%

Cu, .11% 1, 01% Se, and .01% Co.

¥ Vitamin premix contained: 30,000 TU/g Vitamin A, 6,000 IU/g Vitamin D, and 7.5 IU/g ‘

Vitamin E

On day four of the collection period, 45 nylon bags (15 3-bag sets) were placed in a

lingerie bag in the‘ rumen at time zero and incubated. Nylon bags (Ankom, Spencerport, NY)

were 10 cm x 20 cm with a pore size of 50 um. Three-bag sets included two bags containing

5g of the basal grain ground in a Wiley' mill to pass a 2-mm screen and one blank bag. Sets

2 2 2

. were removed after 0, 1,2, 3, 4,5, 6,9, 12, 15, 18, 21, 24, 30, and 36hof1ncubat10n After

removal from the rumen, the bags were rinsed with cold tap water until the water ran clear,

squeezed by hand to remove excess water, and dried in a forced air oven at 50°C for 72 h.
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Residue in the bags was analyzed for starch, and in situ rate-and extent of DM and starch
disap[;earance were calculated (Bowman and Firkins, 1993).

Ruminal 'ﬂuid was collected and pH measured at the same timé that nylon bags were.
removed. Ruminal fluid was squeezed through 4 layers of cheese cloth and. two 50-ml
samples were acidified With 3 ml 6 N HCI, and frozen for iater ammonia N (AOAC, 1990)
and VFA (gas ch?omatography) analysis': Preparatiqn for VFA analysis included treating
5 ml of rur)ninal ﬂui.d with 1 ml of 25% metaphosphc;ric acid (Tannotti et al., 1979). Upon -

.‘completion of the in situ trial, ruminal fluid and particulate matter (1 I/steer) ‘were collected '
and composited on a volume basis and blended in a blender for approximately 3 min. Fluid
and particulaté matter were twice squeezéd through 4 layérs of cheese cloth and ruminal
bacteria were isolated by differential centrifugation (Smith and McAllen, 1974). Rumiﬂal
bacteria and composited 1$(ophilized abomasal samples were arialyzed fér purine content
(Zinn anq Owens, 1986). The purine values were used as a microbial marker to partition .

N flow to the abomasum. | |

Data were analyzed as a'4 X 4 Latin square design using the GLLM procedure of SAS
(1993), with the .model Yix=H T T+ p; + @t The overall model is represénted by Vix
with w = grand mean, T; = the treatment effect.(n=4), p ; = the period effect (n=4), 0, =
steer effect. (n = 4), € = 'thg overall error éﬂ‘ect. Treatment least squares means were
separated by the LSD method (SAS, 1993) if fhe treatment F—tesﬁ was significant (P <.10).

Least square means and the associated standard errors are reported.
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Results and Discussion

Mean DM and starch content of the diets were not different (P > .10) between treatments,
however CP content did differ (P = .0004; Table 7). The HAR diet was higher in CP
(11.56%; P = .0004) when compared with the three remammg treatments (average 13.3 1%)

This may be related to improper mixing of the supplement for the HAR diet.

Table 7. Nutrient content of 4 x 4 Latin square diets with corn, 'Gunhi'lde barley, (GUN),
Medallion barley (MED), Harrmgton barley (HAR) based high concentrate diets.

... Barleyvariety . . ...
Item Corn GUN MED  HAR . SE P>F
........... DMbasis . ...........
Nutrient : ' ,

" DM, % 87.63 8831 . 88.69 88.15 276 2084 . -
CP, % 13.25*  13.25° 13.44> . 11.56° .014 .0004
Starch, % T 46.42 45.58 42.15 45.25 621 1107
NE,, htcangt 1.87 1.87 1.87 1.87 cm e
NE,, Mcal/kgt 1.23 1.23 1.23 1.23 am e

t Calculated based on NRC (1984).

No differences (P > .10) were detected in DM and starch intakes (average 6109.9 and
| 2737.9 g/d, respectively, Table'8). Otganic rnatter intake was higher (P= 0668) for the
GUN and MED fed steers (average 5731.5 g/d) when compared with the corn '(5653.9 g/d)
fed steers. Steers eonsuming HAR had the lower (P = .0004) intake of N when cotnpared
with the remaining diets (Table 8). Dry matter intakes resembled restrlcted intakes: presented
‘in other barley metabolism studies (Spicer et al., 1986; Kennelly and Ha, 1990; " Zinn,

)]

1993).
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Dry matter and OM flowing to the abomasum was greater (P = .0758 and .0.949,
respeétively) for the GUN and HAR fed steers when \comp-a‘red with the ¢orn féd steers».
However, the mtennedié£e, MED fed stéers, did not di'ffer when c,o'mpared to the other diets
(Table 8). No difference (P = .2548) in stgifch flow to the abomasum was ldetected. This
disagrees with the hypothesis‘th'at ruminal starch digestion was different for corn and barley,
and Grskov (1986) who reported that up to 30_% of the corn starch presented to the rumen
- could escape ruminal ferméntation and be presented to the abomas_um.‘ But, our results do
agree with recent research (Zinn, 1993) reporting starch flow to the duodenum for steam
flaked corn and diﬁ‘erent bérLey processing techniques.. The stafch flow (Zinn, 1993).for the i
corn fed-steers.(?a 17 g/d) was iﬁtermed_iate to dry rolled barley (466 g/d) an(i steam ﬂgked
barley (209 g/d). These results also agree with Spicer gt al. (1986) who reported that there
was no difference in the amount of .starcﬁ entering the abomasum for corn fed steers when
compared with barley fed steers. The amount of starch passing to the abomésum in this
study is substantially lower than the‘ previous .reports. This may be influenced by .the gr'air_l
processing téchnique, ‘however Zinn (1993) reported 466 g/d .of _starch passing to th@
duodenum for dry-rolled Barley. The cracking efnplbyed in this study may have been more
destructive, increasing the surface area, potentially increasing microbial attac.hment and

z

ruminal digestion.




Table 8. In vivo nutrient intakes, fecal and abomasal output, and digestibilities by steers fed
corn, Gunhilde barley (GUN), Medallion barley (MED), or Harrington barley (HAR)

based diets

....... Barley Variety ... ..... .

Item Corn GUN MED HAR SE Pr>F

............... %DMbasis ................

Intake, g/d i
DM 6068.9 6117.3 61453 6107.9 19.90 2068
oM 5642.9* 5761.0° 5762.0° 5664.8" 2541 - 0068
Starch 2820.6 2787.3 2583.8 " 2759.9 67.98 .1691
N 128.9° 129.7° 131.9° 113.4¢ .84 0004

Flow to abomasum, g/d o -
DM 2583.2° 3149.3° 2947.8% 3313.0° 134.92 0758
OM 2057.7* 2513.4° 1 2394.5% 2626.8° 112.98 0949
Starch 237.9 195.5 136.2 189.4 30.15 .2548
Total N . 88.6° 107.8° 94.6° 114.7° 3.08 0393

Ammonia N 2.0° 3.9° 3.9° 2.7% 38. 0682
Nonammonia N 86.6° 103.9° 90.7% 112.0° 4.38 .0437
Microbial N 58.1° 83.6% 76.3° 91.1° 443 0279
Feed N 28.5° 20.4° 14.4* 20.9 1.72 0211
Ruminal digestion, % .
DM 57.40° 48.78? 52.34° '46.32°%° 2.117 .0805
OM 63.45 56.47 58.70 54.15 1.912  .1078
Starch 91.54 92.77 93.22 94.66. 1.120° 3634
Feed N 77.98 84.03° 89.62° 81.30* 2.722 0185
Microbial eff. 15.83¢ 26.16° 23.17° 29.62° 2226  .0526

