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ABSTRACT

Alteration of ruminal environment by nutritionalategy presents opportunities
for manipulating beef cattle growth. Changing fermation patterns by altering feed
type can impact both the composition and rate of gabeef cattle. Three experiments
were conducted to examine the effect of maniputatibgrowth and fermentation
patterns on nutrient availability and performantéedlot cattle. Experiment 1 studied
the impact of ruminal environment on the passagadga-3 fatty acids through the
rumen of grass-fed verses grain-fed cattle. Onsesaples were collected from steers
fed either fresh green chop, a high grain diet Rmpnted with flaxseed oil, or a high
grain diet supplemented with corn oil. Regardiasdiet, fatty acids with the greatest
number of unsaturated bonds found in the highastddnce were transformed
preferentially. Despite no differencé3£ 0.88) in omega-3 transformation across
treatments, grain-fed cattle with a flaxseed oament demonstrated the great®st (
0.01) g of omega-3 fatty acid flow escaping biologsmation due to an increase in intake
of dietary omega-3 fatty acids. Experiment 2 eatdd how utilization of bio-fuel
byproducts impacts rumen environment and fatty poidile at end point of
fermentation. Omasal samples were collected frim@rs fed a steam flaked corn (SFC)
basal diet with a portion of corn replaced by dests grains (DGS) (40%), crude glycerin
(GLY) (10%) or both. Total unsaturated fatty acidscentration in digesta were not
different P = 0.43) for the main effect of GLY, which indicat&LY is an effective
alternative to corn when provided at the dietanyoamtrations evaluated in this study.
The decreasd”(< 0.01) in unsaturated fatty acids in digestanfiain effect of DGS may

be beneficial for shelf life stability of meat. xjfgeriment 3 used a meta-analysis approach



to examine how nutritional strategy and performashaeng a post-weaning growing
phase can be used to predict finishing performancecarcass characteristics. When
examining feedlot and carcass performance attrébdoyegrowing strategy it factors, like
ADGgrowingg DOFyrowing, and initial BWinishing, interacted to create the most optimal
compensatory gain response. Optimal combinatiBX3d~yowing and initial BWrowing
differed between performance characteristics (Tal8¢ but as an average across
dressing percent, LMA, Final BMishing, and HCW it was identified that maximized

performance occurred when cattle began the gropiage around 240 kg.
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Chapter I.
LITERATURE REVIEW OF RELEVANT TOPICS

PART | —Availability of dietary omega 3 and omega 6 fatty eids to ruminants

INTRODUCTION

Dietary fatty acid composition varies immensely eleging upon forages and
concentrates fed. Most fatty acids that contrihaténe dietary lipid fraction, regardless
of diet, are comprised of 16- or 18-carbon. THe#g acids, in particular omega-3 and
omega-6 18-carbon chains, have been in the spbhigthe modern consumer.
Consumers increasingly demand information on tttg &écid composition of ruminant
food products, particularly those with polyunsatedafatty acids (PUFA) that fall into
the 18-carbon chain category. Various studies Ipaceen that omega-3 and omega-6
fatty acid concentrations in beef and milk prodwsts directly impacted by the diet of

the animal (Wood et al., 2004).

Greater omega-3 concentrations of meat and milke ke some consumer groups
to begin classifying omega-3 enriched meat and prtiducts as “functional foods”.
Although omega-3 content of milk or meat products/rimcrease, the amount of omega-
3 fatty acids consumed from that product is notugiiato be considered a significant
intake source for omega-3 fatty acids. Insteadnarease in omega-3 content balances
the omega-6 to omega-3 ratio of the consumers. dietman dietitians recommend a
ratio of 4:1 omega-6 to omega-3 (Daley et al., 20Mtypical American diet has an
omega-6 to omega-3 ratio of around 15 to 20:1 (Pwntos, 2006) mainly due to

American’s high consumption of grain-based produdtse increase in demand by



consumers for omega-3 rich products has led teraltin cattle feeding research to
understand the most effective method to incorparatega-3 fatty acids from the diet

into meat or milk.

A study conducted by Cherfaoui et al. (2011) debeewch that the long-chain
PUFA associated with human health benefits, suehcasapentaenoic acid (EPA;
25:5n-3) and docosahexaenoic acid (DHA; 22:6n-&),lee synthesized in bovine liver,
adipose, and muscle tissues if supplied with pastinal alpha linolenic acid (ALA,
18:3). This observation led to the conclusion thia@ leaving the rumen unaltered
beneficially impacts omega-3 concentrations in na@at milk products. Increasing ALA
content in the diet through grass feeding can #higtratio in meat products from 6-7:1

to 2:1 (Nuernberg et al., 2005).

Impact of differences in dietary structure of polgaturated fatty acids

Alpha linolenic acid (ALA) is the most common distdorm of omega-3
consumed by cattle. In fresh grasses, approxigna@ to 75% of total fatty acids (FA)
are linolenic acid (Hawke, 1973). Unlike grasseseal-based crops, which make up a
majority of conventional Midwestern feedlot andrglaliets, are high in linoleic acid, an

omega-6 fatty acid.

Based on dietary source, structure of fat varresyin altering efficiency of its
rate of breakdown. Most cereal grains or concémsaurces store lipids in the form of
triglycerides while lipids found in forage sour@eg galactolipids, sulpholipids, and
phospholipids predominantly found within the chigliesst membrane . These lipids

differ from triglycerides because they bind 2 fatyd chains rather than 3 in



triglycerides. Thus, energy content per fat usmitigher for cereals (i.e.- triglycerides)

than forages (i.e.-galactolipids, sulpholipids).

RUMINAL LIPID TRANSFORMATIONS

Triglycerides and forage lipids in the rumen ardrolyzed by enzymes of rumen
microorganisms (Garton et al., 1958; Dawson etl8l7,7). Breakdown of fats by rumen
microbes varies based on the form in which it@sesd. This transformation occurs via

two major processes in the rumen, lipolysis andhymioogenation.

Microbial roles in lipid breakdown processes afféedentiated by species-specific
enzyme production and dietary fat structiatyrivibrio fibrisolvenss a known
producer of phospholipase enzymes, establishingligsin lipolysis of forage-derived fat
sources (galactolipids and sulpholids; Hazelwoati@awson, 1975). While
Anaerovibrio lipolyticaplays a role in lipolysis of triglycerides (cerdigids) but not
phospholipids or galactolipids (Hobson and Manr§1t®rins et al., 1975). During
lipolysis, microbial lipases work to breakdown tipiby hydrolyzing ester linkages
within lipid structures to release fatty acids axgose a free carboxyl group (Garton et
al., 1961; Dawson et al., 1977). The exposurefod@carboxyl group on a fatty acid is
imperative for the next transformation processhpivogenation. The carboxyl group
serves as an electronegative region for the lipaggme to bind hydrogen. When
hydrogen is bound, there is a shift of electroi®rhg isomerization to occur and
saturation of double bonds to proceed (Harfootldazelwood, 1988). Thus,

transformation from the unsaturated to saturateu e complete.



Saturation of each unsaturated bond within a PURKes up a different phase of
the biohydrogenation pathway. Dietary sourcesnoiéic acid and linolenic acid are
transformed by rumen bacteria from an unsaturdtedtare to the saturated fatty acid
stearic acid (18:0) via a pathway involving variésforms (Figure A1.11; Wilde and
Dawson, 1966; Kramer et al., 2004). Each phasatty acid transformation involves
two distinct groups of bacteria, Group A and Beckssified by Kemp and Lander
(1984). Group A hydrogenates polyunsaturated fatigls to trans 18:1 isoforms, while
Group B hydrogenates the trans 18:1 isoform taisteaid (18:0) (Kemp and Lander,

1984; Harfoot and Hazelwood, 1997).
Role of Biohydrogenation in Rumen

Three primary theories on biohydrogenation havdvedbto explain the purpose
of lipid transformation in the rumen. One theomrsimed from observations by
Hazelwood and Dawson (1979) about the two primaoygs of bacteria involved in
fatty acid transformations (Group A and Group Byoup A bacteria demonstrated the
ability to incorporate trans-isoforms of linolemclinoleic acids into membrane lipids.
Therefore, suggesting that the biohydrogenatiohvpay served a role in the utilization
of dietary fatty acids to synthesize membranesmam bacterial species. Because these
species make up such a small fraction of the totatobial population, it is unrealistic to
think that supporting this small group is the reabehind such a significant ruminal
process (Harfoot and Hazelwood, 1988). A more tebtheory suggested by Lennarz
(1966), is that biohydrogenation serves as a hyratisposal for bacteria requiring a
reduced environment. Unsaturated bonds servesiak &or free hydrogen in the rumen;

therefore, this theory does hold merit. Howevearfbiot and Hazelwood (1988) discredit



this theory, citing methanogenesis as a much miticeeait process for disposal of excess
reducing power (i.e.- hydrogen). The third anchpes most widely known theory for
the purpose of biohydrogenation is as a role irddtexification of fatty acids (Kemp

and Lander, 1984). Maia et al. (2010) supportégittieory by showing a negative
impact of linoleic and linolenic acid on cell grawand integrity of rumen microbes. By
hydrogenating unsaturated fatty acids, PUFA areeded to a form useable by the
rumen microbes and the inhibitory effects assodiatiéh unsaturated forms decrease.
Within this third theory of biohydrogenation, thexee three schools of thought from

which the idea of toxicity of unsaturated fats stem

1. Double bonds alter the shape of molecule and disnigrobial lipid
bilayer structure altering cell integrity

2. Chemiosmotic destruction of membrane potential icgusn leakage and
/or decoupling intramembrane pathways

3. Metabolic pathway disruption

Knowledge that 0.5% of total cell proteinBfityrivibrio fibrisolvens an active
contributor to both lipolysis and biohydrogenatiengevoted to the reductase that
converts conjugated linoleic acid (cis-9, transc€liB:2) to vaccenic acid (trans-11
C18:2) indicates a significant dedication of cellulesources to this process (Maia el al.,
2010). This would imply a vital function of thedbiydrogenation proces&utyrivibrio
fibrisolvenscell wall structure has been shown to have aremety thin cellular

envelope (Cheng and Costerton, 1977). This evielaisn supports toxicity theory one
and two, knowing toxic effects would be greatertdacteria with less protection from

surrounding environment. However, strong evidexasts in favor of theory three as



well. Paillard et al. (2007) determined that,he presence of overwhelming amounts of
unsaturated fatty (specifically linoleic acid) agidhere was a shift in utilization of
ruminal CoA metabolic pools used to synthesize fagy Within the rumen, butyrate is
synthesized via two separate enzymes; butyrates&iaad butyryl-CoA CoA-transferase
(Figure Al1.12). Strains d@. fibrisolvenswere identified to carry the gene for either
butyrate kinase or butyryl-CoA CoA-transferaserafdt that carry the gene for butyrate
kinase were shown to have an increase in vulnénatul toxic effects of linoleic acid
(Paillard et al., 2007). Thus, it was concluded tbaicity to unsaturated fatty acids is
strain specific. However, to this point, no evideinas been provided to distinctly
conclude if toxicity is caused from disruption @llantegrity, chemiosmotic changes, or
metabolic pathway interruptions. Regardless, fthismwork it seems logical to conclude
that the toxic effect of PUFA on rumen microbea grimary driver behind need for

biohydrogenation in the rumen.

Greater need for biohydrogenation exists in theemiof grass-fed animals
because. fibrisolvens particularly the cellulolytic-butyrate-producisgrains, is present
in greater concentrations in this environment. aBrerates of biohydrogenation are
necessary in the rumen of grass-fed cattle bedaudenic acid, the primary fatty acid
found in grasses, has greater toxicity to rumeryite producers than linoleic acid
(Maia et al., 2010). It is estimated that apprcadiefy 85 to 100% of dietary ALA is
biohydrogenated in the rumen, with 0 to 15% pas#gingugh unchanged (Doreau and
Ferlay, 1994). In contrast, 70 t095% of dietanpleic acid is biohydrogenated in the

rumen. The increase B fibrisolvengpopulation with fiber-based diets resulting from



greater dietary concentration of linolenic acidldoexplain why greater amounts of

linolenic not linoleic acid are hydrogenated.

Within modern grain-based cattle feeding systemesatgr supply of dietary
linoleic acid concentration became a topic of ies¢ras feeding ethanol coproducts such
as distillers grains and corn oil increased. Btha& produced via fermentation of starch
found within corn grain. By-products from this pess consisting of the remaining
fractions of corn grain are commonly utilized asdeources for livestock. As the starch
fraction is removed from the grain, the concentratf fat within the remaining by-
products increases. Unsaturated fatty acids mplaver 80% of the fat composition of
corn, with over 50% of unsaturated fatty acids peinoleic acid. Hendersen (1973)
demonstrated in pure culture that unsaturated &alitys exhibited greater negative
impacts on growth of cellulolytic bacteria thanusated fats. Various researchers
observed a shift in rumen fermentation with anease in supplementation of
concentrations of fat in the diet (Czerkawski 19688lapperton et al, 1969; Dinius et al,
1974; Zinn 1988). A decrease in ruminal acetabelpetion with an increase in ruminal
propionate and a decrease in methane productiorpasistent responses to addition of
dietary fat (Clapperton et al., 1969). A decraasgrowth of cellulolytic bacteria in
response to supplementation of dietary fat expléiasiecrease in ruminal acetate
concentration and lowered methane production (Rasertuand Harrison, 2011). An
increase in ruminal propionate concentration caeXptained by increased lipolysis of
triglycerides freeing glycerol backbones which femnto propionate in the rumen (Wang
et al., 2009). A decrease in enteric ruminal megharoduction with dietary PUFA

supplementation is hypothesized to be a respontbetdouble bonds within the fatty



acid serving as direct competition to other hydrogglizing mechanisms, such as

methane production (Rasmussen and Harrison, 2011).

A compelling counter explanation for the impactaifon rumen fermentation is
that the fat source can physically coat the feetighes and retard feed exposure to
microbial enzymatic attack. This coating effecespecially pertinent for fatty acids with
a melting point that is near or exceeds the tempera@f rumen (MacLeod and
Buchanan-Smith, 1972; Chalupa et al., 1984). 2&nal (2000) demonstrated that high
concentrations of dietary fat (> 8% of diet DM) atigely impacted microbial nitrogen
flow out of the rumen; an effect proposed to hasulted directly from a decrease in

ruminal digestion of organic matter (OM).

To avoid detrimental impacts of high concentratiohdietary fatty acids on
rumen fermentation yet still maintain an energysdefeed ingredient, investigations into
alternative by-products, such as glycerin, havenlme&ducted. Glycerin is a byproduct
of the biodiesel industry and is comprised of thyegrol backbone of a triglyceride fat.
Glycerol has been suggested to ferment directhropionate (Wang et al., 2009).
However dietary glycerin, similar to unsaturatettyfacids, has negative effects on
certain strains of fiber-digesting bacter&utyvibrio fibrosolvenandSelenomonas
ruminantium AbuGhazaleh et al., 2011). Thus, a decreasedatate and increase in

propionate would be expected when feeding glycariansaturated fats.

Impact of ruminal pH on PUFA

As fermentation patterns change (in both amountpaofile) from dietary

additions of fat as well as differing ratios of centrates:forages within a ration, the



rumen microbial population will shift production fa@rmentation end products. This shift
in fermentation products, such as VFA, can leadifferences in ruminal pH due to
varying pKa associated with differing VFA profiless well as changes in total acid
production. Associations between decreases inmainpH and decreases in rates of
lipolysis and biohydrogenation of PUFA were obsdriidevel and Demeyer, 1996; Loor
et al., 2003). As shown in Table A1.11, there tefnite impact of ruminal pH on both

lipid transformation processes once ruminal pH drimpa borderline acidotic level.

Two major theories have emerged to explain chamge®hydrogenation rate
associated with lowered pH. One theory suggesatspii-sensitivity of lipolytic bacteria
is a primary cause for the depression of hydrogehfatty acid products in the rumen.
Lipolytic bacterial specieg\naerovibrio lipolytica has a decrease in growth at pH 5.7
and completely inhibited lipolytic activity at pH&H(Hobson, 1965). In vitro,
Butyrivibrio fibrisolvensexhibited a 25% decrease in yield at pH 5.75 atidity was
completely inhibited at pH 5.5 (Russell and Dombskiw1980). By inhibiting
enzymatic activity of these species, lipid breakddw free fatty acids (FFA) will not
occur as readily. Chalupa et al. (1984) observetftt in the form of triglycerides did
not inhibit ruminal digestion to the same extentrae fatty acids. Although a decrease
in pH negatively impacts bacterial activity invotbeuminal lipolysis and
biohydrogenation, a lower presence of free fatigsawould lower the need for ruminal

biohydrogenation.

Mackie et al. (1978) determined thaatlipolyticawas not eliminated from the
microbial population when donor cattle were adaftech a low- to a high-concentrate

diet. These results cast doubt as to whethertoviable counts of lipolytic bacteria



could be a primary indicator of lipase activityedrilts from earlier studies demonstrated
that activity of lipase enzymes was highest at pHbat it was reduced 50% if pH
dropped to 6.6 (Henderson, 1971). Because a derhneauminal pH is routinely
associated with an increase in concentrates iptattie decrease in lipase activity
became associated with the changes in microflosadan diet composition (Latham et
al., 1972; Gerson et al.,1985). This reductioadtivity has been theorized as an
inhibition of the rumen microflora. Results fromvitro studies, demonstrated a
secondary theory that the reduction in lipase dgtassociated with changes in dietary
composition was due to a shift in the metabolicpsses of microbes. High
concentrations of carbohydrates, particularly ghgcoeduced bacterial production of

lipase under aerobic conditions (Papon and Tal®@8;1Jaeger et al., 1994).

The impact of ruminal pH on biohydrogenation ratefi great interest when
observing the wide spectrum of diets consumed Hiecdt is accepted that average
ruminal pH of grass-fed cattle is higher than thfagrain-fed cattle due to an increase in
ensalivation, an increase in rumen volume, leseregpKa of acetate compared with
propionate, and natural buffering capacity of fea¢McBurney et al., 1983; Moreira el
al., 2013). Data from Van Nevel and Demeyer (19%hle A1.11), indicates that
average ruminal pH for a 24 h-period should haveffects on lipolysis or
biohydrogenation. However, in that study pH did re@ach a value below the decreased
activity threshold of pH 5.7. It is assumed thme tuminal pH of grain-fed cattle spends
a quantifiable amount of time below pH 5.7, whiehds to the hypothesis that the total
amount of biohydrogenated PUFA in digesta wouldblaeer for grain- compared with

grass-fed rumen. Depression in ruminal pH of gfadhanimals would lead to lower
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biohydrogenation rates and greater concentratiahedary PUFA present in digesta

entering the small intestine.

Effect of ionophores and antimicrobials on biohygination

In addition to differences in ruminal pH, it musd@be considered that many
grain-based diets are supplemented with ionophdmesophores and other
antimicrobials are thought to alter the amount @FR deposited in meat and milk
products due to an interaction with the microbe®sIved in lipolysis and
biohydrogenation (Marmer et al., 1985; Van Neval Bemeyer, 1995; Fellner et al.,
1997). Marmer et al. (1985) determined that indln®f monensin in the diet did not
change lipid and fatty acid content in tissue eess$, but it did demonstrate a decrease in
saturated fatty acid content and an increase iatureged fatty acid content. Within
adipose deposits of monensin-supplemented catjl@fisant increases in trans-
octadecenoic acids, a product of the first stegsalfydrogenation, were observed. This
led to the hypothesis that monensin reduces biaggaration. Zinn (1988) determined
that dietary inclusion of monensin increaseohsC18:1 by 34% and decreased C18:0 by
11% in the duodenal chyme of steers fed highlystigke finishing diets. Fellner et al.
(1997) observed a decrease in complete hydrogenatiG18:2 to C18:0 but flows of
transC18:1 to the small intestine were increased wbanphores were included in the
diet. These results suggest that the first stépahydrogenation is not inhibited to the

same extent as the final saturation step (Figura §1

Because a main effect of monensin in the rumenhibition of gram-positive
bacteria growth, its impact on biohydrogenatioafigiterest (Van Nevel and Demeyer,

1995). The primary bacteria (Group A) involvedfie conversion of C18:2 toans
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C18:1 isButyrvibrio fibrisolvensa gram positive bacteria (Harfoot and Hazelwood,
1988). However observations by Zinn (1988) shostedrs supplemented with
monensin had an increasetians-C18:1 concentrations post-ruminally, which would
indicate no inhibition of Group A bacteria. Ingde#he observed decrease in stearic acid
would indicate an interaction of monensin with grddibacteria. However the primary
Group B bacterial specieBusocillusandClostridium proteoclasticuirare gram

negative (Harfoot and Hazelwood, 1988); therebyatiag a role of monensin on these
species. Work conducted by Li et al. (2012) dertratesd most of the bacteria involved
in biohydrogenation are uncultured, so assumingaaiteria in group B can be classified

as gram negative is inaccurate.

Additional oversight is the absolute classificatafrbacterial species to Group A
or B. Butyrvibrio fibrisolvenswvas classified as Group A by Harfoot and Hazelwood
(1988), but recent work by Li et al. (2012) haswhdhis species involvement in
hydrogenatingransC18:1 to C18:0. Therefore the impact of monewsin
biohydrogenation is most likely an interaction withicultured bacterial species or

bacteria with multifaceted roles in the pathway.

Research to date on ionophore effects on ungatufatty acids has been focused
on the inhibition of biohydrogenation. However,Mdevel and Demeyer (1995)
widened this perspective by suggesting that ionggghand other antimicrobials inhibit
lipolysis to a greater extent than they inhibithydrogenation. In addition .
fibrisolvensrole in biohydrogenation it is also a commonlyegated lipolytic species.
Therefore, inhibition oB. fibrisolvenswvould hint towards impacts of monensin on

lipolysis not simply biohydrogenation. The spedies a particularly thin cellular
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envelope that is easily affected by rumen enviramrdesruptors, like monensin.
However not all antimicrobial additives are effgetfor inhibiting lipolysis in the rumen.
For certain compounds such as Salinomycin soditmepmycin hydrochloride,
oxytetracycline, virginiamycin, and mentronidazaae,increase in inhibition of lipolysis
is paired with an increase in inhibition of VFA praction (Table A1.12; Van Nevel and
Demeyer, 1995). These findings suggest that taesmicrobial compounds inhibit the
rumen microbes themselves rather than shiftinggatierpathways. Inhibition of
lipolysis by antimicrobial compounds such as amitlxic avoparcin, lasalocid sodium,
and monensin was not accompanied by a decreadeAmpxbduction (Table A1.12; Van
Nevel and Demeyer, 1995). Thus, these four pdatic@ompounds helped to increase
flows of polyunsaturated fatty acids from the rumathout majorly altering ruminal

fermentation.

POST RUMINAL DIGESTION AND ABSORPTION OF PUFA

A survey of published literature found that dige#tity of fatty acids can range
from 55% to 92%, depending upon factors such amdbagth and degree of
unsaturation (Demeyer and Doreau, 1999). Thisesufound that variability in
digestibility was not explained by fatty acid contration in the diet. Contrary to this
review, Palmquist and Jenkins (1980) found fap$sempentation at moderate levels (3%
or 5%) were 80% digested, while dietary fat conditns greater than that were
significantly less (~56%). Assuming a linear resgmto fat supplementation, the work
by Palmquist and Jenkins (1980) would indicate thiaeach percentage unit above 4%
dietary fat concentration, a 3.4% decrease init@dlibility would be expected

(Palmquist and Jenkins, 1980). These observedeliftes in the effects of dietary fat
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concentration between the work by Palmquist an&ider{1980) and the survey by
Demeyer and Doreau (1999) are suggested to bewéd to the survey’s variation in
experimental approaches, analysis techniques, amations in diet formulation (Lock et

al., 2000).

