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meal as supplement for beef cows consuming low-quality forage. This chapteeen
submitted to thdournal of Animal Science. Chapter V consists of data collected to
understand how dried distiller’s grains with solubles can be used in beef cow/calf
production systems that rely on low-quality forage. This chapter was prepdoddw

the guidelines suggested for contributors toJdwenal of Animal Science
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INTRODUCTION

Dietary fat utilization by the ruminant is a unique process that is commised
several diverse, complex steps. Inclusion of dietary fat provides a dense, exabhyomi
efficient energy source. However, due to the intricate nature of the rumebialic
population, fat supplementation has diverse effects on animal performance. The goals
and impacts of fat supplementation differ across various production segments tfi¢he ca
industry.

The effects of including of supplemental fat to beef cattle consuming higfefora
diets has been revisited recently due to the surplus of byproduct feedstuffs from the
biofuel industry. Compared to feedstuffs such as cottonseed meal or soybean meal,
which have been traditionally utilized in winter supplementation programs focbesf
the fat content of biofuel-byproduct feedstuffs is 5-7% greater thanoraalifeedstuffs
(NRC, 1996). To target the evaluation of biofuel feedstuffs as supplements for Heef cat
consuming high forage diets, the focus of this review will be on the impacts that
supplemental fat has on range cattle production
Lipid Metabolism in the Rumen

Fat intake by cattle grazing rangeland is of two major forms:ofjfyds and
phospholipids. Glycolipids are the predominant form as they comprise 40-50% of total
plant lipid (Byers and Schelling, 1988). Moreover, fat constituents of plants are made
primarily of unsaturated fatty acids of which linoleic and linolenic are th&t mbundant
(Harfoot, 1978). When the ruminant animal consumes dietary lipid, the metabolic

processes by ruminal microorganisms that follow are complex and mukiace



Once lipids enter the rumen, lipases from ruminal lipolytic bacteria hyaol
lipid into free fatty acids and glycerol (Jenkins, 1993). Ruminal protozoa do not have a
large role in ruminal lipolysis (Girard and Hawke, 1978). Unsaturated fatly eapidly
undergo biohydrogenation by the rumen microbes to saturated fatty acids (Rakngui
Jenkins 1980). Cleaved glycerol is converted to propionic acid for energy (Chalupa et
al., 1986). Further, the amount of bacteria present for lipolysis and biohydrogenation is
largely impacted by diet; research has shown that high grain dietaskethe
concentrations of these organisms (Latham et al., 1972).

Unsaturated fatty acids are detrimental to the growth of many spéciasinal
microbes (Henderson, 1973), and accordingly, the process of biohydrogenation is pivotal
for the existence of many species of ruminal microbes. The biohydrogenatiesgroc
cannot be initiated without the presence of a free carboxyl group which is providesl by t
initial hydrolysis step (Kepler et al., 1970). Stearic acid is the most predotend
product of biohydrogenation (Bickerstaffe et al., 1972) and various rumen microbes,
including protozoa, are capable of hydrogenating oleic, linoleic and linoleditcaci
stearic acid (Byers and Schelling, 1988). The biohydrogenation process is afsndlene
by assisting in the reduction of methane production by providing a mechanism for the
rumen to clear H ions through the saturation process (Byers and Schelling, 1988). In
addition, the biohydrogenation process may provide means for energy conservation as the
majority of bacterial lipid is saturated, and with biohydrogenation, bactaniaeadily
integrate saturated end products without additional energy expenditure (Harfoot, 1978).

The extent of ruminal biohydrogenation is largely impacted by the environmental

conditions of the rumen. Kellens et al. (1986) indicated that the complete formation of



stearic acid is enhanced by feed particles and cell-free ruminal flunkréas the
biohydrogenation process can be inhibited by high concentrations of linoleic acid
(Harfoot et al., 1973). Additional research has supported this ndtiaitro data

showed a greater concentration of stearic acid in control (bromegrass Yesaomples

after 48-h of incubation compared to bromegrass hay treated with soybeaneaiterGr
concentrations of linoleic acid in the bromegrass hay treated with soybhearei

observed after 48-h, which supports the aforementioned concepts (Whitney et al., 2000).
Furthermore, the population of ruminal microflora can affect the degree of
biohydrogenation as reductions in rate and extent of hydrogenation have beeml reporte
when protozoal numbers are low (Byers and Schelling, 1988).

Finally, when dietary lipid levels are low, ruminal bacteria are capafiole novo
fatty acid synthesis of long-chain fatty acids (Palmquist and Jenkins, 1980jndRum
bacteria do not store triglycerides, and the most predominant forms of lipid in rumen
bacteria are either free fatty acids or phospholipids which serve as midjoembrane
constituents (Viviani, 1970). Microbes synthesize primarily stearic and pabuwitd
(Jenkins, 1993). Rate of fatty acid synthesis is greater when dietary lipid catioents
lower (Byers and Schelling, 1988) as dietary fatty acids are easidyartee into
bacterial cellular lipid following biohydrogenation (Palmquist and Jenk®&0).

Fat and Fiber Digestion

Addition of fat to high-forage diets is a presumably favorable meansretsiag
dietary energy intake. However, due to the sophistication of the rumen microbe
population, there are some characteristics of lipids that make supplementaiioerteatr

to fiber digestion. Evidence of inhibitory impacts that fat has on cellulose digest®on w



presented by Brooks et al. (1954) who found thattro cellulose digestion was reduced
40 to 94 percent when 10 to 170 mg of corn oil was added to 1 g of DM that was
comprised of 50% cellulose. Additionally, when sheep were fed either 32 or 64 g of corn
oil, in vivo cellulose digestion was 20% and 12.3%, respectively, which was significantly
lower than for the 41.9% cellulose digestion for the control diet (Brooks et al., 1954).
Several studies have shown that there are various factors that impact the
ruminant’s ability to maintain fiber digestion with supplemental dietary fatneSof the
inhibitory effects of lipid on fiber digestion may be due to fat coating ef fdarticles
which results in the inability of bacteria to adhere to them (Brooks et al.,.1954)
Similarly, Harfoot (1978) indicated that long chain fatty acids have rnegatipacts on
the rumen fermentation process as they quickly bind to feedstuffs, which ultimately
decreases the ability of bacteria to bind to the particle. Brokaw et al.) (p0@ated
that the concentration of ruminal NMas greater for heifers supplemented with soybean
oil compared to corn supplemented heifers. These workers attributed highkevisid
of soybean supplemented heifers to the inhibition of bacterial attachment by
supplemental fat and subsequent inability for bacteria to bind to the feed partoliei
to release nutrients from associated feedstuffs.
Moreover, evidence has suggested that unsaturated fatty acids have &xtec eff
on fibrolytic bacteria as Palmquist and Jenkins (1980) found that the accumulation of
unsaturated fatty acids inhibits growth of these bacterial spdciegro research
supported these findings imsvitro DM disappearance of bromegrass hay was reduced
with the addition of 6% degummed soybean oil compared with no additional soybean oil

(Whitney et al., 2000). Other reasons for a reduction in fiber digestion werenexiaoy



Devendra and Lewis (1974) who showed that fiber digestion may be inhibited by the
ability of ruminal surface-active agents to rapidly emulsify fat. Additigntiese
researchers indicated that fat supplementation caused a reduction in catelildyail

due to the formation of insoluble complexes with long chain fatty acids which also has
inhibitory effects on microbial growth (Devendra and Lewis 1974).

By understanding these inhibitory factors, animal scientists have investigated
ways to intervene in the process of ruminal lipid metabolism. When alfalfa asleava
with 32 g of corn oil, cellulose digestion was similar to control, but when aHiaavas
added to 64 g of corn oll, cellulose digestion was decreased. Researchersesptaatia
the buffering capacity of alfalfa ash assisted in cellulose dogesir that alfalfa ash is
capable of assisting in fat emulsification which in turn prevents fat froormgate fiber
so that microbes are able to attach (Brooks et al., 1954). The, magnitude ofeellulos
digestion is also impacted by fat source. In the aforementioned study by Brahks et
(1954), they observed that feeding 32 or 64 g of lard did not suppress cellulose digestion
to the same magnitude as feeding supplemental corn oil.

The addition of divalent cations to high fat diets reduces the extent of depression
in cellulose digestibility as calcium salts of long chain fattgaéorm from hydrolyzed
fat making them insoluble and virtually non-toxic to cellulose degrading e {@arton
et al., 1958). Grainger et al. (1961) supported this data by illustrating that feeding
wethers 7% corn oil depressed cellulose digestibility, but when 4.4 g of cald@am w
added to the 7% corn oil diet, cellulose digestion was significantly increased.
Additionally, these researchers observed that 6.2 g of iron in addition to 7% corn oll

helped increase cellulose digestion, but was not as effective as supplenieital. ca



Various factors impact the extent to which the addition of divalent cations
increases fiber digestion. Jenkins and Palmquist (1982) evaluated the effeétguaf ¢
source onn vitro formation of insoluble soaps and showed that the addition of calcium
chloride to a 10% tallow substrate was more effective at forming insolubls apndp
increasing digestibility than adding dicalcium phosphate to a 10% tallowatebhsThe
formation of insoluble soaps requires time, and the efficacy of increaserglfgestion
by adding calcium to high fat diets may be largely impacted by particulssagmrate
(Jenkins and Palmquist, 1982). Also, degree of saturation and chain length can impact
the formation of insoluble soaps. Jenkins and Palmquist (1982) speculate that saturated
fatty acids are less toxic to rumen microbes because of their abilitydity reem
insoluble soaps.

Efficacy of Fat Supplementation to Range Cattle

Providing supplemental energy to cowherds is often necessary during winter
months or when forage quality is low to ensure proper energy balance through early
lactation. Fat is a relatively inexpensive, dense source of supplemental. energ
However, amount and type of supplemental fat can have tremendous impacts on forage
intake and digestion. Moore et al. (1986) indicated that for cattle consuming high
roughage diets, supplemental fat was efficacious at 4% of diet DM, but when fat was
added at 6.3% of diet DM, regardless of source, it was detrimental to intake and fiber
digestibility.

Furthermore, when evaluating fat supplementation at different levels, Wiitney
al. (2000) reported that the inclusion of 3% soybean oil increased feed efficiency in

heifers consuming bromegrass hay compared to controls, but feed efficientyweeed



when 6% supplemental soybean oil was added. This research suggests that the higher
level of soybean oil decreased diet digestibility. However, in diets today, fat
traditionally supplemented at no more than 5% of diet DM (Palmquist and Jenkins,
1980).

Research has shown little difference in the effects of fat supplemantat
situations where cattle consume different types or maturitiesagdsr Krysl et al.
(1991) reported that ruminal infusion of 150 mL of soybean oil to heifers consuming
chopped fescue/orchardgrass hdyibitumdecreased ruminal and total tract organic
matter digestibility but did not alter fiber digestion. Total tract and rundigaistibility
was lower for heifers ruminally infused with soybean oil but duodenal infusion had no
effect on total tract fiber digestibility.

Similarly, no differences in forage intake or ruminal NDF disappearance we
noted in heifers fed high-quality forage and provided a supplement comprised @fdcrack
corn, corn gluten meal and soybean oil at 0.30% BW compared with heifers receiving no
supplement (Brokaw et al., 2001). Kouakou et al. (1994) compared feeding supplemental
corn or soybean oil to cannulated cattle consuming either long-stemmed edfalia
orchardgrass hay and reported that supplemental soybean oil at 0.125% BW had no effect
on feed intake, but when combined with ground corn (0.5% BW) feed intake was lowered
suggesting that soybean oil is capable of changing rumen metabolic ®pert
Additionally, there were no adverse effects on NDF digestion with corn or soghlea
supplementation alone, but when fed together, total tract NDF digestion wassaelcre

(Kouakou et al., 1994).



A final consideration of providing supplemental fat in range cow diets is the
effect that it has on metabolizable protein level, which dramatically incpact
performance and nutrient utilization. Brokaw et al. (2001) indicated that fat
supplementation caused a reduction in nitrogen flow to the duodenum and a subsequent
decrease in metabolizable protein. A similar reduction in duodenal nitrogen flow was
reported by Bock et al. (1991) when supplemental tallow or soybean oil soapssock wa
fed to cattle consuming a high-grain diet.

I nfluence of Fat on Reproductive Performance

The underlying dogma suggests that additional energy from fat increases
reproductive performance; however there is evidence that fat source lgzdigene
impact on reproduction in beef cows. In a meta-analysis, Hess et al. (2002ethdhea
overall pregnancy rate was increased 9.8% for fat supplemented heifersednopa
heifers receiving no supplemental fat. Growth and development of ovarian folletes
increased for beef cows fed supplemental soybean oil (Thomas et al., 1997). Yet,
providing supplemental fat beyond meeting the protein and energy requirements for beef
cows of moderate BCS had no bearing on reproductive performance (Alexander et al
2002).

Supplementation with fat sources containing high levels of 18:2n-6 in the early
postpartum period may have negative effects on reproductive rates. Postpartum
supplementation of high-linoleate safflower seeds (255 g/d of 18:2n-6) increased the
concentration of 18:2n-6 in the oviduct (Scholljegerdes et al., 2007), which potentially
could negatively impact conception rate (Hess et al., 2008). Providing supplefaental

to beef cows prior to breeding is not a recommended management practice to improve



reproductive performance, however moderate levels of fat may be beneficial i
developing replacement heifers (Hess et al., 2008).
Summary and Conclusions

Feeding supplemental fat increases dietary energy density which igamtpar
many cattle production situations. However, performance responses from tienaufdi
dietary fat may be limited due to the sensitivity of the rumen microbial populati
Added fat can have detrimental impacts on forage intake and fiber digestion. Rumen
lipid metabolism is a multi-step process. The initial hydrolysis step ddaveto free
fatty acids and glycerol. The free fatty acids then rapidly undergodioggnation to
form saturated fats as unsaturated fats have toxic effects on some rurainaes
Ruminal bacterial are capabled# novo fatty acid synthesis when dietary fat levels are
low. Fat can alter the extent of fiber digestion several ways: by gdhgrforage
particles and inhibiting bacterial attachment, through the formation of insolubl
complexes, by altering particle surface properties and by decreadiog availability.
Cellulose digestion can be improved by the addition of divalent cations, yet diggstibi
responses are dependent upon the nature of the cation. Degree of depression of fiber
degradation is dependent on type and amount of fat. Adding supplemental fat at 5% of
the diet has proven to be efficacious in increasing dietary energy. Fat suptpksone
can lower metabolizable protein levels. It is important to understand the mechahism
lipid metabolism to ensure that lipids are effectively and efficiemtiginistered to
ruminant animals.

The multifaceted process of lipid metabolism is impacted by various elxéecha

internal factors. Though extensive research has been conducted with fat

10



supplementation, the impacts that it has in ruminant diets will continue to be geditini
with the increasing abundance of ethanol co-products. These feedstuffsharefatg

and protein and the effects and interactions of these products in ruminant dietsswarrant
further investigation. Finally, nutritional practices that include suppleahtaitcan alter
animal performance and should be carefully evaluated in order to avoid the negative

effects that can arise from adding fat to ruminant diets.
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CHAPTER Il

USE OF DRIED DISTILLERS GRAINS IN PRECONDITIONING PROB@RIS FOR
WEANED BEEF CALVES AND SUBSEQUENT IMPACT ON WHEAT PASTURE

AND FEEDLOT PERFORMANCE AND CARCASS CHARACTERISTICS
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ABSTRACT

To evaluate the effects of feeding increasing levels of dried distglains with
solubles (DDGS) during preconditioning, weaned steer (n = 64) and heifer (n = 64)
calves were stratified by BW and allotted to receiving pens for a randdroamplete
block design. Dietary treatments included 0.30, 0.75, 1.20 or 1.65% mean pen BW
DDGS. Throughout 56 d, prairie hay (4.8% CP, 68.8% NDF) waadéidbitum, refusals
were measured weekly. After 56-d, steers calves grazed wheat jestreeentering
the feedlot; heifers were placed in the feedlot. As DDGS level incteABss increased
guadratically P < 0.01), hay intake decreased linea®y(0.01) and G:F improved
quadratically P < 0.01). Wheat pasture ADG was greatest for steers fed the lowest
DDGS level P <0.01) and decreased linearly across treatm@m)01). For steers,
HCW and marbling score increased numerically (linBar,0.13; linearP = 0.12,
respectively) with increasing DDGS during preconditioning. Other medsarcass
characteristics were not influenced by DDGS level for steers orsiéife 0.20).
Though outside of our feeding range, the response function suggested preconditioning
ADG would be maximized with 2.0% BW DDGS for steers, 1.44% BW DDGS
maximized ADG for heifers. Visual symptoms of polioencephalomalacie mar
observed; high levels of DDGS during preconditioning did not influence subsequent
growth performance or carcass characteristics. Calves readdymed DDGS and
DDGS can be included in preconditioning diets at a level which maximizes, but does not
exceed recommended dietary S concentrations.

Key words: Calves, Distillers Grains, Receiving Diets, Stocker and FeedlairRenhce
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INTRODUCTION

It is a common management practice for calves from spring-calving casvtzer
be grown on wheat pasture before feedlot entry in the Southern Great Plains.y In man
instances, calves are weaned 1-2 mo before wheat pasture turnout, resaltdtg60 d
preconditioning growing period. With the recent expansion of the ethanol industry, the
supply of corn dried distillers grains with solubl&GS) has been abundant. Dried
distillers grains with solubles is a high-protein, low-starch, high-grfeegstuff and can
be used in diverse cattle production programs. In this region, low-quabtyefos
abundant; including DDGS to low-quality forage based diets may maximize ARG a
decrease cost of gain during this brief preconditioning period.

Previous studies with DDGS in backgrounding programs that utilized a variety of
grazed forages showed increased ADG and decreased forage intake. Supptenoéntat
DDGS, up to 0.95% BW, to calves grazing low or high-quality forage indicated ADG
increased linearly and forage intake decreased linearly with incrdaBiG$ level
(Morris et al., 2005). Similar responses were observed in ADG and forage intake in
yearling steers grazing native summer range and supplemented withimgieasls, up
to 1.03% BW DDGS; subsequent feedlot performance or carcass traits were not
influenced by DDGS supplementation (Morris et al., 2006). Gustad et al. (2006) reported
ADG increased quadratically for weaned calves grazing corn residu2@$ D
supplementation levels up to 1.27% BW.