Fecal excretion, g/d ) - '

DM 2199.6 2106.3 "2114.8 2210.5 114.9 .8859

OM 1824.0 1766.6 1797.8 18464 99.02 9462 .
- Starch 160.2° 45.8° 33.3° 317 27.80 .0908

N . 49.1° 42.4° 37.8° 43.0° 1.79 0660

Postruminal digestion, %" _

DM 16.99* 32.95° 28.50% 32.95° 30.76 .0655
oM 13.50 29.43 25.02 29.30 3732 1180
Starch 23.80 76.80 84.87 76.10 14.453 1326
N 45.69° 60.16° 58.65° 62.81° 1.532  .0058
Total tract digestion .
DM, g/d 3896.3 4011.0 3897.3 4030.3 104.45 6818
DM,% 64.12 65.87 65.90 64.07 1.714 8081
OM, g/d 3818.7 3994.3 3964.4 38185 75.02 3626
OM,% 67.96 69.57 69.07 . 67.63 1.520  .8030
Starch, g/d 2660.4%° 2741.5° 2550.5* 2728.2% 46.50 0920
Starch,% 94.56° 98.30° 98.72° - . 98.81° 900  .04%94
N, g/d 79.8° 87.3° 93.2¢ 70.3¢ 1.62 0092
N,% 62.40° 67.39° 62.56 1.18 .0075

70.64°

*2¢ Means in a row w1thout a common superscript differ (P < .05)
t  Postruminal digestion is calculated as a percentage of the nutrient presented to the

abomasum.

T T
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Total N and nonammonia N presented to the abémasum was greater (P < .10) for
HAR and GUN fed steers (average 111.3 and 108.0 g/d, respectively) when compared with .
the steers consuming MED and ciofn '(average 91.6 and 88.7 g/d, r_espectiveiy; Table 8).I
Nqnar‘n'monja N includes endogenous and protozoal Nl and méy be a biased estimate.
Ammonia N levels were higﬁér (P = .0682) for GUN. and MED fed steers (average 3:9 g/d)
when compared with corn ar'1d HAR (average 2.4 g/d). Steers consuming corn had the
lowest (P = ‘(I)279) microbial N pass\ing to the abomasum Wheﬁ compared with the three
barley treatments. Feed N entering the abomasum was greatest for corn fed steers,
intermediate for HAR aipd GUN fed 'steers and lowest for the steers consuming MED. These
results agree with Spicer et al. (1986), who reported higher feed N entering the abomasum
for corn fed steers. However, Zinn (1993) reported feed N presented to the duodenum for
steers fed steam flaked corn to be substantially lower than levels measured in cattle fed either
steam flaked or dry rolled barley. THe amount of feed N presented to the abomasum in-our
' study is similar to other metabolism studies that processed the corn by rolling (Streeter et al,,
1990). It would appear dry rolled or cracked corn increaéed feed N passing to the
duodenum compared to barley, potentially increasing essential and Anonessentiallamino acids
provided by feed N rather than microbial N. Spicer et al. (1986) r-eported amino acid profiles
for abomasal sample’s to differ only slightiy when comparing corn and barley‘basied high
concentrate diets. This increase in feed N flow may partially compeﬁéate for the lower
microbial N flow to the.duodenum in corn fed cattle. However, in barley fed cattle the
majority of N was provided by the microbial N flow rather than feed N. The HAR and GUN

fed cattle ‘pre‘sented the greatest feed N ‘and microbial N to the duodenum. However, this
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increase of N (endogenous and protozoal N inciu.ded) resulted in higher (P < 105) ADG for
HAR fed cattle when compared to GUN fed cattle in a feedlot performance frial (Boss et al., .'
1994), although the HAR fed steers had higher (P > .05)DM intak’es. It would appear for
barley fed cattle, this increase in N flowing to the duodenum is corre'l'ated to increased
animal performance. Huntington (1994) reviewed starch utilizatiori in ruminants &nd
reborted tIlat the additional flow of microbial protein to the srﬁali intestine, and VFA
produced from.rapidly fermented feedstuffs are more efficiently usgd than glucose absgrbed
in the small intestine from féeas that have higher starch bypass. In addition, glucose
absorbéci and oxidized above the ruminant's requirement is not utilized as'eﬁ‘lciently-as the
absorption of the organic acid fermentation products. Howéver this theory cannot, in this
study, be uéed when evaluating corn.

- Ruminal DM digestion was higher (P = .0805) for the corn (57.40%) fed steers when
cofnpared to MED and GUN treatments (average 50.56%; T,aBIe 8). Ruminal DM digestién '
for the HAR diet (46.32%) ‘was_ intermediate and did not différ frorr; corn, MED and GUN.
“Ruminal OM digestion did. no£ di.ffer between treatments. This refutes Spicer et al. (1986)
who reported that the majority-of the OM digestion for. barley fed cattie took place in the
rumen, and for corn fed catﬂe post-ruminall'y. Ruminal OM digestion was .below the lower
ranges for other published results (Ovenell and. Nelson, 1992; Ovenell et al., 1993) for
barley, and for corn and barley (Zinn, 1993), but the trends in OM digestion are sim’ila'r'.. :
Ruminal starch digestion dlld riot differ (P = .3634) between treatments (Table 8), disagreeing
with Zinn (1993) who' reported that steers consuming steam flaked corn had starch digestiop

intermediate to dry-rolled barley and steam flaked Barley (Zinn, 1993). Ruminal starch
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. - digestion was signiﬁcaﬁtly higher than other studies (corn 83.7% and 87.7%, Spicer et al.,
1986; com 83.9% and barléy 84.7%, Zinn, 1993) and may Be influenced by cracking rather
than steam flaking the grains. Less deétrucpive grain processing techniques have been shown
to increase rumen pH stability (Kénnelly and Ha, 1990) of‘ barléy fed cat.tle,‘decreasing
ruminal digestion. Zinn (1993) reported Hry—rolled barley'ha'd lower ruminal digestion than
steam flaked barley. Effects of bar.ley p'roceésing have yaried, but most studies agree that
some form of barley processing 1s required, and less destructive techniques that depreése
rumen digestibility are preferred.
Ruminal digestior; of feed N was lowes‘g P= .OléS) for the cor.n fed cattle, higher
- for HAR fed steers; and highest for the steers congﬁming MED ‘(Tablel 8). Gﬁnhilde was
intermédiate and not different from corn and HAR in ruminal digestion of feed N. Tt would
‘appear the N pr'esepted in the MED diet was more available for ruminal microbe digestion
than the ot'her diets. Microbial efficiencies, calculated as the g of rr.licrobial N per 1000 g
oM digested' in the rumen, was greater P= .0526) for the steers consuming the barley
treatments when compared with corn.. Pos_sibly, the barley based diets provided rapidly -
available energy to the microbes allowiﬁg increased growth ratés and passage of microbial
N into the abomasum.
| No difference Wa.s detécted in DM or OM fecal excretion (Table 8). The amount of
.. fecal.starch and N' was 76.9 and 16.1% greater, respectiizefy (P = .0908 and .0660) for the

steers consuming corn when compared to the three barley treatments. Starch excretion