Differences in digestibility of isolated fatty asiat similar dietary inclusions are
relatively modest, with apparent digestibility vesufor C18:0, C18:1, C18:2, C18:3 fatty
acids determined to be 77%, 85%, 83%, or 76% réispéc As an important note,
within this dataset the digestibility value for C18ncluded all of the biohydrogenation
isomers, which perhaps exaggerated the digesfib#ilue reported. Additionally, the
value for C18:3 may have been inaccurately porttajee to low dietary inclusions
(Glasser et al., 2008). These digestibility valwese repeated by Lock et al. (2000) with
very similar findings of 72%, 80%, 78% and 77% digalities for 18:0 C, 18:1 C, 18:2
C, 18:3 C respectively. Therefore, it can be cotdet that the difference in digestibility
of differing fatty acids is indeed relatively motleginn et al. (2000) determined that
digestibility of fatty acids could be increaseddscreasing the extent of
biohydrogenation. A linear relationship betweeopartion of unsaturated fat entering
the small intestine and digestibility of saturatatwas determined. This relationship
showed a 1% increase in 18:1 escaping biohydroigenigiad to a simultaneous 1%
increase in 18:0 absorption (Zinn et al., 2000¢tefs et al. (1989) observed the same

effects in broilers.

Although the same effects of unsaturated to sadritty acid ratio in digesta
exist in both ruminants and non-rumimants, thetinedly modest range of digestibility

values for individual fatty acids is unique to rumant animals. Non-ruminants have
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shown a wide range of digestibility values for difhg fatty acids (Freeman, 1984) with
a decrease in digestibility with an increase in hanof double bonds (Lessire et al.,
1992). These differences between species existoddiéferences in lipid material,
degree of neutralization of digesta, and souragbhiphile for micelle formation. In
ruminants, 80 to 90% of lipid material entering fimeall intestine is in free fatty acid
form, while non-ruminant lipid material is >90% estied fat (Noble, 1981). Kinetics of
rumen digestion and flow create a continuous ptasien of digesta to the small
intestine of ruminant animal. As digesta enteesdimall intestine, it stimulates the
secretion of bile salts, lecithin, and pancreatizyenes. Pancreatic enzymes convert
lectithin to lysolecthin, the primary amphiphileminants utilize to promote micelle
formation (Lock et al., 2005). Fatty acid absarptis dependent upon micelle formation
and fatty acid incorporation into the core of a @i molecule. Due to the water
insoluble nature of fatty acids combined with thetev layer present within intestinal
cells, hydrophobic fatty acids are very poorly absd from the intestinal lumen without
incorporation into a micelle. Before micelle fortioa, fatty acids must be released from
microbes and feed particles by action of lysoleatid bile salts (Moore et al., 1984).
Fatty acids flowing out of the ruminant stomach associated with the particle phase of
digesta despite being in free fatty acid form (2arand Chilliard, 1997). Because
continuously stimulated, pancreatic secretionsiofinants are less concentrated and
released in lower quantities at one time. Thidde® a lesser degree of neutralization in
the duodenum because of lower concentration andiainaod bicarbonate secreted. Due
to a more acidic pH of digesta in the upper snmaéistine, the site of digestion is shifted

to lower segments of the jejunum than in non-rumisgMoore et al., 1984). In
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response to the lower site of digesta neutralinatigesta and absorption, ruminants
evolved an alternative system for absorbing fattgsacompared to that of non-

ruminants.

Rather than secreting predominantly glycine-corjegdile acids like non-
ruminants, ruminants secrete taurine-conjugatedldmids, which have capability to
remain in ionized form despite the acidic natureigesta (Noble, 1981). Glycine-
conjugated bile acids are insoluble at pH 4.5, evtalrine-conjugated bile acids remain
soluble even at pH 2.5 (Moore et al., 1984). Téisignificant as the bile salt must be in
ionized form to remain in micellar phase and aidlsorption of fatty acids. These bile
acids are responsible for solubilizing fatty adisi®ugh stabilizing the micelle structure,
while the amphiphile or swelling agent (i.e.- lyscthin) promotes infiltration of
unsaturated fatty acids and phospholipids into tyyldopic core of micelle (Davis, 1990).
Despite having evolved a more efficient absorpsigstem for fatty acids, total fatty acid
digestibility is not 100% but instead averages 74%gure Al.14 (Lock et al., 2005)
depicts the relationship between duodenal flonattyfacids (g/d) and daily absorption
(g/d). The linear relationship demonstrates fgrdaily fatty acid flow, only 66% will be

absorbed.

Incorporation of PUFA into meat or milk

Digestibility values of less than 100% demonstthte even if fatty acids escape
ruminal biohydrogenation, there is no guaranteettiey will be fully utilized by the
animal. Because animals are unable to synthegndisant amounts of PUFA at tissue
deposition site, all long chain unsaturated fatigisfound in blood stream are of dietary

origin or have been mobilized from body stores (egen and Doreau, 1999). Thus
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dietary inclusion of PUFA has a direct impact oeitltoncentration in meat or milk
products. Regardless of the exact value of dilg#isgi there is a large amount of
variability in the amount of PUFAs deposited, witlajority of the variation being
explained by diet. In sheep, feeding greater digtancentrations of concentrate was
associated with greater efficiency in utilizationGi8:3 of dietary origin (Chilliard et al.,
2000; Table A1.13). These data represent theieity of intestinal absorption but do
not account for the efficiency of incorporationamheat or milk products. This
reinforces that the challenge to ruminant nutriststo manipulate PUFA concentrations
in meat and milk products involves more than thaipdation of ruminal

biohydrogenation.

As depicted in Figure A1.13, the efficiency ofangoration of C18:3 into milk
decreases as supply presented to the small irgestireases (Chilliard et al., 1991;
Drackley et al., 1992; Christensen et al., 1994 duant et al., 1994; Ottou et al., 1995;
Litherland et al., 2005). Long chain fatty acidsarbed in the small intestine are
preferentially packaged into HDL. Uptake of HDIfdrs by tissue; for example adipose
tissue takes up HDL much more efficiently thanemmary gland. A portion of PUFA
are taken up by the mammary gland to ensure fluidimilk (Demeyer and Doreau,
1999), but the efficiency of incorporation is nohstant. This indicates that the
mammary gland is able to selectively incorporatgyfacids in milk fat when larger fatty
acid quantities are present. Although efficientynocorporation decreases there is
greater milk fat C18:3 concentration as the amofii@18:3 presented to the small

intestine increases.
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However, as explained previously, most linolenid &noleic acid do not reach
the small intestine in dietary form. Instead, lyidtogenation alters fatty acid structure to
various isoforms referred to commonly as biohydnagen intermediates. Certain
intermediates of linoleic and linolenic acid, inding trans-10, cis-12 conjugated linoleic
acid (CLA), exert a negative influence on totalknfdt yield (Peterson et al., 2003). In a
study conducted by Loor et al. (2004), linoleniddagas added to low or high
concentrate diets. Both the high concentrate(@& inclusion) as well as high
concentrate plus linolenic acid decreased millp&atent and yield. Therefore,
management of the amount of biohydrogenation isasasynthesized is critical in order

to avoid milk fat depression when supplementingposaturated fatty acids.

Fatty acids not incorporated into milk fat accuntella adipose tissue deposits
within viscera, subcutaneously, inter- or intra-stwlarly. The composition of adipose
tissue deposits, specifically those in beef, areatly reflective of the fatty acid profile
presented to the small intestine following rumidiglestion (Demeyer and Doreau,
1999). Lipids are selectively deposited in variadgpose deposits based on weight and
growth stage of the animal. As body weight increasabcutaneous fat will increase and
concentration of unsaturated fatty acids will irase within adipose deposits if presented
to small intestine (Moloney, 2002). In finishingtde, subcutaneous fat is the primary
deposition site for unsaturated fatty acids whikeamuscular fat is the primary
deposition site for saturated fat. To contrastean animals, subcutaneous fat is
primarily made up of saturated fats while intranulacfat accumulates more unsaturated
fat. Because lean animals have less body fayrbeaturated FAs incorporated into cell

phospholipid membranes contribute to a greateremeage of total body fat (Demeyer
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and Doreau, 1999). No major inhibitory mechani$onsncreasing PUFA
concentrations in meat are known. Instead, jastiibn for the supplementation of
specific dietary FA, especially omega-3 FA, is &naing because omega-3s are
deposited within fat depots that trimmed are notatly consumed unless mixed into a

ground product.

ECONOMIC BENEFITS OF DIETARY PUFA FOR CATTLE PRODUC ERS

The nature of the ruminant biological system pmesa challenge to cattle
producers to meet demands by modern consumersvaprthe appropriate omega-6 to
omega-3 ratio. Biohydrogenation, efficiency of aipsion, and site of fat deposition all
must be considered when aiming to present the ptadadern consumers desire. As
previously described, in finishing cattle unsatedatat is deposited within subcutaneous
fat which is partially trimmed off of the carcassrithg processing. Therefore, the health
benefits associated with balancing omega-3 and arfidgts in finishing cattle is not
fully obtained within traditional cuts of meat bostead within ground product where
trim fat is added back to the product. De Mell@alef{2017) observed that steaks with
greater concentration of total PUFAs had greatetaiion and greater surface
discoloration. Steers within the study were fed A%, or 30% distillers grains plus
solubles, leading to significant linear increasesteak omega-6 fatty acids with
increasing dietary distillers. No difference italdiat concentration was observed.
Therefore, the authors concluded that shiftingéahposition without shifting total fat
led to a change in meat shelf life that alteredscomer desirability due to increases in

discoloration with higher concentrations of PUFA.
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Despite impacts observed by De Mello (2017) on meatity, the fat content of
full-fat distillers grains provides an excellenusce of dietary energy to feedlot cattle.
Yet, as corn processing to produce ethanol hasyeltbio extract greater value from the
kernel, nutrient composition of distillers graingwsolubles has changed. Instead,
distillers grains is commonly subjected to furtbérextraction; therefore, reduced fat
distillers grains with solubles are more commomyduced today. Nelson et al. (2017)
examined the effects of feeding 15% full fat disté (FFDGS), 15%, 30%, or 45%
reduced fat distillers (RFDGS) on meat quality. likinresults from De Mello et al.
(2017) with full-fat distillers, reduced-feeding f@istillers showed no difference in retalil
shelf life for steaks, ground beef, or bologna.e Blhsence of differences in omega-6
content of steaks, ground beef, or bologna betwreatments would explain the lack of
shelf life differences observed by Nelson et a801@). Low levels of dietary PUFA
(such as that found in 15% FFDGS) would allow fagager extent of PUFA
biohydrogenated in the rumen with less availabterfoorporation into meat products.
As dietary omega-6 fatty acid content increaseeidinces in shelf life stability become
apparent, such as those observed at 30% and 45% $hizlusion in work by De Mello
et al. (2017). Because of variation present beti@@S products, caution should be
exercised for basing meat quality conclusions bffietary distillers grains inclusion

without reviewing dietary fatty acid profile.
Benefits of dietary Omega-3 inclusion

Presently, there are no monetary incentives gpdaking plant for producers to

feed omega-3 fatty acids to cattle. Certain granghe U.S. are marketing omega-3 rich
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beef products; however, these are integrated sgstem cattle procurement to cattle

feeding and product marketing.

Omega-3 riched products entering the market andaegg by the USDA to avoid
broad marketing labels of “enriched” or “enhancggie claims. Instead, when
marketing a product for improved omega-3 fatty acdcentrations, each label must
state the milligrams per serving. Thus, the gea @roducer of this type of product is to
increase omega-3 concentration per serving tordatest extent. When feeding flaxseed
at a dietary inclusion of 8%, omega-3 fatty acidaantration was increased in the
longissimus lumborum from 0.26 g to 0.58 g per §@d neutral fat and from 7.42 g to
11.47 g per g phospholipid fat (Maddock et al.,@000 equate this to 1 serving of 80%
lean hamburger, the mg of omega-3 per serving wingigase from 165.8 to 283.7 mg
when fed without vs with flaxseed respectively.pbrspective, this is competitive with
grass-fed ground beef, which retails in storesCfsrdg or more of omega-3 content.
Table Al1.14 shows a simulation of breakeven pr{pes bushel) when producers
receive a premium above market live weight prigefifushing steers on a diet with 8%
dietary flaxseed inclusion. Values were calculatsithg performance data from
Maddock et al. (2006). According to the U.S. dépant of agriculture flaxseed price
historical data, the cost of flaxseed on the maidwefAugust 2016 was around $8.44 per
bushel. To break even with price of flaxseed ndddée purchased for 8% dietary
inclusion, producers would need to receive a premofi42% above live market price
(Table A1.14). This increase in price at the patken translates to an increased cost at
retail. Studies conducted from the consumer petsgee have proven an increase in

willingness to pay premiums when the food proddcéhterest is perceived as healthier.
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McClusky et al. (2005) examined the reason behomsemer willingness to pay for
grass-fed beef finding that 24 to 40% of consurmpesspremiums for the product due for
health associated benefits (McCluskey et al., 2005 this segment of the consumer
base that a grain fed omega-3 riched product wapjtal to, but further research needs

to be conducted to determine how consumers woslabred to this type of product.
OBJECTIVES FOR CHAPTERS Il & Il

The objectives of chapters Il and 11l were to exaeniumen characteristics associated

with diets fed omega-6 and omega-3. Chapter ktifpally sought to:

1. Determine the impact of ruminal environment onghssage of omega-3 fatty
acids through rumen and
2. Understand differences in ruminal biohydrogenatiograss-fed verses grain-fed

cattle.
While Chapter IIl sought to:

1. Understand how utilization of bio-fuel byproduatgpacts rumen environment
and fatty acid profile at end point of fermentatenmd
2. Determine differences in PUFA content at endpoirfeomentation when bio-fuel

byproducts are fed to ruminants.

22



PART Il — Effect of manipulation of growth patterns during backgrounding phase

on finishing performance and meat quality
INTRODUCTION

A managed growing phase for cattle post-weaningpaiwd to finishing presents
a valuable opportunity to produce more pounds ef per animal. Commonly known as
a growing phase, an accurately timed period oftéchenergy intake prior to finishing
results in larger frame size, ultimately allowig tanimal to support more pounds of
carcass weight (Perillat et al., 2003). Consunomger energy causes a delay in the
onset of maturity by delaying the onset of fat awalation. Owens et al. (1993) shows
slower rates of growth maintain the same orderepiodition of various tissues and sites
as rapid rate of growth animals, but the rate chiawlation at any like-point in time
differs between these two scenarios. When calotake is restored to above
maintenance, the animal responds by allocatingggrtermuscle hypertrophy and growth
of various tissues associated with later maturgii@nens et al., 1993). Effects of
compensatory growth, such as greater final weigttgaeater overall feed conversion
efficiency, are goals of growth strategies befaghtgrain finishing. An understanding
of how management decisions during the growing @ivapact the magnitude of

finishing performance and carcass growth is not wederstood.
COMPENSATORY GAIN AS MECHANISM OF GROWTH

This period of controlled growth in a growing phaspresents an opportunity for
maximizing frame growth prior to the depositionfaf. Because accumulation of fat is

correlated with carcass maturation, the “framingf phenomenon that occurs during a

23



growing period causes a shift in the growth cudedaying carcass maturity and allowing
increases in lean and bone growth (Owens et @3)19Prioritized accumulation of lean
growth and bone mass over fat is explained thrqigisiological endocrine changes,
particularly changes in circulating growth hormd@#d) (Hornick et al., 2000). Lower
nutrient availability decreases the hypothalamastetion of somatostatin, which is the
primary hormone responsible for mediating GH prdidunc(Thomas et al., 1990). While
a decrease in circulating insulin and thyroid home® resulting from lowered glucose
intake, leads to a decrease in synthesis of GHptere(Maes et al., 1983). Limited GH
uptake receptors and reductions in somatostatietsee lower the amount of GH taken
up by the liver causing concentrations of circu@tGH to accumulate (Thomas et al.,
1990). As a result of decreased liver uptake téthiGH is available for IGF-1 synthesis.
Because IGF-1 drives anabolic growth, this decreabeer GH uptake and lower IGF-1
synthesis largely contributes to slowed growthgahering feed restriction (Hornick et

al., 2000).

Tissues react differently during periods of redugealvth. Growth rates are
reduced for most for viscera, followed by adipassue with little effects in muscle
(Hornick et al., 2000). Reductions in volume anetabolic activity of the visceral mass
leads to a reduction in basal metabolic rate (Yaaiyda et al., 1996). This energy-
sparing mechanism remains for several weeks evendgloric intake restriction has
ended (Ryan et al., 1993). This surplus of enertake above maintenance needs results
in allocation of energy to growth of various tisswehose accumulation is associated
with more mature development, particularly musgipdrtrophy and fat accumulation

(Owens et al., 1993).
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For cattle stocked on or fed forage-based growiatsdan increase in energy
required to digest and ruminate fiber based pagiek well as an increase in energy
losses due to heat of fermentation losses lead tverall increase in energy demands by
the viscera during the growing phase. Owens €1883) described observations of
grazing cattle with an increased in DMI entering timishing phase but a lower feed
conversion to gain compared with cattle placedioistiing diet rather than grazing. He
attributes this to increased ruminal capacity wittreased energetic costs of maintaining
a larger visceral mass. However visceral massicpéarly the liver and digestive tract,
contracts as cattle adapt to a finishing diet, el@sing metabolic requirements of animal
for maintenance of the viscera (Owens et al., 1.998)js decrease of energetic needs to
maintain the viscera in combination with lower eyegic losses from finishing diets
result in an increase in energy available for ghowIransitioning from a growing to
finishing diet regardless of growing strategy, erdes secretion of insulin, due to an
increase in glucose uptake (Blum et al., 1985; Wrfestal., 1995). Blum et al. (1985)
hypothesized that an increase in insulin conceotraterves as an initiating signal for the

anabolic growth processes.

GROWING PHASE STRATEGIES

Cattle displaying characteristics of “framing odtie to a lowered plain of
nutrition are generally more desirable becausepéetations for elevated growth
performance (i.e. — compensatory gains). Catpldying these characteristics are
referred to as “green”. An immature or “green” eaggance can be achieved by various
nutritional strategies during a growing phase. &ala of strategy varies based on feed

or land availability and cost-to-benefit ratio the producer. Weighing benefits across
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strategies is challenging as differences in thatilum of growing phase, severity of
caloric restriction, maturity of animal at harvesgx, genetic background, and diet
composition all play a role in the observed incstesicies between studies reported in
literature.

Effects of stocking and grazing growth strategiesaaguably most difficult to
effectively evaluate due to an inherent deficiemciknowledge of actual intake or energy
intake consumed. Feed intake in ruminants is e¢gdlby two factors: chemostatic or
physical. Chemostatic regulation refers to thea# of metabolic signals indicating that
the need for nutrients has been satisfied. Phylgieations result from by rumen fill
reaching a level where feed particles are not hgéshving the rumen thereby reducing
capacity for additional feed to be consumed (slawigle disintegration rate) and/or
intake rate limitations (prehension or ease of kwahg constraints; Poppi et al., 1993).
Intake control in growing cattle fed ad libitum wés from physical limitation. However,
due to the variability in caloric density of thefiets, intake limitation between growing
strategies varies. Grazing cattle are continuaierg; they maximize the upper limit for
eating time (12 hours; Arnold, 1981). A rate dhike limitation occurs when feed is
consumed at a slowed rate due to a greater tingedder prehension and a decrease in
ease of manipulating feed for swallowing (in caBmore mature forages). Forage-fed
dry lot cattle consuming ensiled forages are moitéid by rate of intake to the same
extent as grazing cattle as feed particle sizaif®um with consistent moisture content.
Although rate of intake may differ, total intake twoth grazing cattle and cattle fed
harvested forages in a drylot is limited by rumapacity because of the combined effect

of weight and volume on the tension receptors énrdticulorumen (Allen, 2000).
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Greater rumen fill leads to an increase in rumdame in cattle fed forages or
grazing. A review by Rohr and Daenicke (1998) timat gut fill ranged from 11 to
17.1% of live weight depending upon various diefactors. Dietary forage type plays
a large part in this variation. Waldo et al. (1968)nd that steers fed alfalfa haylage at
similar intakes had 28% less gut fill than catdd frass silage. Carstens et al. (1991)
suggested that much of the compensatory gain respsas due to changes in gut fill and
body composition of gain. Hogg (1991) suggestad DM variability in the finishing
phase results from differences in dietary energyertt of the growing diet, with greater
DMI coming cattle grown in forage-based strategi8ainz et al. (1995) expounded on
the suggestion by Hogg (1991) by demonstratingdtiferences in initial finishing
weight gain between cattle grown on forages vecatte placed in a feedlot post-
weaning was not due simply to an increase in vagraass but instead related to an
increase in capacity for dry matter intake. Combiobservations by Hogg (1991) and
Sainz (1995) conclude that an increase in gutdipacity for high forage growing
strategies can prove beneficial to finishing perfance and do not solely represent a loss
from an increase in drop weight. However, cautieads to be exercised to ensure the
increase in digestive tract weight at slaughterlmmoompensated by efficiently
converting increased intake capacity in finishimgge to increased empty body weight
gains.

Growing growth effect on finishing and carcass performance

The ability to precisely predict how growing phasategies affect finishing and
carcass performance is imperative to maximize #érefits of adding a growing phase

post-weaning. Across the literature, variable eneh conflicting results in performance
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have been observed between growing strategies mpkadictions of performance
challenging. Differences in duration of growingaghk, severity of caloric restriction,
maturity of the animal at harvest, sex, genetikgemund, and diet composition all
played a role in the observed inconsistencies twgeudies. Growing phase strategies
published in the literature represent the rangefimv caloric density dry lot diets to
grazing systems on native range. Each strategepte a unique management decision
especially when considering possible interactidrdietary energy intake with number of
days on feed. As experiments within the literatumee led to conflicting observations on
finishing and carcass performance, certain resegnalps have turned to a meta-analysis
approach to better understand the effects of grpwirategies on finishing (Lancaster et
al., 2014; Klopfenstein et al., 1999). Lancasteaale(2014) was able to generate
prediction equations for finishing and carcassqrenince estimates. Average daily gain
in growing phase and body weight at the end ofjtio&ving phase were primary
predictors of finishing and carcass performanceatttaristics (i.e. finishing ADG,
finishing DMI, HCW, 12" rib fat thickness, LMA, ect.). However, no cotien was
made for degree of maturity of the animal at slaeighnstead HCW and fat thickness
were simply used as terms within the predictionadign to correct the carcass
performance data. This presents a challenge wtierpreting the data because
observations were not compared at same degreetafityaso systematic biases exist
within the predicted data. Additionally, growingiegegy utilized in the experiment was
not modeled, and because DMI was not used as apémndent variable, it is challenging
to understand intake capacity differences that $tem different dietary forage content.

In their review of grazing cattle prior to a finis phase, Drouillard and Kuhl (1999)
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state the imperative nature of standardizing duwviien comparing across strategies.
Therefore, there is a need for strategy-correctedigtion equations to better extrapolate
equations to particular situations common to tlueigtry.

McMeniman et al. (2010) and Galyean et al. (20¢die able to predict
finishing performance based on initial performaasenimals came into the finishing
phase. The two primary predictors they identifi@dfinishing and carcass performance
were initial body weight (at the start of finish)rand dry matter intake for days 8 to 28
of the finishing period. Therefore, demonstrating importance of an increase in
potential to eat but also the amount they gainéeat pv finishing phase. Heavier weights
coming into finishing correlated to an increas®MI, an increase in final body weight,
an increase in ADG, and an increase in HCW accgrttirprediction equations presented
by McMeniman et al. (2010). Strong correlationsasen the initial weight at the start
of finishing and final performance characteristarsd to the idea that the extent of gain
in the growing period (relating to duration of daysfeed and daily gain) may have
significant impacts on finishing and carcass pentamce.