The concentration of S in DDGS is moderate to high; excessive dietary S can

cause S-induced polioencephalomalacia (Niles et al., 2002). A high level of S intake
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during the finishing phase can reduce growth and efficiency (Loneragan et al., 2001)

There is little data available (Morris et al., 2006) evaluating potehtigéring

symptoms of polioencephalomalacia during the finishing phase, afterleatdebeen

exposed to relatively high dietary S by feeding DDGS during preconditioning.

Objectives of this study were to evaluate feeding increasintslet®DGS in a

preconditioning program for weaned calves fed low-quality prairigddgtermine

effects on growth performance and hay intake during preconditioning, and subsequent

growth performance and carcass characteristics during stockenasihfy phases.
MATERIALS AND METHODS

Animals

Steers. All procedures for this experiment were conducted with an approved
Oklahoma State University Animal Care and Use protocol. Spring-born English x
Continental beef steer calves (n = 64; initial BW = 197 £ 25 kg) were weaned at the
Oklahoma State Range Cow Research Center, North Range Unit on September 26, 2006
and transported to the Willard Sparks Beef Research Center, Stillwater, QieaAing,
calves were weighed and vaccinated with Ultra Choice 7 (Pfizer Animath Blsw
York, NY) and Bovi-Shield Gold 5 (Pfizer Animal Health).

Upon arrival at the Sparks facility, calves were subject to a 6 d adaptatiod. per
During this period, calves were sorted into two 24 x 30 m pens and were fed 0.68 kg
DDGS or approximately 0.30% BW daily and provided prairie dahlybitum
(composition provided in Table 1). Following the adaptation period, calves were
weighed after 16-hr removal from water and feed and this BW was dtdéne trial

allocation weight. Calves were re-vaccinated with Bovi-Shield Gold 5eiPAiaimal
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Health) and were de-wormed with lvomec injectable (Merial, Deluth, GA) on d 1ér Af
the 56 d preconditioning period, cattle were fed a receiving diet (15% CP; 81%TDN; D
basis) at 2.0% BW for 7 d to equalize rumen fill. Following this 7 d period, cattle were
weighed and this BW was used to calculate final preconditioning BW and penftgma

Heifers. All procedures for this experiment were conducted with an approved
Oklahoma State University Animal Care and Use protocol. Data for this sty
collected over a 2 yr period. In yr 1, spring-born English x Continental beef baivess
(n = 32; initial BW = 185 * 20 kg) were weaned at the Oklahoma State Range Cow
Research Center, North Range Unit on September 26, 2006 and transported to the
Willard Sparks Beef Research Center (Stillwater, OK). In yr 2bf@ih English x
Continental beef heifer calves (n = 32; initial BW = 175 + 24 kg) were weaned at the
Oklahoma State Range Cow Research Center, North Range Unit on April 1, 2008 and
were transported to the Willard Sparks Beef Research Center. At weacingeea,
calves were weighed and vaccinated with Ultra Choice 7 (Pfizer Animath Blsw
York, NY) and Bovi-Shield Gold 5 (Pfizer Animal Health).

Upon arrival at the Sparks facility each year, calves were subjeé tb a
adaptation period. During this period, calves were sorted into two 24 x 30 m pens and
were fed 0.68 kg DDGS or approximately 0.30% BW daily and provided prairiachay
libitum (composition provided in Table 1). Following the adaptation period, calves were
weighed after 16-hr removal from water and feed and this BW was utilized &sal
allocation weight. Calves were re-vaccinated with Bovi-Shield Gold 5eiPAizimal
Health) and were de-wormed with lvomec injectable (Merial, Deluth, GA) on d 1é4r Aft

the 56 d preconditioning period, cattle were fed a common receiving diet (15% CP;
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81%TDN; DM basis) at 2.0% BW for 7 d to equalize rumen fill. Following this 7 d
period, cattle were weighed and this BW was used to calculate final precoindi BW
and performance.
Treatments and Diet Delivery

Following the adaptation period, calves were blocked by BW and randomly
allotted to receiving pens (4 animals/pen, 4 pens/treatment). Treatmemtettie
following feeding levels of DDGS: 1) 0.30% BW; 2) 0.75% BW; 3) 1.20% BW, 4)
1.65% BW. The upper treatment level was selected to maximize DDGS intakenothile
exceeding the maximum tolerable dietary S concentration (0.40% of diet DM)
recommended by NRC (1996). The remaining three DDGS levels were assigned as
equally spaced increments from the upper level of DDGS. Cattle wegbedetvery 14
d throughout the 56-d period, and amount of DDGS fed was subsequently adjusted
according to mean pen BW. A monensin containing vitamin and trace mineral
supplement (20% Ca; 3.50% P; 20.5% NaCl; 1.0% Mg; 1,000 ppm Cu; 26 ppm Se; 2,400
ppm Zn; 136,000 IU/kg Vitamin A; 13,600 1U/kg Vitamin D; 45 1U/kg Vitamin E; DM
basis; Vigortone Ag Products, Hiawatha, 1A) was mixed with DDGS and pb\Lide
mg/animal/d of monensin. The vitamin and mineral supplement was fed at a raté¢ to mee
the NRC (1996) requirements for growing cattle. Calvesaddibitum access to prairie
hay and water throughout the trial. Average nutrient composition of prairie hay and
DDGS for year 1 and year 2 are provided Table 1. Step-up of DDGS feeding cbnsiste
of increments of 0.91 kg/d until the appropriate feeding level was achieved. Pens
provided 4.6 nof bunk space that was divided in half with concrete bunk dividers. Hay

was provided in one-half of the bunk and DDGS was delivered in the remaining portion.
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Hay Intake, DDGS Intake and Nutrient Analysis

Distillers grains offered and any refusals were weighed daily tordiete DDGS
intake. Hay intake was measured directly; unconsumed hay was colléeteddcout of
pens and weighed 1x per wk to estimate hay intake. Sub-samples of dietargriteatm
hay and orts were dried at 50°C for 48 hr for determination of DM. Prior to laboratory
analysis, hay was ground in a Wiley Mill (Model-4 Thomas Scientific, Svabede, NJ)
to pass a 2-mm screen. Hay and DDGS were composited by pen and composite sub-
samples were analyzed for ash, crude fat, crude protein, acid detergeanfimeutral
detergent fiber. Neutral detergent fiber and ADF content were detatrasing an
ANKOM Fiber Analyzer (ANKOM Technology, Macedon, NY). Crude protein was
determined using a Leco NS-2000 Nitrogen Analyzer (Leco Corporation, St. Joseph, MI)
and crude fat was determined by ether extraction (AOAC, 1996).
Cattle Management Following Preconditioning

Steers. Steers were placed on wheat pasture at the Oklahoma State University
Wheat Pasture Research Unit near Marshall, OK on December 4, 2006. Priortto whea
pasture turn-out, steers were implanted with Component E-S (VetLife, Deedldh).
Steers grazed wheat pasture until April 11, 2007 and were then placed on feed at the
Willard Sparks Beef Research Center, Stillwater, OK until July 18, 2007. A#dtwhe
pasture BW measurements were obtained following overnight removal of steers f
feed and water. Upon arrival at the Sparks facility steers were implariteRevalor-S
(Intervet/Schering-Plough, Millsboro, DE). At the completion of the feeding period,

cattle were weighed and a 4% pencil shrink was applied to determine final #éfs S
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were transported 333 km to Tyson Fresh Meats, Emporia, KS for harvest. Cataass da
were collected following a 24-h chill and included 12th-rib fat thickness;ri2th
longissimus muscle area, KPH, marbling score and quality grade. Begacallected by
Kansas State University Meat Science personnel.

Heifers. In yr 1, heifers were placed directly on feed at Wheeler Brothers
Feedyard in Watonga, OK on December 4, 2006 and were on feed through June 6, 2007.
Heifer calves were implanted with Revalor-IH (Intervet/ScheRtgigh) upon arrival at
the feedyard and were re-implanted 75 d later with Revalor-H (Intervati§f#&ough).

At the completion of the feeding period, cattle were weighed and a 4% pend wias
applied to determine final BW. Heifers were transported 499 km to Tyson Fresyy Mea
Emporia, KS for harvest. Carcass data were collected following a 24+arathincluded
12th-rib fat thickness, 12th-rib longissimus muscle area, KPH, marbling acdrguality
grade. Data were collected by Kansas State University Meat Sg@ersmnnel.

The data included in this study for heifers in yr 2 is only frobengreconditioning
phase. Due to uncontrollable circumstances, we were not able to atgumate data on
finishing performance or carcass characteristics of heifer calwg2i.

Statistical Analysis

Steers. All data for this study were analyzed using the MIXEDqgedure of SAS
(SAS Inst. Inc., Cary, NC) for a randomized complete block design prfeconditioning
phase data, treatment and block were included in the model aseffestis and pen
served as the experimental unit. Treatment means were sepasihg linear and
guadratic orthogonal polynomial contrasts across feeding levédOGS. To analyze

data for growth performance following the preconditioning phase anzhssa data,
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individual animal was the experimental unit and treatment meares se@arated using
linear and quadratic orthogonal polynomial contrasts with respentteasing feeding
levels of DDGS during the preconditioning phase. For all analydiferaetices in
treatment means were assessed=a0.05.
Heifers. Data for this study were analyzed using the MIXED procedui®AS

(SAS Inst. Inc.) for a randomized complete block design. For precaomdg phase
data, treatment and block were included in the model as fixedse#adtpen served as
the experimental unit. Year was included in the model as a raaffent. For carcass
data analysis, individual animal was the experimental unit anthmiee&d means were
separated using linear and quadratic orthogonal polynomial contrabtgespect to
increasing feeding levels of DDGS during the preconditioningg@hdr all analysis,

differences in treatment means were assessed 8t05.

RESULTS AND DISCUSSION

Preconditioning Phase

Preconditioning performance for steers is reported in Table 2 and pooled data for
heifer performance in yr 1 and yr 2 are provided in Table 3. As level of DDG&sed e
ADG improved quadratically} < 0.01). Second derivative calculations of the response
function indicated that, although outside of our feeding range for steers, ADG was
maximized at 2.0% BW of DDGS and 1.44% of BW for heifers. Similar to our response,
ADG was improved quadratically with respect to increasing feedingsl@¥&DGS for
steer calves grazing corn residue (Gustad et al., 2006). In contrast whtindmgs, the

upper feeding level of DDGS in the report by Gustad et al. (2006) was 1.27% BW and
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authors indicated that 1.1% of BW of DDGS maximized ADG. In other studies ddsign
similar to ours in which calves consuming high-forage diets were fed incréagahsg of
DDGS, linear responses in ADG were observed when the maximum feeding level of
DDGS was approximately 0.95% or 0.61% (Morris et al., 2005; MacDonald et al., 2007).
Compared to our results, the lack of a quadratic effect in each of these twonexyperi
can be contributed to a higher maximum feeding level of DDGS in our study.

A guadratic response in gain efficiency was obseri?zed@.01) for both steers
and heifers, and gain efficiency was maximized at 1.50% BW of DDGS for ate®rs
1.36% of BW of DDGS for heifers. Furthermore, when expressed as a percentage of
mean trial BW, prairie hay intake decreased lined&ly 0.01). Using regression
calculations, for every 1.0 kg of DDGS that was consumed, prairie hay intakesgekcrea
0.34 kg for steers @& 0.90) and 0.29 kg for heifers{R 0.96) (Figures 1 and 2 Total
DMl increased linearlyR < 0.01) as level of DDGS increased. Similar to our findings,
when forage intake was measured directly, Morris et al. (2005) reported #kat afit
low-quality forage was reduced by 0.32 kg for every kg of DDGS fed, and thsra wa
greater magnitude in reduction of forage intake (0.53 kg per kg of DDGS) for calves
consuming high-quality forage. Loy et al. (2007) indicated that supplementation of
DDGS at 0.4% BW to medium-quality forage (8.2% CP, 56% in vitro OM
disappearance) reduced hay DMI 0.22% of BW compared to no supplementation.
Likewise, when forage intake was calculated based on NE equations (NRC, 1996),
feeding DDGS at incremental levels up to approximately 0.60% BW, MacDondld et a
(2007) speculated that intake of smooth bromegrass pasture would be decreased by 0.50

kg for every kg of DDGS consumed.

25



Compared to feedstuffs that are traditionally provided as supplements to forage
diets, the fat content of DDGS is high. Previous research has pointed out the negative
effects of high fat levels on forage intake and digestibility (Moore et al., 198&ney
et al., 2000; Hess et al., 2001). Further, in a recent review, Hess et al. (2008) indicated
that in order to optimize forage utilization, supplemental fat intake should resaAcs-
5.0% of DM. In our study, when expressed as a percentage of average DMaKat i
was 2.08%, 4.09%, 5.30%, and 6.21% across increasing levels of DDGS, respectively.
Based on these percentages, which represent the average among steafsranthe
additional fat from DDGS could contribute to the reduction in forage intake that we
observed.

Beyond dietary fat levels, forage intake is influenced by energy intakéation
to intake of CP as microbial growth may be limited by N when the concentration of
fermentable OM is increased (Horn and McCollum, 1987). In an effort to maméycle
define the effects of supplementation on forage intake, Moore et al. (1999) concluded that
forage intake was reduced when supplemental TDN intake was > .7% of BW. In our
study, when expressed as a percentage of mean feeding BW and mean DDG&etake
intake of TDN, averaged among steers and heifers corresponded to 0.23, 0.54, 0.83, and
1.11% of BW with respect to increasing level of DDGS. A large contributionesyg
in DDGS is from the rapidly fermented, non-structural carbohydrate fradtics.
apparent that both fat intake and energy intake were limiting forage intakenean li
fashion with respect to increasing levels of DDGS. Together, the reductiorage

intake and increase in cattle performance as a result of feedingsingréavels of DDGS
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may be an important management practice in a variety of scenarios, when odsber
to increase stocking density, when hay price is high, or when forage avilisdibw.
Additionally, in comparison to feedstuffs that are traditionally supplemented to
cattle consuming low-quality forage such as cottonseed meal, the pgecehta
degradable intake protein is substantially lower in DDGS (Winterholler,&Qf18). In
low-quality forage diets, degradable intake protein is a key component in growth of the
rumen microbial population as it relates to increasing digestibility andatitliz of the
forage (McCollum and Galyean, 1985; Koster et al., 1996; Bandyk et al., 2001).
Intuitively, it could be speculated that due to the added energy and low concentration of
degradable intake protein in DDGS that metabolizable protein could be limited and
detrimental to growth performance and forage utilization. Yet, the addition of urea to
DDGS to meet requirements for degradable intake protein for heifers consueuingm
quality forage (7.4% CP, 58.1% TDN) did not influence ADG or gain efficiency
compared to heifers receiving DDGS only (Stalker et al., 2007). These resgarcher
speculated that ruminal N recycling in heifers consuming DDGS withoutesupptal
degradable intake protein was sufficient to meet microbial demands (Stadke2€07).
Different from this, N recycling was not observed with DDGS supplementet
wether lambs consuming chopped bromegrass hay (8.44% CP) as measured by urea N
flux Archibeque et al. (2008), which could be attributed to the stage of production as
these lambs were mature and required no additional nutrients above maintenance.
However, in the same study, DDGS supplementation to chopped bromegrass hay
increased the releasewfimino N by the portal drained viscera; together with other

nutrient flux data, evidence was provided tira@mino N utilization was increased by
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DDGS compared to corn (Archibeque et al., 2008). Based on our findings as well as data
from others, it is evident that DDGS supplementation to low-quality forageeistie#,

but more research is needed to more clearly understand how the ruminant utilizes this
feedstuff when consumed in high-forage diets.

Calculations with the NRC (1996) model using the mean feeding BW for both
steers and heifers in the present study, feeding DDGS at 1.65% of BW metmensre
for degradable intake protein whereas other levels feeding levels of DBE&S
deficient. The ADG for steers consuming 1.65% BW of DDGS was 1.27 kg and was
0.87 for heifers. To evaluate metabolizable protein concentrations of the dietsgifer ste
to gain 1.3 kg/d, and for heifers to gain 1.0 kg/d, both steers and heifers consuming
0.30% BW DDGS were deficient in metabolizable protein but other feeding leveeé
adequate. Itis interesting that ADG was optimized at 1.44% BW of DDGS forsheife
and according to the NRC (1996) model, were deficient in degradable intake protein,
suggesting N recycling was adequate to meet microbial requirements, bk mce di
observe a similar response in steers.

Exposure to high levels of S can induce polioencephalomalacia (Jeffrey et al.,
1994). In finishing diets, ADG, G:F and some carcass characteristicsgatvely
impacted by high S intake (Zinn et al., 1997; Loneragan et al., 2001). In our study, by
experimental design, S intake did not to exceed 0.40% of diet DM (NRC, 1996). For
steers fed DDGS at 1.65% BW, the maximum S intake, calculated from intake & DDG
at the end of the preconditioning period was equal to 0.38% of diet DM. We observed no

symptoms of S induced polioencephalomalacia at this level. However, nutrient
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composition of DDGS is highly variable and should be closely monitored to avoid
potential detrimental effects.
Wheat Pasture Phase

Data for wheat pasture performance is provided in Table 4. For steersatteat gr
wheat pasture following the preconditioning period, ADG decreased lineadyelof
DDGS during preconditioning increasd®l< 0.01). Average daily gain of steers grazing
wheat pasture was reduced by 0.16 kg for each 1 kg/d increase in preconditioning gain.
Steers fed 0.30% BW of DDGS during preconditioning exhibited the greatest level of
compensatory growth while grazing wheat pasture; however, BW at the endl@Btde
wheat pasture grazing period was 34 kg greater for steers fed 1.65% of B¢/ dur
preconditioning (Figure 2). Similarly, White et al. (1987) indicated that nutrient
restricted calves had greater ADG during a subsequent grazing phasalwkamdthout
nutrient restrictions.