agrees with W‘éldo (1973) and @rskov (1986) who reported that total tract starch digestion
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~ was more complete for barley than corn. However, Spicer et al. (1986) anci Zinn (1993)
reporte(i that total tract starch digéstion was not differ.ent when comparing corn and barley.
Postrurninaﬁ digestion was expressed as the percentage of material disappearing from
the ofiginal amount presented to the abomasum (Table 8). Postruminal DM digestion Wz;.s
affected by treatment. Steers éonsurriing corn digested 48.5% less (P = .0655) DM
-postruminally than'steers consuming GUN and HAR. Steers fed MED had an intermediate
level of postruminal digestion and did not differ. from corn or. GIfN and MED.
Postruminal OM and starch digestion were not fox_md to differ between treatments (P = .1180
aﬁd 1326, respectively). Our postruminal starch digesti_on results are much lower than those
reported by Spicer et al. (1986) and Zinn (1993). .In both cases the amount of starch
presented was higher than our results. It would appear that the small_e; amounts of starch.
presented ;co the duodenum in our study may have been the fraction most resistant to
bacterial attachment and -digestion, and thus less availaﬁle to pancreatic amylaée_s.
McAllister et al. (1993) r-eported differences in the _protein matrix in which the st_ardh
granulés are embedded for corn and barley. This structural difference may impact bacterial
attéchmént and restrict amylase binding capacity thus decreasing riminal and small intestinal
digestion. Théy also reported that t'.he matrix may impact digestion of corn more than barley.
Fannon et al. .(1992) reported differenclesl in starch pore location and structure -and
hypothesized the pores may lim'i.tAaccess by the amylases. Nitrogen digested postrﬁminally
was 24.5% lower (P =. .0058) for corn when cbmpared to the tﬁree barley treatments.'
Combined with lower feed N presented to the small intestine for steers fed corn based diets,

it would appear the feed N entering the abomasum must be more resistant to small intestine
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digestion and(or) absorption whén co_mpéred wi;ch the bafley fed steers and thus provide Iess‘
of the amino acids being absorbed in the small intestine.

Total tract DM and OM digestion was not affected (P = .8081 and .803 O;
respectively) by treatment (Table 8), in agreement with Spicer et al. (1936). Steers
consuming corn had 4.2% lower, (P = .0494) tqtal tract starch digestion when compared to
GUN, MED and HAR fed steers. These resﬁlts agree with Waldo (1573), Orskov (1986)
and Owens et al. (1986) who reported that total tract starch digestion was .gr.eater for barley
_tﬁan corn. However, Zinn (1993) reported total tract digestion of steam flaked corn (98.3%) ‘ '
was intermediate to dry—roxlled' (95.0%) and steam f‘l‘aked barley (98.4%). Total tract
digestion (%) of N was higher (P = .0075)for steers fed MED wheﬂ éompared with the corn,
GUN and HAR fed steers.

E In vivo particulate kinetics as estimated‘ by a orie- and two-compartment model (Ell_is
et al.; 1979) are ‘p're.sented in Table 9. A one-compartment model was used when mbdeling
particulate ﬂovs; to the at.)omasum and a two-compartment mo.del when modeling particulate N
flow estimated by fecal analysis. This was done to simulate the extremely rapid rate of
ruminal digest.:ion associatéd with grains.. Grovum and Williams (1973) reported that the 2
compartments represented in their f)a.ssage kinetics model were the rumen and the lower
gastrointestinal tract. Ellis et al. (1979) reporteci,the 2 compartments represented in their
.’model were a slow and fast digesting fr‘action of digesta within the rurﬁen. Grain appears
not to have a slow and fast fraction és in férages. Using this concept, ‘éhe 1-compartment
model was used to simulate the rumen when modeling particulate flow to.the abomasum and

a 2-compartment model was used to simulate the rumen and the lower digestive tract.
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No difference was detected in rate of DM flow to the abomasum and retention time

in the rumen (P = .5848 and .5451, respectively; Table 9) However, tau (the time required
to maasure-detectable levels of marker in the abomasal samples after ddsing,, Yb) was 3.5
h longer (P = .0077) for corn when comparéd to GUN, MED and HAR. Di‘y matter flow to
- the abdmasum (kg/d) caldulated by the dose of Yb was 31.7% higher (P =.0017) fof staers
consuming GUN when compared with steers consuming corn, and 22.5% hlgher when
compared with MED and HAR. The corn fed steers had an 18. 8% lower abomasal DM
" output when compared with MED and HAR fed steers. The DM flow to the abomasum
values calculated frord the Yb analysis are higher than thbse reported for Cr,0,, but follow
the trend fdr the barley fed steers to have a greater DM outputj than for the corn fed steers.

Table 9. In vivo digestion kinetics for steers fed corn, Gunhilde barley (GUN), Medallion
" barley (MED), or Harrmgton barley (HAR) based diets (Ellis et al. 1979)

. Barley Variety . ,
Item - Cormn °~  GUN MED HAR - -SE Pr>F
_Abomasal, 1 compartment model
Tau, h 6.64° 2.44% 3.71° 3.19% 445 .0077
Flow rate, h™ .049 .049 046 . .054 0045  .5845
Retention time, h - 31.6 272 - 30.1 25.8 1.86 2451
DM output,kg/d  4.21° 6.70° ©5.00° 537° 196 .0017
Fecal, 2 compartment model
Tau, h 14.0° 7.6° 10.7° 105 77 0156
Flow rate, h™ .047 062 037 .053 0069 1796 -
Retention time, h 46.5° 36.1% 47.4° 39.0° - 204  .0244

DM output, kg/d 1.74° 2.56° 177 2.05° 050 .0013

%b¢ Means in a row without a common superscript differ (P < .05).




51

In vivo digestion kinetics modeling particulate flow calculated from the fecal analysis
is presented in Table 9. No difference (P = .1796) was detected in total tract particulate flow
rate of the four diets (average 050 ht; Table 9). However, corn and MED had longer (P
= _0244) retention times ( average 47.0 h) when compared with GUN and HAR ( average
37.6h). Cornhad a 3_2% ‘ionéer (P =.0156) tau (i4.0 h) than MED and HAR (average 10.6
h), while tau for GUN was 28% shoﬁer P = .6156) than for MED and HAR. The fecal

_outputs calculated from the %—dose ag}ee with the values calculated from the Cr,0, marker
analysis. It would appear that YE—marked grain may be as good a marker for.estimating
fecal output as Cr,0,. It would appear from data \'/ariation,'causecli by sox{ne limitation with
either marker, that theuse of a single marker rather than t_h’e dual marker technique is not
suggested at this time. |

In situ DM disappearance for the basal grains is presented in Figure 2. No differen’ces :
were detected in DM disappearancebetWeen treatmente at 0 and 1 h of incubation. The DM
disappearance of eorn was lowe’r P< .05) than the three b‘arleys at all tifnes except 15 ana
30h. At15and agam at 30 h of incubation DM dlsappearance for corn and MED was lower
(P <.05) when compared w1th HAR and GUN, however at 15 h the MED d1d not differ from

. the GUN and HAR. The disappearance of HAR at 2 and 3 h of incubation was greater ®

< .05) when compared to MED, however GUN did not differ from either MED or HAR at

these times. From 4 to 9 h of incubation' no difference was detected in barley DM

disappearance, but tlae barleys all had greater (P <.05) DM disappearance when compared .

with corn.' After 12 h of incueation DM disappearance of corn was lowest (P = _‘0164)

followed by MED and GUN, although the GUN did not differ from HAR, which had the
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‘ highest DM disappearanc'e. ‘At 18 and 21 h of incubation corn had the lowest (P < .05) DM
disappearance, MED had an ° intermediate DM disappearance, and the highest DM
disappearance vs.fas seen in the HAR and GUN grains. At 24 h of incubation no diife_rence
in DM disappearance was detected betv,-veen the three barleys , but all were higher (P =
.0412) than corn. At 36 h of incubation DM disappearance was highest (P = .OQ46) fo; GUN
(91.59%), intermediaté for HAR and MED (89.75 and 86.67%, respectively), and lowest
for.corn (80.08%)." The rate of DM disﬁppearance v'vas 83% slqwer (P < .0940) for corn
(10538 h™") compared with HAR anci GUN (.2778 and 3723 h™), although no difference was
d.eteétled befween thé intermediate, MED (.2241 h™) and the other treatments (Table’ 16). ’
These results agree with Grskov (1986) who repérted faster and mére complete digestion- éf
barley by cattle compared with corn, and are similar-to results presented by Herrera-Saldana
et al. (1990).