Taylor et al. (2015) examined the interaction ofdan feed and a target average
daily gain by varying both ADG and DOF to achieaeng final body weight of cattle
entering the feedlot. Increased final BW, HCW, A1 and decreased marbling
scores were observed for animals with lower grovilgs and longer DOF-.
Demonstrating the differences in magnitude of camspeory gain responses amongst
backgrounded cattle (both frame size and delayddrihg correlate to carcass quality

attributes. Despite the large amount of reseanompteted on growing cattle, there is still
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a lack of understanding of the interactions of tlaraof time in the growing phase and
rate of gain growing.
GROWING PHASE IMPACTS ON ECONOMICS

Although the growing phase is considered a low irgituation, as this period is
extended, the animal’s maintenance requiremens @osttribute a greater portion of total
production costs (Drouillard and Kuhl, 1999). lingpensatory gains are expressed when
market cost of inputs are greatest (i.e. - duringiiing), there is the possibility to offset
inefficient performance during the growing phage apparent from figure A1.21,
implementing a growing phase has the ability toease final weights of steers;
however, this comes at a cost as days on feedceffine, the risk of adding a growing
phase must also be considered. Adding days on degeénding upon how the market
shifts, may push the slaughter date to a poiriéntarket were animals are less
profitable.

Using growth patterns from Sainz et al. 1995 (FegAil.21), economic scenarios
can be examined to demonstrate gains and losseschtile requiring extended days on
feed due to a growing phase. Figure Al1.22 showkeqaice by month for 2012 to 2016.
Using these values, if cattle raised without a gnowphase were harvested at 450 kg in
July 2014 for $3.49/kg with yard cost of $0.37/thgg profit (minus yardage) would
yield $1,521 per animal. Instead, if those cattige raised with a growing period that
extended the feeding period by 60 days, final wiargbuld increase to 500 kg. Price on
September 2014 price (60 d after July price refezdrearlier) for cattle was $3.52/kg
and assuming the same yardage costs per day,majgsninus yardage would be

$1,684, $163 more per animal. However, this exargptontingent upon price/kg being
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relatively stable. On the opposite end of the Bpet, in July to September 2016, when
prices were low and continued to fall, a drop irc@from $2.58/kg (July 2016) to
$2.34/kg (September 2016) would cause cattle raisibda growing phase to yield $14
less than if those cattle were raised without tfteeving phase and sold in July 2016
(Table A1.21). If this example is applied to atisgible combinations of 60 d increments
year round from 2012-2016, cattle raised with angng phase averaged $120 more per
animal than cattle raised without growing phagauring these years, profit from cattle
raised with a growing phase ranged from $90 le$2€® more than cattle without,
demonstrating the obvious risk involved with addengrowing phase to a production
system. However, on average, positive economiefitsrcompensate for greater days
on feed required by cattle raised with a growingqee

OBJECTIVES OF CHAPTER IV

A meta-analysis approach was utilized to understatedactions of growing phase
performance on finishing performance and at comsteturity at harvest, sex, genetic

background, and dietary strategy. The objectifeakis analysis were to understand:

1. Impact of growing nutritional strategy on finishiagd carcass performance

2. Understand the impact of calorie consumption ameh fof calories in the growing
phase on finishing and carcass performance

3. ldentify interactive terms from the growing phakattcorrelated to finishing and

carcass performance
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Chapter II.

RUMINAL DIGESTION FACTORS THAT MAY AFFECT INCREASIN G
ALPHA LINOLENIC FATTY ACID PASSAGE RATE IN GRAIN-FE D CATTLE

AS COMPARED WITH GRASS-FED CATTLE

H.E. Larson, R. Gardner, M.D. Stern, A. DiCostanzo

Department of Animal Science, University of Minnesdt. Paul, MN 55108

INTRODUCTION

Because there is a consumer desire to understandnfgosition of meat
presented on retail shelves, an increasing denargtdss-fed beef has developed. The
beef consumer index from March 2014 found that @%e 19% of consumers not
consuming beef were doing so because of nutriticeedons. Nutritional awareness is
suspected to be a primary driver behind the 20%iarincrease in cattle raised in
alternative systems (organic, natural, and gragds#erecent years. Arguably, a certain
percentage of this increase is due to misinfornoegemer perceptions that alternative
beef production systems provide a more ideal anengironment, a concern voiced by
9% of consumers not consuming beef. However, thi@mty of concerns expressed

were in direct relation to human health when coriegrbeef products.

The primary marketing approach for grass-fed metfe advertisement of
improved omega-3 to omega-6 fatty acid ratio duanténcrease in omega-3 content

relative to grain-fed beef. The most common om@gmalpha linolenic acid (ALA;

32



C18:3) which serves as a precursor for eicosapeoiaecid (EPA; 25:5n-3) and
docosahexaenoic acid (DHA; 22:6n-3). These polgturated fatty acids are functional
foods because they serve primary roles in humanrdl@mmatory immune responses
(Cherfaoui et al., 2011). This desirable shiftirtritional composition of grass-fed beef
has led to increases in consumers’ willingnessatoyp to $3.44 premium per pound for
grass-fed beef (Abidoye et al., 2011). Howeverishing animals on grass comes at a
cost. Grass finishing animals requires a 21% lofegding period compared with grain-
fed animals (Berthiaume et al., 2006), greenhoasepgoduction (particularly methane)
is greatest per kg beef produced for grass-feteq&telletier et al., 2010), and cattle on
grass require more extensive land use. Therefotiein the beef industry, there is an
opportunity to better understand alternatives asgifeeding systems that maintain the
health benefits of grass-fed beef while produciragdpct in a more sustainable and

efficient manner.

Studies have shown that omega-3 concentrationgat and milk are directly
related to dietary omega-3 fatty acid content efahimal (Wood et al., 2004). Grass-
fed beef tends to have a greater omega-3 to omeg@eccompared with grain-fed beef.
This is expected as alpha linolenic acid is thenpriy fat found in grasses and grains are
generally high in linoleic acid (an omega-6 fattydg. However, the objective of this
study was to determine whether dietary concentratad omega-3 fatty acids were
identical between grass- and grain-fed animalsoAhow does the rumen environment
alter the amount of non-hydrogenated PUFA to themahfor incorporation into meat or
milk products? It was hypothesized that the rusm@vironment of a grain-fed animal,

due to time spent at lower pH throughout the dayyla decrease PUFA transformation,
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in turn increasing unsaturated alpha linolenic gc&sent at the endpoint of fermentation.

The objectives were to:

1. Examine the influence of rumen environment on fattig profile at the end
of fermentation for grass- vs. grain-based diets,

2. Determine differences in flow rates of fatty acwithin three different digesta
phases for grain- vs. grass-based diets, and

3. Understand rumen microbial activity and efficiemdyfermentation when

cattle were fed grass- vs. grain-based diets.

MATERIALS AND METHODS

The experiment was conducted at the University ofindsota Beef Research Facility
in Rosemount, MN. All animals involved in this exipeent were cared for according to
guidelines of the University of Minnesota Institutal Animal Care and Use Committee
(IACUC). All experimental procedures, including giesampling, and cannulation were
reviewed and approved by IACUC (protocol #1507-32Y)6
Animals, Experimental Design, and Dietary Treatment

Six ruminally cannulated Holstein steers (300 kg8Bwere utilized ina 3 x 3
replicated Latin square design (n = 2 per perideBriods were 28 d with 21 d of
adaptation and a 7-d sampling period. Cattle weresed in tie stalls with individual
feed bunks and waters. Body weights were measurehde last day of the sampling
period after an overnight fast.

Dietary treatments consisted of a grass-based@RASS), a grain-based diet with
flax (FLAX), or a grain-based diet with corn oil @®RN) (Table 2.1). All diets were

formulated to be isonitrogenous and provide 300haigl of monensin. Omega-3 content
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of grass sources and flax seed oil was measuredtprthe start of the experiment.
Based on these values, GRASS and FLAX were forrdled provide the same amount
(g/d) of alpha linolenic acid (ALA). Within graibased diets, flax seed oil and corn oil
were included at the same concentration to enbereame fat content between grain-
based diets. Steers were fed for zero refusalsavis recorded and sampled daily.

Diets were mixed individually on a daily basis usanconcrete mixer. Individual
diet ingredient samples were collected daily dusampling week and weekly
throughout the adaptation period. Grass based digized a high and low quality
harvested green chop. Grass consisted primaribyabfard grass and reed canary grass
harvested from pastures at the Rosemount ReseadlcDw@reach Center in late August
and chopped using a John Deere forage harvesteawiaylage head to achieve
approximately 5.08 cm patrticle length. Once haeasgrass was stored in 189 L bags
and frozen at -20C. Bags were removed from the freezer the nigbt po feeding to
allow to thaw at room temperature. This harvestiwe allowed for preservation of
nutrient composition of grass-fed throughout thérLaquare design and allowed for
confinement of steers for continuous infusionsfiiow rate data.
Marker infusion

The triple marker method, developed by France adddas (1986), was utilized to
determine digesta flow rate. Markers selectedHisr study were YbGIl(modified from
Siddons et al., 1985) and CoEDTA (Udén et al., }@80external markers, and iNDF as
an internal marker (Ahvenjarvi et al., 2003). W$& markers allows digesta to be

divided into small particle phase, large partidiage, and fluid phase, marked by Yb, i
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NDF, and Co respectively. Cobalt-EDTA and Yb@kre dissolved in distilled water
to create a marker solution for continuous infusigo the rumen.

On the first day of the sampling period, steersewited with an infusion cannula
plug which allowed for continuous infusion of thew rate marker solution using a
peristaltic pump (Masterflex). Cobalt and Yb wertused continuously at a rate of 0.44
g/d, 0.49 g/d, and 0.10 g/d respectively. Prigh®start of continuous infusion, a spot
sample of ruminal contents was collected to esthbiatural abundancy of Yb and Co
present. This sample was frozen at -20° C urdplylization. Immediately prior to the
beginning of infusion, a 2 L priming dose of therk&a solution was delivered through
the cannula opening and thoroughly mixed by hatmrmminal contents. The marker
solution was continuously infused into the rumeithef steer for the entirety of the 7 d
sampling period, with the first 3 d representingateau period for the concentration of
markers within the rumen.

Sample collection

Ond4,d5, and d 6 of the sampling period, saswiere collected in 8 h
increments. Eight h sampling periods were offsedach day represented a different 8 h
time point relative to feeding to create a 24 hmumposite. Within each 8 h period,
samples of ruminal and omasal fluid were colleeeery 4 h and composited to
represent a 24-h period. Spot fecal samples walected at every natural defecation
during each 8 h period and all samples were cortgzbfiiom the 3, 8 h periods. Omasal
samples were collected utilizing the procedure tgpesl by Huhtanen et al. (1997)
modified by Ahvenjarvi et al. (2000). A reinforc&d® cm diameter hose was manually

placed in the omasum of each steer at time of sSagipThe hose was connected to a
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dual flow, vacuum pump and air compressor to engwaeplacement of the hose
remained within the omasum and clogs in the lindatbe easily be unblocked with a
low pressure air compressor. Bi-hourly ruminal anthsal samples were divided into 3
subsamples at the time of sample collection: 2drhposite (200 mL), 24 h composite
acidified to pH 2.0 with sulfuric acid (75 mL), abdcterial isolation sample (50 mL).
Samples were kept on ice during sample collectrmhstored at -20° C immediately after
samples were collected until further processingj) wie exception of bacterial samples
which were processed immediately following sampliéections.

On d 7 of the sample collection period, rumen eations were conducted.
Animals access to feed and water were restrictdd@aminal contents were emptied
manually via the rumen fistula opening into a 9tuh. Once a majority of solid particles
were removed, a vacuum pump was used to removithe fraction within the rumen
to ensure consistent emptying. Tubs containing mahgontents were weighed, mixed
and subsampled in triplicate. Samples of ruminateats were frozen at -20° C until
further processing and remaining contents were idiately placed back into the rumen
via the fistula. Caution was exercised to compilleteentire rumen evacuation process in
less than 30 min to minimize any detrimental impacthe ruminal microbe population
or animal hydration. Access to feed and water mwatred immediately following
rumen evacuation.

Sample processing and chemical analysis

Composites, acidified composites, and rumen evamuaamples were all frozen

immediately post collection at -20° C, while baigtesamples were processed

immediately.
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Bacterial samples were first strained through 2idayf cheese cloth. The fluid
portion was used to isolate the fluid associateddrea (FAB) fraction (Firkins et al.,
1984), while the solid fraction separated by chexdsth was used to isolate solid
associated bacteria (SAB) following methods outlibg Whitehouse et al. (1994). The
fluid portion was centrifuged at 1,00(¥or 10 min to remove feed and protozoal
contamination. Supernatant was saved for furtbetrfugation at 20,000 g for 20
min. The supernatant was discarded, while thepelas saved to represent the FAB
fraction and frozen at -20° C until lyophilizatioithe solid fraction separated from
cheese cloth was incubated in 0.8% methylcellugadme solution for 1 hiin a 39° C
water bath. After a 1-h incubation, the solutiomtaining the solid fraction was
refrigerated at 4° C for 24 h. After 24 h at 4%l& sample was mixed for 1 min using an
omni-mixer. Solids and methylcellulose-saline soluwere then strained through 2
layers of cheese cloth with the solid fraction edhsvith an additional 100 mL of saline.
The separated fluid then underwent centrifugatiah @00 xg followed by 20,000 x, as
previously described for FAB isolation. The iselhpellet represented the SAB fraction
and was stored at -20° C until lyophillization. cBaial isolations were only conducted
for omasal contents.

Omasal and rumen composite samples were thawedrattemperature before
further separation. Total sample was weighed amddgenized using an overhead
mixer. Prior to separation of digesta phasespaauple of the homogenized composite
sample was collected and saved as a referenceeairple digesta composite. To begin
phase separations, samples were strained throlayler$ of cheese cloth. Solids were

weighed and placed in a separate storage contaiterfrozen at -20° C until
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lyophilization. This sample represented the lgygdicle fraction of digesta (LP). The
fluid fraction remaining after LP was removed wasrt centrifuged at 10,000g<dor 15
min. The supernatant was poured off into a sepaattainer, weighed and stored at -
20° C until lyophilization. The supernatant fractirepresented the fluid phase of digesta
(FP). The pellet formed after centrifugation regengted the small particle phase of
digesta (SP) and was frozen at -20° C until lyopduiion. The weight of the SP phase
was determined via subtraction of the weights oBR& LP phases from total original
sample weight.
Nutrient analysis and digestibility

Bacterial isolates (FAB and SAB), a subsample effédtal composites, rumen
digesta phases (FP, SP, LP), and omasal digestep(i@P, SP, LP) were frozen on dry
ice prior to lyophilization to ensure samples wsodified and prevent boiling of the
sample within the lyophilizer. Subsamples of feathples from the last 4 d of the
sampling period were also frozen on dry ice priolybphilization.

Feed samples and fecal samples (minus subsamplesphilization) were dried
in a conventional drying oven at 55° C. Once daynples were ground through a 2-mm
screen using a Thomas Model 4 Wiley Mill (ThomageS8iific, Swedesboro, NJ).
Samples were then analyzed for nutrient compos(tiiv, OM, CP, and NDF/ADF).
Feed ingredients were analyzed individually andhmaiatically re-combined for diet
composition. Dry matter was determined using frasth dry weights from the initial 55°
C drying (DM1) and then later corrected using aditawhal 100° C oven drying of 1
gram subsample (DM2). To measure ash, 1 g of samgé weighed into a crucible and

placed in an ashing oven for 12 h at 450° C. Oaratter (OM) was determined using
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1 minus ash content of sample. Crude protein (&#3)determined via steam distillation
Kjeldahl technique (Kjeltec 2300). A sample of §.&as weighed into a Kjeldahl tube,
along with 1 CuS®kjeltab and 10 mL EBQs. The tube contents were digested at 410°
C for 1 h, after which they were steam distillecthgdNaOH as an alkali addition, boric
acid as an indicator solution, and 0.1 M HCI asuit (all titrations done automatically by
Kjeltec 2300). Using an Ankom 200 Fiber Analyz&nkom Technology, Macedon,
NY), neutral detergent fiber (NDF) was determin@d &0 min extraction in 100° C
neutral detergent solution with additions of sodisuifite and heat stable alpha-amylase.
Samples high in fat have shown great variation DFNesults due to bound fat within the
fiber matrix. To reduce variability between replies, samples with greater than 5% fat
underwent a biphasic fat pre-extraction proceduia po NDF analysis using diethyl
ether and petroleum ether (modified from Bremexl ¢2010). After NDF analysis,
samples were gently shaken in 400 mL of acetotmyeadl to air dry for 2 h and then
placed in a 100° C oven overnight to obtain a haght. This final weight along with a
hot bag weight and a sample weight were used twuledé NDF percent of the sample.
After a final hot weight was collected, the samiplen underwent acid detergent fiber
(ADF) analysis using a 60 min 100° C extractioncpaure in an ANKOM 200 fiber
analyzer, with ADF solution. After ADF analysigmples were placed in 100° C oven
overnight to obtain a hot weight. This final ADF iglet along with the final NDF hot
weight were used in the calculation of ADF percaaithe sample.

Subsamples of feed as well as omasal phases Wéyepdlilized using a Virtis
shelf freeze drier. Approximately 500 g of sampbkre placed in 22.9 x 33.0 x 5.1 cm

aluminum pans spread less than 2 cm thick and edweith a standard hair net. The
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hair net prevented transfer of small particlesaatile compounds into the oil of the
lyophilizer. Once in aluminum pans, samples wéaegx on dry ice overnight until the
sample was completely frozen. This is criticaldfi@men and omasal fluid samples to
prevent boiling of any liquid within the sample ohg the sublimation process. The
lyophilized subsample of feed was analyzed foyfatid (FA) profile. Analysis was
completed using Jenkins 1-step direct methylatimegdure, with internal standards of
Tridecanoic acid (C13:0) and Heptadecenoic acid (D1 A 0.5-g sample was weighed
into screw cap borosilicate tube and 0.5 mL of Zmiginternal standard:toluene and 3
mL 5% Methanolic HCI were added directly to theduldhe tube was vortexed and
incubated in 70° C shaking water bath for 2 h.ldwahg incubation, 7.5 mL 6% ¥COz
and 1 mL Hexane were added. The solution wasiteydd at 286 >g for 8 min at 4° C.
The organic layer was transferred to a separatdnd one scoop (~0.4g) of charcoal
was added. The solution was vortexed and allowesit for 1 h, after which the sample
was re-centrifuged at 418gxfor 5 min. The top layer of solution was pipetietb a gas
chromatography (GC) vial and refrigerated untillgped for fatty acid composition.
Fatty acid methyl esters were measured using G #si Agilent 7890B gas
chromatograph. Samples were run through a capiti@umn (100 m x 0.25 mm i.d.
with 0.2 um film thickness) with fame-ionizationtdetor with hydrogen as carrier gas.
Pure methyl ester standards (GLC 60; Nu Chek Rrep Elysian, MN) we used to
identify methyl ester peaks.

Separated phases of omasal digesta were als@addtyr DM (via lypohilization
pre and post-weights), OM, NDF/ADF, CP, and fattida using the same procedures

described for feed analysis with the exceptioratti/facid analysis of omasal digesta.
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Feed was analyzed for fatty acid composition ugegkins-1 step direct methylation
procedure, while omasal digesta phases were amblyaelenkins-2 step methylation
procedure. The primary difference between theseprwcedures is that the Jenkins 2-
step adds 2 ml 0.5 M Sodium Methoxide to the sarapteincubates it at 50° C for 10
min prior to addition of 5% Methanolic HCL. Themainder of preparation steps
proceed in accordance with those described for dmedlysis.

Lyophilized digesta phases were also measuredlpC6, and iINDF as markers
for passage rate determinations. Samples weraug@por Yb and Co analysis
following the procedure of Ellis et al. (1982). @sal digesta phases (LP, SP, and FP),
and fecal samples were ashed and digested in dméxiure of 3M HCL and 3M HN®©
for 12 h. Samples were filtered through a What#hfilter and diluted using deionized
water and a 6% KCI solution. Natural abundanceaikers (particularly Co) were
determined by measuring Yb and Co in lyophilizeshen spot samples collected prior to
the infusion of marker solution. Concentration df &hd Co were determined using
Inductively Coupled Plasma (ICP) spectrometry atlE&S Analytical Services
Laboratory (Gainesville, FL). Both SP and LP oata@lgesta phases, in addition to
fecal samples and rumen evacuation samples wehgzaddor INDF (Van Soest et al.,
1991), with iINDF representing the large particlegege rate of digesta. The fluid phase
was not analyzed for INDF as it was assumed thatdigestible fiber was present in this
phase. A 0.5-g sample was weighed into a 125-niknBreyer flask, in duplicate.
Samples were inoculated with 40 mL of pre-warmeditiro “day of inoculation”
solution (mixture of in vitro rumen buffer, in vitrmacromineral solution, and in vitro

micromineral solution plus Trypticase and a redg@alution and indicator), and 10 mL

42



of rumen fluid previously strained through 4 layef&heese cloth. Samples were placed
in a 39° C water bath continuously gassed with @{th pressure monitored using a
barometer to maintain approximately 5 cm waterldisgment. All flasks were

incubated for 240 h and then stored at 4° C unélyzed. Contents of each fermentation
bottle, including blanks, were analyzed for NDF temt using Van Soest reflux apparatus
method with same solution as NDF method describéice (Van Soest et al., 1991).
Neutral detergent fiber remaining after 240 h iratidn was considered indigestible
(INDF). This procedure was repeated until thereaweobservations per sample with 2
different fluid inoculation time points. In additi to the analysis of the 3 markers for
digesta passage rate (Yb, Co, INDF), a microbiakeravas also analyzed to determine
microbial contribution to nutrient flow. Purinesre used as internal microbial marker
and measured in both the microbial isolates as agetimasal digesta phases using the
procedure developed by Zinn and Owens (1986). funéa yeast RNA was utilized as

a standard to generate the standard curve usingrkooncentrations of pure bacterial
purines. All samples and standards were digest@@% perchloric acid at 90° C for 1 h
after which 0.0285M Ammonium Phosphate buffer wddeal to solution to help break
up the charred mass formed from perchloric aciéstign of the sample. Solution was
vortexed and incubated at 90° C for an additioBainin. Samples were immediately
filtered through a Whatman 54 filter. Filteredwgadn (0.5 mL) was combined with 0.5
mL of silver nitrate in a screw-cap centrifuge tual®ng with 9 mL of 0.2M ammonium
phosphate buffer. Samples and solution were tteradsin a dark refrigerator overnight.
After overnight incubation, samples were centrifiigé 10,000 >g for 10 min,

supernatant was discarded and pellet washed withL16f deinonized water that was
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adjusted to pH 2 with sulfuric acid. Samples wereentrifuged and supernatant was
discarded once again. Ten mL of 0.5 M HCI wera theéded to the pellet and vortexed
to suspend the pellet in solution. Samples wesr thcubated for 30 min at 90° C, and
re-centrifuged. Supernatant was pipetted into attdxsparent 96 well plate and read at
260 nm using a Biotek Synergy plate reader. Alsmrp/alues were converted to
mg/mL using the standard curve created with toyeksst.