Though we were not able to measure gain efficiency during the wheat pasture
phase, it has been well documented that following a period of nutrient resttldt rate
of gain and gain efficiency are increased by re-feeding (Fox et al., 197h<dtlal.,
1991). Sainz et al. (1995) indicated that compensatory growth rate is related to several
mechanisms, but reported that increased DMI was the most significant variable. T
dramatic increase in growth rate of calves fed the lower levels of DId@&Y
preconditioning while on wheat pasture might be attributed to greater DMI and

subsequent increase in protein and energy intake while grazing wheat pasture.
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Feedlot Performance and Carcass Characteristics

Data for feedlot performance and carcass characteristics fas atekheifers are
provided in Tables 5 and 6, respectively. For steers, initial and final BW linearly
increased with respect to feeding level of DDGS during preconditioRirg)(05) but
did not influence ADGR = 0.21). Although final BW of heifers was not impacted by
level of DDGS during preconditioning® & 0.53), ADG during the finishing phase
decreased linearly with respect to increasing levels of DDGS duringnglidoaing P =
0.05). The increase in feedlot ADG in heifers can be attributed to compensatotty grow
(White et al., 1987, Sainz et al., 1995; Choat et al., 2003). Further, it is interesting that
despite dramatic increases in BW on wheat pasture by steers fed 0.30% B®/ DDG
during preconditioning, there was a linear increase in final BW with respecté¢asnmg
levels of DDGS during preconditioning. This indicates that the substantial neatpey
growth that was exhibited by the steers fed 0.30% BW of DDGS during preconditioning
was not great enough to overcome nutrient restriction during the preconditioninggrowin
phase.

Although we were unable to calculate a measurement of gain efficiency during
the finishing phase, in some production systems, cattle producers take advantage of
nutrient restriction early in the growing phase to obtain more efficiedidiegain
(Drouillard and Kuhl, 1999). Though steers fed 1.65% BW during preconditioning were
heavier after the finishing period, steers fed 0.30% BW may have been maenefii
converting feed to gain. Despite the potential for more efficient feedlus bgisteers
fed DDGS at levels lower than 1.65% BW, in our study, there was greaterputeiitial

for those steers kept on the high plane of nutrition throughout the growing phasgeas the
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steers were the heaviest at the end of the finishing period, and HCW and msobtiag
were numerically greater (lined?,= 0.13 and® = 0.12, respectively) in relation to
feeding levels of DDGS.

For steers, other carcass variables were not influenced by feeding |BRD&
during preconditioningR > 0.20). All measured variables for carcass characteristics
were similar in heifersR > 0.20). Previous research with feeding increasing levels of
DDGS, up to 1.03% of BW as a supplement to yearling cattle grazing native range
indicated that level of DDGS supplementation did not influence feedlot performance or
carcass characteristics (Morris et al., 2006). However, we are unavheostudies
that have measured the effects of including DDGS during preconditioning (up to 1.65%
BW) on feedlot performance and carcass characteristics. In a recaramadysis,
Klopfenstein et al. (2008) indicated that some feedlot performance measurescasd ca
characteristics were decreased by the inclusion of 40% of diet DM of DD@#simrig
diets. We report no potential carryover effect of high levels of DDGS during
preconditioning on these variables.

As mentioned earlier, high S concentrations during the finishing phase was
detrimental to ADG and G:F (Zinn et al., 1997 and Loneragan et al., 2001). Even though
we did not exceed the NRC (1996) recommendations for dietary S concentration during
preconditioning, we are aware of no research which has evaluated potentialdingerin
effects of exposure to high S levels during the preconditioning phase on subsequent
feedlot performance. For steers, measuring the direct effects ofl 8uene
preconditioning on feedlot performance was confounded by the wheat pasture grazing

period. However, for heifers fed 1.65% of BW during preconditioning, it was apparent
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that an average S consumption of 0.28% of daily DMI did not influence feedlot
performance or carcass characteristics.
IMPLICATIONS

Corn dried distillers grains may be incorporated into the rations of weaned calve
up to 1.65% of BW with no negative effects on subsequent growth performance or
carcass characteristics. Although we indicated that 2.0% of BW madiR2& for
steers, we do not recommend feeding this level due to the potential negatisedaéffect
feeding beyond the recommendation for dietary S concentration. To avoid excess S, the
nutrient composition of DDGS should be closely monitored, and the S concentration of
water and the total diet should be accounted for. Additionally, producers can utilize
DDGS to manage forage intake in times when forage availability is l@@sbiis high,
but the economic feasibility of feeding DDGS should be assessed with respect to

transportation costs as well as fluctuations in feed prices.
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Table 1. Average nutrient composition of dried distiller's grains with solubles
and prairie hay

Year 1 Year 2
ltem (DM basis) DDGS Prairie Hay DDGS  Prairie Hay
Crude protein, % 33.2 5.9 30.6 54
ADF, % 17.6 43.9 16.2 46.3
NDF, % 44.8 67.4 35.8 74.8
Crude fat, % 10.6 1.7 13.2 1.9
TDN, % 82.7 55.0 81.0 52.0
Ca, % 0.03 0.63 0.05 0.52
P, % 0.78 0.07 0.86 0.05
S, % 0.52 0.08 0.59 0.08

'Dried distillers grains with solubles
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Table 2. Effect of level of DDGS during preconditioning on performance and hay intake o$teee$

Percentage of BW of DDGS P-value
Item 0.30 0.75 1.20 1.65 SEM Linear  Quadratic
Initial wt, kg 198 197 198 196 19.94
Final wt., kg 229 249 260 267 20.5 <0.01
Total gain, kg 30 52 62 71 <0.01
56 d ADG, kg 0.54 0.93 1.10 1.27 0.02 <0.01
Avg. daily hay intake, kg 4.24 4.19 3.56 3.37 0.17 <0.01
Hay intake as percent BW 1.97 1.87 1.54 1.44 0.07 <0.01
Avg. daily DDGS, kg 0.67 1.63 2.61 3.49 0.001 <0.01 <0.01
Total DMI, kg 4.90 5.82 6.17 6.86 0.17 <0.01
Gain:feed 0.11 0.16 0.18 0.19 0.02 <0.01

'Dried distillers grains with solubles
“Hay intake expressed as percentage of average trial weight

Table 3. Effect of level of DDGS during preconditioning on performance and hay intake ohéiéerfs

Percentage of BW of DDGS P-value
Item 0.30 0.75 1.20 1.65 SEM Linear Quadratic
Initial wt., kg 174 175 175 174 9.66 0.98 0.51
Final wt., kg 194 217 231 229 10.67 <0.01 <0.01
Total gain, kg 20 42 56 55 2.47 <0.01 <0.01
56 d ADG, kg 0.32 0.67 0.88 0.87 0.04 <0.01 <0.01
Avg. daily hay intake, kg 4.03 3.81 3.55 3.21 0.20 <0.01 0.47
Hay intake as percent BW 2.12 1.91 1.72 157 0.07 <0.01 0.63
Avg. daily DDGS, kg 0.44 1.12 1.76 2.36 0.35 <0.01 0.82
Total DMI, kg 4.47 4.93 5.32 5.56 0.45 <0.01 0.60
Gain:feed 0.08 0.15 0.19 0.18 0.01 <0.01 <0.01

Dried distillers grains with solubles
“Hay intake expressed as percentage of average trial weight
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Table 4. Effect of level of dried distillers grains with solubles during the precanditg phase
on performance of steers on wheat pasture

Percentage of BW of DDGS P-value
Item 0.30 0.75 1.20 1.65 SEM Linear  Quadratic
Initial BW, kg 221 247 259 266 7.29 <0.01 0.18
Final BW, kg 397 419 418 431 8.91 0.01 0.63
Total gain, kg 176 172 159 165 5.17 <0.01 0.12
128 d ADG, kg 1.38 1.34 1.24 1.29 0.03 <0.01 0.12

Dried distillers grains with solubles

Table 5. Effect of dried distillers grains with solubles during the preconditioningepbasteer
feedlot performance and carcass characteristics

Percentage of BW of DDC* P -value
Item 0.30 0.75 1.20 1.65 SEM Linear Quadratic
n= 16 16 16 15 -- -- --
Initial wt., kg 406 429 429 445 8.78 <0.01 0.69
Final wt., kg 565 585 580 598 9.91 0.04 0.91
Total gain, kg 159 156 151 153 4.05 0.22 0.55
97 d ADG, kg 1.64 1.61 1.55 1.58 0.04 0.21 0.55
Hot carcass 361 377 367 380 6.86 0.13 0.77
Dressing percent 63.86 64.47 63.35 63.550.53 0.39 0.60
Marbling scoré 533 525 535 580 21.4 0.12 0.22
12" rib-fat, cm 1.02 1.12 1.24 1.04 0.08 0.57 0.11
Ribeye area, cf 85.94 89.99  87.03 90.97 2.39 0.27 0.96
KPH, % 2.25 2.38 2.34 2.30 0.07 0.72 0.26
USDA yield grade 2.7 2.8 2.9 2.7 0.16 0.91 0.32

'Dried distillers grains with solubles
2Small (low choice) = 500
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Table 6. Effect of dried distillers grains during preconditioning on heifer feedldopaance and
carcass characteristics (yr 1)

Percentage of BW of DDC* P-value
Item 0.30 0.75 1.20 1.65 SEM Linear Quadratic
n = 6 8 8 7 -- -- --
Initial wt., kg 201 231 244 243 8.72 <0.01 0.10
Final wt., kg 496 492 500 507 14.5 0.53 0.69
Total gain, kg 295 261 256 264 10.5 0.05 0.05
ADG, kg 1.57 1.38 1.36 1.40 0.05 0.05 0.05
Hot carcass weight, kg 323 319 320 326 9.99 0.78 0.57
Dressing percent 65.16 64.83 63.95 64.32 0.59 0.22 0.55
Marbling scoré 653 593 685 633 41.1 0.87 0.92
12" rib-fat, cm 1.50 1.52 1.45 1.45 0.13 0.69 0.99
Ribeye area, cfn 81.09 78.64 77.74 80.39 3.94 0.87 0.53
KPH, % 2.17 2.31 2.31 2.29 0.17 0.66 0.62
USDA vyield grade 3.1 3.2 3.2 3.1 0.24 0.94 0.74

Dried distillers grains with solubles
’Small (low choice) = 500
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Figure 1. The partitioning of DM intake during preconditioning for steers, measured
directly. Prairie hay intake decreased linearly as level of dried distgtains with

solubles increased (< 0.01); the substitution of DDGS for prairie hay was 0.34 kg.
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Figure 2. The partitioning of DM intake during preconditioning for heifers, measured
directly. Prairie hay intake decreased linearly as level of dried distgtains with

solubles increased (< 0.01); the substitution of DDGS for prairie hay was 0.29 kg.
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Figure 3. The effect of feeding level of dried distillers grains with solubles on the
partitioning of preconditioning and wheat pasture gain. Gray bars represegaiotaf
steers during the wheat pasture period and black bars represent totdlgjaers during
the preconditioning period. Total gain for preconditioning increased linedtiy@spect
to increasing level of dried distillers grains with solubRs(0.05). Total wheat pasture

gain linearly decreased as feeding level of distillers during preconditiovérepsedR <

0.05).
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CHAPTER Il

IN STU RUMINAL DEGRADATION CHARACTERISTICS OF BYPRODUCT

FEEDSTUFFS FOR BEEF CATTLE CONSUMING LOW-QUALITY FORAGE
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ABSTRACT: Eight ruminally cannulated steers (BW = 753 + 48 kg) were used to
evaluatan situ N, NDF and DM degradation characteristics of byproduct feeds and their
application for beef cows consuming low-quality forage. Experimental fefésist

included (DM basis) 1) extruded-expelled cottonseed meal (ECSM; 33% CP and 55%
NDF), 2) extruded-expelled cottonseed meal with linters (ECSML,; 25% CP and 41%
NDF), 3) dried distiller’s grains with solubles (DGS; 33% CP and 36% NDF), 4)rdelve
extracted cottonseed meal (CSM; 43% CP and 29% NDF), and 5) a blend of 76% wheat
middlings with 18% CSM (WMCSM; 23% CP and 40% NDF). Steers were fed chopped
prairie hay (4.8% CP, 69% NDF; DM bas#s) libitum and received 0.38 kg/100kg BW
WMCSM daily. In situ degradation kinetics of N, NDF and DM components included
the following fractions: A (immediately soluble), B (potentially deghdela and C
(undegradable). Calculated rumen degradable protein (RDP) for ECSM was tls highe
among all feedstuffs (83.8%;< 0.01), which was comprised of a large A fraction of N
(41%). Similar RDP values were observed for DGS and ECSML (50.7%, and 50.9%,
respectivelyP = 0.93). The B fraction N for ECSML was large (88.9%); however, most
of this was unavailable for ruminal degradation. The amount of RDP in CSM and
WMCSM was similar (78.2% and 73.5%, respectively; 0.12) though the A fraction

of N was greater for WMCSM compared to CSRIS0.01). Degradability of NDF was
greatest® < 0.01) for DGS (67.4%) and was simil& £ 0.48) for WMCSM and CSM
(54.5% and 57.0%, respectively). The lowest degradability of NDF was calcwated f
ECSM (29.3%§P < 0.01), attributed to a high lignin value (13.3%, DM). Degradability

of DM was greatest< 0.01) for CSM and WMCSM (63.7 and 59.4%, respectively)

and lowest P < 0.01)for ECSM (36.5%) and ECSML (40.6%). Ruminal N degradation
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characteristics of ECSM were similar to more traditional supplencentsining CSM
and WMCSM. The RDP for ECSML and DGS N was low compared to other feedstuffs,
indicating these feeds may need to be blended with other ingredients contaiateg gre

concentrations of degradable N, particularly in situations where forage R®#. is

Key Words: in situ disappearance kinetics, distiller’s grains, extruded cottonseed meal
INTRODUCTION

Recent expansion of the biofuels industry has increased the quantity and
accessibility of byproduct feedstuffs. Presently, large quantities of deglliedis grains
with solubles PGS; 33% CP and 10% fat), a byproduct of corn-based ethanol production
are available for beef cattle producers for use in a wide variety of prodsctenarios.

In addition, the production of cottonseed oil for use as a biofuel feedstock has ithcrease
Some modern processing plants have adapted mechanical extracting techniques to
remove oil from whole cottonseed. Byproducts from this processing technique include:
delinted, extruded-expelled cottonseB€LEM; 33% CP and 6.7% fat; DM basis) or
extruded-expelled cottonseed meal with lint&€HML; 25% CP and 10.1% fat).

It is widely accepted that supplementing relatively small quantities ofrrume
degradable proteifRDP) is an effective method to increase forage intake and utilization
and to maintain BW and condition when forage quality is low (McCollum and Galyean,
1985; DelCurto et al., 1990a; DelCurto et al., 1990b; Marston et al., 1995; Banta et al.,
2006; Steele et al., 2007). Cottonseed meal and wheat mid@dys are commonly
supplemented individually or in combination as the primary ingredients in conaierci
feed formulas throughout the Southern Great Plains. Limited evidence subgests t

ECSM and ECSML could be similarly used to supply RDP to forage fed cattlee(Mey
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al., 2001). Conversely, protein from DGS is moderately degradable in the rumerr (Walle
et al., 1980; Ham et al., 1994; MacDonald et al., 2007).

Knowledge of the relative degradation characteristics of these feedsadal for
the purpose of developing efficacious supplements for cattle fed low-qualigefora
Therefore, the objectives of this study were to characterize the N, NdDBM in situ
degradation kinetics of commonly used protein sources alongside byproduct feedstuff
derived from the biofuels industry.

MATERIALS AND METHODS

Production of Byproduct Feedstuffs

The ECSM used in this study was produced at Hollybrook Cottonseed Processing
in Lake Providence, LA. Whole, raw cottonseed was first mechanicalhtekiand then
passed through the extruder (Insta-Pro, Des Moines, 1A) for approximatelyea@ising
a temperature of 12C. After exiting the extruder, cottonseed meal was pressed (Insta-
Pro) for approximately 30 s and meal temperature upon exiting the press was
approximately 104C. Finally, the meal was ground in a hammer mill to decrease
particle size and improve uniformity. Cooling of the meal was achieved by blowing a
across the conveyer at room temperature as the meal was transportedyé stora

The ECSML used in this study was produced at Motley Mill in Roaring Springs,
TX. Whole, raw cottonseed was first extruded (Insta-Pro), reaching artaomgeof
121°C and temperature upon exiting the press was approximatel¢ 1@ooling of

ECSML was by air flow and transport to storage room.
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The corn dried distiller’s grains with solubles were produced at East Kandas Agr
Energy in Garnett, KS with 100% of solubles added back to the dried distiller's grain. A
detailed description of DGS production is provided by Davis (2001).

In situ Experimental Procedures

Animals. This experiment was conducted at the Nutrition and Physiology Barn
located on campus at Oklahoma State University in accordance with an approved
Oklahoma State University Animal Care and Use Committee protocol. Eight tlymina
cannulated crossbred steers (BW = 753 + 48 kg) were used to evalsitualegradation
properties of supplemental feedstuffs. Steers consumed chopped prairie hay (5 cm; 4.8%
CP, 69% NDF; DM basisyd libitum and were individually supplemented once daily
with 0.38 kg/100 kg BW of a 76% WIdnd 18% solvent-extracted cottonseed meal-
based supplemeni(MCSM ) to meet the energy requirements for maintenance and
degradable intake protein (NRC, 1996). Composition of the experimental dietary
components is provided in Table 2. Steers had continuous access to fresh water. Steers
were fed once daily at 0800, and were adapted to this diet for 10 d prior to the initiation
of thein situ experiment.