Table 10. In situ DM and starch disappearance of corn, Gunhilde barley (GUN), Medallion
barley (MED), or Harrington barley (HAR).

. Barley Variety .. .. -
Item : Corn GUN MED HAR SE Pr>F
Extent of disappearance, %
DM ' -82.15° 91.59° 86.67° 89.75° 445 0077
Starch 70.30° 95.95° 9939°° 99.03°  3.920 .0052
Rate of disappearance, h™
DM -.0538? -2778° -3723° -2241" 07243 .0940

Starch -.1139° -.3602° -4986"  -5593° 07441 0319

b¢ Means in a row without a common superscript differ (P < .05).
t DM disappearance at 36 h of in situ incubation.
Starch disappearance at.15 h.of in situ incubation.
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1In situ starch disappearance is presented in Figure 3. Starch disappearance of corn was
lower (P < .05) at all times between 0 and 15'h compared with the three barleys. No
difference (P > .05) was seen in starch digestion 'Betw‘ee.‘n GUN, HAR and MED at 0 and 1
h. By 2 hof incubation HAR had ‘7'.6% greater (P = .0001) starch disappearancé compared A
with GUN, and MED was intérmédiate' and did not differ from either GUN or HAR.
Gl.mhilde had a lower (P <.05) s,ta;ch disappearance aé 3, 4 and 5 h than MED or HAR. No "
differences (P > .05) in starch digestioﬁ were found for GUN, HAR and MED at 6, 12 and
15 h of incubation. The rate of starch disappearance \.Nas' 315% faster (P=.0319) for‘MED
(5593 b)), HAR (4986-h") and GUN (.3602 h) when compared with corn (.1139 %,

Table 1.0).
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Figure 2. In situ DM digestion of corn, Gunhilde barley (GUN), Medallion barley (MED),
or Harrington barley (HAR). Hours without common superscripts differ (P < .05).
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CORN
MED HARR

Hour of incubation

Figure 3. In situ starch disappearance of corn, Gunhilde barley (GUN), Medallion barley
(MED) or Harrington barley (HAR). Hours without common superscripts differ
(P < 05).
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'No diff‘e,rences (P > .10) in ruminal pH (F igu;e 4). were detected until 9 h after the initial
0600 feeding. At % and 12 h, and again at 30 and 36 h, steers fed corn had higher (P <.10)
ruminal pH than those fed GUN, HAR of MED. Lowef ruminal pH measured in steers
consuming GUN, HAR and MED may be related to lower (P < .10) DM intakes by steers
fed the same barley diets (offered ad libitum) compared vs‘/ith steers fed corn in an associated
finishing experiment.

Rurr.linal ammonia concentrations are presented in Figure 5. S'.ceers fed corn and HAR
had lower (P = .0262) ruminal amrﬂonia levels (average 4.52 mg/dl) at 9 h after the 0600
feeding compared with steers fed MED and GUN (average 7.59 mg/dl). Ruminal amm_bnia
in steers consuming corn remained lower P= ~.600‘1) at 12 h, compared with steers fed the
barley diets. Steérs consumiﬁg corn and MED had higher (average 10.57 Amg/dl; P =.0033)
ammonia levels at 15 h post feeding when compared with steers consuming GUN apd HAR.
Ruminal ammonia levels appeared to be highest at feeding, decline until 6 h after feeding,

"and then rise again. Satter and Sl3_/ter (1974) reported that rum.en ammonia levels above 5
mg/dl supported maximum growth Arates of rumen bacteria. Ruminal ammonia levels in this’
study ranged between 4.5 and. 11.5 mg/dl, and therefore it appears rumen ammc;nia was not

limiting bacterial growth.
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MED

12 15 18 21 24 27 30
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Figure 4. Ruminal fluid pH of steers fed corn, Gunhilde barley (GUN), Medallion barley
(MED), or Harrington barley (HAR) based high concentrate diets. Hour represents
hours after 0600 feeding (time = 0). "F" represents time the steers were fed. Hours
without common superscripts differ (P < .05).
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Figure 5. Ruminal fluid ammonia concentrations of steers fed corn, Gunhilde barley
(GUN), Medallion barley (MED), or Harrington barley (HAR) based high concentrate
diets. Hour is based on hours after 0600 feeding (time = 0). Horizontal line at 5 mg/d|
represents Satter and Slyter (1974) lower level of ruminal fluid ammonia concentrations
to maintain maximal ruminal bacterial growth rates. "F" represents the time the steers
were fed. Hours without common superscripts differ (P < .05).
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No difference (P > .10) in ruminal fluid. VFA concentration was detected from feeding
to 15 h post 0600 feeding (Table 10). However, 18 h VFA concentration was lowest (P = .
:0280) for steers consuming corn, intermediate for steers consuming MED and GUN, and
highe‘st- for stéers consuming HAR. Ruminal fluid VFA concentration for HAR fed steers
did not differ from the GUN fed steers. Diﬂ‘eren_cés in specific VFA as a percentage of total
VFA were limited and are presented in Table 11. No difference in percentage branch chain
VFA was detected over the collection period. No difference was detected in acetate to
propiénate ratios except at 21 h post féeding. The corn fed steers 21 h post feeding had a

lower (P = .0469) ratio (1.38) than any of the barley treatments (average 1.88) i

Table 11. Ruminal fluid VFA .concentration by hour after feeding for steers fed corh,
Gunhilde barley (GUN), Medallion barley (MED), or Harrington barley (HAR) based .
diets. : : '

Hour ........ Barley Variety . . ... ...
VFA%* Corn GUN MED, HAR ~ SE Pr>F

Feeding y :
Total, mol 5.91 5.44 5.83 - 6.07 171 1489
Formic 7.18" 7.45" 8.08° 7.45% - 164 . 0510
Acetic . 50.50° 53.93¢ 52.75% 52.03* 495 .0274
Propionic 19.86 17.28 . 16.38 17.43 1.093 3234
Isobuertic 1.63 1.70 158 1.50 072 3106
Buteric 16.22 14.63 16.55 17.03 . 899 2746
Isovaleric 3.19 3.45 3.15 3.03 311 7732
Valeric : 1.42 ' 1.60 1.48 1.58 112 6762
Branch chain 4.81 5.13 4,78 4.53 365 6848
Ac:Pr, ratio 2.59 3.20 3.20 3.08 196 .2805

3 hour . :
Total, mol 7.28 8.54 8.22 8.70 534 4139
Formic 5.88° 7.03° 6.48* 6.10° 221 0564
Acetic 50.75 " 52,08 51.15 49.98 .861 4076

~ Proprionic ) 22.17 22.10 21.68 22.03 1.458 9959

Isobuteric 1.35° 1.15° . 1150 1.10° 038 0334
Buteric 1583 12.68 14.80 16.28 .970 1347
Isovaleric 2.54 283 2.60 2.60 287 .8928
Valeric 1.57 2.18 2.15 1.93 7 147 .1299