Samples of rumen and omasal fluid that were aediénd left in the collected
form were thawed and analyzed for ammonia-N and VFApreparation for ammonia-N
analysis, samples were first centrifuged at 5,09dotr 15 min to remove feed particles
from solution. Then, 15 mL of sample were pipeitdd a Kjeldahl tube containing 2g
MgO and 15 mL of distilled water. This solutionsvien analyzed via steam distillation
in a Kjeltec 2300 for N content, representing amiadh concentration of the fluid
sample. Acidified rumen and omasal fluid were a@salyzed for selected VFA: acetate,
propionate, butyrate, valerate, isobutyrate, isenadé and 2-methylbutyrate. Five-point
calibration curves were built for each of these Mkith known amounts of standard
solutions. Calibration curves allow a correlatiorbe constructed between the area
under the curve value provided from gas chromafggeand the concentration of VFA
present. Samples were prepared for GC analysaswiolg a modified procedure by
Erwin et al. (1961) for ruminal fluid VFA analysisSamples were prepared using a
similar centrifugation process to that used for amma-N analysis to remove feed
particles. A 2.0 mL sample of supernatant was ddde solution of 25% meta-
phosphoric acid/2-Ethyl-Butyrate (2-EB) which themderwent a series of centrifugation

and freeze and thaw steps. During these steps;pheisphoric acid aids in protein
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precipitation while 2-EB serves as an internal déad for GC analysis. Supernatant was
filtered through 0.4um polyethersulfone micropore-filter and added titied water.
One N NaOH was utilized to adjust pH of the soluteetween 6 and 7 to prevent any
damage to the GC column packing. Prior to tramsfgito a GC vial for analysis, 0.03%
oxalic acid was added to solution to prevent “gledfacts” and maintain column
performance by degrading to formic acid duringatin (Fussell and McCalley, 1987).
Samples were then transferred to a GC vial ancfra -20° C until analysis was
conducted. Prepared sampled were thawed for bbhtpranalysis in Hewlet-Packard
HP6890 Gas Chromatograph. Samples were run thrdugix 0.64 cm x 2 mm
carbopack glass column (SUPELECO) with 40 min et 27 min initial run time at
175° C, 9 min ramp time to 225° and 4 min post run.
Calculations

Calculated reconstitution of true omasal digestaptt of sampling error, was
determined using equations outlined by France aadio8s (1986).
Statistical Analyses

Data were analyzed using the mixed procedure of SASSAS Institute Inc.,
Cary, NC). Intake, fermentation parameters ang flata were analyzed as a Latin
square with experimental design effects includechadom factors. The statistical
model was as followed:

Yik = +ai + &+ B + gijk

u = population mean

o = i" effect of treatment

S = Random R effect of steer

P = Random! effect of period in time
¢ = residual error
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Hourly pH measurements were analyzed within a sinmlodel with hour as a repeated
measure, and subject of steer within period witliewece modeled using Toeplitz
covariance structure.
RESULTS AND DISCUSSION

Intake, rumen volume and flow rate

Grass-fed cattle had greatér< 0.01) as-fed intakes (AFI) relative to grain-fed
cattle, but lower dry matter intakes (DMA;< 0.01; Table 2.3) relative to grain-fed
treatments. Differences in intake can be explalmedxtreme differences in DM % of
the diet (Table 2.2). However this inverse relaginip between AFI and DMI is
important to consider when interpreting weightuwhinal contents. No differences were
observedP = 0.30) between treatments for DM ruminal contelits increasedR <
0.001) as-is ruminal content weights were obsefgedrass compared with grain
treatments (Table 2.3). Droulliard and Kuhl (199&ted that ruminal fill on a DM basis
has limited use and application because there nsideration of variation in DM
content of the diet. Because grass-fed cattlewroed less feed on a DM basis but had
no difference in DM ruminal contents it can be daded that these animals had a longer
rumen retention time than grain-fed counterpaftsis conclusion is reinforced by
greater as-is ruminal contents observed for thesgied treatment. This slowed passage
out of the rumen paired with greater as-is rumaumaitents lead to the conclusion that
grass-fed cattle had greater rumen capacity. &reaten volumes were expected for
grass-fed cattle as greater as-fed intakes areagneequired in order to consume
calories necessary for energy requirements. Aerewy Rohr and Daenicke (1984)

found that gut fill ranged from 11 to 17.1% of liweight depending upon various dietary
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factors. Dietary forage type plays a large pathis variation. Feeding forages
typically leads to an increase in passage rateeifdrage consumed is high quality.
Contrary to this, less true digesta flow (kg/d) waservedR® = 0.05; Table 2.3) for
grass-fed cattle compared with grain-fed cattlepdes high quality orchard grass-mix
being fed. This may be a consequence of experaherécution. Because cattle were
fed once a day in bunks, feedlot-like eating betvawvere exhibited. Larger meals were
consumed earlier in the day with all feed consubefdre feeding the following day.
This behavior contradicts normal grazing which vaologé multiple small meals
throughout the day to seemingly “push” feed throtlghrumen at faster rate. Instead,
longer retention times were observ&dH0.03; Table 2.3) for grass-fed compared with
grain-fed cattle.

Fermentation parameters and rumen environment

Ruminal volatile fatty acid (VFA) concentration waieater P = 0.05) for grain-fed
cattle compared with grass-fed (Table 2.4). Howewsen extrapolated to moles of VFA
in the rumen, there were no differences betweeairents P = 0.53; Table 2.4),
demonstrating the importance of rumen volume wienparing different feeding
systems (i.e.- grain vs. grass-fed cattle). Despinilar VFA totals in the rumen, grass-
fed cattle had a higher ruminal pA € 0.01) , with an average ruminal pH of 6.6
(GRASS) vs 6.0 (FLAX) and 6.0 (CORN) in grain-feddatments (Figure A2.1; Table
2.5). Less severe pH declines are partially erplhiby a greateP(< 0.01) acetate to
propionate ratio in grass compared with grain-fatile (Table A2.4). Greater pKa of
propionate leads to more severe pH impacts onutmem compared with acetate (van

Houtert, 1993). Additionally, production of acetas associated with microbial
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breakdown of forages. Fiber digestion by rumiredtbria occurs after a lag period
leading to a delay in digestion rate. This slowege of digestion in combination with a
less severe pKa of the primary VFA produced, aeet#ters an explanation for the
higher ruminal pH of the grass-fed treatment whikentaining the same total volume of
VFAs as grain-fed treatments. Due to an increaseastication and rumination with
high forage-fed ruminants, there is also an in@éapuffering capacity of ruminal
contents due to larger quantities of saliva pradact

Nitrogen Flow

Because of challenges in balancing a grain-baseghfng ration to match the
high CP content of the orchard grass mixture @tiljzliets were not isonitrogeous. The
grass-fed diet was highest in CP (19.1 for GRA$85 for FLAX and 17.5% for
CORN; Table 2.2) of all treatments. However ondd iy intake basis, grass-fed cattle
had the lowest N intaké>(< 0.01; Table 2.6) due to lower DMI (P < 0.01; TeaB.3),
demonstrating that a balanced total N flow wouldento be achieved by formulating
rations with known DM intakes.

Lower intake of N in GRASS was accompanied by lof#ex 0.01) g of non-
ammonia non-microbial nitrogen (NANMN) passage agcent of total N flow (Table
2.6), indicating greater ruminal digestion of digt€P compared with grain-fed cattle.
This greater ruminal digestion could be due toedéfces in ruminal degradable protein
between diets (which was not tested), or due talihwwer passage rate which allowed for
longer retention of feed in the rumen. If thedgtbetter understanding the impact of
forage eating behavior on digestibility is impottanextrapolating these results back to

grazing cattle from those fed green-chop in a baskn this study.
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Greater dietary CP degradability in the rumen s§leeadily available N source
can explain a higheP(= 0.02; Table 2.6) ruminal ammonia-N flow in GRA&3npared
with CORN and FLAX. Bacterial-N as a percent datdN flow was also highelP(=
0.01) for grass-fed compared with grain-fed treattsie Reis and Combs (2000)
observed a decrease in ruminal ammonia-N when otrate was fed to grazing dairy
cows. They concluded that adding fermentable safiesto provide energy to microbes
improved utilization of N in pasture-grazed rumitganAlthough an increase in
ammonia-N can indicate inefficient utilization aéthry N, ammonia as a substrate
serves as the primary N source for fiber digestiacteria, especially cellulolytic bacteria
(Burroughs et. al., 1951). Therefore, an incréasemmonia accompanied by an increase
in bacterial-N flow may indicate an ideal environmhéor fiber digesting bacteria to
flourish. This ideal environment may partially éxip the increase(= 0.01; Table 2.6)
in percent bacterial-N flow.

The NRC (1996) MCP synthesis model with a fordgd] intercept, predicts
digesta flow of finishing steers to contain approaiely 816 g MCP/d, while digesta
from growing steers fed high forage were estimategD9 g MCP/d. The NRC (2017)
MCP synthesis model with no forced intercept, prediinishing steers flow to be
approximately 822 g MCP/d while growing steers wesgmated at 450 g MCP/d.
Within the current experiment, using FLAX as coniganm for finishing steers and
GRASS as comparison for growing cattle, values9& § MCP/d and 658 g MCP/d
respectively were determined. An overestimatioM@P was expected because purines
were used to analyze bacterial content (Obispolaetwrity, 1999). Despite the

overestimation, from the comparison of these datag NRC models, the NRC (1996)
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model was determined to be a better predictor oPNgnthesis. The difference in MCP
synthesis can be explained by flow rate differencesttle fed these types of diets. A
lower quantity of bacteria within digesta flow waspected for treatments with lower
total digesta flow, simply due to longer retentiones in the rumen. Initially higheP (=
0.05; Table 2.3) OM digestibility for GRASS supmoitthe concept that more substrate
was available for microbes because of a larger rucapacity. The lower quantity of
MCP makes sense because total flow (kg/d) was I¢ver0.05; Table 2.3) for GRASS.
On a percent basis, there is an increase in balkctemtribution to N flow for GRASS
=0.02; Table 2.6).
Fatty acid profile transformation

In general, g of stearic acid in the flow of digestere higher than dietary stearic
acid intake due to biohydrogenation of C18 unsatdréatty acids by rumen microbes.
Results from the current experiment show an inergas: 0.04) in the ratio of g of
stearic acid to g of C18:2 and C18:3 fatty acidketfor GRASS compared with either
FLAX or CORN. This may be due to the fact that G31l&8nd C18:2 make up a large
majority of the total fatty acids in the diet ofbags-fed cattle and therefore an increase in
ruminal availability leads to a greater contributio stearic acid formation. Linolenic
(C18:3) and Linoleic (C18:2) acids are also prafaadly biohydrogenated over fatty
acids with less unsaturated bonds like C18:1. &oend Ferlay (1994) noted an
increase in the amount of C18:3 biohydrogenatiaongared with C18:2 when added as a
substrate to the same rumen environment.

This study hypothesized that grain fed cattle mayeHowered biohydrogenation

of polyunstaturated fatty acids because of an as@eén time spent below pH 5.7.
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However this is difficult to discern due to DMI tifences across treatments in g of fatty
acids consumed. No differencé&s= 0.88) in g of omega-3 fatty acid transformedever
observed across treatments while lower g/d omefgétysacid transformation was
observed for grass compared with grain-based (#ets0.01; Table 2.7). Oleic acid
showed a trend?(= 0.07) for increased transformation when catéeerfed grass
compared with grain-based diets (Table 2.7). Thi ¢d consistent response in fatty acid
transformation across the major C18 PUFA suggbsatsrtiminal environment effects
transformation differently for different fatty asid It is important to note that the trend
for an increase in biohydrogenation of fatty acidh increased unsaturated bonds first
observed by Doreau and Ferlay (1994) is also fonkde current experiment regardless
of treatment. Linolenic acid had the greatest mirggof fatty acids transformed per g
dietary fatty acids intake, followed by linoleicdanleic acid respectively (Table 2.7).

Russel and Dombrowski (1980) indicated that rummpithhad a strong impact on
reducing enzyme activity involved in the biohydrogBon process. However with
inconsistent transformation responses to treatoiesegrved across C18:1, C18:2, and
C18:3 unsaturated FA, the question becomes whbtbleydrogenation processes are
more effected by ruminal pH, dietary monensin is@n or a combination of the two?
Because monensin was added to both grass-fed amdfgd diets, it is not possible to
measure this in the current experiment. No diffees were observed in omega-3
biohydrogenation across treatments, so it can heleded that pH changes in the
presence of monensin, specifically time spent béddfy do not have a large impact on
the extent of biohydrogenation of omega-3 fattylaciContrary to what was

hypothesized, grass-fed cattle elicited a decrea®mhydrogenation of C18:2 fatty
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acids. Oleic acid was the only fatty acid thatveéd a trend for higheP(= 0.07)
transformation in grass compared with grain-basets d Differences in transformation
are most likely related to dietary fatty acid pl@fand abundance of certain fatty acids
within the rumen. Linoleic acid (C18:2) accourtds 18% the fatty acids in FLAX and
51% of the fatty acids in CORN, but only contrilaii®56 of fatty acids in GRASS.
Therefore C18:2 would be more concentrated inrgadtion in rumen of grain fed

animals than grass fed, which would change proibabil biohydrogenation microbes
having contact with C18:2 in different rumen cormatis. Further research will need to be
conducted to fully understand the effect of monemsid ruminal pH on

biohydrogenation across grain and grass-fed diets.

Despite no differences in transformation percergatgr fatty acid intake
stimulated greater omega-3 fatty acids in the degeSFLAX cattle. Because USDA
regulations for omega-3-rich meat require suppliersst the mg of omega-3 present in
the product, increasing total g of omega-3 in tleEahusing flax supplementation could
be an economically and sustainably viable alteveat grass-feeding systems for
producing beef products.

Unpublished data by Bauchart and Poncet refereimc€gilliard et al. (2000)
shows differences in efficiency of utilization ahega-3 fatty acids under different
rumen environmental conditions. The lowest efficig of utilization of omega-3 was in
fresh grass based diets, however in this study fgeass also had the greatest amount of
C18:3 intake. Numerous studi&zh(lliard et al., 1991; Drackley et al., 1992; Giteinsen et
al., 1994; LaCount et al., 1994; Ottou et al., 299herland et al., 2005) determined a linear
decrease in transfer efficiency of C18:3 from titestine to deposition in milk when increasing

C18:3 amounts are presented to the small intesBagichart and Poncet (unpublished data)
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indicated that an increase in C18:3 presentedetsitinall intestine may have negatively affected
the efficiency of utilization of C18:3 for grassdfeattle (Chilliard et al., 2000). However this
study also compared efficiency of C18:3 utilizatfondiets containing hay to concentration
ratios of 75:25 and 30:70. It is interesting toenthe increase in efficiency of utilization from
4.71% in 75:25 diet to 9.05% in 30:70 diet despéry similar C18:3 grams presented to the
small intestine. This increase in efficiency irad&s that grain-fed cattle fed diets may have an
improved ability to utilize C18:3 for incorporatidmto meat products. An increase in efficiency
of C18:3 utilization presents an added benefittizing flax supplementation in grain-based
systems to obtain omega-3 rich meat products td thealemand of the modern-day consumer.

CONCLUSIONS

Diet is a primary driver in characterizing the rmadi environment. Rumen
volume and passage rate were characterized badfebgs well as eating behavior.
Grass-fed cattle exhibited larger as-fed intakeéddwer DM ruminal contents because of
the high moisture content of the diet. Despitgéamas-fed intakes, grass-fed cattle also
had slower passage rates compared with grain-liesschents likely due to once-a-day,
slick-bunk management rather than traditional cardus feeding in grazing
environment. Slower passage rate in grass-fetkgatreased OM digestibility and %
bacterial N flow in digesta. An increase in runtiaenmonia and decrease in RUP in
omasal true digesta of grass-fed cattle comparddgwain-based treatments
demonstrated an inefficiency of utilization of Nusces, most likely as an alternative
energy source for microbial growth. The magnitofleansformation of unsaturated
fatty acids was directly related to the contribotaf that fatty acid to the dietary
inclusion. Fatty acids with the greatest numbeaurtdaturated bonds found in the highest

abundance were transformed preferentially. Desuitdifferences in percent omega-3
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transformation across treatments, cattle on theXtrAatment demonstrated the greatest
g of omega-3 fatty acid flow escaping biohydrogematiue to an increase in intake of
dietary omega-3 fatty acids. From these conclissiboan be implied that providing
grain-fed cattle with a dietary source of omegaA3 like flax oil, is an economically and
sustainably favorable alternative to grass-fedesystfor producing beef with increased

mg of omega-3 fatty acids.
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Table 2.1 Dietary ingredient composition of grasg-and grain-fed treatments with
either a flax oil or corn oil supplement

Inclusion, % DM GRASS FLAX CORN
Greenchopgras¢ 95

Rye grassilage . 12 12
Soybean me . 14 14
Dry rolled cort . 75 75
Flax oil . 2

Corn oi . . 2
Liquid supplemer? 5

Liguid supplemer® 4 4

1Green chop grass was harvested at one date, famzkthawed and fed fresh daily

23Liquid supplement - provides increased RDP in fofrarea and formulated to supply 300

mg/hd/dmonensi
2Liquid supplement = low prote concentratio

3Liquid supplement = high prote concentratio
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Table 2.2 Nutritional composition of dietary treambs for grass-fed and grain-fed cattle
with either a flax oil or corn oil supplement

GRASS FLAX CORN

DM, % 27.3 79.5 79.6
OM, % DM 86.3 96.0 96.0

CP, % DM 19.1 17.5 17.5

NDF, % DM 53.6 21.1 21.0
ADF, % DM 27.1 8.9 8.9
TDN?, % DM 70.2 89.7 89.7
NEm, Mcal/kg? 1.74 2.31 2.31
NEg, Mcal/kg? 1.03 1.54 1.54
Fatty Acids, % DM 2.7 6.1 5.9
C18:0, % FA 0.1 0.2 0.1

C18:1, % FA 0.2 0.5 0.5

C18:2, % FA 0.2 1.1 3.0

C18:3, % FA 1.0 2.5 0.3

Icalculated from TDN contribution of each ingredieatculated from ADF to TDN
equation for that particular ingredient class

2NEm: Mcal/kg = (TDN % x 0.01318) - 0.132

3Neg: Mcal/kg = (TDN % x 0.01318- 0.45¢
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Table 2.3 Intake, digestibility, flow, and rumenwme measurements for grass-fed and grain-feceoaith either flax oil or corn oil
supplement

GRASS FLAX CORN SEM* P-value
As-fed intake, k/d 17.8¢2 10.6¢° 11.1¢° 0.5C <0.1
DM intake, kdd 5.042 8.5(" 8.8(P 0.3¢ <001
True digesta Flow, kg 6.422 8.1tP 8.2¢4P 0.6¢ 0.0t
True OM digestibilit? , % 68.1¢2 50.42° 54.57° 5.2t 0.0t
Flow rate, %of rumen volume/ 3.4(C 5.1C 5.3t 0.51 0.0¢
Retention time, 30.372 21.3¢P 19.4€° 2.4k 0.0z
Ruminal conten DM, kg 8.1z 6.9: 6.72 0.7¢ 0.3C
Ruminal conten' DM, % SBW 2.7¢ 2.4% 2.1¢F 0.2 0.0¢
Ruminalcontent as-is, k¢ 59.2:2 39.57° 38.7¢P 2.47 < 0.01
Ruminal conten as-is, % SBV 20.72 13.¢P 12.8° 1.2 <0.01

ISEM = Standard error of the me
2calculated: kg OM intake — (kg OM flow — kg OM baxa in flow)
aUnlike superscripts differP < 0.05
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Table 2.4 Ruminal VFA concentration and compositisraffected by grass-fed and grain-fed cattle witther a flax oil or corn oil

supplement
GRASS FLAX CORN SEM! P-value
Total, mV 13€P 18z2 18¢2 22 0.0t
Total Mol inrumen volum? 7,05€ 8,02( 7,331 732 0.5¢
acetate, ¢ 70.C° 46.€2 48.t2 1.2z <0.01
propionate, ¢ 19.eP 39.12 36.£2 2.F < 0.01
butyrate, 9 7.1 9.8 9.7 1.7 0.4t
valerate, 9 0.€° 2.12 2.C2 0.2 <0.01
isobutyrate, ¢ 0.€ 0.8 0. 0.1 0.5¢
isovalerate, ¢ 0.€ 0.€ 0.7 0.1 0.57
2-MB3, % 1.1 1.C 1.7 0.2 0.17
Acetate: Propionat: 3.6 1.2 1.4 0.2 <0.01

ISEM = standard error of the mean

2Total mol in total rumen volume = mM * kg as-is gt in rumen
32-MB = 2-methylbutyrate

aUnlike superscripts diffelP < 0.05




Figure 2.1 Hourly differences in ruminal pH postdeng as affected by grass-fed and
grain-fed cattle with either a flax oil or corn siipplement

7.5

*P<0.05
* . 00.05<P<0.10
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Table 2.5 Effects of grass-fed and grain-fed catita either a flax oil or corn oil supplement oreeage ruminal pH and time
ruminal pH spent below ruminal pH 5.7

GRASS FLAX CORN SEM! P-value
Average pH 6.6 6.0° 6.0° 0.1 <0.01
Time below 5.7, h 0.9 7.5° 8.8P 2.0 0.02

1SEM = standard error of the mean
aUnlike superscripts diffeff < 0.05)
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Table 2.6 Omasal true digesta N flow fpass-fed verses grain-fed cattle with eitheradidor corn oil supplement

GRASS FLAX CORN SEM! P-value

N Intake, ¢d 141.¢b 251.28 253.k2 9.¢ <0.01
NHs-N*, mg/dL 6.2P 3.42 3.€2 1.2 0.01
Total N Flow, ¢ 146.¢° 250.72 251.32 15.2 < 0.01
NHs-N3, g/c 1.2° 0.2 0.2 0.2 0.0z
Bacterid N, g/c 105.:P 143.¢2 155.(8 9.4 0.01
NANMN?, g/c 40.1° 106.12 95.12 10.4 <0.0]
NH3-N2, % of total N 4.1° 1.42 1.t2 0.8 <0.0]
Bacterid-N, % of total N 69.£° 57.22 61.22 2.¢ 0.0z
NANMN 3, % of total N 26.4° 41.4° 37.4% 3.C <0.0]

ISEM = standard error of the mean

2NHs-N = Ammonia-N

SNANMN = non-ammonia, non-microbial nitrogen
aUnlike superscripts diffelP < 0.05




Table 2.7 Fatty acid composition of intake, omassd digesta flow, and percent dietary fatty acihsformed in the rumen for grass-
fed and grain-fed cattle with either a flax oilamrn oil supplement
GRASS FLAX CORN SEM! P-value

Intake, g/t
C18:0 4.8° 16.22 12.5° 0.6 <0.01
C18:1 9.9° 40.32 43.32 15 <0.01
C18:2 9.0° 210.7 260.6° 7.3 <0.01
C18:3 50.3° 90.02 22.4° 3.2 <0.01
C18:2 + C18:3 59.3 300.72 283.12 10.2 <0.01
Flow, g/c
C18:0 22.9° 52.22 66.3? 7.8 <0.01
C18:1 2.9° 23.12 22.4° 3.7 <0.01
C18:2 1.0° 8.92 6.8° 0.6 <0.01
C18:2 t10c1 0.1 0.7 0.€ 0.2 0.1¢
C18:2 cotl 0.t 0.7 0.€ 0.2 0.67
C18:3 1.1° 1.52 0.4° 0.1 <0.01
C18:2 + C18:3 2.1b 10.4% 7.1° 0.6 <0.01
gin digesta flov/ g of intake
C18:0/C18: 503.] 321 511.¢ 139.¢ 0.1¢€
C18:0/C18:2 + C18:3 04 0.22 0.22 0.1 0.04
g transforme? / g of intake
C18:1 0.7¢ 0.44 0.5C 0.C8 0.07
C18:2 0.89° 0.962 0.972 0.02 0.01
C18:: 0.9¢ 0.9¢ 0.98 0.0C5 0.8¢
C18:2 + C18:3 0.97 0.962 0.98° 0.003 0.04
gin digesta flov/ g transforme?
C18:2t10c12/ C18:2 + C1¢ 2.3 2.2 2.1 0.8 0.9¢
C18:2 c9t11/C18:2 + C18:3 84 2.28 1.82 1.2 0.01
True Digesta Flow Ratio C18:2 to C18:3 h.2 6.0% 16.2° 0.9 <0.01

ISEM = standard error of the mean
2g transformed = g/d of intake — g/d in digesta
R abqnlike superscripts diffelP < 0.05




Chapter III.
EFFECT OF INCLUSION OF DISTILLERS GRAINS WITH SOLUB LES AND
CRUDE GLYCERIN IN BEEF CATTLE FINISHING DIETS ON RU MINAL

FERMENTATION AND FATTY ACID BIOHYDROGENATION

H.E. Larson, G. |. Crawford, R. B. Cox and A. DiCo$anzo

Department of Animal Science, University of Minnesdt. Paul, MN 55108

INTRODUCTION

Within modern grain-based cattle feeding systemsnerease in linoleic acid
concentration within diets has become a topic terast because of feeding of ethanol
byproducts such as distillers grains and corn @lorn-based ethanol is produced via
fermentation of starch found within the grain. Bygucts from this process consist of
the remaining fractions of corn grain and are comiynatilized as feed sources for
livestock. With the starch fraction removed froarrcgrain, the concentration of fat
within remaining byproducts is much higher thamwann grain itself. Unsaturated fatty
acids make up over 80% of the fat composition ehcwith over 50% of unsaturated
fatty acids being linoleic acid. Henderson (19@8mnonstrated in pure culture that
unsaturated fatty acids exhibited greater negatigacts on the growth of cellulolytic
bacteria than saturated fats. Several studies tegagted a shift in ruminal fermentation
with an increase in the supplementation of diefargoncentrations (Czerkawski 1966;
Clapperton et al., 1969; Dinius et al., 1974; Zib®89). A decrease in ruminal acetate

production with an increase in ruminal propionatd a decrease in methane production
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are consistent responses to addition of dietar¢tpperton et al., 1969). A decrease in
growth of cellulolytic bacteria in response to sie@ppentation of dietary fat explains the
decrease in ruminal acetate concentration and Edvweethane production (Rasmussen
and Harrison, 2011). An increase in ruminal prapie concentration can be explained
by increased lipolysis of triglycerides freeing ggyol backbones which ferment to

propionate in the rumen (Wang et al., 2009).