Feedstuffs. Thein situ procedures used in this experiment were adapted from
Vanzant et al. (1998). Dacron bags (Ankom Technology, Macedon, NY; 10 x 20 cm, 53 + 15
Km pore size) were labeled with a waterproof permanent marker and bagwasght
recorded. All samples were ground in a Wiley Mill (Model-4, Thomas Scientifi
Sweedesboro, NJ) to pass a 2-mm screen before being weighed into dacromkegs (A
Technology). Five grams (as-fed) of WMCSM, solvent-extracted cottonseadGsM),

DGS, ECSM and ECSML were weighed in duplicate into dacron bags and weredheadt se
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Prior to ruminal insertion, bags were soaked in tepid wat€CfFar 20 min to remove
water soluble fractions and reduce wetting lag time. Following the wettaggure, all
bags (except 0 h) were inserted into the ventral rumen under the ruminal magsh a m
laundry bag in reverse order. Across the 96 hr incubation period, bags were inSE9{l at
ond 1; 1900 on d 2; 1900 on d 3; 0700 and 1900 on d 4; and 0300, 0700, 1100, 1300, 1500,
1700 on d 5. These times of insertion correspond to incubation times of 96, 72, 46, 36, 24,
16, 12, 8, 6, 4, and 2 h, respectively. After removal from the rumen, bags were rinsed with
39°C water to remove particles adhering to the outside of the bags and the 0-hr sasiple bag
were rinsed immediately after soaking in tepid water. All bags wenewhshed in a
washing machine on the delicate setting for a 1-min rinse and a 2-min sgraoydhis
sequence was repeated 10 times with maximum load of 100 bags. Following rinsing, bags
were oven dried at 8G for 72 h. Dried sample bags were allowed to equilibrate with
atmospheric conditions for 60 min at room temperature prior to further analysiscdbeipl
feed residue samples from each incubation time were composited within indsteleraand
sub-samples from each composite were analyzed for DM after drying seahpl@dC for
24 h.

Feed samples and feed residue samples were analyzed for N content usingR:Leco F
2000 N Analyzer (Leco Corporation, St. Joseph, MI) and NDF content using an ANKOM
Fiber Analyzer (ANKOM Technology). Feed sample ADF content was detednusing an
ANKOM Fiber Analyzer (ANKOM Technology) and feed sample lignin conegion was
determined by digesting ADF residue in 72% sulfuric acid for 3 h (AOAC, 1996). Ether
extraction (AOAC, 1996) was used to determine crude fat concentration of fegleésam

Nonfiber carbohydrate (NFC) concentration was determined by summing DMntoateons
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of CP-free NDF, CP, EE and ash, and then subtracting from 100 (NRC, 2001). Correction for
microbial contamination of feed residue samples was performed using thdyresce

described by Mass et al. (1999). Briefly, Mass et al. (1999) indicated that nmginyDF

solution removed potential N associated with the microbial population. To make this
correction, samples were rinsed following the previously described NDF preqatrto

analysis for N using the Leco FP-2000 N Analyzer (Leco Corporation). Nutrienposon

of in situ feedstuffs is provided in Table 1.

Degradation Kinetics. Total N, NDF, and DM residuals were divided into three
fractions according to ruminal degradation susceptibility. The A fractamegual to the
immediately soluble portion, the portion that was washed out at O h; the B fraction was
comprised of residuals that were degraded at a measurable rate; and tt®C\viras the
fraction that was still remaining after the 96 h incubation period and was c@usidéde
undegradable. The B fraction was calculated as B = (100% - A - C). Datétreer¢o the
model described by Mathers and Miller (1981) where extent of rumen degradaton w

calculated by the following equation:

Extent = {B[Kq/ Kq + K]} + A

wherekK, is the fractional passage rate (calculated experimentallyKgadhe slope of the
regression of the natural logarithm of the percentage of the chemical carhpemaining in
the rumen versus incubation time.

Passage Rate. Passage ratdf) was determined by procedures described by

Coblentz et al. (2002). Ruminal contents from four of the eight steers that were ussd in t
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situ study were manually evacuated 2 d followingitingtu experiment. Ruminal
evacuations were performed before feeding (0 h) and 4 h post-feeding. At eadtiena
time, total ruminal contents were weighed, mixed, sub-sampled in triplicat¢hen
returned to the rumen. Ruminal sub-samples were dried@tf6696 h. Hay and ort
samples were collected throughout the study and were drie@Gf&@48 h in forced air
oven. All dried samples were ground through a Wiley Mill (Thomas Scientfighss
through a 1-mm screen. Concentration of acid detergent insolubla@kk) in prairie hay,
supplement, orts, and ruminal contents were determined by ashing ADF residuasffle
furnace at 508 for 8 h (Van Soest et al., 1991). Fractional passage rate of AR)AVES
determined by dividing the mean ADIA intake (grams per hour) by the mean (frdn the
and 4-h ruminal evacuations) ruminal mass of ADIA (Waldo et al., 1972). The hourly intake
of ADIA for each steer was calculated by dividing total daily intake ofAABy 24 h. Our
calculations yielded a mean passage rate of 0.025 + 0.00&&nh four steers.
Statistical Analyses

Means for feedstuff in sitdegradation characteristics were analyzed using GLM
procedures of SAS (SAS Inst. Inc., Cary, NC) for a randomized complete blogh deti
steers representing the blocking term and feedstuff as the independergnteanable.
When theP-value for the F-statistic was0.05, least squares means were separated using the
LSD procedure of SASu(= 0.05).

RESULTS AND DISCUSSION

Nitrogen Disappearance

Data for N disappearance are presented in Table 3. Estimated ruminal N

degradability of CSM was similar to WMCSM; however, the concentration of$N wa
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partitioned differently among measured fractions. Although residual N in trectbfr
was similar among WMCSM and CSI® € 0.82), the A fraction of CSM was lower than
that of WMCSM P < 0.01). However, the B fraction of CSM had the most rapid rate of
degradation among all feeds testBd&(0.01). Even though we did not evaluate WM
alone, these data suggest that WM may have a greater concentratiaacticghfN and
slightly slower rate of B fraction N degradation relative to CSM. Tlais demonstrated
by Swanek et al. (2001) who evaluated WM and CSM separately and reportetta grea
amount of A fraction N for WM versus CSM and indicated that rate of B fraction
degradation was slower for WM compared to CSM.

When steers were fed a high concentrate diet and particulate passagasrat
estimated at 0.05h Swanek et al. (2001) reported a lower RDP value for CSM (66.6%)
than was observed in the present study (78.2%). Similarly, NRC (1996) reports RDP of
CSM to be 57% and NRC (2001) reports RDP of CSM to be 52.1% when forage
accounts for 50% of DMI. Rate of passage was slower in the present study wérsre ste
were fed low-quality prairie hay and this likely increased the exteninahal N
degradation of CSM compared to other published values.

It is recognized that the rate of passage of the concentrate portion of our diet
(approximately 20% of DMI) may have differed substantially from theitraal passage
rate measured for the total diet. Therefore, we used the equation provided bORYE (

to estimate the passage rate of the concentrate portion alone:

Kp = 2.904 + 1.375X~ 0.020%
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where K is the fractional rate of passage of concentrate particles from tha,r¥ms

DMI expressed as % of BW, and ¥ concentrate expressed as percent of diet DM. The
predicted fractional passage rate was 0:§Fésulting in a calculated RDP estimate of
64.9% for CSM. Therefore, this 2.5 percentage unit adjustment in passage rétd rasul
a 13.3 percentage unit change in calculated RDP. Forage quality in our experiment was
likely lower than that used in experiments used to develop the NRC (2001) equations,
and therefore, actual concentrate fractional passage rate in our studgivadekn
intermediate to the experimentally measured value (0.02&rd that calculated by the
previously described equation, 0.05 HNevertheless, it appears that NRC (1996, 2001)
tabular values underestimate the rumen degradability of CSM protein when ased as
supplement to low-quality forage diets.

Extruded, expelled cottonseed meal N was highly degradable predominantly due
to the high percentage of A fraction N and moderate rate of B fraction N degnadati
Meyer et al. (2001) evaluated tiresitu degradation characteristics of extruded
cottonseed meal (26% CP, 55% NDF and 9% ether extract; DM basis) fed tarHolste
steers in a total mixed ration and reported an RDP of 79% when passage rate was
estimated at 0.05’h Similarly, when a fractional passage rate of 0.68%vhs applied to
our data, RDP of ECSM was estimated at 76.1%. These N degradation properties
indicate ECSM can be substituted for CSM and (or) WM to meet the requirements for
degradable intake protein of beef cows when forage N is limited. When beef cows
consuming low-quality hay were supplemented with equal amounts of CP from ECSM,
WMCSM, or CSM, change in cow BW and BCS was similar among the three

experimental supplements (Winterholler et al., 2008). These results indi¢caROPaf
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ECSM was similar to that of the traditional feedstuffs (WMCSM and CSM) aflieid
the RDP requirements of the cow, or that the extent of N recycling wasegaagh to
overcome a deficiency in RDP (Krehbiel and Ferrell, 1999).

The N degradation kinetics of DGS most closely followed ECSML as RDP was
relatively low for DGS and ECSML although N components were different. Cothpare
to other feedstuffs evaluated, N in the A fraction of ECSML was moderate to lovabut w
greater P < 0.01) for DGS. Additionally, B fraction N was greater for ECSIL<(
0.01) than DGS, but rate of B fraction N degradation was sinitlarq.38) and was the
slowest P < 0.01) among all feedstuffs. Also, DGS had the greatest percentage of N
remaining in the C fractiorP(< 0.01). The observed RDP for DGS (50.7%) was in
agreement with Firkins et al. (1984), Ham et al. (1980), and MacDonald et al. (2007) who
reported RDP values of 54%, 47%, and 49%, respectively for DGS. Applying a
fractional passage rate of 0.0% to our data resulted in a calculated RDP for DGS of
40.9%. Aside from the potential effects of processing to change the physical psoperti
of DGS, the low RDP of DGS is highly attributable to resistance of the major cor
protein source, zein, to rumen degradation (Little et al., 1968). To our knowledge, there
is no literature available to compare auarsitu values to for ECSML. However,
chemical analysis of a similar product obtained from The Center for Feedrindus
Research and Education; Lubbock, TX indicated a rumen undegradable protein value of
55% or 45% RDP (DM basis), which is similar to our RDP calculation.
Disappearance of NDF and Calculationsfor TDN

Data for NDF disappearance are presented in Table 4. The NDF degradation

properties of WMCSM were similar to CSM as over half of the total NDF disagpee
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was represented by the A fraction and NDF degradability among the$ectigwas
similar (P = 0.48) and was intermediate relative to the other feedstuffs evaluated. The
concentration of NDF in the B fraction was similar for WMCSM and CSM although B
fraction rate of degradation was faster for C3\&(0.01).

Degradability of NDF was the highe$t € 0.01) for DGS, due partially to the
most rapidly degraded B fractioR € 0.01). The A fraction of DGS was simild& €
0.11) to CSM, and was also simil& £ 0.14) to ECSML. For B fraction NDF, DGS
was similar to WMCSMPR = 0.12). Like our findings, Varga and Hoover (1983)
reported extent of NDF degradation of DGS was 76.6%.

Degradation properties of NDF for ECSML most closely followed WMCSM
although NDF degradability was greatBr<0.01) for WMCSM compared to ECSML.
This can be partially explained by NDF remaining in the C fraction asdete@ = 0.06;
SEM = 0.02) to be greater for ECSML (32.2%) compared to WMCSM (26%). These
values indicate that the degradation properties of the fiber portion of the lisgersaded
with ECSML are highly degradable and similar to rapidly degraded fir¢iops of
WM. Also, it is apparent that, when compared to the fiber portion of the seed coat, the
linters are more highly degradable, as evidence by a greater degraashiliy for
ECSML compared to ECSM.

Among the feeds tested, the largest C fraction of NDF was present in BCSM (
0.01), which resulted in the lowest degradability of NP (0.01). This low value is
likely a reflection of the high lignin concentration of the sample (13.3%, DM).

As reported in Table 1, TDN values of each of these feeds were calculaigd usi

our values for NDF degradation, chemical compositional data, and the summative
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equations of the NRC (2001). The published value for CSM from NRC (1996) is 75%
and similar to our calculated value, whereas NRC (2001) reports a TDN value of 66.4%.
The TDN of DGS was also similar to the NRC (1996) value of 88%, but greater than the
NRC (2001) value of 79.5%. Variability in TDN within these common feedstuffs could

be due to a number of factors, including but not limited to, variation in chemical
composition among feed samples, variation in the basal diet for which a feed is being
evaluated (Swanek et al., 2001), methods used to estimate TDN (Weiss, 1998), variation
among laboratories and for byproduct feedstuffs, variability among anah\pitbcessing
plants (Spiehs et al., 2002).

We are not aware of other published values for ECSM and ECSML TDN. An
important implication from these calculations was that TDN of ECSM was lowodae t
high concentration of indigestible fiber and low concentration of NFC. When aattle a
fed forage low in CP and TDN, ECSM should be an effective supplemental protein
source although its direct contribution to the energy status of the animal wilhimeat
Disappearance of DM

Data for DM disappearance are presented in Table 5. Degradability of BM wa
similar (P = 0.11) for WMCSM and CSM and great& < 0.01) than the other feeds
tested. A greater percentage of DM was found in the A fraction of WMCSM thisin CS
(P < 0.01). Perhaps this is a reflection of the relatively high concentration of iNFC i
WMCSM, which is assigned a true digestibility value of 98% in the summative equation
of the NRC, 2001. However, the greater concentration of A fraction DM in WMCSM
was offset by lower concentration of B fraction DRI 0.01) which was degraded at a

slower rate compared to CSK € 0.01). The unavailable C fraction was simiR=(
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0.27) among WMCSM, CSM and DG3n situ ruminal DM degradability of DGS was
lower than WMCSM and CSMP(< 0.01) but greater than ECSM and ECSNPL<(

0.01). Partitioning of DM in the B fraction of DGS was the greatest among fdsedBtuf

< 0.01). Rate of degradation of the B fraction of DGS was slower than CSM, but more
rapid than the other feeds test®d<(0.01). Perhaps DGS NFC is moderate to low in
ruminal degradability considering the moderate DM degradability andvediatiigh

NDF degradability reported here.

Degradability of DM was the lowed® & 0.01) and similar for ECSM and
ECSML although the DM degradation characteristics of these feeds Wererdi
Extruded, expelled cottonseed meal had the lovirst{.01) concentration of A fraction
DM of all feeds tested. It is interesting to note that most of the A fraction Didiave
been represented by rapidly degradable CP in ECSM and rapidly degradabie NDF
ECSML. There was more DM in the B fraction of ECSM versus ECSRK.(Q.01).

Rate of degradation of the B fraction was similar among the two fBed$.(l4). Also,
C fraction DM was similarR = 0.96) for ECSM and ECSML, which was greatek(
0.01) than any of the other experimental feedstuffs. Althongitu DM disappearance
was similar for ECSM and ECSML, TDN was greater for ECSML. Thfsr@ince is
largely attributed to the more highly degradable fiber portion of ECSML.

In summary, N degradation characteristics of ECSM indicate it has value as a
complement for low-quality forage as it is a rich source of RDP, but is modeate in
energy contribution. Low-quality forage supplementation with ECSML and DGS may
result in deficiencies in degradable intake protein as RDP was lower fofdleese

compared to traditionally used protein supplements. Depending on the potential amount
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of N recycling by the ruminant, these feeds may need to be blended with other products

high in RDP to meet the RDP requirements of cattle consuming low-quality forage
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Table 1. Nutrient compaosition oin situ feedstuffs

Feedstuff

ltem WMCSM CSM ECSM ECSML DGS
DM, % 92.1 89.5 93.6 93.8 89.3

----------------------------- % Of DM ===
CP, % 23.3 43.1 32.9 24.5 33.2
NDICP? 2.6 5.9 4.0 4.9 12.8
ADF, % 16.2 19.6 41.8 39.3 23.3
NDF, % 39.9 43.9 55.0 59.4 36.5
Lignin, % 4.1 4.3 13.3 8.0 7.3
NFC2 % 28.2 13.9 4.1 5.4 28.7
Crude fat, % 3.9 2.5 6.7 10.1 10.3
TDN,* % 65.0 73.9 54.4 62.3 87.1

"WMCSM = wheat middling and solvent-extracted cottonseed meal, CSM = solvent-
extracted cottonseed meal, DGS = dried distillers grains with solubles, ECSM
extruded, expelled cottonseed meal based supplement that has been delinted, ECSML
= extruded, expelled cottonseed meal based supplement with linters.

’Neutral detergent insoluble crude protein.

3NFC = Non-fiber carbohydrate [100-((NDF-NDICP) +CP +EE+ash)].

“Calculated using measured chemical composition of feedstuff and the summative
equations from NRC (2001). Adjustments were includednfeitu NDF

digestibility and partial fatty acid digestibility coefficient detémed in previous
experiment.

Table 2. Chemical composition of dietary ingredients fed to steers
during thein situ experiment

Feed
Item, DM basis Prairie Hay Supplement
CP, % 4.8 24.5
ADF, % 43.7 12.9
NDF, % 68.8 30.6
Crude fat, % 2.2 4.5
TDN, % 56.0 72.0

'Prairie hay was provided fad libitumintake.
’Supplement comprised of wheat middlings and cottonseed meal; steers
fed 2.7 kg/d.
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Table 3 Insituruminal N degradation characteristics of byproduct feedstuffs fed to &itlef c
consuming low-quality forage

Supplemerit
ltem WMCSM  CSM DGS ECSM ECSML SEM
A fraction? % 19.6 5.5 15.0 41.0 6.2 0.02
B fraction® % 79.4 94.0 710 56.6" 88.9 0.02
C fraction® % 1.0 050 140 2.4¢ 4.9 0.02
Rate of B degradation, %'h 4.07 6.3%  2.27 3.67 2.54 0.22
RDP, % 73.8 78.2¢ 50.7 83.8 50.9 0.02

abC%\eans within a row with different superscripts differ<{ 0.05).

"WMCSM = wheat middling and solvent-extracted cottonseed meal, CSM = solvesttesit
cottonseed meal, DGS = dried distillers grains with solubles, ECSM = extrugpedtied
cottonseed meal based supplement that has been delinted, ECSML = extruded, expelled
cottonseed meal based supplement with linters.

A = Immediately soluble fraction, B = degradable fraction at a measusible

C = undegraded fraction; expressed as percentage of total N.

®Rumen degradable protein, calculated as {B}K; + Kol} + A (Mathers and Miller, 1981).
Ruminal particulate passage ratg, Was 2.5%/hr, determined experimentally.