Ac:Pr, ratio 2.36 242 .2.38 2.33 187 .9803
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Hour Barley Variety .. ... ...
VFA % Corn GUN MED HAR SE Pr>F
6 hour . . .
Total, mol 7.35 11.13 8.69 9.12 1.038 2131
Formic 5.83 6.20 . 6.20 575 332 6694
Acetic 50.00 52.13 49.65 49.33 817 1533
Proprionic 18.83 15.88 22.55 23.08 3.636 4739
Isobuteric 1.44° 1.20° 1.10* 1.03* - .069 0457
Buteric 17.53% 12.95* 15.10% 16.55° 939 0721
Isovaleric 2.73 ©3.23 2.88 2.83 340 6233
Valeric 1.57 2.13 2.00 1.98 180  ..3355
Branch chain 1.19 4.40 3.98 3.85 361 6921
Acetic:propionic 2.46 2.43 2.18 2.28 .163 6134
9 hour
Total, mol 6.33 6.99 7.79 7.16 3.431° 1520
Formic 5.08 593 6.03 6.48 .539 4727
Acetic 50.29 52.80 51.90 49.83 1.201 3372
Proprionic 21.31 20.38 19.25 20.70 1.504 81257
Isobuteric 1.56 1.43 13.0 1.20 083 1218
Buteric 17.38 14.33 16.60 16.95 1.085 2908
Isovaleric 2.86 3.15 3.08 3.05 288 9242
Valeric 1.54 1.95 1.85 1.83 157 4645
Branch chain 4.43 4.58 4.40 - 4.23 304 8537
Acetic:propionic 2.43 2.68 2.70 2.50 223 .8000
12 hour
Total, mol 5.26 5.26 5.59 5.66 300 .6894
Formic 4.65 5.65 5.83 5.43 402 - 3618 ‘
Acetic 51.15 53.85 52.95 51.35 1.075 3287
Proprionic 20.24 18.45 17.05 18.63 1.204 4526
Isobuteric 1.82% 1.75° 1.58 1.48° 065  .0460
Buteric 17.36 15.15 17.63 18.10 1141 3218 .
Isovaleric 3.34 3.38 © 3.28 3.33 271 .9933
Valeric 1.47 1.80 1.70 1.70 108 .3493
Branch chain 5.20 513 4.90 4.78 325 71866
Ac:Pr 2.62 3.00 3.10 2.85 223 5612
15 hour "
‘Total, mol 6.85 8.05 8.24 8.84 .554 2512
Formic 4.27 4.35 4.75 3.80 <312 2649
Acetic 49.33% 52.35° 51.38° 46.78* 1.261 0732
Proprionic 22.88 24.10 23.23 25.20 1.382 6625
Isobuteric 1.32 1.13 1.05 " 1.08 079 2547
Buteric 17.77 - 12.93 14.73 17.90 1.609 1864
Isovaleric 2.65 2.83 2.65 3.13 .329 7155
Valeric 1.76 2.28 223 2.18 165 3001
Branch chain 3.98 3.98 3.70° 415 .378 .8389
Ac:Pr, ratio 2.19 2.28 223 1.88

121

1684
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Hoor Ll Barley Variety ........ -
VFA %+ Comn GUN MED HAR SE Pr>F
18 hour . )
Total, mol 7.74° 9.20% 8.86% 9.77° 305 .0280
Formic 6.59 7.18 7.15 . 6.70 177 1467
Acetic 49.00 51.03 50.30 48.20 858 .1816
Proprionic 22.82 23.13 21.73 22.30 1.988 9534
Isobuteric 1.27 1.10 1.10 _L.10 .069 4269
Buteric 16.44 14.48 14.80 16.35 1.153 - .1547
Isovaleric 2.35 2.98 2.98 3.40 257 1737
Valeric 1.56 2.05 1.95 1.95 140 2502
Branch chain 3.64 4.07 4.08 4.53 262 2807
Ac:Pr, ratio - 2.24 2.40 235 2.33 209 .9653
21 hour : .- -
Total, mol 6.95 .. 7.21 6.66 7.85 366 2123
Formic 6.77 6.83 7.48 6.70 283 2671
Acetic 49 .88 -52.38 48.70 48.90 2.331 6407
Proprionic 21.61 19.30 21.60 21.58 3.126 9260
Isobuteric 1.53 . 1.43 1.28 1.18 .079 1023
Buteric 16.12 1478 16.03 16.25 1.376 8415
Isovaleric 2.72 - 3.28 - 3.08 3.55 296 3882
Valeric 1.38" 2.00° 1.85° 1.78° 102 0469
Branch chain 4.25 4.70 475 435 288 5788 .
Ac:Pr, ratio 2:22 3.25 2.40 2.35 .566 5750
24 hour . )
Total, mol 560 ° 6.09 5.88 6.48 335 4112
Formic 6.17 6.48. 6.48 6.40 282 8839
Acetic ' 52.76 53.10 52.02 50.30 1.222 4170
Proprionic 20.53 18.85 17.60 19.20 1.294 5557
Isobuteric. 1.73 1.80 1.63 1.55 076 .1900
Buteric 14.02° 14.58* 17.33° 16.88° .828 0914
Isovaleric 3.18 3.40 3.38 3.78 279 5577
Valeric 1.49° 1.85° 1.58* 1.90° .088 0563
Branch chain 492 5.20 5.00 5.35 315 7747
Ac:Pr, ratio 2.60 2.95 2.73 215 6159

2.98

* Calculated as percent of the total VFA concentration -
e Means in a rows without common superscripts differ (P < .05)

' o i
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. Implications

Kinetics of particulate passage and ruminal digestion of high,concentr‘atg diets fed to
steers were shown to differ when different barley varieties and corn were used as basal
grains. Total tract starch digestibility was greater for steers consuming Harrington, Gunhilde

: - £
or Medallion barleys co'mpar'ed/ with those fed corn. Intake of digestible starch was 8.2%,

greater for steers fed diets based on Gunhilde and Harrington barleys, compared with steers

consuming Medallion barley. Ruminal retention time was greater for diets based on corn or

Medallion bariey compared with diets basea on Gunhilde.or Harrington barley. In addition,
all barleys were similar anci had an extremely rapid. rate of ruminal DM and starch in situ
disappearance rate when compared to corn. Il-Iowe.v'qr,’ﬂ._.it would appear-that some barley
varieties, in this .research HAR, can éompénsate for this rapid rate of digestion by supplying
additional N in the form of rpicrobial N to the d‘uode'num for d‘igestion aﬁd absorption. These
results support the theo;y proposed by Huntington (1994) that steers consuming high
concentrate diets may actually benefit more from the additjonal N flowing to the duoder;um
than starch that bypasses ruminal digestion. The glucose resulting from starch that does
bypass ruminal digestion is used primarily 'f,o_r the tissue requ;lrements of the viscer.a‘anc_i
organs and no large net increase in glucosp can be detected. This study indicates that rapid
rumen fermentation of barley may .not necessarily result i_n 'depressed animal perforrﬁance.
It is evident that additional research is required before recommendations on the best barley
variety to feed cattle can be given.. Itis encouraging though to begin to understand some
factors that may affect the digestion kinetics associated with barley variety in high

concentrate diets.
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CHAPTER 5
CONCLUSIONS

Barley variety did impact feedlot performance in this study. Despite an extremely rapid
rate of ruminal digesﬁon, Harrington barley resulted in superiqr feedlot growth perfdrmance i
and carcass characteristics when clompared with Medallion and Gunhilde barieys. It should
be noted that performance was confounded by DM mntakes, digestible DM 'i;ltakes and
digestible starch intakes, with corn fed steer's having the highest ADG. Howevér, it.-would
appear that 'I—iarring‘con barley, which had superior quality grade and feed conversion, may
be an acceptable substitute for corn in this 'region until the cost of éorn is lo.wer. In future
research, added attention should be ma.de‘ to insure closer intakes to better compare Barlqy
variety to cor;ljand its applicability ;co finishing steers on highyconcentrate diefs. These data
suggest that rapid ruminal digestion having a negatiye influence on animal performance may
not be fr'ue. More research is needed to quaﬁtify and e'véluate barley:characte-ristics that
inﬂugnce animal perfor,mancé.