To avoid detrimental impacts of high concentratiohdietary fatty acids on
ruminal fermentation but still maintain an energgnde feed ingredient, investigations
into alternative byproducts, such as glycerin, haeen conducted. Glycerinis a
byproduct of the biodiesel industry and is comptiséthe glycerol backbone of a
triglyceride fat. Glycerol has been suggestedtmént directly to propionate (Wang et
al., 2009). However, dietary glycerin, similantosaturated fatty acids, has been shown
to have negative effects on fiber-digesting baat@utyvibrio fibrosolvenand
Selenomonas ruminantiyrAbuGhazaleh et al., 2011). A similar decreaseiminal
acetate and increase in ruminal propionate wouleidpected when feeding glycerin or

supplementing unsaturated fat.

De Mello et al. (2017) reported an increase in eotrations of total
polyunsaturated fatty acids (PUFA) within stealsuted in greater oxidation of beef
product in a retail case as well as greater sud&moloration. Steers within the study
were fed 0, 15, or 30% of their dietary DM as dlsts grains plus solubles, which
resulted in significant increases in steak omefgtt@ acids with increasing dietary
distillers inclusion. However, there was no difiece in overall fat percentage of the

steak. This suggests that shifting fat composiuwuthout shifting total fat leads to
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changes in meat shelf life. This change in slielfdould potentially alter consumer
desirability due to increased discoloration of bieefn cattle fed increased
concentrations of PUFAs. Despite the impact ontrmgeality, fat content of distillers
grains provides an excellent source of dietary gy feedlot cattle. As the ethanol
process has been refined, distillers grains withtdes are no longer the primary
byproduct created. Instead, as fat extractionisiillérs grains has become more
common, reduced-fat distillers and extracted cdrare the primary byproducts formed.
Nelson et al. (2016) examined the effects of feiechttle diets containing 15% full fat
distillers (FFDGS) compared with 15, 30, and 45%uced fat distillers (RFDGS) on
meat quality. In contrast with De Mello et al. {Z), there was no difference in retail
shelf life for steaks, ground beef, or bologna.sTi likely explained by lack of
differences in omega-6 content of the beef betwrssaiments. This is consistent with
the literature that reports low concentrationsiefaty PUFA (such as that found in 15%
FFDGS) have no impact on meat quality as majofityldFA will be biohydrogenated
within the rumen. However, as dietary inclusioaatges 30-40% FFDGS differences in
shelf life stability are noticed (De Mello et &017).

Based on the previous literature it was hypothekihkat glycerin or distillers
grains could partially replace corn as a dietamgrgy source in cattle diets. However,
supplementation of byproducts can alter post-ruminaaturated fatty acid content of
the digesta, which can change shelf life stabdityhe final beef product. Therefore the
objective of this study was to examine the imphetrumen plays on altering the fatty
acid profile of digesta when distillers grains (D@&®d/or glycerin (GLY) replaced steam

flaked corn (SFC) in the diet. Specific objectivesre to:
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1. Understand how utilization of bio-fuel byproduatspacts the ruminal
environment and fatty acid profile at end poinfeximentation
2. Determine differences in PUFA content at endpoirieomentation when bio-

fuel byproducts are fed to ruminants.

MATERIALS AND METHODS

The experiment was conducted at the University ofndsota Beef Research
Facility in Rosemount, MN. All animals involved this experiment were cared for
according to guidelines of the University of Minog&s Institutional Animal Care and Use
Committee (IACUC). All experimental procedures,luting diets, sampling, and
cannulation were reviewed and approved by IACUGt(aol #1507-32777A).

Animals, Experimental Design, and Dietary Treatments

Four ruminally cannulated Holstein steers (371kgpwere utilizedina 4 x 4
Latin square design (n = 1 per period). Periodewé d with 14 d of adaptation and a
7-d sampling period. Cattle were housed in indigidie stalls with individual feed
bunks and water troughs. Body weights were medsumehe last day of the sampling
period after an overnight fast.

Treatments were applied as a 2 x 2 factorial usindified distillers grains with
solubles (DGS) and crude glycerin (GLY) replacitepm flaked corn (SFC) in the basal
diet. Treatments were a SFC-based diet (DGS-N @) Yvth 40% replacement of SFC
by DGS (DGS-Y GLY-N), or 10% replacement of SFChw@&LY (DGS-N GLY-Y), or
40% replacement of SFC by DGS with an addition& ¥8placement with GLY (DGS-
Y GLY-Y; Table 3.1). All diets were formulated feimilar NEg content and provided

300 mg/hd d monensin. Diets were fed for zero refusals, witis recorded and
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sampled daily. Diets were mixed individually onaily basis using a concrete mixer.
Individual diet ingredient samples were collectadlydduring the sampling period and
weekly throughout the adaptation period.

Marker infusion

The triple marker method, developed by France adddas (1986), was utilized to
determine digesta flow rate. Markers selectedHisr study were YbGIl(modified from
Siddons et al., 1985) and CoEDTA (Udén et al., }@80external markers, and iNDF as
an internal marker (Ahvenjarvi et al., 2003). Wééhree markers allows digesta to be
divided into small particle phase, large partidhage, and fluid phase, marked by Yb,
INDF, and Co respectively. Cobalt-EDTA and Yb@lkre dissolved in distilled water to
create a marker solution for continuous infusido tfie rumen.

On the first day of the sampling period, steersewited with an infusion cannula
plug which allowed for continuous infusion of thew rate marker solution using a
peristaltic pump (Masterflex). Cobalt and Yb wertused continuously at a rate of 0.44
g/d, 0.49 g/d, and 0.10 g/d respectively. Priagh®start of continuous infusion, a spot
sample of ruminal contents was collected to esthbiatural abundance of Yb and Co
present. This sample was frozen at -20° C urdplhylization. Immediately prior to the
beginning of infusion, a 2 L priming dose of therk&a solution was delivered through
the cannula opening and thoroughly mixed by hatmmminal contents. The marker
solution was continuously infused into the rumeithef steer for the entirety of the 7 d
sampling period, with the first 3 d representingateau period for the concentration of

markers within the rumen.
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Sample collection

Ond4,d5, and d 6 of the sampling period, saswiere collected in 8 h
increments. Eight h sampling periods were offsedach day represented a different 8 h
time point relative to feeding to create a 24 h posite. Within each 8 h period, samples
of ruminal and omasal fluid were collected evetty @hd composited to represent a 24 h
period. Spot fecal samples were collected at enatyral defecation during each 8 h
period and all samples were composited from 3p8riods. Omasal samples were
collected utilizing the procedure developed by Hnken et al. (1997) and modified by
Ahvenijarvi et al. (2000). A reinforced 1.9-cm dieter hose was manually placed in the
omasum of each steer at time of sample collectidre hose was connected to a dual
flow vacuum pump and air compressor to ensureplaaement of the hose remained
within the omasum and clogs in the line could b&lgainblocked with the low-pressure
air compressor. Bi-hourly ruminal and omasal s&splere divided into 3 subsamples at
the time of sample collection: 24 hour composi@)(fL), 24 hour composite acidified
to pH 2.0 with sulfuric acid (75 mL), and bacteiigdlation sample (50 mL). Samples
were kept on ice during sample collection and state20° C immediately after samples
were collected until further processing with theeption of bacterial samples which
were processed immediately following sample caibers.

On d 7 of the sample collection period, rumen eations were conducted.
Access to feed and water was restricted and ruroorakents were emptied manually via
ruminal fistula into a 90 L tub. Once a majorifysolid particles had been removed from
the rumen, a vacuum pump was used to remove tha@marg contents to ensure

consistent emptying. Tubs containing ruminal cotstevere weighed, mixed, and

68



subsampled in triplicate. Samples of ruminal cotstevere frozen at -20° C until further
processing and remaining contents were immediglalyed back into the rumen.
Caution was exercised to complete the entire ruevaguation process in less than 30
min to minimize any detrimental impact on the ruatimicrobe population or animal
hydration. Access to feed and water was restansdediately following rumen
evacuation.

Sample processing and chemical analysis

Composites, acidified composites, and rumen evamuaamples were all frozen
immediately post-collection at -20° C, while baiksamples were processed
immediately.

Bacterial samples were first strained through 2idayf cheese cloth. The fluid
portion was used to isolate the fluid associateddrea (FAB) fraction (Firkins et al.,
1984), while the solid fraction was used to isokdbd associated bacteria (SAB,;
Whitehouse et al., 1994). The fluid portion wastaéuged at 1,000 g for 10 min to
remove feed and protozoal contamination. Supenhatas saved for further
centrifugation at 20,000 g for 20 min. The supernatant was discarded, whaepellet
was saved to represent the FAB fraction and fr@aeB0° C until lyophilization. The
solid fraction separated from cheese cloth washatad in 0.8% methylcellulose-saline
solution for 1 hour in a 39° C water bath. Aftee tL-hour incubation, the solution
containing the solid fraction was refrigerated @C4for 24 hours. After 24 hours at 4° C,
the sample was mixed for 1 min using an omni-mix@olids and methylcellulose-saline
solution were then strained through 2 layers okskecloth with the solid fraction rinsed

with an additional 100 mL of saline. The separdheid then underwent centrifugation
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at 1,000 xg followed by 20,000 xy as previously described for FAB isolation. The
isolated pellet represented the SAB fraction and stared at -20° C until lyophillization.
Bacterial isolations were only conducted for omasaitents.

Omasal and ruminal composite samples were thatvexban temperature before
further separation. The total sample was weigmedhemmogenized using an overhead
mixer. Prior to separation of digesta phasespaauple of the homogenized composite
sample was collected and saved as a referenceeaifrple digesta composite. To begin
phase separations, samples were strained throlayler$ of cheese cloth. Solids were
weighed and placed in a separate storage contaiterfrozen at -20° C until
lyophilization. This sample represented the lgygdicle fraction of digesta (LP). The
fluid fraction remaining after the LP was removealswthen centrifuged at 10,00@ %or
15 min. The supernatant was poured off into arsé@aontainer, weighed, and stored at
-20° C until lyophilization. The supernatant fiantrepresented the fluid phase of
digesta (FP). The pellet formed after centrifugatiepresented the small particle phase
of digesta (SP) and was frozen at -20° C until hyligation. The weight of the SP phase
was determined via subtraction of the weights oBR& LP phases from total original
sample weight.

Nutrient analysis and digestibility

Bacterial isolates (FAB and SAB), a subsample effdtal composites, ruminal
digesta phases (FP, SP, LP), and omasal digestepfiaP, SP, LP) were frozen on dry
ice prior to lyophilization to ensure samples wsodified and to prevent boiling of the
sample within the lyophilizer. Subsamples of feathples from the last 4 days of the

sampling period were also frozen on dry ice priolybphilization.
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Feed samples and fecal samples (minus subsamplesphilization) were dried
in a conventional drying oven at 55° C. Once daynples were ground through a 2 mm
screen using a Thomas Model 4 Wiley Mill (ThomageS8iific, Swedesboro, NJ).
Samples were then analyzed for nutrient compos(tiiv, OM, CP, and NDF/ADF).
Feed ingredients were analyzed individually andhmaiatically re-combined for diet
composition. Dry matter was determined using frasth dry weights from the initial 55°
C drying (DM1) and then later corrected using aditawhal 100° C oven drying of 1
gram subsample (DM2). To measure ash, 1 g of samgé weighed into a crucible and
placed in an ashing oven for 12 h at 450° C. Oaratter (OM) was determined using
1 minus ash content of sample. Crude protein (#)determined via a steam
distillation Kjeldahl technique (Kjeltec 2300). A5 g sample was weighed into a
Kjeldahl tube, along with 1 CuS@jeltab and 10 mL tEBQw. The tube contents were
digested at 410° C for 1 hour, after which theyensteam distilled using NaOH as an
alkali addition, Boric acid as an indicator solati@and 0.1 M HCI as titrant (all titrations
were conducted automatically by the Kjeltec 2300%ing an Ankom 200 Fiber
Analyzer (Ankom Technology, Macedon, NY), neutratatgent fiber (NDF) was
determined via 60 min extraction in 100° C neutietkergent solution with additions of
sodium sulfite and heat stable alpha-amyl&amples high in fat have shown great
variation in NDF results due to bound fat withie flitber matrix. To reduce variability
between replicates, samples with greater than 54niderwent a biphasic fat pre-
extraction procedure prior to NDF analysis usingiltyl ether and petroleum ether
(modified from Bremer et al., 2010). After NDF aysb, samples were gently shaken in

400 mL of acetone, allowed to air dry for 2 h ahert placed in 100° C oven overnight to
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obtain a hot weight. This final weight along witlhet bag weight and a sample weight
were used to calculate NDF percent of the samfsfeer a final hot weight was collected,
the sample then underwent ADF analysis using ai@QL@0° C extraction procedure in
an ANKOM 200 fiber analyzer, with ADF solution. t&f ADF analysis, samples were
placed in 100° C oven overnight to obtain a hogeiThis final ADF weight along with
the final NDF hot weight were used in the calcwiatof ADF percent of the sample.
Subsamples of feed as well as omasal phases Wéyepdlilized using a Virtis
shelf freeze drier. Approximately 500 g of sampbxe spread less than 2 cm thick in a
22.9 x 33.0 x 5.1 cm aluminum pan and covered wistandard hair net. The hair net
prevented transfer of small particles or volatdenpounds into the oil of the lyophilizer.
Once in aluminum pans, samples were placed orcdrgvernight to ensure the sample
was completely frozen which is critical for rumiraald omasal fluid samples to prevent
boiling of any liquid within the sample during teablimation process. The lyophilized
subsample of feed was analyzed for fatty acid [@ofAnalysis was completed using
Jenkins 1-step direct methylation procedure, witbrnal standards of Tridecanoic acid
(C13:0) and Heptadecenoic acid (C17:1). A 0.5rmga was weighed into a screw-cap
borosilicate tube. After the sample was placetthetube, 0.5 mL of 2 mg/mL internal
standard:toluene and 3 mL 5% Methanolic HCI werdeaddirectly to the tube. The tube
was vortexed and incubated in a 70° C shaking vinatéer for 2 hours. Following
incubation, 7.5 mL 6% COz and 1 mL Hexane were added. The solution was
centrifuged at 286 g for 8 min at 4° C. The organic layer was transi@éito a separate
tube and one scoop (~ 0.4 g) of charcoal was addikd.solution was vortexed and

allowed to sit for 1 h, after which the sample wagentrifuged at 418 g for 5 min.
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The top layer of solution was pipetted into a ga®matography (GC) vial and
refrigerated until analyzed for fatty acid compisit Fatty acid methyl esters were
measured using GC using Agilent 7890B gas chromapdy Samples were run through
a capillary column (100 m x 0.25 mm i.d. with 012 ilm thickness) with fame-
ionization detector with hydrogen as carrier gasre methyl ester standards (GLC 60;
Nu Chek Prep Inc., Elysian, MN) we used to identifgthyl ester peaks.

Separated phases of omasal digesta were als@addtyr DM (via lypohilization
pre- and post-weights), OM, NDF, ADF, CP, and faityds using the same procedures
described for feed analysis with the exceptioratti/facids analysis of omasal digesta.
Feed was analyzed for fatty acids composition udernkins-1 step direct methylation
procedure, while omasal digesta phases were amblyaelenkins-2 step methylation
procedure. The primary difference between theseprwcedures is that the Jenkins 2-
step adds 2 ml 0.5 M Sodium Methoxide to the sarapteincubates it at 50° C for 10
min prior to addition of 5% Methanolic HCL. Themainder of preparation steps
proceed in accordance with those described for dmedlysis.

Lyophilized digesta phases were also measuredlipC6, and iINDF as markers
for passage rate determinations. Samples wereug@or Yb and Co analysis
following the procedure of Ellis et al. (1982). @sal digesta phases (LP, SP, and FP),
and fecal samples were ashed and digested in dméxiure of 3 M HCL and 3 M
HNOs for 12 hours. Samples were filtered through a iMlaa #1 filter and diluted using
deionized water and a 6% KCI solution. Naturalratance of markers (particularly Co)
was determined by measuring Yb and Co in lyoptdlimenen spot samples collected

prior to the infusion of marker solution. Concetitras of Yb and Co were determined
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using Inductively Coupled Plasma (ICP) spectromatiyF/IFAS Analytical Services
Laboratory (Gainesville, FL). Both SP and LP oata@lgesta phases, in addition to
fecal samples and rumen evacuation samples wehgzaddor INDF (Van Soest et al.,
1991) with iINDF representing the large particlegaa®e rate of digesta. The fluid phase
was not analyzed for INDF as it was assumed thatdigestible fiber was present in this
phase. A 0.5 g sample was weighed into a 125 nenEreyer flask, in duplicate.
Samples were inoculated with 40 mL of prewarmedtio “day of inoculation” solution
(mixture of in vitro rumen buffer, in vitro macron@ral solution, and in vitro
micromineral solution plus Trypticase and a redg@alution and indicator), and 10 mL
of ruminal fluid previously strained through 4 lay®f cheese cloth. Samples were
placed in a 39° C water bath continuously gasséd @@ with pressure monitored using
a barometer to maintain approximately 5 cm watspldcement. All flasks were
incubated for 240 hours and then stored at 4° Camdlyzed. Contents of each
fermentation bottle, including blanks, were anatyf NDF content using the Van
Soest reflux apparatus method with same solutidds method described earlier (Van
Soest et al., 1991). Neutral detergent fiber remgiafter 240 h incubation was
considered indigestible (iNDF). This procedure wegseated until there were 4
observations per sample with 2 different fluid inlation time points. In addition to the
analysis of the three markers for digesta passaggYb, Co, iINDF), microbial markers
were also analyzed to determine microbial contrdsuto nutrient flow. Purines were
used as internal microbial marker and measuredtim the microbial isolates as well as
omasal digesta phases using the procedure devabypéidn and Owens (1986). Pure

Torula yeast RNA was utilized as a standard to ggaed¢he standard curve using a
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known concentrations of pure bacterial purinesl. sAinples and standards were digested
in 70% perchloric acid at 90° C for 1 hour afteliath0.0285 M Ammonium Phosphate
buffer was added to the solution to help breakhapcharred mass formed from
perchloric acid digestion of the sample. The r@sylisolution was vortexed and
incubated at 90° C for an additional 15 min. Sasmlere immediately filtered through
a Whatman 54 filter. One half mL of filtered satut was combined with 0.5 mL silver
nitrate in a screw-cap centrifuge tube, along WithL of 0.2 M ammonium phosphate
buffer. Samples and solution were then storeddar& refrigerator overnight. After
overnight incubation, samples were centrifugedoa®d0 xg for 10 min, supernatant was
discarded and the pellet washed with 10 mL deiremhizater that was adjusted to pH 2
with sulfuric acid. Samples were re-centrifuged anpernatant was discarded once
again. Ten mL of 0.5 M HCI were then added togéket and vortexed to suspend the
pellet in solution. Samples were then incubate®fmin at 90° C, and re-centrifuged.
Supernatant was pipetted into a UV transparent&@6phate and read at 260 nm using a
Biotek Synergy plate reader. Absorption valuesanmmverted to mg/mL using the
standard curve created with Torula yeast.

Samples of rumen and omasal fluid that were aediénd left in the collected
form were thawed and analyzed for ammonia-N and VFApreparation for ammonia
analysis, samples were first centrifuged at 5,09Gotr 15 min to remove feed particles
from solution. Then, 15 mL of sample were pipeitdd a Kjeldahl tube containing 2g
MgO and 15 mL of distilled water. This solutionsvien analyzed via steam distillation
in a Kjeltec 2300 for N content, representing amimaoncentration of the fluid sample.