Table 4 Insituruminal NDF degradation characteristics of byproduct feedstuffs fed to beef
cattle consuming low-quality forage

Supplemerit
ltem WMCSM CSM  DGS ECSM ECSML SEM
A fraction? % 30.0 416 357t 176 27.6° 0.01
B fraction? % 44.0° 30.8 544t  41.0 40.F 0.02
C fraction® % 26.0 28.0 10.% 41.8 32.2 0.02
Rate of B degradation, %'h 0.77 1.0 2.39 0.96* 0.94* 0.08
NDF degradability’, % 54.8 57.0 67.4 29.3 43.1 0.02

abedMeans within a row with different superscripts differ< 0.05).

"WMCSM = wheat middling and solvent-extracted cottonseed meal, CSM = solveattesit
cottonseed meal, DGS = dried distillers grains with solubles, ECSM = extrxgeded
cottonseed meal based supplement that has been delinted, ECSML = extruded] expelle
cottonseed meal based supplement with linters.

A = Immediately soluble fraction, B = degradable fraction at a measustble

C = undegraded fraction; expressed as percentage of total NDF.

3Degradability calculated as {BJKKq + Kol} + A (Mathers and Miller, 1981). Ruminal
particulate passage rate,, Kvas 2.5%/hr, determined experimentally.
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Table 5. Insituruminal DM degradation characteristics of byproduct feedstuffs fed tachekef
consuming low-quality forage

Supplemerit
ltem WMCSM  CSM DGS ECSM ECSML SEM
A fraction? % 30.7 24.7 17.0 13.3 18.9 0.0002
B fraction? % 57.3 66.8  72.0 64.3 58.5 0.02
C fraction® % 12.6 9.4 11.0 22.4 22.6 0.02
Rate of B degradation, %'h 1.27 2.79 2.06 1.33 1.1% 0.10
Rumen degradable DM% 59.4 63.7 53.3 36.5 40.6 0.02

abcd\eans within a row with different superscripts differ€ 0.05).

“YWMCSM = wheat middling and solvent-extracted cottonseed meal, CSM = solveattest
cottonseed meal, DGS = dried distillers grains with solubles, ECSM = extrxgedled cottonseed
meal based supplement that has been delinted, ECSML = extruded, expelled cottoatbadede
supplement with linters.

A = Immediately soluble fraction, B = degradable fraction at a measusible

C = undegraded fraction; expressed as percentage of total DM.

3Degradability calculated as {BJKKq + Kol} + A (Mathers and Miller, 1981). Ruminal particulate
passage rate,jKwas 2.5%/hr, determined experimentally.

60



LITERATURE CITED

AOAC. 1996. Official Methods of Analysis. T4d. Assoc. Offic. Anal. Chem.,
Arlington, VA.

Banta, J. P., D. L. Lalman, F. N. Owens, C. R. Krehbiel, and R. P. Wettemann. 2006.
Effects of interval-feeding whole sunflower seeds during mid to latatgason
Performance of beef cows and their progeny. J. Anim. Sci. 84:2410-2417.

Coblentz, W. K., K. P. Coffey, J. E. Turner, D. A. Scarbrough, J. V. Skinner, D. W.
Kellogg, and J. B. Humphry. 2002. Comparisons of in situ dry matter
disappearance kinetics of wheat forages harvested by various techniques and
evaluated in confined and grazing steers. J. Dairy Sci. 85:854-865.

Davis, K. 2001. Corn milling, processing and generation of co-products. In Proc.
Minnesota Nutrition Conference.

http://www.distillersgrains.org/files/grains/K.Davis--Dry&\WilIProcessing.pdf

Accessed August 13, 2008.

DelCurto, T., R. C. Cochran, D. L. Harmon, A. A. Beharka, K. A. Jacques, G. Towne,
and E. S. Vanzant. 1990a. Supplementation of dormant tallgrass-prairie forage:
l. Influence of varying supplemental protein and (or) energy levels on forage
utilization characteristics of beef steers in confinement. J. Anim. Scil%8:5
531.

DelCurto T., R. C. Cochran, L. R. Corah, A. A. Beharka, E. S. Vanzant, and D. E.
Johnson. 1990b. Supplementation of dormant tallgrass-prairie forage: Il.
Performance and forage utilization characteristics in grazing beef isgceiving

supplements of different protein concentrations. J. Anim. Sci. 68: 532-542.

61



Firkins, J. L., L. L. Berger, G. C. Fahey, Jr., and N. R. Merchen. 1984. Ruminal nitrogen
degradability and escape of wet and dry distillers grains and wet and dry corn
gluten feeds. J. Dairy Sci. 67:1936-1944.

Ham, G. A., R. A. Stock, T. J. Klopfenstein, E. M . Larson, D. H. Shain, and R. P.
Huffan. 1994. Wet corn distillers byproducts compared with dried corn dsstille
grains with solubles as a source of protein and energy for ruminants. J. Anim.
Sci. 72:3246-3257.

Krehbiel, C. R., and C. L. Ferrell. 1999. Effects of increasing ruminally degraded
nitrogen and abomasal casein infusion on net portal flux of nutrients in yearling
heifers consuming a high-grain diet. J. Anim. Sci. 77:1295-1305.

Little, C. O., G. E. Mitchell, and G. D. Potter. 1968. Nitrogen in the abomasum of
wethers fed different protein sources. J. Anim. Sci. 27:1722-1726.

MacDonald, J. C., T. J. Klopfenstein, G. E. Erickson, and W. A. Griffin. 2007. Effects
of dried distillers grains and equivalent undegradable intake protein or ether
extract on performance and forage intake of heifers grazing smooth bromegrass
pastures. J. Anim. Sci. 85:2614-2624.

Marston, T. T., K. S. Lusby, R. P. Wettemann, and H. T. Purvis. 1995. Effects of
feeding energy or protein supplements before or after calving on perfoerofin
spring-calving cows grazing native range. J. Anim. Sci. 73:657-664.

Mass, R. A., G. P. Lardy, R. J. Grant, and T. J. Klopfenstein. 1999. In situ neutral
detergent insoluble nitrogen as a method for measuring forage protein
degradability. J. Anim. Sci. 77:1565-1571.

Mathers, J. C., and E. L. Miller. 1981. Quantitative studies of food protein degradation

62



and the energetic efficiency of microbial protein synthesis in the runs&reep
given chopped lucerne and rolled barley. Br. J. Nutr. 45:587-604.

McCollum, F. T. and M. L. Galyean. 1985. Influence of cottonseed meal
supplementation on voluntary intake, rumen fermentation and rate of passage of
prairie hay in beef steers. J. Anim. Sci. 60:570-577.

Meyer, M. J., J. E. Shirley, E. C. Titgemeyer, A. F. Park, and M. J. VanBaale. 2001.
Effect of mechanical processing and fat removal on the nutritive value of
cottonseed for lactating dairy cows. J. Dairy Sci. 84:2503-2514.

NRC. 1996. Nutrient Requirements of Beef Catt/8.rek. ed. Natl. Acad. Press,
Washington, DC.

NRC. 2001. Nutrient Requirements of Dairy Cattl&rek. ed. Natl. Acad. Press,
Washington, DC.

Steele, J. D., J. P. Banta, R. P. Wettemann. C. R. Krehbiel, and D. L. Lalman. 2007.
Drought-stressed soybean supplementation for beef cows. Prof. Anim. Sci.
23:358-365.

Spiehs, M. J., M. H. Whitney, and G. C. Shurson. 2002. Nutrient database for distiller's
dried grains with solubles produced from new ethanol plants in Minnesota and
South Dakota. J. Anim. Sci. 80:2639-2645.

Swanek, S. S., C. R. Krehbiel, D. R. Gill, and B. A. Gardner. 2001. Extent and rate of
in situ ruminal degradation of protein byproduct feeds on a high concentrate diet.

http://www.ansi.okstate.edu/resesarch/2001rr/31/31.Atuessed Sept. 14,

2006.

Vanzant, E. S., R. C. Cochran, and E. C. Titgemeyer. 1998. Standardization of in situ

63



techniques for ruminant feedstuff evaluation. J. Anim. Sci. 76:2717-2729.

Van Soest, P. J., J. B. Robertson, and B. A. Lewis. 1991. Symposium: carbohydrate
methodology, metabolism, and nutritional implications in dairy cattle. J. Dairy
Sci. 74:3583-3597.

Varga, G.A., and W. H. Hoover, 1983. Rate and extent of neutral detergent fiber
degradation of feedstuffs in situ. J. Dairy Sci. 66:2109-2115.

Waldo, D. R., L. W. Smith, and E. L. Cox. 1972. Model of cellulose disappearance from
the rumen. J. Dairy Sci. 55:125-129.

Waller, J., T. Klopfenstein and M. Poos. 1980. Distillers feeds as protein sources for
growing ruminants. J. Anim. Sci. 51:1154-1167.

Weiss, W. P. 1998. Estimating the available energy content of feeds forattey c
J. Dairy Sci. 81:830-839.

Winterholler, S. JM. D. Hudson, C. L. Goad and D. L. Lalman. 2008. An evaluation
of extruded-expelled cottonseed meal as a protein supplement to beef cows

consuming low-quality forage. Proc. West. Sect. Amer. Soc. Anim. Sci. 59:7-10.

64



CHAPTER IV

SUPPLEMENTAL ENERGY AND EXTRUDED-EXPELLED COTTONSEED M
AS A SUPPLEMENTAL PROTEIN SOURCE FOR BEEF COWS CONSUMING

LOW-QUALITY FORAGE
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ABSTRACT: Three experiments were conducted to evaluate the efficacy of
supplemental energy and extruded-expelled cottonseed meal (ECSM; 30.6% CP; 44%
NDF, 10.2% fat; DM basis) as a protein supplement (SUP) to spring-calving bessfrcow
= 96; 535 kg initial BW; 5.4 initial BCS) consuming low-quality forage during late
gestation and early lactation. Supplementation of ECSM was compared to twortehdi
cottonseed meal-based SUP. For all experiments, SUP provided equal CP. On a DM
basis, SUP included: 1) a blend of 76% wheat middlings and 18% solvent-extracted
cottonseed meal (WMCSM); 2) solvent-extracted cottonseed meal (CBHA3) a

delinted, extruded-expelled cottonseed meal (ECSM). In Exp. 1, cows were indiduall
fed SUP 3 d/wk until calving and 4 d/wk during lactation; total SUP period was 95-d.
Tall-grass prairie hay (4.4% CP; 74% NDF; DM basis) was provadétbitum during

the SUP period. Change in cow BW during gestatibn 0.23), over the SUP periof (
=0.27), and over the 301-d experiment(0.56) were similar. Change in BCS was
similar during gestationA(= 0.78), over the SUP perioB € 0.95) and over the 301-d
experimentP = 0.37). Calf birth weightR = 0.21) and BW at weanin® & 0.76) were

not different. Percentage of cows exhibiting luteal activity at the begiohingeeding
seasonk = 0.59), Al conception ratd’(= 0.71), and pregnancy rate at weaniAg-(

0.88) were not different. In Exp. 2, 18 cows in early lactation from Exp. 1 were used to
determine the effect of SUP on hay intake and digestion. Hay intake téhddd1(0) to

be greater for CSM than ECSM. Intake of OM and DM was greater for WME@SM

0.02) compared to CSM and ECSM,; likewise, digested DMI and OM intake was greater

(P<0.02) for WMCSM. Apparent total tract digestibility of crude fat was greater f
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ECSM than CSMR = 0.03). In Exp. 3, cows (n = 20/trt) of similar d postpartum were
machine-milked to determine SUP effect on milk production and composition. Butterfat,
protein, lactose, milk urea N were not differeddt{0.10). Similarly, 24-h milk

production was not differenP(= 0.25). Neither greater energy intake of cows
consuming WMCSM nor greater fat intake of cows consuming ECSM influenced cow
performance measures or calf weaning weight. Cow response to SUP with ECSM
compared to traditional cottonseed meal-based SUP indicates that ECSM iga viabl

source of supplemental protein for beef cows consuming low-quality forage.

Key words: beef cows, extruded expelled cottonseed meal, supplementation, energy
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INTRODUCTION

It has been well documented that in the Southern Great Plains, supplementation of
protein to spring-calving cowherds consuming low-quality forage is negedhisang the
winter feeding period to maintain cow BW and BCS (DelCurto et al., 1990b; Vanzant et
al., 1991; Steele et al., 2007). Much of this response to CP supplementation is attributed
to supplying rumen degradable proteRD[P) when cattle consume forage with RDP <
10% of total digestible organic matter intake (Heldt et al., 1999; Mathis et al., 2000).
Providing additional supplemental energy, beyond that associated with the supdlementa
RDP, is costly and may result in only marginal improvements in cow BCS cleaiige,
weaning weight and pregnancy rate (Lusby et al., 1991; Marston et al., 1995b).

Solvent extracted cottonseed meal has been a standard source of RDRefor cattl
consuming low-quality forage for many years. In response to incredgsmgnd for
cottonseed oil as feedstock for biofuel production, some cottonseed oil manufacturing
plants have implemented mechanical techniques to extract oil from whole cattonsee
One byproduct of this processing method is extruded-expelled cottonseed mea that ha
been delintedECSM). Extruded-expelled cottonseed meal contains a relatively high
concentration of CP (30.6%; DM basis) and therefore could be used as a supplemental
protein source for beef cattle consuming forage with inadequate CP. Howeversipigpces
techniques that involve elevated feed temperature may alter rumen degsaoiaed
components. For example, heat treatment of whole cottonseed reduces rumen
degradability of protein and increases protein flow to the small intestine (Rieghe

1982; Pena et al., 1986). Cottonseed meal reaches temperatures of aréanduti?@
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the extrusion process; therefore extrusion may compromise cottonseed meal’s
effectiveness as a source of RDP. However, in the context of a lactatygadiain,

previous work with ECSM suggested that ruminal degradation and DMI are not affected
by the extrusion process (Meyer et al., 2001).

Another potential concern with using ECSM as a supplemental protein source is
the relatively high fat concentration (10.2%; DM basis). Previous work at our
experiment station has shown that interval feeding of high-fat protein suppletegts (
or 3.8% diet DM dietary fat) to cows consuming low-quality forage resulted in a
reduction in cow performance during the supplementation period (Banta et al., 2006;
Steele et al., 2007). Whereas others have reported no depression in cow performance due
to supplemental fat under similar conditions (Alexander et al., 2002; Bottger et al., 2002;
Martin et al., 2005). We are aware of no previous literature that has evaluateed the us
ECSM as a protein and energy source for beef cows consuming low-qualdg.for

The objectives of these experiments were to determine the effects of feeding
supplemental energy and replacing CSM with ECSM on beef cow performaage, int
digestion and milk yield and composition.

MATERIALS AND METHODS
Production of Delinted, Extruded-Expelled Cottonseed Meal

The delinted, extruded-expelled cottonseed meal used in this study was produced
at Hollybrook Cottonseed Processing in Lake Providence, LA. Whole, raw cottonseed
(3.4% N, 16.1% fat, 3.8% ash) was mechanically delinted before being passed through an
extruder reaching a mean maximum temperature ofCL&dr a 30 s period. After exiting

the extruder, cottonseed meal was conveyed to presses where mean maximum
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temperature was maintained at 104or an additional 30 s. Finally, the meal was ground
in a hammer mill to decrease particle size and improve uniformity. The meaoeked
with forced air flow as it was conveyed to a storage room prior to shipping to the feed
mill at Oklahoma State University. Concentration of free gossypol was 1.26%ole w
cottonseed and 0.2% in ECSM.

Experiment 1

Animals. This experiment was conducted at the Range Cow Research Center,
North Range Unit located approximately 16 km west of Stillwater, OK, in accordance
with an approved Oklahoma State University Animal Care and Use Committeegbrot
Spring-calving Angus and Angus x Hereford crossbred beef cows (n = 96; 535 + 68 kg
initial BW; 5.4 + 0.68 units of initial BCS) were assigned to 1 of 3 dietary supplenment
a completely randomized design. Cows were ranked by BW and BCS and randomly
allocated so that BW and BCS were similar across all treatments.

Supplements (DM basis) included: 1) 2.45 kg/d during gestation and 3.92 kg/d
during lactation of a blend of 76% wheat middlings and 18% solvent-extracted
cottonseed meal-based supplem&iMCSM ); 2) 1.21 kg/d during gestation and 2.03
kg/d during lactation of solvent-extracted cottonseed meal-based suppl&8éft 3)

1.67 kg/d during gestation and 2.75 kg/d during lactation of a delinted, extruded-expelled
cottonseed meal based supplem&@$M). All supplements were fed as 0.64-cm diam.
pellets and were formulated to provide similar amounts of CP (Table 1). Supplements
were balanced for P, Ca and Vitamin A to meet NRC (1996) requirements. Expgatime

supplementation began on January 2, 2007 and terminated on April 6, 2007 which
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encompassed both late gestation and early lactation (average calving dn=22lar
2007); the total supplementation period was 95-d.

A negative control was not included in this experiment as it has been well
documented that when forage quality was similar to that in the present stugdythedw
did not receive supplemental protein during the winter months lost significant BW and
BCS compared to those cows receiving supplementation (Schauer et al., 20@>xtSteel
al., 2007; Clanton and Zimmerman, 1970).

A barn containing 32 individual feeding stalls was used to insure that each cow
received the assigned supplement and that cows did not consume more supplement than
their assigned amount. Each feeding d, cows were gathered from a pasteptddja
the feeding barn. Once cows entered the barn, they were allowed to enter @ $eddin
and cows were subsequently restrained in the stalls for approximately 30 min while
supplements were being fed and consumed by the cows. All supplements were
thoroughly consumed throughout the duration of the supplementation period. During late
gestation, cows were fed on Monday, Wednesday and Friday mornings. The amount of
supplement fed on each of these 3 d was determined by calculating the amount of
supplement needed per wk (daily supplement amount x 7 d) and dividing that amount by
3 (i.e., cows receiving WMCSM were fed 5.72 kg/feeding; DM basis). Once cows
calved, the supplement frequency was increased to 4 times per week to meet nutrient
demands for lactation. During this time, supplements were individually fed on Monday,
Wednesday, Friday and Saturday mornings, which resulted in approximately a 65%

increase in the amount fed daily. The amount of supplement fed on each of these 4 d was
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determined by calculating the amount of supplement needed per wk (daily sugpleme
amount x 7 d) and dividing that amount by 4.