Kine’gics of pailti(;ulate passage and ruminal digestion of high concentrate die‘és fed to

‘steers' were shown to differ when different barley varieties and corn were used as basal
grains.. Total tract stafch digestibility was greater for steérs consuming Harrington,, Gunhi'lde
or Medallion barleys compared with those fed corn. - Intake of digestitﬂé starch'was 82%
greater for steers fed diets based on Gunhilde and Harrington barleys,, compared with steers -

consuming Medallion barley. Ruminal retention time was greater for diets based on corn or,

. Medallion barley compared with dieté based on Gunhilde or Harrington barley. In addition,
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all barleys were similar and had an extremely rapid rate of ruminal DM and starch in situ

disappearance rate when compared to corn. However, it would appear that some barley. .

varieties in this research HAR, can compensate for this rapid rate of digestion by supplying
additional N in the form of microbial N to the duodenum for digestion and absorption. These

results support the theory proposed by Huntington (1994) that steers consuming high

-concentrate diets may actually benefit more from the additional N flowing to the duodenum

‘than starch that bypasses ruminal digestion. The glucose resulting from starch that does

bypass ruminal digestion is used primarily for the tissue requirements of the viscera and

‘organs and no large net increase in glucose can be detected. This study indicates that rapid

rumen fermentation of barley may notvnecessar'ily result in depressed animal performance.
It is evident that additional research is required before-recommendations on the bést barley
variety to feed cattle can be given. It is encopfaging ',though to begin to unde_rs’ﬁand same _
factors that may affect the digestion kinetics associated with bérley variety in high

concentrate diets.




65

LITERATURE CITED

T ——t




66

Anderson, V. L., and S. L. Boyles. 1989. Three barley/corn diets for feedlot steers. ND
Agric. Exp. Sta Publ. 47:16. Fargo, N.D.

AOAC. 1990. Official Methods of Analysis (15th. Ed.). Assoc1at1on of Official Analytical
Chem1sts Arlington, VA. .

Bhatty, R. S., A. W. MacGregor, and B. G. Rossnagel. 1_991. Total and acid-soluble B-
glucan content of hulless barley and its relationship to acid-extract viscosity. Cereal
Chem. 68(3):221.

Boss,D.L. and'J. G. P. Bowman. 1994. Effects of barley variety or corn on rate, site and
extent of digestion in steers consuming a high concentrate diet. Proc. West. Sec. Am.
Soc. Anim. Sci. 45:122 . : ‘

Boss,D.L.;J. G. P. Bowfnan, and R. M. Brownson. 1994. Effects of barley variety or corn
on feedlot performance, carcass characteristics, and diet digestion by steers. Proc. West. -
Sec. Am. Soc. An1m Sci. 45:313.

Bowman, J. G. P., and J. L. Firkins. 1993. Effects of forage species and particle size on
bacterial cellulolytlc activity and colonization in situ. J. Anim. Sci. 71:1623.

Bradshaw, W. L., D. D. Hinman; R. C.Bull, and D. O. Everson. 1992. Steptoe vs. Klages
barley varieties and processing methods on feedlot steer nutrient digestibility, carcass
characteristics, and performance. Proc. West. Sec. Am. Soc. Anim. Sci. 43:548.

Briggs, D. E.. 1978. Barley. Chapman and Hill LTD. London,

Clark, C. K., M. K. Peterson, C. W. Newman, M. J. McInerney, and J. S. Wiley. 1987.
Evaluation of in vitro dry matter, neutral detergent fiber and crude protein fermentation
rate of normal, proanthocyanidin-free mutant and Cross- hne barley. Proc. West. Sec.
Am. Soc. Anim. Sci. 38:293. -

DePeters, E. J, and S. J. Taylor. 1985. Effects of feeding.corn or barley on compos1t1on of
milk and dlet digestibility. J. Dairy Sci. 68:2027.

Dion, S., and.J. R. Seone. 1992. Nutritive value of corn, barley, wheat and oats fed with |
medium quality hay to fattening steers. Can. J. Anim. Sci. 72:367.

Ellis, W. C., J. H. Matis, and C. Lascano. 1979. Quantltatmg ruminal turnover. Fed. Proc.
38: 2702

Ellis, W. C., C. Lascano, R. Teeter, and F. N. Owens. 1982. Solute and particulate flow
markers. In: F.N. Owens (Ed.) Protein Requirements for Cattle: Symposium. OK St.
Univ. MP-109, pp 37-56. ~




67

Fannon, J. E., R. J. Hauber, and J. N. BeMiller. 1992. Surface pores of starch granules. -
‘ Cereal Chem 69(3):284. ‘

Feng, P, C. W. Hunt, G. T. Pritchard, and S. M. Parish. 1994. Effect of barley variety and
dletary starch level on digestive ﬁJnctlon in beef steers. Proc. West. Sec. Am. Soc.
Anim. Sci. 45:301.. :

Gibson, L A., J. G. P. Bowman, L. E. Oberthur, and T. K. Blake.. 1994, Determination of

genetic markers associated with ruminant digestion of barley. Proc West Sec. Am. Soc.
Anim. Sci. 45:317.

Gray, G. M. 1992. Starch digestion and absorption in nonruminants. J. Nutr. 122:172.

Grings, E. E,, R E. Roffler, and D. P. Deitelohoff. 1992. Evaluation of corn and bariey as’
energy sources for cows in early lactation fed alfalfa-based diets. J. Dairy. Sci. 75:193.

Grovum, W. L., and V. J. Williams. 1973. Rate of passage in sheep. Br. J. Nutr. 30:313.

- Gudmundsson, M., and A. C. Eliasson. 1992. Some physical properties of barley starch
from cultivars differing in amylose content. J. Cereal Sci. 16:95

Harmon, D. L. 1992. Dietary influences on carbohydrases and small intestine starch
hydrolysis capacity in ruminants. J. Nutr. 122:203.

Hatfield, P. G., M. K. Petersen, C. K. Clark, H. A. Glimp, K. J. Hemenway. and W. S.
Ramsey. 1993. Effects of barley variety and restricted versus ad libitum intake on rate,
site and extent of digestion by wethers fed a high-energy diet. J. Anim. Sci. 71:1390.

Hepton, J. R., C. W. Hunt, G. T. Pritchard, and P. Feng. 1994. Effect of starch and fiber
content of barley as modified by hull and pearled grain on intake, digestibility and
~ growth in growing and finishing rations for beef cattle. Proc.-West. Sec. Am Soc. Anim.

- Sci. 45:289.

Herrera-Saldana, R. E., J. T. Huber, and M. H. Poore. 1990. Dry métter, crude protein, and
starch degradability of five cereal grains. J. Dairy Sci. 73:2386. :

Hill, F. W., and D. L. Anderson. 1958. Comparison of metabolizable energy and productive
energy determinations with growing chicks. J. Nutr. 64:587.

Hill T. M.,. S.'P. Schmidt, R. W. Russell, E. E. Thomas, and D. F. Wolfe. 1991. Compafison
of urea treatment with established methods of sorghum grain preservation and processing
on site and extent of starch digestion by cattle. J. Anim. Sci. 69:4570.




68

Hironka R., K. A. Beauchemin, and T. J. Lysyk. 1992. The effect of thickness of steam-
rolled barley on its utilization by beef cattle. Can. J. Anim. Sci. 72:279.

Hunt, C. W, G. T. Pritchard, P. Feng, R. W. Lewis, and J. R. Hepton. 1994. Effect of
barley variety and dietary starch level on digestion and growth in beef heifers. Proc.
West. Sec. Am. Soc. Anim. Sci. 45:305.