Acidified ruminal and omasal fluid were also anal¢Zor selected VFA: acetate,
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propionate, butyrate, valerate, isobutyrate, isenadé and 2-methylbutyrate. Five-point
calibration curves were built for each of these Mkith known amounts of standard
solutions. Calibration curves allow a correlatiorbe constructed between the area
under the curve value provided from gas chromafggeand the concentration of VFA
present. Samples were prepared for GC analysaswiolg a modified procedure by
Erwin et al. (1961) for ruminal fluid VFA analysisSamples were prepared using a
similar centrifugation process to that used for amma-N analysis to remove feed
particles. A 2 mL sample of supernatant was addedsolution of 25% meta-
phosphoric acid/2-Ethyl-Butyrate (2-EB) which themderwent a series of centrifugation
and freeze and thaw steps. During these steps;pheisphoric acid aids in protein
precipitation while 2-EB serves as an internal déad for GC analysis. Supernatant was
filtered through a 0.4hm polyethersulfone micropore-filter and added ttitied water.
One N NaOH was utilized to adjust pH of the solutio between 6 and 7 to prevent any
damage to GC column packing. Prior to transferting GC vial for analysis, 0.03%
oxalic acid was added to the solution to preveho effects” and maintain column
performance by degrading to formic acid duringatin (Fussell and McCalley, 1987).
Samples were then transferred to a GC vial ancfra -20° C until analysis was
conducted. Prepared sampled were thawed for 1graurto analysis in Hewlett-
Packard HP6890 Gas Chromatograph. Samples wetbnaugh a 2 m x 0.64 cm x 2
mm carbopack glass column (SUPELCO) with 40 mintmn@: 27 min initial run time at

175° C, 9 min ramp time to 225° C and 4 min post-ru
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Calculations

The calculations for reconstitution of true omatigesta, devoid of sampling
error, were completed using equations outlinedfay&e and Siddons (1986).
Statistical Analyses

Data were analyzed using the mixed procedure of SASSAS Institute Inc.,
Cary, NC). Intake, fermentation parameters ang flata were analyzed as a 2 x 2
factorial design with the main effects of the Latguare design included as fixed effects
and steer and period as random factors. Thetstatismodel was as followed:

Yik =p +oi + B +a*Big) + S+ B + ik

u = population mean

o = i effect of dietary distillers grains inclusion

B = ji" effect of dietary glycerin inclusion

o*B = interaction betweel'ieffect of distillers grains and jeffect of glycerin

S = Random R effect of steer

P = Random! effect of period in time

¢ = residual error
Hourly pH measurements were analyzed within a ainmiodel with hour as a repeated
measure, and subject of steer within period witlieweee modeled using Toeplitz
covariance structure.

RESULTS AND DISCUSSION

Intake, rumen volume, and flow rate

The interaction of DGS and GLY did not impact drgtter intact. Dry matter
intake was increase® & 0.04) by 0.4 kg for the main effect of DGS comgubwith no
difference P = 0.64) in DMI observed for the main effect of gdyin (Table 3.5).

Nuttelman et al. (2011) found differences in intéle¢ween types of DGS with dried or

modified DGS having greater intakes compared wigh BGS. Dietary inclusion rates of
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20, 30, and 40% wet DGS all had increased intakepemed with a negative control
(Nuttelman et al., 2011). However, Veracini et(2013) found a 0.93 kg decrease in
DMI over a 244-d feeding period when modified DG&vfed at 40% dietary inclusion.
Unlike modified DGS utilized in the current triMeracini et al. (2013) utilized full-fat
DGS, which may have influenced the decrease in iktlugh chemostatic energy intake
mechanisms or through effects of unsaturated fatioren microbes. Variation in DMI
observed within the literature is assumed to befraccuracies when reporting nutrient
composition of the byproduct utilized and byproduenufacturing differences.

Similar to DGS, previous research on the effeciglyderin has also had variable
DMI results. Hales et al. (2013) published a seokexperiments with pure glycerin in
receiving cattle in which there were both neutrad aegative intake responses.
Observations of steer eating behavior within theent study noted a hesitation to
consume glycerin-containing diets. However thigugely observation as no incremental
feed refusals were recorded and there were naelfées in DMI P = 0.64). Carvalho
et al. (2011) also was able to determine a chamégeding behavior with dietary
inclusion of glycerol in dairy cattle. Glyceroldiusion at 11.5% (pre-partum) and 10.8%
(post-partum) of the diet resulted in decreasetirgpbehavior and shifted a larger
portion of intake to later in the day rather thammediately after feeding. Carvalho et al.
(2011) observed a 21% decrease in DMI for the 4$himomediately post-feeding with
no different in total DMI over course of the entitay. Within the current study, since no
interactive effects were seen for DGS and GLY toninal contents or digesta flow
variables, the main effect of glycerin can be usedescribe this potential shift in feeding

pattern. The feeding shift is reflected within tteta as a decrease (8.4 vs. 7.3/Kg;
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0.05) in DM ruminal contents for the main effectgbfcerin (Table 3.5). This is thought
to support Carvalho et al. (2011), where glycead-€attle eat small meals throughout
the day rather than consuming larger portions imately following feeding. The main
effect of glycerin decreased DM ruminal contentsvall as decrease® & 0.04) digesta
flow (kg/d), supporting the hypothesized shiftmiake behavior when glycerin is fed
(Table 3.5). A change in eating behavior could &splain the decreask € 0.04) in
total digesta flow (kg/d) for the main effect olgérin (Table 3.5).

There was no change in true digesta flow (kg/dnfain effect of DGS. A
decreaseR = 0.05) in flow rate with respect to volume wasetyed for diets with DGS
inclusion compared with those without (Table 3.6&reater P = 0.04) DMI paired with
decreased flow rate (%/h) for cattle fed diets lf&S inclusion compared to those
without would indicate an increase in ruminal feeténtion. No differenceé®(= 0.11) in
retention time was observed, but a high standaaod ef the mean may have contributed
to the lack of increase in retention time for @afdd DGS (Table 3.5).

Fermentation parameters and rumen environment

No effects were observed for the interaction of D&&8 GLY for VFA data,
except isobutyrate molar proportidd € 0.02; Figure 3.1). Despite the main effect of
DGS reducing flow rate, DGS did not affect total tMAA concentration® = 0.46;
Table 3.1) or ruminal pH (Figure 3.2 and Table 3.¥hese observations suggest diets
with DGS are slower-fermenting. The slower %/h emmemoval P = 0.05) and trend
for longer retention timeR = 0.10) observed for the main effect of DGS shqulal/ide

more time for fermentation of feed. However, th@meffect of DGS showed no
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increase in total VFA concentration, nor in timesipbelow 5.7 pH. Based on the lack
of effects, reduced fermentation rate can be asddarehe main effect of DGS.

A decreaseR = 0.01) in acetate as a percentage of total VFA elmserved for
the main effect of DGS. This decrease paired mitlthange in total VFA concentration
suggests a shift in the VFA pathways when DGS pep&FC in the diet. Firkins et al.
(1984) and Leupp et al. (2009) observed a linearedese in acetate production when
dietary DGS concentrations increased. A decreaaeatate is not consistent across all
DGS fermentation studies, because Walter et al.Ap0Observed no change acetate
concentration. This variation may be due to déferes in type and nutrient content of
DGS.

No differences in flow rate %/HP(= 0.33), ruminal pH (Figure 3.3 and Table 3.7
P = 0.53), or total mM VFA concentratioR & 0.49) were observed for main effect of
GLY. Despite concerns that glycerin may decreaseatial digestion within the rumen,
it does not appear that total fermentation is affé.c The main effect of GLY showed a
trend for decreasedP = 0.09) acetate as percent of total VFA produdedle 3.6).

Johns (1953) determined that glycerin in the rumsdarmented directly to propionate.
Although the current study was unable to deteéharease in propionate, the decrease in
acetate with no change in total VFA concentratioggests a shift in the VFA pathways
as a result of including glycerin.

Nitrogen Flow

Diets were not isonitrogenous, therefore diffeemnion ruminal N metabolism are
challenging to interpret. Intake appears to beptieelominant driver of differences in N

flow, as observed differences in total N flow minthose seen in N intake. The
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interaction of DGS and GLY did not have a significaffect on any of the N flow
variables, so only main effects will be discuss@d.expected because of dietary N
content, the main effect of DGS increasBd=(0.02) total N flow, while the main effect
of GLY tended to decreasP € 0.10) total N flow. However, the interest irflbw lies
not in the total flow differences but in the paotiting of N by source (Table 3.8).
Inclusion of GLY in the diet had no effect on amnaeN flow (P = 0.26), bacterial-NR
= 0.36), or non-ammonia non-microbial-N (NANMR;= 0.55). Increases in ammonia
concentration might be explained by inefficient mlwal N use, suggesting that slower
fermentation rates may not accurately supply Crehat an adequate time for
deamination of dietary CP. A second explanatiaingply that dietary CP
concentrations for DGS (Table 3.2) far exceed raiirequirements, therefore there
was increased available N for ammonia productiowelbas increased RUP leading to
increased NANMN.
Fatty acid profile transformation

Intake of unsaturated fat ranged from 70.4 — 80%heftotal fat within the diets
fed in this experiment (Table 3.2). InteractiorD&S and GLY inclusion in the diet
affected intake of steari®(< 0.01; Figure 3.4), linoleidX(< 0.01; Figure 3.5), and
linolenic acid P < 0.01; Figure 3.6). Linoleic and Linolenic acidake were greatest for
diet including DGS and no GLY (Figures 3.5 and 3.8Jhen only GLY replaced a
portion of SFC the lowest linoleic and linoleniagchmtakes were observed. Because
GLY is a poor source of PUFA compared to otheradtieingredients, it dilutes the
linoleic and linolenic acid content. Stearic acithke was greatest for diets with a

portion of SFC replaced by both DGS and GLY (Figw®. Although DGS contributes
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more stearic acid to total dietary stearic con(@able 3.4), GLY also appears to
increase stearic acid intake as well, with the doation of the two having additive
effect on total stearic acid intake.

Through biohydrogenation a significant portiontoég$e dietary fatty acids are
transformed into PUFA isomers, monounsaturateg &atids, or saturated fatty acids.
Increased numeric values for stearic acid in tigesta compared to values of intake
(Table 3.10) are expected as a result of the bimigghation process. The interaction of
DGS and GLY affectedq < 0.01) the g of stearic acid flow with greatestearic acid
flow coming from cattle fed DGS and GLY. The dmth DGS and GLY was also the
greatest for stearic acid intake so this is maéstyia diet effect. Unlike stearic acid
intake relationship (figure 3.4), when no DGS waduded GLY inclusion did not
impact P = 0.30) g of stearic acid in true digesta flowecBuse the diet without DGS
but with GLY had more stearic acid intake thandiet without DGS and GLY but no
difference was seen in total digesta flow a chandgermentation with GLY is
concluded. This interaction between GLY and DG&ruit affect g of flow of Linoleic
(P =0.87) or linolenic acidR = 0.88). For the main effect of DGS, 93.5% oblanic
acid and 84.5% of linoleic acid were transformedstoners or saturated forms of the
original dietary fatty acid. This is a 6.9% umtrease P < 0.01) for linoleic acid and
6.2% unit increaseX(< 0.01) for linolenic acid transformation compaveith diets
without DGS. Conjugated linoleic acid (CLA; C1&i2-9, trans-11) also increasddl<
0.01) with the main effect of DGS in the diet. Fimcrease in CLA appears to be related
to the increase in dietary intake of linoleic aeidhich serves as the precursor to CLA

formation in the rumen.
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The interaction between DGS and GLY did not imgaettransformation (g FA
flow/ g FA intake) of stearic acid’(= 0.17), linoleic acid® = 0.18), or linolenic acidR
= 0.66; Table 3.10). The main effect of GLY inclusihad no impact on g of linoleniP (
=0.16) or linoleic P = 0.32) acid transformed (Table 3.10). A trendsentified for
an increaseR = 0.07) in CLA for the main effect of GLY. Glyderinclusion in the diet
had no impact on the percent of saturatedHat 0.44) or unsaturated fa € 0.43) in
omasal flow. Based on previous published litegtgtycerin has been found to interfere
with butyvibrio fibrosolvenswhich has a role in the transformation of CLA/&xcenic
acid fransC18:1; Harfoot and Hazelwood, 1997). The curstutly appears to agree
with those conclusions as an observed increaséabbng with no differences in
percentage of stearic acid or linoleic transfornmeticate that the biohydrogenation
pathway was inhibited at the point of CLA transfatiman.

CONCLUSIONS

Distillers grains or crude glycerin could replacportion of SFC in diets without
causing large changes to basic fermentation presessgh as ruminal pH patterns or
total mM VFA concentration. Observed feeding betyagould explain changes in flow
rate and DM retention within the rumen for byprodigx cattle, but further research is
needed to conclude this. The fatty acid compasitibdigesta when cattle are fed either
corn or soy byproducts is different from a SFC #ighout byproducts. This difference
in fatty acid profile may imply differences in mesdtelf life stability when these
byproducts are fed. Total unsaturated fatty aicidBgesta were not different for the
main effect of GLY, which may indicate GLY is arfegtive alternative to corn when

provided at the dietary concentrations evaluatatlisistudy. The main effect of DGS
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decreased unsaturated fatty acids which may beibehéor shelf life stability of meat.
In order to further evaluate the effect of crudgcgtin on shelf life of meat products,
more research is needed to examine if microbiatextisomers of linoleic acid, such as

CLA, cause shelf life stability issues to the sawrent as untransformed linoleic acid.
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Table 3.1Actual fed ingredient composition of treatmentisli@ith and without modified distillers grains acride glycerin

Inclusion, % of DM DGS-N GLY-N! DGS-N GLY-Y? DGS-Y GLY-N?3 DGS-Y GLY-Y*
Grasshay 11 11 10 9
Steam flaked col 72 63 42 36
Dry rolled corn +soybean meal m 12 11 - -
Glycerir - 11 - 10
Modified Distillers Grain - - 42 40
Liquid supplemer? - - 5 5
Liguid supplemer® 4 4 - -

IDGS-N GLY-N = No dietary distillers grains inclusiono dietary glycerin inclusion

2DGS-N GLY-Y = No dietary distillers grains inclusipYes dietary glycerin inclusion

3DGS-Y GLY-N = Yes dietary distillers grains inclosi, no dietary glycerin inclusion

‘DGS-Y GLY-Y = Yes dietary distillers grains inclasi, Yes dietary glycerin inclusion

3 _jquid supplemen- provides increased RDP in form of Urea and fornedab supply 300 mg/hd/d moner

Liguid supplemer® = low proteir

Liquid supplemer® = high proteil




Table 3.2Nutrient composition of treatment diets with anidhaut modified distillers
grains and crude glycerin

DGS-N GLY-N! DGS-N GLY-Y2 DGS-Y GLY-N® DGS-Y GLY-Y*

DM, % 85. 85.¢€ 66.¢ 68.(
CF, % DM 10.€ 9. 17.4 16.C
NDF, % DM 14.: 13.: 22.7 20.¢
ADF, % DM 6.2 6.C 8.€ 7.
FA, % DM 2.€ 2.3 5.6 5.2
TDN, % DM 83.( 83.( 83.7 83.7
NEm, Mcalkg 2.12 2.12 2.1¢ 2.1¢
NEg, Mcal/kg 1.4¢ 1.4¢ 1.42 1.42

!IDGS-N GLY-N = No dietary distillers grains inclusiono dietary glycerin inclusion
2DGS-N GLY-Y = No dietary distillers grains inclusipYes dietary glycerin inclusion
3DGS-Y GLY-N = Yes dietary distillers grains inclosi, no dietary glycerin inclusion
‘DGS-Y GLY-Y = Yes dietary distillers grains inclusion, Yegfiry glycerin inclusic

86



Table 3.3Nutrient composition of Distillers Grains (DGS)da@lycerin (GLY) fed

DGS Crude Glycerin

DM, % 44 £ 88.C
CP, % DN 28.: 0

NDF, % DV 30.t 0

ADF, % DM 9.4 0

FA, % DM 10.z 0.0t
C14:( 0.1 1.7
C15:( 0.C 18.t
C16:( 14.¢ 12.t
C16:1c¢ 0.1 0.C
C17:( 0.1 0.C
C18:( 2.C 26.¢
C18:1c¢ 23.¢ 12.C
Ci18:1cl: 0.8 0.C
C18:2c9cl 55.¢ 15.1
C18:3c6¢c9cl 0.C 0.C
C20:( 0.t 0.C
C18:3c9cl2cl 1.7 1.8
C20:1cl: 0.2 0.C
C24:( 0.2 0.C
C24:1n¢ 0.C 0.C
unsaturate 82.4 28.¢
Omega 1.7 1.8

Omega ! 55.¢ 15.1




Table 3.4Fatty acid composition (% of total FA) of treatrhdrets with and without modified distillers graiasd crude glycerin

DGS-N GLY-N* DGS-N GLY-Y ? DGS-Y GLY-N 3 DGS-Y GLY-Y ¢
Total FA, % DNV 2.€ 2.3 5.€ 5.2
C14:( 0.2 0.4 0.1 0.3
C15:( 0.1 2.1 0.1 1.8
Ci6:( 15.¢ 15t 15.7 15t
Ci16:1ct 0.3 0.2 0.3 0.2
C17:( 0.1 0.1 0.1 0.1
C18:( 1.¢ 3.2 2.2 3.8
C18:1ct 23.7 22.2 22.c 21.2
Ci18:1cl: 0.7 0.€ 0.7 0.7
C18:2¢c9cl 50.: 45.¢ 51.¢ 48.2
C18:3c6c9cl 0.1 0.1 0.1 0.1
C20:( 0.7 0.€ 0.€ 0.€
C18:3c9cl2cl 4.C 4.C 4.€ 4.4
C20:1cl: 0.3 0.3 0.3 0.3
C24.( 0.€ 0.€ 0.8 0.7
C24:1n¢ 0.3 0.3 0.2 0.2
% unsaturate 80.t 74.¢ 80.4 75.2
% omeg-6 50.4 46.( 52.C 48.<
% omeg-3 4.S 4.S 4.€ 4.4

!IDGS-N GLY-N = No dietary distillers grains inclusiono dietary glycerin inclusion
2DGS-N GLY-Y = No dietary distillers grains inclusipYes dietary glycerin inclusion
3DGS-Y GLY-N = Yes dietary distillers grains inclosi, no dietary glycerin inclusion
‘DGS-Y GLY-Y = Yes dietary distillers grains inclusion, Yegfiry glycerin inclusic
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Table 3.5Dry matter intake, flow rate, and rumen volumedattle fed diets with and without modified disi$ grains and crude

glycerin
DGS GLY P-value
No Yes No Yes SEM DGS GLY DGS*GLY

DMI, kg/d 8.7 9.2 9.C 8.¢ 0.t 0.04 0.6¢4 0.2¢
True digestdlow, kg/c 9.7 9.C 10.2 8.4 1.2 0.3¢ 0.0 0.4C
Flow rate, %rumen volume/ 5.4 4.5 5.2 4.8 0.8 0.0t 0.3¢ 0.47
Retention time, 20.t 23.t 21.¢ 22.1 3.€ 0.11  0.9] 0.64
Rumina contents DM, ki 7.5 8.2 8.4 7.3 0.5 0.1¢ 0.0t 0.9¢
Ruminal conten DM, % SBW 1.¢ 2.C 2.1 1. 0.1 0.3t 0.11 0.9¢
Ruminal conten asis, k¢ 45.¢ 46.¢ 46.£ 46.2 1.2 0.5¢ 0.9z 0.4¢
Ruminal conten a<is, % SBV 11.4 11.5 11.4 11.5 0.7 0.8¢  0.7¢ 0.4¢

1SEM = Standard error of the mean
2SBM = shrunk body weig
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Table 3.6Main effects of dietary inclusion of distillersagns (DGS) or glycerin (GLY) on ruminal VFA conceation (mM) and

composition (%)

DGS GLY P - value
No Yes No Yes SEM DGS GLY  DGS*GLY
Total, mM 167.2 142.2 165.3 1441 46.8 0.42 0.49 130.
Total Mol in rumen volume 7,621 6,720 7,575 6,766  ,152 0.60 0.64 0.17
acetate, % 46.0 40.1 44.6 41.5 3.1 0.01 0.09 0.12
propionate, % 38.4 42.8 40.1 41.0 2.0 0.16 0.74 30.2
butyrate, % 11.0 111 10.8 11.3 2.6 0.98 0.80 0.66
valerate, % 2.06 2.83 1.80 3.08 0.71 0.35 0.14 0.86
isobutyrate, % 0.79 1.19 1.14 0.85 0.29 0.16 0.29 .020
isovalerate, % 1.54 1.35 1.30 1.59 1.13 0.60 0.44 220
2-MB?, % 0.25 0.66 0.29 0.62 0.26 0.03 0.07 0.32
Branched-chain VFA, mM 2.20 2.57 2.58 2.19 0.82 50.6 0.64 0.16
Acetate : propionate 1.23 0.96 1.13 1.05 0.10 0.06 0.52 0.18




Figure 3.1 Interaction of dietary inclusion of distillers gna (DGS) and Glycerin (GLY)
(P = 0.02) on isobutyrate as percent of total VFA.
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Figure 3.2Main effect of dietary distillers grains (DGS) lasion on ruminal pH 24 h
post-feeding (DGS*houP < 0.01)
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Figure 3.3Main effect of dietary crude glycerin (GLY) inclos on ruminal pH 24 h
post-feeding (GLY*houP = 0.39)
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Table 3.7Main effects of dietary inclusion of distillersagns (DGS) or crude glycerin (GLY) on ruminal pHlaime below pH 5.7

DGS GLY P-value
No Yes No Yes SEM DGS GLY DGS*GLY
Average ruminal pH 6.18 6.21 6.17 6.22 0.09 0.72 0.53 0.47
Time below pH 5.7, min 365 307 402 270 79 0.50 0.16 0.89

1SEM = Standard error of the mean




Table 3.8Partitioning of N sources in omasal true digekte for cattle fed diets including distillers grai(DGS) or glycerin (GLY)
to replace a portion of steam flaked corn

DGS GLY P-value
No Yes No Yes SEM DGS GLY DGS*GLY

N Intake, g/d 141.7 247.0 204.6 184.1 5.32 <0.01 0.0 0.06
NHs-N3, mg/dl 247 3.42 2.70 3.19 0.65 0.09 0.34 0.42
Total N Flow, g/d 265.9 372.3 350.5 287.7 43.0 0.02 0.10 0.34
NHs-NZ flow, g/d ~ 0.41 0.91 0.71 0.61 0.15 <0.01 0.26 0.66
Bacterial N flow, g/d ~ 180.1 166.9 191.5 155.4 25.7 0.73 0.36 0.49
NANMN®flow, g/d ~ 85.5 204.7 158.4 131.8 39.9 0.03 0.55 0.88

1SEM = standard error of the mean
°NHs-N = Ammonia N
SNANMN = Non-Ammonia Non-microbial Nitrogen
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Table 3.9Fatty acid (FA) composition of true omasal digdkie for cattle fed diets with distillers grainBGS) or crude glycerin
(GLY) to replace a portion of dietary steam flalaenin