Individual cow BW and BCS were determined at the start of the supplementation
period (1/2/07), after the first 30-d of supplementation (2/2/07), before any cows had
calved (2/20/07), within 1 wk of calving, at trial termination (4/07/07), prior to breeding
(5/17/07) and at weaning (10/30/07). All BW were recorded after 16-h withdrawal from
feed and water. Body condition scores (scale 1 through 9; Wagner et al., 1988) were
determined by the same two independent evaluators throughout the experiment.

During gestation, cows were managed as a contemporary group in a sitgle pas
(46 hectares) with free choice access to tall-grass prairie hay CP5%7% TDN, 74%
NDF, 2.2% crude fat; DM basis) and a mineral supplement (28.6% NaCl; 12.8% Ca;
8.5% P; 1.2% Mg; 1044 ppm Cu; 12 ppm Se; 3117 ppm Zn; DM basis). At calving,
cow/calf pairs were moved to an adjacent pasture (31 hectares) whewnestkapanaged
as a contemporary group. Cow/calf pairs dadibitum access to the same prairie hay
and mineral supplement as described previously and were provided adequate amounts of
experimental supplements to meet the protein and energy requirementsatooriaattil
green forage became available (April 7, 2007). Pastures used during the SURaphase
been previously grazed during spring and summer, and consequently in combination with
the heavy stocking rate during SUP, grazed forage contributed minimalM iatBke.
Diets were formulated to meet, but not to exceed rumen degradable intake pnot€P
requirements (NRC, 1996).

The percentage of cows cycling at the start of the breeding season wasrckter

by quantifying progesterone concentration (Vizcarra et al., 1997) in plasmasampl
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obtained via tail venipuncture 14 and 7 d prior to breeding and again on the first d of the
breeding season. Immediately following blood collection, tubes were placee wntiic
analyzed for plasma progesterone concentrations. Cows with one or more plasma
samples containing 0.5 ng/mL progesterone were considered to have ovarian luteal
activity. Cows were bred via synchronization with a timed artificial insatian
protocol on May 26, and cows were exposed to bulls from June 6 through July 20
resulting in a 55-d breeding season. For estrus synchronization, an EAZI-BREED CID
device containing 1.38 g of progesterone (Pfizer, Inc., New York, NY) wasaedsato
the vagina on d O of the breeding season and cows were given an i.m. injection of 2-mL
GnRH (Cystorelin, Merial LTD, Duluth, GA). On d 7, EAZI-BREED CIDR devices
were removed after 7 d. All cows received an i.m. injection of 5-mL Prostagl&ndi
(Lutalyse, Pfizer, Inc., New York, NY) and cows were artificially mgeated
approximately 48-h later. At time of artificial insemination, cows veel@inistered an
additional i.m. injection of 2-mL GnRH (Cystorelin, Merial LTD, Duluth, GA)rsk
service conception rate was determined by transrectal ultrasonograghfpl8iwing Al
and pregnancy rate was determined by rectal palpation at weaning on October 30, 2007.
Birth weight of each calf was determined within 24-h of birth and all malexa
were castrated at this time. After withdrawal from feed and waterg-h, calf weaning
BW was obtained on October 30, 2007 and reported as a 205-d weight, adjusted for sex
according to the guidelines of the Beef Improvement Federation (2002).
Statistical Analysis. For all statistical analysis, cow was considered to be the
experimental unit because supplements were fed individually to each cow. Continuous

data were analyzed using the MIXED procedure of SAS (SAS Inst. Inc.,]0@)yand
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the Satterwaite approximation for degrees of freedom. The model for cawnpanice
included supplement as a fixed effect and cow age and d on supplementation prior to
calving as covariates. When tRevalue for the F-statistic was0.05, least squares
means were separated and reported using the LSD procedure af SA6). Data for
reproductive performance were analyzed using the Glimmix procedure ¢oaS#&8ning

a binomial distribution and supplement served as a fixed effect. Least sqearesare
reported in all tables, except for the percentage of cows exhibiting lutiedlyac
pregnancy rate, and first service conception rate which are raw means.

For various reasons (calf death, n = 3; failure to calve, n = 3), data from 6 cows
was removed from the experiment. No relationship was apparent between arsg of the
factors and the composition of the experimental supplements.

Experiment 2

Animals. This experiment was conducted at the Range Cow Research Center,
North Range Unit located approximately 16 km west of Stillwater, Oklahoma in
accordance with an approved Oklahoma State University Animal Care and Use
Committee protocol. During early lactation, 18 spring-calving beef cows welldaise
determine the effects of supplement composition on hay intake and apparentdbtal tra
digestibility. Based on calving date and treatment, cows were assigned totwoe of
collection periods in a randomized complete block design. Three cows and their calves
from each treatment combination were represented during each period. Cowsverre
ad libitum access to the same prairie hay that was fed in Exp. 1 and were also kept on the
same feeding regimen as Exp. 1 (Monday, Wednesday, Friday, and Saturday shorning

prior to and during Exp. 2. Cows were maintained in individual outdoor 3.7-x 9.1-m
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pens, so that they would be exposed to the same environmental conditions as their herd
mates in Exp. 1.

Each 12-d period consisted of 3 d of adaptation to the pens and hay feeders, and 9
d of data collection. The adaptation period was abbreviated because the cows had been
previously exposed to the hay and supplement treatments throughout gestationyand earl
lactation. Hay intake was measured from d 4 through d 10 and fecal grab sameles wer
collected twice daily at 0800 and 1600 from d 6 through d 12 to estimate fecal output
from acid detergent insoluble ash concentration. Sub-samples of supplements, hay, and
orts were dried at 100°C to determine DM. Supplement, hay, ort, and fecal samples wer
dried at 50°C and ground in a Wiley mill (Model-4, Thomas Scientific, Sweedesboro, NJ)
to pass a 2-mm screen before analysis. After grinding, supplement and Ipdgssasre
composited within period; ort and fecal samples were composited by cow. All coenposi
samples were analyzed for NDF, ADF, CP, and acid detergent insoluble askl Neutr
detergent fiber and ADF content were determined using an ANKOM FibeyZganal
(ANKOM Technology, Macedon, NY). Crude protein was determined using a Leco NS-
2000 Nitrogen Analyzer (Leco Corporation, St. Joseph, MI). Acid detergent insoluble
ash was determined as the residue following complete combustion of the Afkeresi
(Van Soest et al., 1991). Apparent total tract DM, OM, CP and crude fat diggsébilit
well as NDF and ADF digestibility were calculated for each cow. Additipndigested
DMI (DMI kg/100kg of BW x DM digestibility) and digested OM intake wesdculated
for each cow.

Statistical Analysis. Intake and digestibility measurements were analyzed as a

randomized complete block design using the MIXED procedure of SAS (SAS Inst. Inc

75



Cary, NC) and the Satterwaite approximation for degrees of freedom. The model
included supplement as a fixed effect and collection period as a random variable. When
the P-value for the F-statistic was0.05, least squares means were separated and
reported using the LSD procedure of SAS=(0.05). One cow was removed from the
first period of the digestion experiment due to illness unrelated to supplemental
treatment.
Experiment 3

Animals. The objective of this experiment was to determine if winter
supplemental protein source affected milk yield or milk compositlrcompletely
randomized design was used with supplemental protein source asitheffect. The
milking procedure took place over a 3-d period and included 20 caws é&ach
treatment described in Exp. 1. The experimental methods followetttfermining early
lactation milk production and composition were adapted from Marston. é1392).
Prior to milking each d, pairs were gathered at approximately 160@ calves were
then separated from their dams until 2200 when pairs were reunitedabed were
allowed to nurse their dams ad libitum, but for < 45 min. Following ngysiows and
calves were separated again until milking was completed. Milkenginitiated at 0700
the following morning and was completed by 1300. Cows were providetegray and
water free choice during this period.

Before milking, a 1.0-mL injection of oxytocin (20 USP units/mL, i.m.; Phoenix
Pharmaceutical Inc., St. Joseph, MO) was administered to each cow tattaaiilk let-
down. Cows were then individually milked using a portable milking machine and when

milk flow ceased from all quarters, the milking apparatus was removed cimteaa was
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hand-stripped to ensure complete emptying of each quarter. Milk from milkingmeachi
was combined with milk from hand-stripping and weighed immediately following
collection. After thorough mixing, a 50 mL sub-sample was obtained and preserved with
2-bromo-2-nitropropane-1,3-diol and shipped to the Heart of America DHIA (Manhattan,
KS) for analysis of milk urea N, protein, butterfat, lactose, and solids not fat.

Twenty-four hour milk production estimates were obtained by the following equation:

P = (MW/MIN)*1440

where P = 24 h milk production, MW = weight of milk obtained from milking procedure
described above, MIN = minutes from calf-separation to termination of milking
procedure and 1440 = minutes in 24 h period.

Statistical Analysis. Cow was considered to be the experimental unit for milk
production and milk composition analysis. The model statement for milk production
included supplement as a fixed effect and minutes from calf-separation to naitkang
covariate. The model for milk composition included supplement as a fixed eftedt a
postpartum as a covariate. For analyses, wheR-tladue for the F-statistic was0.05,
least squares means were separated and reported using the LSD proced&@.af SA
0.05).

RESULTS AND DISCUSSION
Experiment 1
Cow BW and BCS. Data for cow BW, BW change, BCS and BCS change are

presented in Table 2. Supplement source did not influence BW, BW change, BCS, or
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BCS change at any of the intervals measured. Averaged across treatoesatast BCS
during late gestation (0.42 units BCS) and during early lactation (0.33 units BCS).
However, in previous work at our experiment station, Steele et al. (2007) reported
dramatic BCS loss (1.66 units of BCS) when cows did not receive a protein supplement
during late gestation. Therefore, even though all treatment groups lost BW and BCS
during the experimental supplementation period, we submit that ECSM wasctiseffe

in minimizing BW and BCS loss as WMCSM and CSM. As determined by a separate
situ analysis (Winterholler et al., 2008), the ECSM used in this study was high in RDP
(84% of CP) and similar to RDP of solvent extracted CSM (78% of CP). Togetlssr, the
studies indicate that ECSM has similar value as CSM when evaluated on an equal CP
basis and used as a supplemental protein source for beef cows consuming low-quality
forage.

It is widely accepted that protein is the first limiting nutrient for beefscow
consuming low-quality forage (Kartchner, 1980; DelCurto et al., 1990a; Freerabn et
1992; Marston et al., 1995b). However, as shown in the current and in previous
experiments under similar conditions where cows consume low-quality hay @atta
2006) or low-quality stockpiled forage (Lusby et al., 1991; Marston et al., 1995b; Steele
et al., 2007), and protein requirements are met with a concentrated CP supplement (38 to
54% CP, DM basis), beef cows continue to experience BCS loss during the winter
feeding period. Therefore, producers commonly choose a supplementation program
similar to WMCSM, presuming that the additional energy from WMCSM versus BSM
needed during the winter feeding months to minimize BW and BCS loss. However, the

additional energy provided by WMCSM (0.75 kg/d more TDN compared to CSM) did
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not result in reduced BW or BCS loss during the 60-d prepartum supplementation period
in this experiment. In contrast, Marston et al. (1995b) reported increased BBC&nd

gain during gestation when beef cows received 0.9 kg additional TDN/d in artegiye
supplement compared to a low-energy supplement containing equal CP. Perhaps the
longer prepartum supplementation period of Marston et al. (1995b; approximately 120 d),
along with slightly greater difference in energy intake increased thelpliopaf

detecting a significant difference due to prepartum energy supplementation.

It has been documented that protein supplements high in fat can be detrimental to
cow performance (Banta et al., 2006; Steele et al., 2007; Banta et al., 2008). However,
we did not observe any detrimental effects from interval feeding modevate of fat
through ECSM. Moreover, in a comprehensive review of available literature on fat
supplementation, Hess et al. (2008) indicated that in order to avoid a reduction in forage
intake and forage digestibility, fat intake should not exceed 4% of daily DMI. In the
present experiment, the daily feeding rate of fat in the ECSM treatmert. Wakg
during gestation and 0.28 kg during lactation, resulting in a diet containindp&es4%
fat (DM basis) during each period. We conclude that when fed at a level to oteét pr
requirements of beef cows during late gestation and early lactation, thersald@t
from ECSM was not supplied in a large enough quatdityegatively impact cow
performance. However, because ECSM is a byproduct feedstuff, nutrient cioomposi
can vary tremendously and should be monitored closely to avoid these potential
detrimental effects.

Calf Performance. Calf birth weight was not influenced by dam’s winter

supplement (Table 3). Likewise, there was no impact of dam’s winter supplement on
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205-d adjusted weaning weight of calves (Table 3). These results agree wish othe
showing no positive or negative impacts on weaning weights when beef cows are
provided supplemental energy in the form of fermentable carbohydrate (Lushy et a
1991; Marston et al., 1995b) or in the form of fat (Alexander et al., 2002; Banta et al.,
2006; Steel et al., 2007).

Reproductive Performance. Data for reproductive performance is presented in
Table 4. Supplement type did not influence the percentage of cows exhibiting ovarian
luteal activity P = 0.59), Al conception ratd’(= 0.82), or overall pregnancy rate £
0.88). However, for non-continuous data, more experimental units would be needed to
insure that a type Il error was not present. Marston et al. (1995b) found that providing
supplemental energy in addition to meeting protein requirements prepartuasetre
pregnancy rate, although supplemental energy fed only during the postparinahae
no effect on pregnancy rate in spring calving cows.

There is evidence that supplementation with fat sources containing high levels of
18:2n-6 in the early postpartum period may have negative effects on reproduesve rat
Postpartum supplementation of high-linoleate safflower seeds (255 g/d of 18:2n-6)
increased the concentration of 18:2n-6 in the oviduct (Scholljegerdes et al., 2007), which
potentially could negatively impact conception rate (Hess et al., 2008). On average,
approximately half of the fat in the residual cottonseed oil is comprised of 18rith-6 a
18:2n-3 (Sullivan et al., 2004). In the current study, cows supplemented with ECSM
consumed 280 g/d crude fat, and accordingly, the contribution of 18:2n-6 and 18:2n-3 to

total fatty acid intake from the supplement was approximately 140 g/d fromesugu
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alone. We can only conclude that this lower level of fat supplementation (reative
Scholljegerdes et al., 2007) did not negatively affect conception rate.
Experiment 2

Data for measurements of intake and digestibility are presented in Tabley5. Ha
intake did not differ between WMCSM and CSM. This is somewhat surprising because
WMCSM-fed cows were provided nearly 2 kg more supplement on a daily basis than
CSM-fed cows. Other researchers have indicated that intake of low-do&ditye was
decreased by energy supplementation when comparing isonitrogenous supphathents
varying energy levels (Ovenell et al., 1991; Marston et al., 1995a). For examplell Ovene
et al. (1991) evaluated supplementation of low-quality prairie hay fed to beef athws w
1.36 kg soybean meal or 3.41 kg wheat middlings. The higher feeding rate of wheat
middlings resulted in 1.1 kg per day decreased hay intake. Similarly, when contparing
effects of supplementation with either 1.36 kg soybean meal or 3.24 kg wheat middlings
to beef cows consuming prairie hay, Marston et al. (1995a) reported that haynatake
reduced 0.90 kg per day during gestation and 0.70 kg per day during lactation.

Hay intake tended?= 0.10) to be reduced for ECSM-fed cows compared to
CSM-fed cows. Similar daily quantities of CP, RDP and TDN were supplied by @8M a
ECSM supplements (Table 1). Therefore, the primary difference in these two
supplements was a greater contribution to TDN from fat in ECSM versus argreat
contribution to TDN from non fiber carbohydrate and digestible NDF in CSM
(Winterholler et al., 2008). In high roughage diets, fat supplementation reducedndMI
fiber digestibility when dietary fat concentration was greater thaiiC%basis:

Coppock and Wilks, 1991; Jenkins, 1993). Moore et al. (1986) indicated that 4%
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supplemental fat to steers consuming wheat straw had no negative effetekeror
fiber digestibility, but when fat was added at greater than 6% of DMI, regardf fat
source, intake and fiber digestibility were negatively impacted. In ouriengrd,
feeding d dietary lipid was 2.4% of DMI for CSM and 4.7% of DMI for ECSM; average
daily fat intake was 2.3% of DMI for CSM and 3.9% of DMI for ECSM. Therefore, both
the feeding d and the average daily dietary fat concentration remainedd8élowthe
ECSM supplemented cows. Perhaps more research is necessary to deteimine if
interval feeding strategy for fat-containing protein supplements éatesrthe negative
impact that excessive supplemental fat can have on low-quality forage intake.

Apparent digestible DMI and apparent digestible OM intake were not different
between CSM and ECSNP ¢ 0.10) but were greatep € 0.02) for WMCSM compared
to CSM and ECSM. Interestingly, WMCSM supplement supplied 1.12 kg/d more TDN
than CSM supplement and apparent digestible OM intake was increased by 1.2 kg/d in
WMCSM supplemented cows compared to CSM supplemented cows. Similar
calculations for the aforementioned study of Marston et al. (1995a) showed a much lower
ratio of DDMI to added TDN (0.34) for gestating cows, reflecting a negatipadgt of
additional supplemental energy on forage DMI.

Apparent total tract digestibility of crude fat was greatest for cows GSME(P
< 0.05) compared to cows fed CSM but was similar for CSM and WMGSMQ(10).
Fat intake from ECSM was 78% greater than from CSM, and was 39% great&Sbr E
compared to WMCSM. Others have shown that supplemental fat increases the apparent

digestibility coefficient of ether extract (Palmquist and Conrad 1978; Mdaile 4986;
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Aldrich et al., 1997). The partial digestion coefficient of supplemental fat wiasadsd

from Experiment 2 data according to the equation suggested by Grummer (1988):
[(extruded, expelled cottonseed meal fat intake — solvent extracted
cottonseed meal fat intake) — (extruded, expelled cottonseed meal fat
output — solvent extracted cottonseed meal fat output)]/(extruded, expelled
cottonseed meal fat intake — solvent extracted cottonseed meal fat intake).