Huntington, G. B. 1994 Ruminant starch utilization progress has been extensive.
Feedstuffs. 66(6):16. :

Iannotti, EL. J. H. Proter, J. R. Fischer, and D. M. Sievers. 1979. Changes in swine manure
during anaerobic digestion. Dev. Ind. Microbiol. 20:519.

Kemalyan, R. E,, C. K. Clark, M. K. Peterson, and C. W. Newman. 1989. In vitro dry
“matter disappearance rate and purine accumulation of proanthocyanidin-free barley
cultivars. Proc. West. Sec. Am. Soc. Anim. Sci. 40:414.

Kennelly, J. T, and J. K. Ha. 1990. Influence of processing on the site and extent of
digestion of high moisture barley in cattle. Aust. J. Anim. Sci. 3(4):323.

Kotarski, S. F., R D. Wamska andK K. Thurn. 1992 Starch hydrolysis by the ruminal
microflora. J. Nutr. 122 178.

Kreikmeier, K. K., D. L. Harmon, R. T. Brandt Jr., T. B. Avery, and D E. Johnson. 1991.
Small intestinal starch digestion in steers: Effect of various levels of abomasal glucose,
corn starch and corn dextrin on small intestinal disappearance and net glucose
absorption.. J. Anim, Sci. 69:328.

McAllister, T. A., K. J. Cheng, L. M. Rode, and J. G. Buchanan-Srhith. 1990. Use of
formaldehyde to regulate digestion of barley starch. Can. J. Anim. Sci. 70:581.

McAllister, T. A., L. M. Rode, K. T. Cheng, and J. G. Buchanan-Smith. 1992. Effect of
formaldehyde-treated barley or escape protein on the ruminal environment and digestion
in steers. Can. J. Anim. Sci. 72:317.

McAllister, T. A, R. C. Phillippe,‘L. M. Rode, and K. J. Cheng. 1993. Effect of the protein
matrix on the digestion of cereal grains by ruminal microorganisms. J.'Anim. Sci.
71:205, ' '

McDonald, A. M. L., J. R. Starck, W. R. Morrison, and R. P. Ellis. 1991. The comparison
of starch granules from developing barley genotypes. J. Cereal Sci. 13:93.

Montana Agricultural Statistics Service. 1993. Montana Agricultural Statistics. MT Dept
- Agric., Helena. -




69

NRC. 1984. Nutrient Requ1rements of Beef Cattle. (6th. Ed. ) Nat10na1 Academy Press
Washington, DC.

Nichols, W. T., and D. W. Weber. 1988." Wheat vs. corn and barley in beef finishing
rations. Proc West. Sec. Am. Soc. Anim. Sci. 39: 406

Nocek, J. E. 1990. Implications of manipulating Starch site dlgestlon in dairy cattle. Proc.-
Comell Nutr. Conf.. Feed Manf. 44 :

Orskov, E. R. 1986. Starch digestion and utilization in ruminants. J. Anim. Sci. 63:1624

Ovenell K. H, and M. L. Nelson. 1992 Feedlot performance, carcass characteristics -of
steers, and digestibility of diets contammg different barley cultivars. Proc. West: Sec
Am Soc. Anim. Sci. 43:35.

Ovenell, K. H., M. L. Nelson, J. A. Froseth, S. M. Parish, and E. L Martin. 1993. Feedlot
performance, carcass characteristics of steers, and digestibility of diets containing
different barley cultivars. Proc. West. Sec. Am. Soc. Anim. Sei. 44:416.

Owens, E. N, R. A Zinn, and Y. K. Kim. 1986. Limits to starch digestion in the ruminant
small mtestme J. Anim. Sci. 63:1634.

Poore, M. H.,J. A. Moore T.P. Eck, and R. S. Swingle. 1991. Influence of passage model

samplmg site; and marker dosing time on -passage of rare earth-labeled gram through
Holstein cows. J. Anim. Sci. 69:2646..

Poore, M. H., J. A. Moore, T. P. Eck, R. S. Swingle, and C. B. Theurer. 1993. Effect of
fiber source and ruminal starch degradability on site and extent of dlgestlon in dairy
cows. J. Dairy. Sci. 76:2244.

Reynolds, W. K., C. W. Hunt, J. W. Eckert, and M. H. Hall. 1992. Evaluation of the
feeding value of barley as affected by variety and location using near infrared reflectance
spectroscopy. Proc. West. Sec. Am. Soc. Anim. Sci. 43:498.

Reynolds, W. K., C. W. Hunt, T. Moen, and J. A. Loesche. 1993. Comparison of cora and
barley with and without ruminal buffer in supplements fed ir wheat straw-based diets to
beef steers. J. Anim. Sc1 71:1326.

SAS. 1993. SAS/STAT Users Guide. SAS Inst. Inc., Cary NC.

Slatter, L. D., and L. L. Slyter. 1974. Effect of ammonia concentration on rumen microbial
protein production in vitro. Br. J. Nutr. 32:199.




70

Smith, R. H,, and A. B. McAllen. 1974. Some factors influencing the chemical composition.
of mixed rumen bacteria. Br. J. Nutr. 31:27

Spicer, L. A., C. B. Theurer, J. Sowe, and T. H. Noon. 1986. Ruminal and post-ruminal
utilization of nitrogen and starch from sorghum grain-, corn~, and barley-based diets by
steers. J. Anim. Sci. 62:521.

Streeter, M. N, D. G. Wagner C. A. Hibberd, and F. N. Owens. 1990. Comparison of corn
with four sorghum grain hybrids: site and extent of d1gest1on in steers. J. Anim. Sci.
68:3429.

Streeter, M. N., D. G. Wagner, C. A. Hibberd, and F. N. Owens. 1991. The effect of pure
and partial yellow endosperm sorghum grain and dry-rolled corn: Effects on site and
extent of digestion in beef heifers. J. Anim. Sci. 67:1623.

Sutton, J. D., S. V. Morant, J. A. Bines, D. J. Napper, and D. I. Givnes. 1993. Effects of
altering the starch:fiber ratio in the concentrates on hay intake and milk production-by
Freisian cows. J. Agric. Sci. 120:379.

Sunvold, G. D., R. C. Cochran, and.E. S. Vanzant. 1993. Evaluation of wheat middlings as
a supplement for beef cattle consuming dormant bluestem-range forage J. Anim. Sci.
69:3044. '

Theurer, C. B. 1986 Graln processing effects on starch utilization by ruminants. J. Anim.
Sci. 63:1649.

.Van Keulan, J., and B. A. Young. 1977. Evaluation of acid-insoluble ash as a natural
marker in ruminant digestibility studies. J. Anim. Sci. 44:282.

Van Soest, P.J., J. B. Robertson, and B. A. Lewis. 1991. Methods for dietary fiber, neutral
- detergent ﬁber and nonstarch polysaccharides in relation to animal nutrition. J Dairy
Sci. 74: 3583

Waldo, D. R. 1973. Extent and partition of cereal grain starch d1gestron in ruminants. J.
Anim. Sci. 37:1062 :

Wang, L,R K Newman C.W. Newman, and P. J. Hofer. 1992. Barley B -glucans alter
1ntest1nal viscosity and reduce plasma cholesterol concentrations in chicks. J. Nutr.
122:2292.

Wester, T. J., S. M. Gramlich; R. A. Britton, and R. A. Stock. 1992 Effect of grain
sorghum hybrid on in vitro rate of starch disappearance and finishing performance of
ruminants. J. Anim. Sct. 70:2866.