DGS GLY P-value
No Yes No Yes SEM DGS GLY DGS*GLY

FA concentration, % of DI 2.1¢ 4.5¢ 3.1< 3.5¢ 0.2¢ <0.01 0.0< 0.0t

saturated, % of F 439 595 51.1 52.2 3. <0.0] 0.44 0.31

unsaturated, % of F 561 40.5 489 47.7 3.2 < 0.0 0.4< 0.3¢
Composition of Fs, %
iC14:C 0.2¢ 0.1< 0.21 0.2C 0.0¢ 0.01 0.9¢ 0.3¢
C14«( 1.6€ 1.4C 1.5€ 1.4¢ 0.07 <0.01 0.21 0.04
iC15:C 0.41 0.2¢ 0.3t 0.3t 0.0¢ 0.1C 0.9¢ 0.8¢
aC15:( 2.57 1.8¢ 2.3¢ 2.1¢ 0.5t 0.1¢ 0.67 0.62
C14:1c¢ 0.0C 0.0C 0.0C 0.0C . . . .
C15:( 0.8¢ 0.7¢ 0.71 0.9C 0.07 0.07 0.04 0.0¢
C16:(C 19.5 19.5 19.6¢ 19.3¢ 0.5¢ 0.9¢ 0.52 0.52
iC17:C 0.32 0.2¢ 0.21 0.4C 0.04 0.4¢ 0.01 0.3¢
C16:1c¢ 0.0¢ 0.1C 0.0¢ 0.07 0.0z 0.07 0.11 0.1<
aC17:( 0.7¢ 0.4t 0.6€ 0.5¢ 0.0¢ <0.01 0.31 0.7C
C17:(C 0.57 0.3¢ 0.4< 0.52 0.0z < 0.01 0.0z 0.0z
Cc18:( 15.52 33.0¢ 23.61 24.9¢ 3.27 <0.01 0.2¢ 0.07
C18:1tt 0.0C 0.0C 0.0C 0.0C . . . .
C18:1t« 0.0¢ 0.0¢ 0.07 0.0¢ 0.01 0.82 0.4< 0.81
C18:1t¢-8 1.5¢ 1.0C 1.2¢ 1.2¢ 0.1< 0.0z 0.82 0.5¢
C18:1t¢ 2.2¢ 1.0¢ 1.4€ 1.8€ 0.3¢ 0.04 0.4C 0.0¢
C18:1t1( 16.6¢ 7.2C 11.4¢ 12.3¢ 1.3¢ <0.01 0.5¢ 0.3¢
C18:1tl: 3.22 3.0C 2.9C 3.3¢ 0.5C 0.7¢C 0.4t 0.7¢
C18:1c¢ 16.2¢ 13.0¢ 15.2¢ 14.0C 1.11 0.01 0.1¢ 0.62
C18:1c1: 1.7 1.4¢ 1.6¢ 1.51 0.0¢ 0.0t 0.11 0.4t
C18:1c1. 0.2¢ 0.6C 0.4¢ 0.3¢ 0.0¢ <0.01 0.1¢ 0.4t
Ci8:2tl1cl 0.5¢ 0.2C 0.37 0.4C 0.0t < 0.01 0.6: 0.71
C18:2c9cl 11.7¢ 9.64 11.5C 9.87 1.41 <0.01 0.01 0.0¢
C20:(C 0.6< 0.64 0.64 0.6< 0.0z 0.51 0.3C 0.7¢
C18:3c9tllcl 0.6€ 0.37 0.5¢ 0.5C 0.0¢ <0.01 0.4z 0.9¢
C20:1c1: 0.2 0.2¢ 0.2¢ 0.2¢ 0.0z < 0.0 0.1¢ 0.6C
CLAC9t11 0.5¢ 2.1¢ 1.17 1.5t 0.17 <0.01 0.1¢ 0.64
CLAt10c1z 0.2¢ 0.3¢ 0.27 0.3¢ 0.07% 0.2C 0.4¢ 0.51
Cc24:«( 0.7¢ 0.6¢ 0.7¢ 0.6€ 0.07 0.3¢ 0.1¢ 0.91

1SEM = standard error of me
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Table 3.10Transformation of fatty acids from intake to onldasae digesta for cattle fed diets including dists grains or glycerin in
place of a portion of dietary steam flaked corn

DGS GLY P- value
No Yes No Yes SEM DGS GLY DGS*GLY

Intake, g/t

C18:0 5.4 13.3 7.9 10.8 0.4 <0.01 <0.01 <0.01

c18:2 101.8 250.8 194.1 158.5 8.2 <0.01 <0.01 <0.01

C18:3 10.3 22.4 175 15.2 0.8 <0.01 <0.01 0.01
True digesta flow, g/d

C18:0 29.5 126.8 75.6 80.6 4.3 <0.01 o0.21 0.02

c18:2 23.5 39.4 35.5 27.4 6.2 <0.01 0.1 0.87

C18:2c9t11 1.1 8.6 4.5 5.2 0.01 <0.01 o051 0.60

c18:3 1.3 15 1.6 1.2 0.2 0.41 0.16 0.88
g flow/g intake

C18:0 6.00 9.60 9.10 6.6 0.9 <0.01 <o0.01 0.17

C18:2 0.22 0.15 0.20 0.18 0.03 <0.01 0.32 0.18

C18:2c9t11/C18:2 0.01 0.03 0.02 0.03 0.003 < 0.00.07 0.34

c18:3 0.13 0.06 0.10 0.09 1 <0.01 047 0.66

ISEM = Standard error of the mean
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Figure 3.4Interaction of dietary inclusion of distillers gnai (DGS) and glycerin (GLY)
(P < 0.01) on stearic acid C18:0 intake, g/d
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Figure 3.5Interaction of dietary inclusion of distillers gnai (DGS) and glycerin (GLY)
(P <0.01) on linoleic acid C18:2 intake, g/d
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Figure 3.6Interaction of dietary inclusion of distillers gnai (DGS) and glycerin (GLY)
(P =0.01) on linolenic acid C18:3 intake, g/d
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Figure 3.7 Interaction of dietary inclusion of distillers gnai (DGS) and glycerin (GLY)
(P =0.02) on stearic acid C18:0 in true digesta flgid
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Chapter IV.

A META-ANALYSIS ON THE EFFECTS OF GROWING STRATEGY ON

FEEDLOT AND CARCASS PERFORMANCE

H.E. Larson, F. Owens, and A. DiCostanzo

Department of Animal Science, University of Minnesdt. Paul, MN 55108

INTRODUCTION

Interest in incorporating a growing phase stemsiftee understanding that rate
of gain and feed conversion are enhanced followipgriod of energy intake restriction.
This effect, referred to as compensatory gainriigeed by a series of physiological
endocrine changes in growth hormone and insuliceomations (Hornick et al., 2000).
Restricting caloric intake during a growing peraalises an animal to partition nutrients
towards bone and muscle development, shifting tbestty curve of the animal to delay
maturity (i.e. fat deposition). This “framing oytériod results in an animal with greater
potential to carry more carcass mass, thus leamiggocattle appearing to have
undergone a period of nutrient restriction arerofteore desirable for placement in the
feedlot.

The ability to predict precisely how differencegiowing strategies impact
finishing and carcass performance is imperativmaaimize the benefits of relying on a
growing phase post-weaning. However, specificotéfef caloric intake, length of

growing phase, and resulting rate of gain durirgngng phases on finishing
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performance are not well elucidated. This leadsaing specific recommendations
about a growing phase impossible. Likely, differemin the duration of growing phase,
severity of caloric restriction, maturity of animatlharvest, sex, genetic background, and
diet composition all play a role in the observecbimsistencies between studies. Carstens
et al. (1991) determined that much of the compemngafain response was related to
changes in gut fill and composition of gain. H{$§91) proposed that variability in
finishing DMI following a growing phase is partialexplained by dietary energy content
fed during the growing phase. Concurrently, Sainal. (1995) determined that
compensating growth of cattle previously subjedtecestricted caloric intake cattle is
due to increased capacity for DMI, and not a redadn metabolic rate resulting from
lower caloric intake

Growing phase strategies vary from feeding low gyelry lot rations to relying
on grazing systems on native range pasture. Day& growing phase interact with
caloric intake to determine performance responsmglthe growing and finishing
phases. Previous meta-analyses (Galyean et all; RAncaster et al., 2014) suggested
growing phase ADG, BW entering the finishing periadd DMI for days 8 to 28 of the
finishing period were primary predictors of finialgiperformance and carcass
characteristics. Yet, interactions of length adwjing phase and rate of gain have not
been studied using a meta-analysis approach.idstildy, a meta-analysis approach was
used to determine effects of growing phase daygatedf gain on performance of cattle
at theoretically similar maturity.

It was hypothesized that the response by cattigdeth manipulation during a

growing phase results in predictable finishing aattass performance. The objective
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was to model how feedlot and carcass performanatasted by growing phase
strategies including high-energy feeding (placeddally on a finishing phase; HG), ad-
libitum feeding silage (grass, corn, and sorghuiajsd DL-Forg), moderate energy (0.88
to 1.23 Mcal Nig/kg DM) diets (DL), grazing dormant native pastuf@3, or winter

wheat pastures (WW).

MATERIALS AND METHODS

This study was a conducted by pooling pertinefarmation from previously
published research studies. No animals were ustgeiexecution of this study as all
data were obtained from previously published workkerefore, there was no
requirement for an animal care and use protocol.
Data selection criteria

A dataset derived from 53 manuscripts previousllighed in peer-reviewed
journals based on background and stocker phagegirstudies was constructed to
determine how growing phase nutritional decisiguasticularly days on feed and
resulting ADG, affect finishing phase performanseng a meta-analysis approach.
English-language search of peer-reviewed journals eonducted using MNCAT
Discovery, Science Direct and Google Scholar seangfines with key words such as
“background”, “stocker”, “growing cattle”, “growirig“strategy” and “performance”. In
addition, to ensure the search engines did notasercertain publications, Journal of

Animal Science, the Professional Animal Scientstnadian Journal of Animal Science,

Nebraska Beef Reports, and South Dakota Beef Rés&aports were searched directly.
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Strategies for feeding growing cattle evaluatedendy-lot feeding either silage
(DL-forg; n = 32), a moderate energy diet (DL; @8), stocking cattle on winter wheat
(WW; n = 16), or pasture/native range (G; n = 48)ontrol treatments were comprised
of observations where cattle were fed a high-enéngghing diet immediately post-
weaning. These observations were grouped undérigheenergy label (HG; n = 16).
Observations derived from treatments where intae m@stricted were not included.
Based on reported experimental units, this datarssimpasses performance data from
8,730 head of cattle from growing to finishing péss

Selection criteria for the study required that parfance data from post-weaning
growing and finishing phase be presented as wealdesass performance. Only data
from treatments where a single growing phase sgfyatere selected; sequential
application of two or more growing phase strategias not considered. Experiments
were excluded if no interim weight was taken at ehthe growing phase, prior to the
start of the finishing phase. Within each manydcdata were recorded to identify
manuscript (n = 53), separate experiments withinuseript (n = 72), and separate
treatments within each study (n = 185). Basecdhesd three identifiers, one data ID
value was created for each observation within etaskt (n = 185).

Data Collection

Classes were established for the growing stratelgeted (HG, DL, DL-Forg, G,
WW), use of technologies such as ionophores (yss Iye= no), implants (y = yes, n =
no), Tylan (y = yes, n = no), and sex (steer, hedemixed group). Continuous variables
of interest recorded from each study were initrabgng phase BW, ADGowing, days-

on-feed (DORrowing), and final growing phase BW (Final BWhing. Yield grade (YG)
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was also recorded and utilized to determine degfreeaturity at harvest. Values for
finishing and carcass performance served as depeuwdeables. Finishing performance
variables included DMI, ADG, DOF, and final BW. 1€ass performance variables
included HCW, dressing percent (DP), longissimuscteiarea (LMA), 1% rib fat
thickness (FT), and marbling score (MARB). A vafaerevenue was generated based
on total gain during both growing and finishing pes. Total gain was calculated by
multiplying ADGgrowing X DOFRgrowing @nd ADGinishing X DOFinishing.  This value was then
multiplied by the market price for weight classioé animal based on values reported in
weekly USDA stocker cattle price report for weekNaivember 3, 2017. A summary of
growing data utilized is presented in Table 4.1lilevperformance and carcass data
summaries can be found in Tables 4.2 and 4.3, c&sphy.

Degree of maturity calculations

In an effort to correct for variability resultingoin various end points (weight,
days on feed, fat cover, visual or ultrasound applaf Choice grade) selected for each
study, a variable describing degree of maturity gerserated.

Maturity in beef cattle is described as the potrwhich protein accretion
plateaus. Comparisons based on final weight areceuvalent, within or across studies,
due to differences in composition of gain, partely when considering the impact of
various growing phase strategies on body compositRredictive models developed
since publication of NRC (1984) correct differenaebody composition by scaling
observed weight to that of a moderate-frame, Britialf reaching Choice grade. This

adjustment is based on 28% empty body fat (EBF)fereference animal.
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To correct for differences in maturity of cattlestdughter, within the meta-
analysis data set, an adjustment for percent afireateight was added to the model
using relationship between EBF and empty body weigBW). From the equation
derived by Tedeschi et al. (2004), reported YGvahere utilized to calculate EBF:

YG +0.604 /0.127 = % EBF
Empty body fat derived by this equation and HCWewmesed to predict EBW:
EBWoredicted= 106.56 * (EBF + 1771.9 * (EBF) — 52.364
This equation was derived from NRC (2016) where ERJj is predicted from EBW
(kg). Predicted EBW represents a size-scaled weighich reflects percentage EBF at
harvest for a given data point. Actual EBW (NatibResearch Council, 1984) was
calculated as:
EBW = SBW * 0.891
Degree of maturity was then determined by dividastual EBW by predicted empty
body weight:
Degree of maturity = EBWual/ EBWpredicted
It follows that if data derived from a study in thneta-analysis data set have a value of 1
for degree of maturity, then cattle representethlay data point were harvested at the
appropriate EBW given their degree of fatness. il8ity, cattle in data points with a
value higher or lower than 1.0 would reflect cattlat were harvested heavier or lighter,

respectively, than their scaled weight given entqugly fat content at harvest.

Statistical Analyses
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Data were analyzed using the PROC MIXED procedtiA®s 9.4 (SAS
Institute Inc., Cary, NC), with treatment meansgied by experimental units (EU) per
treatment. Standard error (SE) values were natadle for all variables of interest,
therefore EU was utilized instead. The invers8Biwas calculated for observations that
contained it, but little difference was observedewltomparing model fit of EU vs. 1/SE
weighing for this subset. Treatment within studysvincorporated as the subject of the
random statement to model the within-subject vianmat

Linear regression was used to model predictionegfar finishing and carcass
performance. Statistical significance for the efffef growing phase covariates and class
variables on finishing and carcass performancedeakared aP < 0.05 with trends
established at 0.05P < 0.10. No differences in Aikaike information criten were
observed between random and no intercept modelandom intercept model would
allow for the response function to remain explaibggredictive variables not accounted
for in the model. While a no-intercept model faedl regressions through (0, 0)
implying when all predictive variables in the modet set to 0, the response function is
also 0. Because the objective was to model thaangf growing strategies on finishing
responses, a no-intercept model was selected antidtrete variable of growing
strategy assumed to explain any variation not atteabfor in the model. Regressions
models were selected by backward elimination; digcvariables or covariates were
removed from model iP-value was greater than 0.10. Discrete varialvta®s growing
phase including strategy (HG, DL, DL-Forg, G, WWénophore use (y, n), liver abscess
antibiotic use (y,n), impant use (y,n) and sexe(steeifer, mixed) were all treated as

random effects. Fixed and random effects of catesi which included ADg&awing,
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DOFyrowing Initial BWgrowing and Final BWrowing as well as the interactions of Alg&uwing
by DOFRyrowing @and DOfgrowing by Initial BWgrowing, Were tested. In order to extend
conclusions to the larger population and not canfire results to the parameters tested
within meta-analysis, it is necessary to treatallariates as random variables
(SAS/STAT ® 9.2 User’s Guide Introduction to Regiea Procedures, 2008). By
testing random effects, there is not one assumpdlgiion effect but rather the
population effect is distributed amongst variatfflekboudemans et al., 2012). Based on
the described parameters, the model for this meddysis can be described as a within-
subject, no intercept, random effects model.
Calculating equivalent effects of two continuousalaes

A two variable multiple regression is represerigdhe following equation:

Y =bo + X + bpZ
The response variable is represented by Y, whigm® Z are continuous predictor
variables with their coefficients {land k). Equivalent effects of two continuous
variables within a regression equation were catedlay setting the two variables with
their coefficient equal to each other and solvioigthe variable of interest.
b1 X=bZ
X=Z/bh

For variables with interaction effect, the coefici from the interaction was added to the
covariate coefficient prior to division, yieldinge following equation:

X=(x+ks) Z/ by

Calculating intersect points for two continuous iastes

109



The intersect point for regression equations cairtgitwo interactive continuous
covariates was solved using methods outlined byénd West (1991). Intersecting
variables (X and Z) and their coefficients as vaslithe regression intercept were
incorporated into the following equation:

Y= X+ Z+ ks XZ+ o
In order to solve for the intersect, two levelsa(id 1) of Z variable were selected to
create two equations to solve for Y:
Yh=(b+ sz X+ (bp Zn + by
Yi=(bh+b2zZ) X+ (b Z + by
These two equations were then set equal to eaeh mtlietermine their point of
intersection. When simplified the following equetiwas derived to solve for X crossing
point:
Xecross= -lp / bs
This methodology was repeated with two levels afalde X to yield the following
eqguation for the crossing value for covariate Z:
Zcross= -ln / bs
Calculations for Gross Profit from Growing Strategy

Gross profit was calculated using historical deden USDA, National
Agricultural Statistics Service for 2017. Profir fcattle at the end of the growing phase
was calculated by generating a regression of feemt#le prices for 227 kg to 318 kg
cattle and applying the equation to each of the &\Whd of the growing phase (Final
BWygrowing. Separate regression equations were generateddéb mo of the yr to ensure

any market volatility was captured within final fitovalues. Profit at the end of the
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finishing period was generated from monthly magk@te for fed cattle marketed in
Nebraska (USDA).
RESULTS AND DISCUSSION

Differences in performance by growing strategy

The decision to use a growing strategy is dicthyed number of factors specific
to the operation. Of particular importance are gpace and feed type and availability. It
is challenging to pinpoint which strategy is masbreomically favorable because cattle
response during the finishing phase will vary basedhe growing strategy selected.
Thus, it is import to understand the performandiidinces that exist between nutritional

growing strategies (Table 4.5).

Observations described by Owens et al. (1993) deosupport that finishing
DMl is affected by growing nutritional strategy eetion. Cattle grazing were observed
by Owens et al. (1993) to have greater DMI whemremg the feedlot compared to cattle
placed in the feedlot immediately post-weaninge Tarrent meta-analysis review
demonstrated finishing DMI was greateRt<{ 0.01) for cattle stocked on winter wheat
(WW) and cattle fed a forage-based growing diet-flirg) and lowestR < 0.01) for
cattle fed rations with high energy density in plat a growing phase (HG) (Table 4.5).
The weight and volume consumed by forage feedingjadvexplain an increase in
capacity to consume due to an increase in gugilen, 2000). Therefore, greater
finishing DMI was expected for cattle fed eithertloé forage or grazing growing-phase
strategies (Table 4.5). This likely reflects aglrrumen capacity. This larger rumen
mass was apparent in the lower dressing percentdgestle fed corn silage or grazing

native range compared to other strategies 0.01; Table 4.5). Cattle that grazed WW
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had the greatesP(< 0.01) dressing percentage of all strategiess iflereased dressing
percentage could indicate that visceral mass tadtaghter was matched by carcass
weight gain or that ruminal mass contracted onezigg WW ended. Carstens et al.
(1991) determined that much of the compensatony ggEponse was correlated to
changes in gut fill and energy density of ADG. islning ADG was greateP(< 0.05)

for cattle grazing pasture (G) or WW, comparedrieldt cattle fed either silage (DL-
Forg), or a less energy dense dry-lot ration (Dlgkle 4.5). This greater finishing ADG
value confirms the value of a larger rumen capadityattle from a forage-fed growing
phase. This response was not observed with sitajeattle (DL-Forg); the extent of

this response may be limited in silage-fed catiteother reasons.

When ADG increases, carcass composition of gairt alss be considered.
Choice of growing phase strategy impacted LMA aifd lut not MARB; and therefore
was not included in the model for MARB. Longissemuscle area was found to be
greatestl < 0.01) for cattle that grazed WW and G. Cattl& fnoderate energy or
silage were intermediate while those placed omialing diet after weaning had the
smallest LMA. An increase in muscling is oftereditas a reason to add a growing phase
(Owens et al., 1993); these data confirm that &esenf increased muscle hypertrophy.
Cattle grazing winter wheat had greatex(0.01) BF compared with all other strategies.
The significance of degree of maturity as a covaria BF analysis demonstrates that
cattle grazing WW were harvested at weights beyexmcted maturity given their EBF.
Previous meta-analyses (Galyean et al., 2011; Ish@icat al., 2014) conducted to predict
finishing performance from growing phase charasties have failed to utilize a maturity

correction factor. Therefore, their findings wénat BW at start of finishing was most
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effective for predicting finishing performance. i$kwvould give an advantage to cattle

finished at greater weights without consideringyotat composition.

Final BW differences are similar to those obserfggdiressing percentage; with
greatest BW achieved by WW or G and lowest final Bifdined by HGR < 0.01; Table
4.5). The addition of a growing phase knowingliagle the onset of maturity allowing
animals to increase frame growth with the intenbbimcreasing final BW (Owens et al.,
1993; Hornick et al., 2000). The final BW meanssanted provide convincing evidence

to support beneficial compensatory gain effectsafbgrowing strategies evaluated.

Interpretation of interacting covariates within negsion models

When examining feedlot and carcass performancabuatis by growing strategy
it becomes clear that factors, like AR&aing, DOFyrowing initial BWrinishing, €tC., interact
to create the optimal compensatory gain respomaa interacting growing phase
variables, DOF and initial BW, affected carcasdqrenance. Previously, a meta-
analysis conducted by Lancaster et al. (2014) ddsermined the importance of BW as

BW at the end of the growing phase.

Optimal combinations of DQfowing and initial BWrowing differed between
performance characteristics (Table 4.6) but asvarage across dressing percent, LMA,
Final BWinishing, and HCW it was identified that maximized performoa occurred when
cattle were fed at or less than 80 Dfkng and began the growing phase at
approximately 240 kg. Lighter-weight cattle arerenesponsive to benefits of growing
systems, and there is a limit to how long thesenats should have restricted caloric
intake to maximize the benefits of compensatory gBroulliard et al., 1991a,b). These

data are confounded within standardized valuestfuer attributes of growing
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performance (ie- AD@owing. Taylor et al. (2013) reported no differences$eied
efficiency for steers in growing phases of eith@ror 93 d, although DMdishing and
ADGrinishing Were greater for steers with longer Dfking and slower ADGrowing They
also found no differences in LMA or dressing petage. Therefore, supporting that 80
d may be optimum for a growing strategy.
Utilizing interactions to determine critical pointg interest

Final BW was predicted by the interacting effemfté\DGgrowing and DOlgrowing
Thus, to predict optimum relationships between Affmg and DORgrowing Critical points
of interest were determined. Figure 4.1 depiatsrétationship between Initial By¥wing
and a 0.1 kg increase in final BM¥ning. Because ADowing directly relates to final
BWiinishing iIncreases without impact of Initial ByMwing its effect is modeled as static
across all values of Initial BWwing However, the linear relationship between the
impact of DORyrowing and Initial BWrowing Characterizes their interactive relationship. The
point where the line crosses the X-axis repregdetsritical point of interest for this
interaction. Figure 4.1 depicts the impact of QAmg on final BWnishing to match the
impact of an increase of 0.1 kg AQ&wing as Initial BWjrowing Shifts. The critical point
(X =230 kg) is represented by the asymptote. €hiial point represents the point at
which beyond it, additional DQFswing positively benefit final BWhishing. PoOsitive final
BWiinishing performance will be observed for cattle with lalitB\Wgrowing below this
critical point; however performance of cattle ier$le scenarios would benefit from
ADGgrowing rather than DO§rowing In practical application, this means for lightezight

cattle (lighter than 230 kg) entering the growirage, ADGrowing Carries great
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importance for improving final BWishing. Table 4.6 lists the critical point for Initial
BWgrowing in relation to DORrowing for REA, DP, Final BWhishing, and HCW.
Evaluating economic impacts of adding a growinggeha

Due to the intentional energy restriction that asouith growing strategies,
economic benefits are not seen prior to finishingge when caloric intake is restored
and compensatory gain occurs. Figure 4.3 demdesttiais idea as gross profit from
cattle without a growing phase (i.e.- HG) demortstrauch greater revenue than
counterparts with a growing phase. As cattle gtofin growing to finishing phase and
compensatory gain occurs there is an obvious isergathe economic value of these
same cattle. Figure 4.4 shows the roles reversboHG cattle grossing the least profit
relative to cattle raised with growing phase. i@ growing phase groups, WW cattle
grossed the largest profit — most likely due toatgefinal BWinishing achieved. However,
neither of these figures account for the diffeesnin feeding program duration. Figure
4.5 depicts gross profit/head by DOF to better destrate the differences in program
length to achieve similar profit. The slopes ofteaf these line segments (Table 4.7)
depicts the ‘potential to gain’ for that animalthvgreater slopes indicating more
aggressive gains. Slopes for the first line sedrf@®r0) to mid-point rank themselves
according to ADGrowing With cattle without a growing phase gaining thestrper
DOFRgrowing @and grazing cattle gaining the least. What peshsypf more interest is the
slope of the second line segment. This valuedotential to gain’ serves as a reference
for animals on a traditional growth curve. Becarxestricting intake early in the growing
phase delays the onset of maturity, shifting thewtin curve so more aggressive growth

occurs later, a greater slope value for the seboadsegment is expected. As expected,
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HG cattle appear to have undergone more aggregsiveh early on; their growth
potential has begun to plateau by end of feedimp@é$0.35/d). The higher potential to
gain values for cattle fed through a growing phagkin finishing period are what
allowed for increased final profit relative to ¢athot subjected to a growing phase.
Cattle grazing WW had the greatest potential ta gafinishing phase ($0.76/d)
followed by those fed moderate energy diets inldrgattle (DL) ($0.65/d), cattle
grazing (G) native range/pasture ($0.61/d), anddHed silage in a dry lot (DL-Forg)
($0.58/d). For the majority of simulated cattleg firofit/d exceeded traditional yardage
costs ($0.37/d) indicating they retained reasanpbbfit margins between input and
output costs. Cattle finished without a growingage did not maintain these same profit
margins (relative to traditional yardage costs)iclvhmay have influenced why in certain
months when prices were low, these cattle yieldedrofit loss in the finishing phase.
CONCLUSIONS

Overall growing strategies can be a valuable toolricreasing pounds of beef
[/carcass, but understanding how management desjsepecially changes in targeted
ADGgrowingg DOFyrowing and initial BWrowing affect finishing and carcass performance is
the key to a successful growing program. Diffeemndo exist between strategies,
however, often times changing growing strategyoisam option for producers due to
feed or space limitations. Instead, understanttiegohysiology behind the differences in
performance responses and how equivalent chand@Skgowingand ADGyrowing Can be
used to mitigate management challenges providesydav producers to benefit from

this data regardless of the strategy implemented.