The resulting partial digestibility of supplemental fat from ECSM was%5.2
Banta et al. (2008) reported a much lower value (66.5%) when cows received 0.29 kg/d
supplemental fat from whole soybeans. However, NRC (2001) reports true digestibil
of vegetable oils to be 86%. Evidently, supplemental fat from ECSM was highly
digestible under the conditions of this experiment.

Apparent total tract digestibility of CP, NDF, DM, and OM, were not influenced
by supplemental treatmerR ¢ 0.10). Therefore, neither supplemental energy from
WMCSM nor added fat from ECSM interfered with apparent total tract digetstibili
these dietary components.

Experiment 3

Calculations of 24-h milk production during early lactation were similar among
supplement type and averaged 6.33 k§/d 0.25; Table 6). In the study of Marston et
al. (1995b), beef cows grazing low-quality forage were fed 1.22 kg/d of a 40% CP
supplement or 2.44 kg/d of a 20% CP supplement during early lactation. Additional
energy from the 20% CP supplement resulted in increased milk yield. In the present
study, during early lactation, intake of TDN was 39% and 44% greater for WMCS

compared to CSM and ECSM, respectively. However, we were not able to detect an
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increase in milk production with added energy from WMCSM. Lalman et al. (2000)
reported a linear relationship between milk yield and increasing levelseofy for

heifers fed similar amounts of CP at 60 and 90 d postpartum, but at 30 d postpartum,
supplemental energy did not influence milk yield. The average d postpartum of the cow
in our study was 21.

Composition of milk constituents, butterfat, protein, lactose, solids not fat, and
milk urea N, were not different among supplements (TabiRe>60.10). These data are
consistent with studies evaluating the effects of fat supplementation on milk poaduct
and composition for beef cows consuming primarily low-quality forage (Baaia et
2008; Alexander et al., 2002).

Based on the findings of this study, the additional energy supplied by WMCSM
was not great enough to improve beef cow performance or calf weaning weight.
Furthermore, ECSM can be effectively utilized as a supplemental proteire $ourc
range beef cows consuming low-quality forage. Producers should expect simila
production responses when traditional cottonseed meal-based protein and energy source

are replaced with ECSM.
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Table 1. Supplement composition and amount of nutrients supplied daily during gestation

Supplement

Item (DM basis) WMCSM CSM ECSM

-------------- % of DM----------------
Cottonseed meal 18.25 92.34 -
Extruded, expelled cottonseed meal -- -- 93.13
Wheat middlings 76.89 -- -
Calcium carbonate 1.98 3.25 1.45
Dicalcium phosphate - 1.47 2.58
Molasses 2.78 2.84 2.74
Vitamin A-30,000 IU 0.10 0.10 0.10
CP, % 21.2 43.0 31.1
TDN, % 70.2 80.2 55.0
Crude fat, % 4.48 3.31 10.2
------------------------------------- Nutrient supplied, geation-----------=---=-mmmmmmmmmmm o
DM, kg/d 2.45 1.21 1.67
CP supplied, kg/d 0.52 0.52 0.52
Degradable intake protein, kg/d 0.38 0.41 0.44
TDN, kg/d’ 1.72 0.97 0.92
Crude fat, kg/d 0.11 0.04 0.17
------------------------------------- Nutrient supplied, laettion----------=-==-=mmmmmmmmmmmm oo
DM, kg/d 3.92 2.03 2.75
CP supplied, kg/d 0.86 0.86 0.86
Degradable intake protein, kg/d 0.63 0.67 0.72
TDN, kg/d’ 2.74 1.62 1.51
Crude fat, kg/d 0.17 0.07 0.28

"Provided 12,258 IU of vitamin A per kg of diet DM.

’Degradable intake protein determined by sepanatiéu experiment (Winterholler et al.,
2008).

3Calculated using actual supplement chemical composition and the summativerequati
from NRC (2001). Adjustments were included ifositu true NDF digestibility and the
partial fatty acid digestibility coefficient from experiment 3.
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Table 2. Effect of winter supplement on cow BW and BCS (Exp. 1)

Supplemerit
Item WMCSM CSM ECSM SEM P-Value
n= 34 31 31
Supplementation period, d 95 95 95
Initial BW (1/2/07), kg 531 536 538 8.00 0.83
BW change before calving, kg 11 2 4 3.64 0.23
BW change after calving, kg -29 -31 -31 4.17 0.90
BW change 95-d, Kg -64 -71 -72 4.06 0.27
BW at end of supplementation, kg 470 465 466 7.41 0.89
BW change 301-d, Kg -24 -31 -25 4.90 0.56
BW at weaning (10/30/07), kg 507 505 513 7.58 0.77
Initial BCS (1/2/07) 5.46 5.30 5.45 0.13 0.57
BCS change before calvihg -0.46 -0.37 -0.42 0.09 0.78
BCS change after calvifig -0.27 -0.37 -0.37 0.07 0.49
BCS change 957 -0.85 -0.82 -0.87 0.09 0.95
BCS at end of supplementation 4.62 4.48 4.56 0.09 0.50
BCS change 301d -1.16 -1.00 -1.04 012  0.37
BCS at weaning (10/30/07) 4.30 4.30 4.41 0.07 0.43

'Supplements (DM basis) included: 1) 2.45 kg/d during gestation and 3.92 kg/d duringriaftati
cottonseed meal and wheat middling based supplement (WMCSM); 2) 1.21 kg/d duratiggestd

2.03 kg/d during lactation of a 40% CP cottonseed meal based supplement (CSM); 3) 1.67 kg/d durin
gestation and 2.75 kg/d during lactation of an extruded, expelled cottonseed meal basedesuippl

that has been delinted (ECSM).
“Precalving measurements obtained one week prior to calving.

%Change post-calving to end of supplementation period.
“Change over supplementation period (1/2/07 to 4/7/07)

>Change from beginning of supplementation to weaning (1/2/07 to 10/30/07)
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Table 3. Effect of winter supplement on calf performance (Exp. 1)

Supplemert
Item WMCSM CSM ECSM SEM P-Value
n= 34 31 31
Birth weight, kg 34 36 34 0.92 0.21
Calf weaning weight, Kg 211 215 212 3.95 0.76

ISupplements (DM basis) included: 1) 2.45 kg/d during gestation and 3.92 kg/d duringiactati
of a cottonseed meal and wheat middling based supplement (WMCSM); 2) 1.21 kg/d during
gestation and 2.03 kg/d during lactation of a 40% CP cottonseed meal based supplemgnt (CSM
3) 1.67 kg/d during gestation and 2.75 kg/d during lactation of an extruded, expelled cottonseec
meal based supplement that has been delinted (ECSM).

*Weaning weight reported as 205-d weight adjusted for calf sex.
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Table 4. Effect of winter supplement on cow reproductive performance (Exp. 1)

Supplement
ltem WMCSM CSM ECSM SEM P-Value
n= 34 31 31
Supplementation period, d 95 95 95
Pre-breeding wt (5/17/07), kg 483 476 478 8.65 0.83
Pre-breeding BCS (5/17/07) 5.0 4.8 5.0 0.10 0.15
Luteal activity, % 82 74 71 0.08 0.59
Al conception rate, % 30.4 30.4 38.1 0.10 0.82
Pregnancy rate at weaning, % 82 84 87 0.08 0.88

'Supplements (DM basis) included: 1) 2.45 kg/d during gestation and 3.92 kg/d durinigriauftat

a cottonseed meal and wheat middling based supplement (WMCSM); 2) 1.21 kg/d duatigrges
and 2.03 kg/d during lactation of a 40% CP cottonseed meal based supplement (CSM); 3) 1.67
kg/d during gestation and 2.75 kg/d during lactation of an extruded, expelled cottonsked mea
based supplement that has been delinted (ECSM).

“Percentage of cows exhibiting ovarian luteal activity at the beginning ofekdibg season.

3N for Al conception rate = 23, 23, and 21 for WMCSM, CSM and ECSM treatments,
respectively.
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Table 5. Effect of early-lactation supplement on hay intake and apparent total trastilallgg of
dietary components (DM basis; Exp. 2)

Supplemernit

ltem WMCSM CSM ECSM SEM P-value
n= 5 6 6 --
Hay intake, k@100 kg of BW'ed™ 2.13 2.27 203 0.14 0.10
DMI, kge100 kg of BW'ed™ 2.79 2.58 2.48 0.16 0.02
OM intake, k100 kg of BW'ed* 2.60 2.38 228 0.14 0.02
Fecal output, k100 kg of BW'ed 1.25 1.24 1.19 0.06 0.70
Digestible DMI, kgp100 kg of BW'ed 1.79 1.54 1.58 0.06 0.02
Digestible OM intake, keg100 kg of BW'ed™ 1.76 1.52 1.56 0.07 0.01
DM digestibility, % 62.0 58.3 59.6  3.40 0.42
OM digestibility, % 66.7 63.1 63.9  3.50 0.36
NDF digestibility, % 64.5 59.3 62.2  3.55 0.43
ADF digestibility, % 52.2 55.4 55.2  3.70 0.47
CP digestibility, % 57.2 55.9 59.8  2.29 0.51
Crude fat digestibility, % 798 76.0 84.8 4.29 0.03

'Supplements (DM basis) included (during lactation): 1) 3.92 kg/d of a cottonseed mehlead w
middling based supplement (WMCSM); 2) 2.03 kg/d of a 40% CP cottonseed meal based suppleme

(CSM); 3) 2.75 kg/d of an extruded, expelled cottonseed meal based supplement that hagbezkn del
(ECSM).

4P Means within a row with different superscripts differ<0.05).
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Table 6. Effect of supplement on beef cow milk production and milk composition (Exp. 3)

Supplemerit
ltem WMCSM CSM ECSM SEM P-Value
n= 20 20 20
Butterfat, % 241 2.26 2.55 0.31 0.81
Protein, % 3.09 2.90 2.97 0.08 0.18
Lactose, % 4.98 5.07 5.02 0.06 0.61
Solids not fat, % 9.02 8.93 8.95 0.07 0.64
Milk urea N, mg/di 4.36 4.35 4.46 0.53 0.48
Milk production, kg 6.65 559  6.75 0.51 0.25

'Supplements (DM basis) included (during lactation): 1) 3.92 kg/d of a cottonseechthedient

middling based supplement (WMCSM); 2) 2.03 kg/d of a 40% CP cottonseed meal based supplement
(CSM); 3) 2.75 kg/d of an extruded, expelled cottonseed meal based supplement that has been
delinted (ECSM).

“Calculated 24-hr milk production from machine milking procedure.
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CHAPTER V

SUPPLEMENTATION OF DRIED DISTILLER’S GRAINS WITH SOLUBES TO
BEEF COWS CONSUMING LOW-QUALITY FORAGE DURING LATE
GESTATION AND EARLY LACTATION
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ABSTRACT: Three experiments were conducted to evaluate supplementation of dried
distiller’s grains with solubles (DGS) to spring-calving beef cows (n =320kg of

initial BW; 5.1 initial BCS) consuming low-quality forage during laésttion and early
lactation. Supplemental treatments included (DM basis): 1) 0.77 kg/d DGS P& S

1.54 kg/d DGS (DGSI); 3) 2.31 kg/d DGS (DGSH); 4) 1.54 kg/d of a blend of 49% wheat
middlings and 51% cottonseed meal (POS); and 5) 0.23 kg/d of a cottonseed-hull based
pellet (NEG). Feeding rate and CP intake were similar for DGSI and PCEXp. 1,

cows were individually fed 3 d/wk until calving and 4 d/wk during lactation; total SUP
period was 119 d. Tall-grass prairie hay (5.6% CP, 50% TDN, 73% NDF; DM basis)
was fedad libitum throughout the supplementation period. Change in cow BW and BCS
during gestation was similar for DGSI and POS (-4.8%g,0.66 and -0.12R = 0.28,
respectively), and linearly increased with increasing DGS I&/€I@.01). Likewise,
throughout the supplementation period, BW and BCS change were similar for DGSI and
POS (-71 kgP = 0.51 and -0.6@ = 0.08) and increased linearly with respect to
increasing level of DGS(< 0.01). The percentage of cows exhibiting luteal activity at
beginning of breeding season (5665 0.31), Al conception rate (40%= 0.62), or
pregnancy rate at weaning (88Pos= 0.74) were not influenced by supplementation. In
Exp. 2, 30 cows from a separate herd were used to evaluate the effect of DGS on hay
intake and digestion. Supplementation improved all digestibility measures eohtpar
NEG. Hay intake was not influenced by level of D®&S>(0.10); digestibility of NDF,

ADF, CP, and fat linearly increased with increasing level of DGS. In Expli3, mi
production and composition was determined for cows (n = 16/trt) of similar d post-

partum from Exp. 1. Daily milk production was not influenced by supplementation (6.34

98



kg/d; P = 0.25). Butterfat (2.1%) and lactose (5.0%) were not diffeRert@.10). Milk
protein was linearly increased as DGS increaPed@.05) and was greater for DGSI
compared to POS. Similar cow performance was achieved when cows avBx@ $ethe
same rate and level of CP as a traditional cottonseed meal-based supplanreasing

amounts of DGS did not negatively influence forage intake or diet digestibility.

Key words: beef cow, distiller’s grains, supplementation
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INTRODUCTION

Supplementation of degradable intake protBiliP] to beef cows is necessary
during the winter months in the Southern Great Plains, when forage quality is low, t
maintain cow BW and BCS (DelCurto et al., 1990; Lusby et al., 1991; Marston et al.,
1995). Protein supplementation programs in this region rely on the use of traditional
feeds such as cottonseed meal or soybean meal. However, the corn-based ethanol
industry has recently expanded, creating an abundance of dried diggii&ens with
solubles DGS). With a few exceptions, the nutrient profile of DGS (33% CP, 10% fat,
87% TDN, 0.87% P; DM basis) indicates that it has potential value as a supplement for
beef cattle consuming low-quality forage.

The contribution of DIP from DGS (approximately 50%) is lower than supplied
from traditional feeds (Waller et al., 1980; MacDonald et al., 2007; Winterholler et a
2008). The first-limiting nutrient for beef cattle consuming low-quality forages @e
DIP (Koster et al 1996; Mathis et al., 1999; Bandyk et al., 2001); compared tomtraditi
feeds, feeding a similar level of DGS may result in a deficiency of BtRlitionally, the
fat content of DGS is 10-14%, this is higher than traditionally supplemented(1e8és
fat, NRC, 1996). For cattle consuming forage-based diets, high fat concentralices re
DMI and fiber digestion (Moore et al., 1986; Jenkins, 1993; Hess et al., 2008). Of final
concern, the majority of cow/calf operations in the Southern Great Plainsdaptech
interval-feeding strategies to deliver supplements to reduce labor andd$tieMée are
unaware of studies that have evaluated DGS in an interval feeding scenario.

Previous research using DGS as a supplement in beef cow production systems is

limited; yet available literature indicates a favorable response tod3@3eplacement
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for traditional supplemental feedstuffs such as cottonseed meal, wheahgsdxtid
soybean meal. At isonitrogenous and isocaloric intake compared to sunflower meal
DGS was an effective supplement for beef cows grazing corn stalks (Doesnf,R
2005). We are aware of no research evaluating supplementation with DG 8ffoolwe
consuming low-quality forage. This study was conducted to determine itierefy of
replacing common supplemental ingredients in an interval feeding system@&haPa
protein and energy source. A second objective was to determine the effectgendiffe
DGS feeding amounts.
MATERIALS AND METHODS

Experiment 1

Animals. This experiment was conducted at the Range Cow Research Center,
North Range Unit located approximately 16 km west of Stillwater, OK, in accordance
with an approved Oklahoma State University Animal Care and Use Committeegbrot
Spring-calving Angus and Angus x Hereford crossbred beef cows (n = 120; 541 + 78 kg
of initial BW; 5.1 £ 0.73 initial BCS) were assigned randomly to 1 of 5 dietary
supplements for a completely randomized design. Cows were ranked by BW and BCS
and randomly allocated so that BW and BCS were similar across all treatments
Experimental supplementation began on December 6, 2007 and terminated on April 3,
2008 which encompassed both late gestation and early lactation (average calving d =
March 21); the total supplementation period was 119 d. Because this study encdmpasse
early lactation, once each cow had calved, feeding levels were increasednimll

parturition to meet nutrient demands for lactation.
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Supplements (DM basis) included: 1) 0.77 kg/d during gestation and 1.35 kg/d
during lactation DGS¥GSL); 2) 1.54 kg/d during gestation and 2.68 kg/d during
lactation DGSDGSI); 3) 2.31 kg/d during gestation and 4.02 kg/d during lactation DGS
(DGSH); 4) 1.54 kg/d during gestation and2.68 kg/d during lactation of a blend of 49%
wheat middlings and 51% cottonseed me4&H) and 5) 0.23 kg/d during gestation of a
cottonseed-hull based pellet and 4.02 kg/d during lactation DIES). All
supplements were fed loose, and were formulated so that DGSI and POS provided equal
CP and DMI (Table 1).