71

Zinn, R. A. 1993. Influence of processmg on the feedmg value of barley for feedlot cattle.
J. Anim. Sci. 71:3. :

" Zinn, R. A, and F. N. Owens. 1986. A rapld procedure for purine measurement and its use
for estlmatmg net ruminal protein synthesis. Can. J. Anim. Sci. 66:157.

Zoebell, D. R., L. A. Goonewardene, D. R. Engtstrom, and B. J Yaremcio. 1992. A study
on feedmg ammoniated and whole versus rolled barley to feedlot steers. Proc West.
Sec. Am. Soc. Anim. Sci. 43:450. :




72

APPENDIX




73

Table 12. Compostition of corn, Gunhilde barley (GUN) Medallion barley (MED), and
Hamngton barley (HAR) grains. . .

: . Barley .............
Nutrient Corn GUN MED - HAR
................... DMBasis ..................
Weight,kg/hl 72.1 64.5 61.7 63.1
DM, % 92.2 942 95.1 94 .4
OM, % , 90.9 ' 91.8 928 . 929
ASH, % 1.5 2.7 ' 2.6 2.7
GE,Mcal/kg - . 431 425 427 ‘ 4.24
CP,% : - 8.7 11.1 10.6 10.7
ADE,% - 4.5 6.4 6.3 . 6.9
Calcium,% ' 00 01 _ 01 0.01.
Phosphorus,% . 26 39 38 g 38
Starch, % .65.0 47.7 443 50.0

<
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Table 13. Compostltlon of corn, Gunhilde barley (GUN), Medallion barley (MED), and
‘ Harrmgton barley (HAR) supplements

‘ L Barley ... ...... I
Nutrient - Corn - GUN. MED HAR
................... DMBasis ..................

DM, % 90.7 - 91.4 9.6 - 92.8

- OM, % - 783 721 745 65.5 -
ASH% 31.9° 372 359 ©oA22
GE,Mcal/kg - 2.97 : 2.65 2.71 © 240
CP,% ' 52.1 42.9 ‘ . 56.0 19.4
'ADF,% 6.7 7.1 73 - 6.9-
Calcium,% 479 . 491 ©5.14 6.50
Phosphorus,% 276 . 2.23 1.41 ‘ 3.06

Starch, % 43 - 6.0 - 45 54
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Table14. Feedlot performance of steers fed corn, Gunhilde barley (GUN), Medallion
barley (MED), or Harrington barley (HAR) based high concentrate diets by periods.

. ... Barley variety .. ...

Item Corn GUN MED . HAR SE P>F
Adaptation _
DM intake kg 7.97 6.82 6.99 6.94 297 .06
ADG, kg/d .o4° 68 717 75 060 .04
Feed:Gain -.- -.- - -- - --
O0to28d : o
DM intake kg 9.39° 6.65" 6.29° 7.34° 301 .0001
ADG, kg/d 1.21° - .89 922 -1.12¢ .083 .05
Feed:Gain 7.96 7.57 6.88° 6.72 587 43
28 to 56 d . , .
DM intake, kg 9.28° 6.86™ 6.51° 7.58° 1263 .0001
ADG kg/d 1.56 1.27 1.17 1.50 104. .07
Feed:Gain 6.07 5.50 5.54 5.10 347 31
56 to 84 d ' C
DM intake kg 9.49° 6.81* . 644" 778" 289 0001 .
ADGkg/d 1.52¢ 1.18° 1.17 1.38 064 005
Feed:Gain 6.28 5.77 5,51 5.63- 198 .08
84to 112 d : '
DM intake kg 9.84° " 7.26% 6.75 8.12° 347 .0002
ADG, kg/d 1.53¢ 1.231 1.26% 1.42% 058 .01
Feed:Gain 6:47 5.88 5.38 5.76 252 .06
112 to 140 d
DM intake kg 9.97¢ - 7.49% 7.14° 8.22° 313 .0002
ADG: kg/d 1.48° 1.17° 1.30% 1.35% 049 007
Feed:Gain 6.76° 6.36"" 5.50? 6.11% 222 01
140 to 168 d :
DM intake kg 10.02° 771 . 7.32° . 8.21° 316 0003
ADG kg/d 1.42° 1.18° 1.22% 1.30° .089 .004
Feed:Gain

7.05° 6.55% 5.99° 6.33° 255 07
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Table 15. Nutrient digestibilities by period early (56 d), middle (84 d) and late (140 d)
by steers fed corn, Gunhilde barley (GUN), Medallion barley (MED), or
Harrington barley based high concentrate diets.

P Barley ...... ~Trt*  Interaction
Nutrient® Corn GUN MED HAR SE P>F T*P
Early
DM dig.,% 68.9 81.5 80.4 76.9 1.53  .0001 .70
~CP dig.,% 67.5 82.0 717.9 764 209 .0001 76
Starch,% 90.9 98.6 99.4 99.0 .99 .0001 21
Dig. DM Int. kg 6.7 5.6 52 58 .27 .0001 91
Dig. Cp Int. kg 8 7 i 6 .04 .0001 77
Dig. Starch Int..kg 4.1 2.6 23 3.0 .13 . .0001 74
Middle
"DM dig.,% “71.9 81.8 81.3 80.0 1.53 .0001 .70
CP dig.,% 68.5 79.8 74.8 79.6 -2.08 .0001 76
Starch,% S 918 993 994 99.2 99 .0001 21
Dig. DMInt. kg 7.1 5.8 55 66 27 .0001 91
Dig. Cp Int. kg 9 i ) 7 .04 .0001 77
Dig. StarchInt.kg 4.2 . . 2.7 2.4 33 .13 .0001 .74
Late o :
DM dig.,% 72.0 79.5 80.7 79.9 1.53 .0001 .70
CP dig.,% 67.6 78.8 74.8 782 2.08 10001 76
Starch,% - 85.5 95.1 98.0 97.4 99 0001 - .21
Dig. DM Int. kg 8.0 6.9. 6.9 7.4 27 .0001 91
Dig. Cp Int. kg 1.0 .9 9 8 .04 0001 77
Dig. Starch Int. kg 4.4 3.2 3.0 3.7 13 .0001 74

* Treatment-main effects presented in text.

P —T————
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Table 16. Least square means analysis of variance for diet digestibility for steers fed

corn, Gunhilde barley (GUN), Medallion barley(MED), or Harrington
barley(HAR) based high concentrate diets. )

Item . df Sum of square Mean square F P>F.
Treatment 3 - 8055 - 2685 28.5 .0001
" Period 2 269 13.5 143 - 2532
TRT*Per 6 36.0 . 6.0 . .64 .6994
Error 36 339.2 ' 9.4 -.- -
Total 47 -.-

1207 T - . -.-

T TEm—
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Table 17. Least square means analysis of variance for ADG for 168 d for steers fed
corn, Gunhilde barley (GUN), Medallion barley(MED) or Harrington barley
(HAR) based high concentrate diets. -

Item df - Sum of square : Mean square ~ F P>F.
‘Treatment 3 67 . . 226 781 0037
Error =~ 12 ' .35 - .03 -.- -.-

Total 15 1.02 -.- ' -.= -
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Table 18. Least square means analysis of variance for acetate to propionate ratio (0 hour)
for steers fed corn, Gunhilde barley (GUN). Medallion barley (MED), and
Harrington barley (HAR) based high concentrate diets.

Item df Sum of square Mean square . F P>F
TYPE I . , :
Steer 3 .825 : 275 2.06 2246
Period 3. . .852 284 2.12 2157
Treatment 3 .684 - 228 1.71 .2805
TYPE I1 : : ' :
© Steer 3 ~ 301 ' ~.100 . 75 5677
Period 3 1.261 420 3.14 1247
Treatment 3 684 A 228 - 1.71 .2805
Error 5 - 668 , 134

Total - 14 3.029 -.- -.- -.-
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