116



Table 4.1Summary of growing data utilized to analyze theact of growing strategy

and performance on finishing and carcass performanc

Variable n Mean SD Minimum Maximum
High Grain (HG)
Initial BW, kg 14 22¢ 371 14z 391
DOF 13 84 10C 56 154
ADG, kg 13 1.44 1.04 1.0¢ 2.3z
Final BW, kg 15 30¢ 37¢ 23¢ 46¢
Dry Lot (DL)
Initial BW, kg 79 27¢ 23< 76 391
DOF 79 90 12t 55 19¢
ADG, kg 79 1.0¢ 1.12 0.5¢ 2.4(C
Final BW, kg 80 33C 39¢ 81 482
Dry Lot Forage (DL-Forg)
Initial BW, kg 44 221 20z 13¢€ 391
DOF 44 97 74 56 141
ADG, kg 43 0.8¢ 1.0¢ 0.3¢ 1.3¢
Final BW, kg 43 301 21¢ 23¢ 45¢
Grazing (G)
Initial BW, kg 66 23¢ 112 14¢ 27¢€
DOF 66 19¢ 44¢ 70 44z
ADG, kg 66 0.5¢ 0.8t 0.1t 0.8¢
Final BW, kg 66 35¢ 18¢ 25E 45k
Winter Wheat (WW)
Initial BW, kg 28 22% 12¢ 184 261
DOF 28 12t 18¢ 74 201
ADG, kg 28 0.9 1.34 0.37 1.37
Final BW, kg 28 344 28¢€ 22¢ 432

117



Table 4.2Summary of finishing performance data utilizegitalyze the impact of

growing strategy and performance on finishing asmda&ss performance

Variable n Mean SD Minimum Maximum
High Grain (HG)
Final BW, kg 16 51¢ 25¢ 45¢ 597
ADG, kg 16 1.44 1.51 1.0z 1.91
DOF 16 15¢ 222 37 19¢
DMI, kg/d 15 8.81 5.2i 6.5¢ 12.2(
Dry Lot (DL)
Final BW, kg 8C 52¢ 24¢€ 32t 714
ADG, kg 8C 1.37 1.14 0.67 1.9t
DOF 8C 112 13C 44 25¢
DMI, kg/d 8C 9.4: 5.5¢ 5.64 12.1(
Dry Lot Forage (DL-Forg)
Final BW, kg 44 51C 237 421 61¢
ADG, kg 44 1.42 1.1 0.67 2.0z
DOF 34 13z 124 72 17:
DMI, kg/d 43 10.0z 4.01 7.1¢ 11.4C
Grazing (G)
Final BW, kg 66 52¢€ 22t 452 632
ADG, kg 66 1.42 1.5:2 0.7¢ 2.12
DOF 66 117 12z 81 222
DMI, kg/d 66 10.8: 5.1¢ 7.9C 12.5(
Winter Wheat (WW)
Final BW, kg 28 52¢ 31C 372 62€
ADG, kg 28 1.5¢ 1.1: 1.1t 1.9C
DOF 28 11¢ 10¢ 70 15€
DMI, kg/d 25 10.9( 2.7¢€ 9.7( 11.8(
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Table 4.3Summary of carcass performance data utilized &yaa the impact of
growing strategy and performance on finishing asmda&ss performance

Variable n Mean Std Dev Minimum Maximum
High Grain (HG)
HCW, k¢ 16 32t 162 294 371
Dressing Percent, 16 62.€ 12.C 60.(C 66.4
BF, cir 14 1.3 11 0.€ 1.€
LMA, sccm 14 78 3C 71 94
Marbling! 16 57t 413 44¢ 71¢€
Yield Gradt 16 2.7 4.2 1.C 3.t
Dry Lot (DL)
HCW, k¢ 76 31¢€ 15C 17¢ 42¢
Dressing Percent, 76 60.1¢ 9.97 53.1¢ 64.8¢
BF, cir 79 1.2 1.2 0.1 1.7
LMA, sqcm 77 82 32 71 104
Marbling! 64 54C 42C 57 71z
Yield Gradt 78 2.7 3.3 1.C 4.¢
Dry Lot Forage (DL-Forg)
HCW, k¢ 44 30¢€ 187 241 37¢
Dressing Percent, 44 59.7% 14.1 52.€ 66.¢
BF, cir 35 1.2 0.7 0.7 1.€
LMA, sqcm 43 77 4C 65 99
Marbling! 33 527 20¢& 40C 63t
Yield Gradt 32 2.8 3.8 1.C 3.7
Grazing (G)
HCW, k¢ 66 31€ 181 38 397
Dressing Percent, 66 60.2 11.C 56.C 64.4
BF, cir 56 1.2 1.3 0.€ 24
LMA, sqcm 49 77 41 67 99
Marbling! 59 49¢ 203 437 68(
Yield Gradt 43 2.€ 2.€ 1.4 3.t
Winter Wheat (WW)

HCW, k¢ 28 33€ 204 247 424
Dressing Percent, 28 63.7 8.€ 60.2 67.t
BF, cir 16 1.t 11 11 1.¢€
LMA, sqcm 16 78 48 66 101
Marbling! 25 55E 44C 487 71C
Yield Gradt 16 3.1 3.1 1.€ 3.t

lMarbling Score: 40( slight, 500- small, 60C- modes
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Table 4.4Regression Coefficient and Fit Statistics for Gatas for all dependent variable models

Dependent Growing R? Intercept Regression Coeffiecients for Covariates hin Model
Variable Phase
DMl nishing, Kg HG 0.60 6.59 1.2362(Per_Mat) + 0.0096(DOF_PF) + 0.1766(ADG_P&:p093(DOF_PF)(ADG_PF) +
out_ BW_PF(0.0036)
DL 7.15  1.2362(Per_Mat) + 0.0096(DOF_PF) + 0.1766(ADG_P&P093(DOF_PF)(ADG_PF) +
out_ BW_PF(0.0036)
DL_Forg 7.72  1.2362(Per_Mat) + 0.0096(DOF_PF) + 0.1766(ADG_PFDP093(DOF_PF)(ADG_PF) +
out_BW_PF(0.0036)
G 721  1.2362(Per_Mat) + 0.0096(DOF_PF) + 0.1766(ADG_PFDP093(DOF_PF)(ADG_PF) +
out_BW_PF(0.0036)
ww 7.98  1.2362(Per_Mat) + 0.0096(DOF_PF) + 0.1766(ADG_P&P093(DOF_PF)(ADG_PF) +
out_ BW_PF(0.0036)
ADGfinishing, Kg HG 0.28 1.48 0.1849(Per_Mat) - 0.0015 (DOF_PF)
DL 1.58  0.1849(Per_Mat) - 0.0015 (DOF_PF)
DL_Forg 1.56  0.1849(Per_Mat) - 0.0015 (DOF_PF)
G 1.92  0.1849(Per_Mat) - 0.0015 (DOF_PF)
WWwW 1.87  0.1849(Per_Mat) - 0.0015 (DOF_PF)
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Dependent Growing R? Intercept Regression Coeffiecients for Covariates ihin Model
Variable Phase
Dressing % HG 0.39 0.67 0.000075(0ut_BW_PF) - 0.00086(DOF_PF) + 0.01294(ABE) - 0.00038(In_BW) +
0.00000337(DOF_PF)(In_BW)
DL 0.67  0.000075(0Out_BW_PF) - 0.00086(DOF_PF) + 0.01294(APE) - 0.00038(In_BW) +
0.00000337(DOF_PF)(In_BW)
DL_Forg 0.66  0.000075(0Out_BW_PF) - 0.00086(DOF_PF) + 0.01294(APE) - 0.00038(In_BW) +
0.00000337(DOF_PF)(In_BW)
G 0.68  0.000075(Out_BW_PF) - 0.00086(DOF_PF) + 0.01294(APE) - 0.00038(In_BW) +
0.00000337(DOF_PF)(In_BW)
WWwW 0.70  0.000075(0Out_BW_PF) - 0.00086(DOF_PF) + 0.01294(APE) - 0.00038(In_BW) +
0.00000337(DOF_PF)(In_BW)
LMA, sq cm HG 0.55 74.33 10.6674(Per_Mat) + 9.95(ADG_PF) - 0.2619(DOF_PEp8689(In_BW) + 0.001084
(DOF_PF)(In_BW)
DL 79.01  10.6674(Per_Mat) + 9.95(ADG_PF) - 0.2619(DOF_PEp8689(In_BW) + 0.001084
(DOF_PF)(In_BW)
DL_Forg 77.46  10.6674(Per_Mat) + 9.95(ADG_PF) - 0.2619(DOF_P&p8689(In_BW) + 0.001084
(DOF_PF)(In_BW)
G 82.12  10.6674(Per_Mat) + 9.95(ADG_PF) - 0.2619(DOF_PEP8689(In_BW) + 0.001084
(DOF_PF)(In_BW)
WWwW 81.40  10.6674(Per_Mat) + 9.95(ADG_PF) - 0.2619(DOF_P&08689(In_BW) + 0.001084

(DOF_PF)(In_BW)



[AA)

Dependent Growing R? Intercept Regression Coeffiecients for Covariates ihin Model
Variable Phase
BF, cm HG 0.20 1.48 (-0.00086)(DOF_PF)-0.00059(Out_BW_PF)
DL 1.49 (-0.00086)(DOF_PF)-0.00059(Out_BW_PF)
DL_Forg 1.43 (-0.00086)(DOF_PF)-0.00059(Out_BW_PF)
G 1.55 (-0.00086)(DOF_PF)-0.00059(Out_BW_PF)
Ww 1.79 (-0.00086)(DOF_PF)-0.00059(Out_BW_PF)
Marblingt 0.14 592.08 73.3999(ADG_PF) - 0.2984(Out_BW_PF) - 41.7885 (Rat)
Final HG 0.58 434.80 67.35(Per_Mat) + 85.5164(ADG_PF) - 0.08907(0Out_BW) £1.6039(DOF_PF) -
BWiinishing: KQ 0.3546(In_BW) + 0.006955(DOF_PF)(In_BW)
DL 464.65 67.35(Per_Mat) + 85.5164(ADG_PF) - 0.08907(0Out_BW) +1.6039(DOF_PF) -
0.3546(In_BW) + 0.006955(DOF_PF)(In_BW)
DL_Forg 465.54 67.35(Per_Mat) + 85.5164(ADG_PF) - 0.08907(Out_BW) P1.6039(DOF_PF) -
0.3546(In_BW) + 0.006955(DOF_PF)(In_BW)
G 512.74 67.35(Per_Mat) + 85.5164(ADG_PF) - 0.08907(Out_BW) P1.6039(DOF_PF) -
0.3546(In_BW) + 0.006955(DOF_PF)(In_BW)
Ww 501.05 67.35(Per_Mat) + 85.5164(ADG_PF) - 0.08907(0Out_BW) +1.6039(DOF_PF) -

0.3546(In_BW) + 0.006955(DOF_PF)(In_BW)



XA

Dependent Growing R? Intercept Regression Coefficients for Covariates whin Model
Variable Phase

HCW, kg DL 0.54 35.11 37.6798(Per_Mat) + 62.1982(ADG_PF) -1.633(DOF_PEF}911(In_BW) +
0.007022(DOF_PF)(In_BW)

DL_Forg 35.55  37.6798(Per_Mat) + 62.1982(ADG_PF) -1.633(DOF_PF\911(In_BW) +
0.007022(DOF_PF)(In_BW)

G 35.59  37.6798(Per_Mat) + 62.1982(ADG_PF) -1.633(DOF_PFY\911(In_BW) +
0.007022(DOF_PF)(In_BW)

HG 37.38  37.6798(Per_Mat) + 62.1982(ADG_PF) -1.633(DOF_PF}911(In_BW) +
0.007022(DOF_PF)(In_BW)

WW 25.75 37.6798(Per_Mat) + 62.1982(ADG_PF) -1.633(DOF_P&X911(In_BW) +

0.007022(DOF_PF)(In_BW)

lMarbling Score: 400 — slight, 500 — small, 600 —dest
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Table 4.5Least squares means for differences in finishmy@arcass performance as affected by growingeglyat

HG DL DL-Forage G WW SEM!? P-value?

DM inishing, Kg/C 9.6¢ 10.22 10.8° 10.3%¢ 11.0° 0.2 < 0.0]
ADGr#inishing, kg/c 1.282 1.392 1.362 1.72° 168" 0.10 < 0.0]
Dressing Percent, 59.€9% 2P 59.6% 2 58.8% 2 60.S% " 62.7%°¢ 0.4% < 0.01
LMA, sq cir 74.7¢ 79.43 77.€3d 82.5¢ 81.7°¢ 1.2 < 0.0]
BF, cn 1.1 1.1° 1.0 1.1° 1.4° 0.1 < 0.0]
Final BWinishing, KQ 482° 51z2 5122 56(CP 54¢€P 10 < 0.01
HCW, k¢ 2872 30€2 30€2 34zP 34¢€° 7 < 0.07
HG = No growing phase

DL = Drylot

DL-Forg = Drylot silage only

G = Pasture/native range

WW= Winter whee

1SEM = standard error of the mean

2P-value for effect of growing strategy on dependamishing variable prediction

abeqJnlike superscripts diffelP < 0.05




Figure 4.1 Critical point (x = 230.4 kg) for the effect ofitial body weight at the start of growing
on equivalent DOfrwing Needed to impact final body weight to same exasrid.1 kg
ADG change
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Table 4.6 Critical point for Inital BWyrowing to positively affect the magnitude of impact of Bawing 0N finishing variables of interest

Finishing variable Initial BW, Kg
LMA 25¢E
DP 24z
Final BW 231
HCW 238

9T
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Figure 4.2 Relationship between body weight at start of gn@(iinitial BW) and the increase in final body wieidor each 0.1 kg increase in
growing ADG or each 10 d increase in growing DOF
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Table 4.7Value for slopes derived from gross profit by DOFexamine differences in potential to gain profit

Growing Phase, $/d Finishing Phase, $/d
No growing (HG) 2.92 0.35
Dry lot (DL) 2.44 0.65
Dry lot silage fed (DL_Forg) 2.25 0.58
Grazing (G) 1.18 0.61
Winter Wheat (WW) 1.82 0.77




Figure 4.3Changes in gross profit per head at end of grophage from January to October
2017
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Figure 4.4 Changes in net profit per head (gross profit at@ifinishing — cost of to purchase
animal at end of growing period) during finishingase from January to October 2017
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Figure 4.5Changes in gross profit per head by days on fe€=jver entire feeding period
from January to October 2017 (center dot repreggotss profit at end of growing phase, right
most dot represents gross profit at end of finighihase)
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APPENDEX

Figure Al.11Diagram bacterial groups involved in the primarg afternative biohydrogenation
pathways for linolenic (C18:2) and linoleic acidl@3) in the rumen (adapted from
Harfoot and Hazelwood, 1997 and Kramer et al., 20Chapter I: part I)
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Figure Al.12Diagram of volatile fatty acid production pathwafsumen microbes (Chapter |
part )
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Table Al.11lInfluence of pH on lipolysis and biohydrogenatidrimoleic and linolenic acid in vitro (Van Nevehd Demeyer, 1996) (Chapter I:

part I)
Freed Fatty Acids (mg) Disappearance (%)

pH 18:2 18:3 18:2 18:3
6.78 £ 0.04 16.53 2.16 94.6 100.G¢
6.34 + 0.07 15.97 2.04 97.8 100.G¢
5.98 + 0.06 15.1% 2.0 95.2 100.G¢
5.56 + 0.06 9.61 1.2P 80.5" 89.9
5.22 £ 0.06 4.36 0.48 59.8 68.8

*[inoleic acid = 18:2; linolenic acid (ALA) = 18:Freed fatty acids = FA liberated from TAG as repreative of lipolysis; disappearance
(%) of FA as consequence of biohydrogenation

abqiffering superscripts indicate significance p 8D.




Table Al.12Effect of antimicrobial additives on inhibition tpolysis and volatile fatty acid (VFA) productigwan Nevel and Demeyer, 1995)
(Chapter I: part I)

Inhibition of
Additive Bacteria affected Lipolysis (%) VFA Produdion (%)

Amoxicillin Broad Spectrum 18.2 6.4
Avoparcin Gram positive 10.4 3.9
Salinomycin sodium Gram positive 20.1 12.2
Lincomycin hydrochloride Anaerobic gram positive 34 14.8
Lasalocid sodium (Bovatec) Gram positive 19.3 6.3
Monensin (Rumensin) Gram positive 16.7 8.7
Terramycin Broad spectrum 15.7 17.4
Virginiamycin Gram positive 16.2 145
Mentronidazole Gram negative 9.1 10.4

[4°]"
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Table Al.13Effect of three diets fed to sheep on ruminal bdrlbgenation and absoption of linolenic acid (C1883uchart D. and Poncet C.,
unpublished data published in Chilliard et al., @0(Chapter I: part I)

Hay : Concentrate

Fresh Grass 75:25 30:70
FA intake (g/100g DM) 2.38 0.88 0.88
C18:3 intake (g/d) 14.00 0.85 0.46
C18:3 % total FA 56.20 8.80 4.50
C18:3 hydrogenation (%) 96.0 93.0 87.0
C18:3 Presented at Sm. Intestine (g) 0.57 0.06 0.06
C18:3 absorbed (g/d) 0.49 0.04 0.05
Biohydrogenation escaheéo 4.10 7.05 10.87
Absorption Efficiency, % 85.9 66.6 83.3
Efficiency of Utilizatior¥, % 3.50 471 9.05

*biohydrogenation escape = C18:3 presented at smedtine / C18:3 in diet; absorption efficiency48:3 absorbed / C18:3 presented at
small intestine; Efficiency of utilization = biohgabenation escape x absorption efficiency




Figure Al1.13Efficiency of transferring C18:3 infused into theoanasum or small intestine of
dairy cow to milk (Chilliard et al., 1991; Drackley al., 1992; Christensen et al., 1994;
LaCount et al., 1994; Ottou et al., 1995; Lithedaat al., 2005) (Chapter I: part 1)
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Figure Al.14Relationship between duodenal flow of fatty acidd the quantity of fatty acids
absorbed (dotted line y=x; regression line y=0.6&.8 (R = 0.87)) (Lock et al., 2006)
(Chapter I: part I)
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Table A1.14Cost per bushel of flaxseed to break even with cb886 dietary inclusion in finishing diet when gaaremium for flax feed beef

above market live price (Chapter I: part )

Premium above live weight market price ($1.18)

10% 20% 30% 40% 50%
Live wt price $1.30 $1.42 $1.53 $1.65 $1.77
Price per bu $2.07 $4.06 $6.03 $8.10 $10.16

*simulated steers were fed from 750 to 1400 Ib withrage DMI of 23 Ib with 7.0Ib F:G (performancéadeollected from Maddock et al.,
2006)

Ybushel of flax is represented by 56 Ib




Figure A1.21Growth of steers in growing and finishing phasegmvbalories are not restricted,
restricted via limited intake, or restricted viaadlges in caloric density of diet bigh
concentrate both growing and finishingconcentrate limit fed both growing and
finishing m concentrate ad libitum limit fed in growing phasel ad libitum in finishing
Aforage ad libitum for growing phase and concentaatdibitum in finishing) (Sainz et
al., 1995) (Chapter I: part II)
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Figure Al.22Monthly changes in live cattle price at slaughtenf 2012 to 2016 (USDA, ERS)
(Chapter I: part II).
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Table A1.21Profit from cattle raised with or without a growipbase factoring in yardage costs for increased dayeed (DOF) using estimated
final weights from Sainz et al. (1995) and histalied cattle live weight prices from USDA ERS (@tex I: part II).

Year Month Final wt, kg $/kg Yardage/d DOF Gross pofit* Difference in
Profit

2014 July 450 $3.50 $0.37 140 $1,521.01

2014 September 500 $3.52 $0.37 200 $1,684.46 $63.4

2016 July 450 $2.57 $0.37 140 $1,106.50

2016 September 500 $2.33 $0.37 200 $1,092.00 $14.5

*Gross profit = ($/kg * Final wt (kg)) - (yardagetdOF)




Figure A4.1 Observed DMI, kg/d, regressed on predicted DMIdkgith solid line representing
perfect fit between predicted and observed varsatam chapter IV.
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Figure A4.2 Observed ADG, kg, regressed on predicted ADG, il solid line representing
perfect fit between predicted and observed varsatam chapter IV.
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Figure A4.3 Observed dressing percent, %, regressed on pddicessing percent, %, with
solid line representing perfect fit between preatichnd observed variables from chapter IV.
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Figure A4.4 Observed LMA, sq cm, regressed on predicted LMyGrs, with solid line
representing perfect fit between predicted andesevariables from chapter IV.
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Figure A4.5 Observed 12th rib fat thickness, cm, regressegredicted 12th rib fat thickness,
cm, with solid line representing perfect fit betwg®edicted and observed variables from chapter
V.
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Figure A4.6 Observed marbling score regressed on predicteblimguscore with solid line
representing perfect fit between predicted andmesevariables from chapter IV (marbling
score: 400 - slight, 500 — small, 600 — modest).
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Figure A4.7 Observed Final BW, kg, regressed on predicted BWa kg with solid line
representing perfect fit between predicted andesevariables from chapter IV.
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Figure A4.8 Observed HCW, kg, regressed on predicted HCWwikd, solid line representing

perfect fit between predicted and observed varsatam chapter IV.
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