A barn containing 32 individual feeding stalls was used to insure that each cow
received the assigned supplement and that cows did not consume more supplement than
their designated amount. During late gestation, cows were fed on Monddye§day
and Friday mornings. The amount of supplement fed on each of these 3 d was
determined by calculating the amount of supplement needed per wk (daily sugpleme
amount x 7 d) and dividing that amount by 3 (i.e., cows receiving POS were fed 3.59
kg/feeding; DM basis). Once each cow had calved, her supplement frequency was
increased to 4 times per week to meet nutrient demands of lactation and duringethis t
supplements were individually fed on Monday, Wednesday, Friday and Saturday
mornings, which resulted in approximately a 57% increase in the amount fed weekly
The amount of supplement fed on each of these 4 d was determined by calculating the
amount of supplement needed per wk (daily supplement amount x 7 d) and dividing that
amount by 4. To avoid the detrimental effects of no supplementation on reproduction,
once NEG cows had calved, they were fed the same diet as DGSH to meet nutrient

demands for lactation and help cows achieve adequate BCS at the beginning of the
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breeding season. Therefore, all data presented for NEG during lactationfanthaece
measurements obtained beyond lactation represent the effects of nutrrestionest
during gestation followed by a brief re-feeding interval from parturition Aptil 3.
Individual cow BW and BCS were determined at the start of the experimenta
supplementation period (12/6/2007), after the first 30-d of supplementation (1/10/2008),
before any cows had calved (2/28/2008), late-calving cows only (3/30/2007), following
parturition, at trial termination (4/03/2008), prior to breeding (5/19/2008) and at weaning
(10/15/2008). All BW were recorded after 16-h withdrawal from feed and wataty B
condition scores (scale 1 through 9; Wagner et al., 1988) were determined bydhe sam
two independent evaluators throughout the experiment.
During gestation, cows were managed as a contemporary group in a sitigle pas
(46 hectares) with free choice access to tall-grass prairie hay GRP6%0% TDN; 73%
NDF; 1.9% crude fat; DM basis) and a high Ca mineral supplement (25.15% NacCl,
19.62% Ca; 5.65% P; 1.08% Mg; 1037 ppm Cu; 12 ppm Se; 3076 ppm Zn; DM basis).
At calving, cow/calf pairs were moved to an adjacent pasture (31 hectéeg) ey
were managed as a contemporary group. Cow/calf pairadi#datum access to the
same prairie hay and mineral supplement as described previously and weredprovide
adequate amounts of experimental supplements to meet the protein and energy
requirements for lactation until green forage became available (April 3,.280@8]jures
used during the supplemental phase had been previously grazed during spring and
summer, and consequently in combination with the heavy stocking rate during the

supplemental feeding period, grazed forage contributed minimally to DM intake.
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The assessment of N status was estimated during gestation and lagtation b
measuring serum urea N during each phase. Immediately following bloodioallec
samples were placed on ice and then allowed to clot for 24 RCat After
centrifugation (1,500 x g for 20 min), sera were harvested and stored at -20° C for
subsequent analysis of serum urea N. Serum urea N concentration was measueed using
commercially available kit (Teco Diagnostics, Anaheim, CA) and aaplate reader at
620 nM (96 well plate).

The percentage of cows cycling at the beginning of the breeding season was
determined by quantifying progesterone concentration (Vizcarra et al., 199&$mapl
samples obtained via tail venipuncture 14 and 7 d prior to breeding and again on the first
d of the breeding season. Immediately following blood collection, tubes werd place
ice until plasma was harvested for analysis of progesterone concentratos with
one or more plasma samples contairir@®5 ng/mL progesterone were considered to
have ovarian luteal activity. Cows were artificially inseminated fiday 19 through
June 14, 2008, followed by natural mating from June 23 through July 21, which resulted
in a 63-d breeding season. Cows were observed each morning and evening for 1 h to
detect standing estrus; all cows exhibiting standing estrus wereialtyifinseminated
approximately 12 h following observation of estrus. First service conceptionaste w
determined by transrectal ultrasonography approximately 35 d aftexéall
pregnancy rate was determined by rectal palpation at weaning on October 15, 2008.

Birth weight of each calf was determined within 24 h of birth and all malesa

were castrated at this time. Calf BW was also obtained on May 5, 2008, June 5, 2008 and

104



at weaning on October 15, 2008. Weaning weights are reported as a 205-d weight,
adjusted for sex according to the guidelines of the Beef Improvement &@u¢2802).

Statistical Analysis. For all statistical analysis, cow was considered the
experimental unit because supplements were fed individually to each cow. Continuous
data were analyzed as a completely randomized design using the MIXElpr@of
SAS (SAS Inst. Inc., Cary, NC) and the Satterwaite approximation foretegfe
freedom. The model for cow performance included supplemental treatment a$ a fixe
effect and cow age and d on supplementation prior to calving as covariatesniredpl
contrasts included no supplementation vs. supplementation and DGSI vs. POS. Linear
and quadratic orthogonal polynomial contrasts were evaluated for feedingdelésS.

For lactation, the contrast for no supplementation vs. supplementation was not included
in the analysis as the NEG treatment was removed during lactation. Fualgdis
differences in treatment means were assessed 8t05.

Data for blood urea N were analyzed as a completely randomized design using the
MIXED procedure of SAS. Preplanned contrasts included no supplementation vs.
supplementation and DGSI vs. POS. Linear and quadratic orthogonal polynomial
contrasts were evaluated for feeding levels of DGS. For lactation, the téotras
supplementation vs. supplementation was not included in the analysis as the NEG
treatment was removed during lactation. For all analysis, differenaesiiméent means
were assessed @at= 0.05.

Data for reproductive performance were analyzed using the Glimmix precedur

SAS, assuming a binomial distribution and supplement served as a fixed effexit. Lea
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squares means are reported in all tables except for the percentages exlubitisg
luteal activity, pregnancy rate, and first service conception rate whaalaarmeans.
Experiment 2

Animals. This experiment was conducted at the Range Cow Research Center,
North Range Unit located approximately 16 km west of Stillwater, Oklahoma in
accordance with an approved Oklahoma State University Animal Care and Use
Committee protocol. Thirty cows in mid-gestation from a separate cow heeduged
to determine the effects of DGS supplementation on hay intake and apparerdacotal tr
digestibility. Cows were randomly assigned to one of two collection periods in a
randomized complete block design. Three cows from each treatment combinagon wer
represented during each period. Cows were gaaddibitum access to the same prairie
hay that was fed in Exp. 1 and were also kept on the same feeding regimen eggestat
cows in Exp. 1 (Monday, Wednesday, and Friday mornings) during Exp. 2. Cows were
maintained in individual outdoor 3.7 x 9.1-m pens so that they would be exposed to the
same environmental conditions as cows in Exp. 1.

Each 16-d period consisted of 7 d of adaptation to the diet, pens and hay feeders
and 9 d of data collection. Hay intake was measured from d 8 through d 14 and fecal
grab samples were collected twice daily at 0800 and 1600, from d 10 through d 16 to
estimate fecal output from acid detergent insoluble ash concentration. Subssaimple
supplements, hay, and orts were dried af@a6 determine DM. Supplement, hay, ort,
and fecal samples were dried atG@nd ground in a Wiley mill (Model-4, Thomas
Scientific, Sweedesboro, NJ) to pass a 2-mm screen before analysisgrifziarg,

supplement and hay samples were composited within period; ort and fecal samgles we
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composited by cow. All composite samples were analyzed for NDF, ADF, @, fat,

GE and acid detergent insoluble ash concentration. Neutral detergent fiber and ADF
content were determined using an ANKOM Fiber Analyzer (ANKOM Techno@@99

a, b). Crude protein was determined using a Leco NS-2000 Nitrogen Analyzer (Leco
Corporation, St. Joseph, MI) as described by Bilous (1999), crude fat was deterynined b
ether extraction (AOAC, 1996), and acid detergent insoluble was determined as the
residue following complete combustion of the ADF residue (Van Soest et al., 1991). The
GE of the supplements, hay, orts and feces were determined using an isoperibol bomb
calorimeter (model number 1281, Parr Instrument Co., Moline, IL). The P of the
supplements, hay, orts and feces were determined by Dairy One Fortigg Tes
Laboratory, Ithaca, NY. Apparent total tract DM, OM, CP, GE, and crude fat
digestibility as well as NDF and ADF digestibility were calculafier each cow.

Additionally, digested DMI (DMI kg/100kg of BW x DM digestibility), digest OM

intake and DE intake were calculated for each cow.

Statistical Analysis. Intake and digestibility measurements were analyzed as a
randomized complete block design using the MIXED procedure of SAS (SAS In}t. Inc
and Satterwaite approximation for degrees of freedom. The model included supplement
as a fixed effect and collection period as a random variable. Preplannetsontr
included no supplementation vs. supplementation and DGSI vs. POS. Linear and
guadratic orthogonal polynomial contrasts were evaluated for feeding V@GS, For

all analysis, differences in treatment means were assessed0a05.
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Experiment 3

Animals. This experiment was designed to evaluate the effects of supplemental
nutrient source on milk yield and composition. Milk production was determined using
the weigh-suckle-weigh method. Sixteen cows of similar d post-partum fidm ea
treatment described in Exp. 1 were used in the analysis. The evening prior to the
experiment, all calves were isolated from their dams at 1800 and the followinghgnhorni
at 0545, calves were reunited with cows and allowed to nurse until the udder was
completely empty. Following nursing, calves were again separated frosatal at
1145, calves were weighed and reunited with dams to nurse. Following nursing, calves
were weighed again and the difference in BW corresponded to a 6-h estimate of mil
production for the cow. After being weighed, calves were again separated frsmadd
the same procedure was repeated at 1745 to obtain another 6-h estimate of milk
production. The two estimates of 6-hr milk production were used to extrapolate a 24-h
milk production estimate. Additionally, milk production of the entire cowherd was
evaluated by calf BW obtained on May 5, 2008, June 5, 2008 and at weaning on October
15, 2008.

The same cows used in the weigh-suckle-weigh procedure were used to determine
the effects of DGS supplementation on milk composition by machine milking. The
experimental procedures for evaluating milk composition were adapted frostoll@t
al. (1992) and took place over a 5-d period. Prior to milking each d, pairs were gathered
at approximately 1600. The calves were then separated from their dams until2200 w
pairs were reunited with calves and were allowed to nurse theirathimstum, but for <

45 min. Following nursing, cows and calves were separated again until milking was
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completed. Milking was initiated at 0700 the following morning and was completed by
1300. Cows were provided prairie hay and water free choice during this period.

Before milking, 1.0 mL of oxytocin (20 USP units/mL, i.m.; Phoenix
Pharmaceutical Inc., St. Joseph, MO) was administered to each cow tattaaiilk let-
down. Cows were then individually milked using a portable milking machine and when
milk flow ceased from all quarters, the milking apparatus was removed cimteaa was
hand-stripped to ensure complete emptying of each quarter. Milk collectechizom t
milking machine was combined with milk from hand-stripping. After thorough mixing, a
50 mL sub-sample was obtained and preserved with 2-bromo-2-nitropropane-1,3-diol and
shipped to the Heart of America DHIA (Manhattan, KS) for analysis of milk Nrea
protein, butterfat, lactose and solids not fat.

Statistical Analysis. Cow was considered to be the experimental unit for milk
production and composition analysis. The model statement for milk production included
supplement as a fixed effect and cow age as a covariate. The model for nptksdem
included supplement as a fixed effect and d post-partum as a covariate. Preplanned
contrasts included no supplementation vs. supplementation and DGSI vs. POS. Linear
and quadratic orthogonal polynomial contrasts were evaluated for feedingdelésS.

For lactation, the contrast for no supplementation vs. supplementation was not included
in the analysis as the NEG treatment was removed during lactation. FHualgdis

differences in treatment means were assessed 8t05.
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RESULTS AND DISCUSSION
Experiment 1

Cow BW and BCS. Data for cow BW, BW change, BCS and BCS change are
presented in Table 2. Feeding increasing amounts of protein and energy from DGS
resulted in a linear reductioR € 0.01) in BCS loss over the 119-d supplementation
period with respect to feeding level of DGS, and cows fed DGSH maintained #hesgre
BCS during this periodq < 0.05). Change in BCS during gestation and over the 119-d
supplementation period was the same for DGSI and PG)(22). There was a greater
reduction in BCS for DGSI and POS compared to DGSH, however this decrease (-0.60
units of BCS) left cows in an acceptable BCS (4.54) at the end of the suppleopmentati
period.

Using the NRC (1996) model, supplemental DIP differed among DGSI and POS
as intake of DIP was greater for POS (Table 1). In the NRC (1996) model, dve use
actual hay intake data obtained from Exp. 2, and TDN content of each diet to predict
microbial efficiency. During gestation, the DIP balance for DGSI®vg&l whereas
POS was 107 g/d, illustrating that DGSI was marginal in meeting DIP requitgme
Despite this, we observed similar performance responses for DGSI and P@Ssisggg
that DGSI cows were able to recycle an adequate amount of N back to the rumen to
overcome a potential deficiency (Wickersham et al., 2008 a, b). Beyond this, cows
receiving DGSI were fed an additional 0.31 kg/d TDN compared to POS. Thus, we
conclude that the ability of the cow to recycle N in a marginally defisite as well as
the additional energy from DGS was enough to achieve similar perfornanaaafs

consuming equal amounts of DGS and POS.
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Previous work at our research station showed that supplementation with high fat
protein feeds reduced cow performance (Banta et al., 2006; Steele et al., 208&tBa
al., 2008). In a scenario very similar to the present study, when cows werel ifeterva
whole sunflower seeds that supplied 8.0% of dietary lipid (0.94 kg/d; DM basis) on
supplementation d, cow BW and BCS were reduced during the supplementation period
(Banta et al., 2006). Likewise, cow BW was lower for cows interval fed drought
stressed soybeans during gestation; however, BCS was not different abtopare
positive control (Steele et al., 2007). In the study of Steele et al. (2007), 0.35 kg/d (DM
basis) supplemental fat was supplied on the d of supplementation.

In the present study, we did not observe a deleterious effect of supplying
supplemental fat from the interval feeding of DGS. In a recent review,ddasq2008)
indicated to avoid the potential negative impacts of fat supplementation; it is
recommended that added fat be included at no more than 3% of diet DM for cattle. For
our experiment, prairie hay intake for cows during gestation averaged 2.57% foi BW
cows fed DGS. Based on this level of hay intake, during gestation, daily fat intake wa
3.3% of diet DM with 1.7% added fat from DGS for DGSH cows, and on the d that cows
were supplemented, fat intake accounted for 4.7% of diet DM with 3.4% added fat from
DGS. For lactation, assuming hay intake was 3.0% of BW, daily fat intake wa®#.0%
DM with 2.5% added fat from DGS and was 5.3% of diet DM on the d that cows were
supplemented, with 4.3% added fat from DGS for DGSH cows.

As expected, for NEG cows during gestation, BW and BCS loss was substantially
greater than supplemented cows. It has been previously documented that cows not

receiving a protein supplement during the winter months in similar conditiores auff
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dramatic loss in BCS (1.66 units of BCS; Steel et al., 2007). In the present study, NEG
cows lost 0.82 units of BCS during gestation. Once NEG cows had calved, theydvere fe
DGSH to help achieve an adequate BCS prior to breeding. The average cabring d f

NEG was February 29, 2008 and 5 NEG cows calved after the termination of
supplementation on April 3, 2008. The average d on supplementation during lactation for
NEG was 34. During this time, BCS loss was similar among treatments (0.84funit

BCS). Although by feeding DGSH, NEG cows received 1.2x maintenance requirements
for lactation, this level and duration of feeding was not great enough to overcoreatnutri
restriction during gestation as BCS for NEG cows was lower than otheemgihl
treatments after the 119-d supplementation period.

The NRC (1996) recommends that S intake not exceed 0.40% of diet DM as a
means to avoid a potential reduction in performance or S induced polioencephalomalacia.
If prairie hay intake was 3.0% of BW for DGSH cows during lactation, S intake was
approximately 0.25% of diet DM on the d that cows were supplemented. Additional S
from DGS was not supplied in a large enough quantity to be detrimental. However, S
concentration of DGS can vary substantially (Spiehs et al., 2002), and additional S
sources, such as water, should be monitored and accounted for when feeding DGS.

Calf performance. Calf birth weight was influenced by pre-partum
supplementation and was linearly increased with respect to increasirgydeebS
(Table 3). The influence of pre-partum supplementation on calf BW has been well
researched and results are mixed. Some report that calf BW is relateepsrom
plane of nutrition, (Wiltbank et al., 1962; Houghton et al., 1990; Spitzer et al.,1995),

whereas others report no difference (Hough et al., 1990; Wiley et al., 1991etiake

112



2005). Interestingly, in the present study, calf birth weight was simil&@3@ and NEG
(P=0.74), and was lower compared to DG3K(0.05). Perhaps the added energy from
DGS was partitioned to support fetal growth.

Calf BW increased linearlyP(= 0.06) with increasing level of DGS at
approximately 60 d of age and at approximately 90 d ofRge0(07). Similarly,

Lalman et al. (2000) indicated that 90 d calf ADG was linearly related to supply ef post
partum supplemental energy. Also, Perry et al. (1991) indicated that calt BO®Wavas
related to intake of energy post-partum. However, by weaning, 205-d adjusted BW was
similar among treatments.

Reproductive Performance. Data for cow performance at the initiation of the
breeding season is provided in Table 2 and reproductive data is provided in Table 4. At
the beginning of the breeding season, BCS was higher for DGSH compared to other
experimental supplement® € 0.05), but had no bearing on reproductive performance.
Supplementation of DGS had no influence on the percentage of cows exhibiting ovarian
luteal activity P = 0.31), Al conception ratd’(= 0.62), or overall pregnancy rate £
0.74), but for non-continuous data, additional experimental units would be necessary to
ensure that a type Il error was not present.

Previous research with the influence of supplementation with DGS on
reproductive performance is favorable. Engle et al. (2008) indicated that
supplementation with approximately 40% DGS to ground hay from d 190 of gestation
through calving did not influence the percentage of cows in estrus at the begihthiag
breeding season but did increase final pregnancy rate compared to a positive control

Likewise, Martin et al. (2007) indicated that supplementation of 0.60% BW of DGS to
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prairie hay for developing beef heifers increased Al conception rate lesswekgnancy
rate by Al. The authors of these studies speculated that the increased regroduct
performance by DGS may be linked to the supply of MP, fat, or the interaction of the
two; however, data evaluating the effects of these two variables on repondareti
mixed.

Body condition score at the beginning of the breeding season was loweEiGor N
(P < 0.01); however, we did not observe a negative effect of pre-partum nutrient
restriction on reproductive performance. As mentioned earlier, these cosvaate
supplemented during gestation but were switched to receive DGSH dutatglac It is
apparent that the NEG cows were able to achieve a positive energy bedamtlect
additional MP and energy from DGS as ovarian luteal activity was similéndee cows
compared to other supplemental treatments. Houghton et al. (1990) indicated that retur
to estrus was similar for cows fed a low energy diet during gestation fallbya high
energy diet during lactation as compared to supplying moderate to high energy during
both periods.

Of additional concern with respect to the influence of DGS on reproductive
performance is the potential negative effects caused by feeding eXxtess dairy
rations, feeding high levels of both DIP and undegradable intake protein caused a
reduction in uterine pH which could have consequently had detrimental impacts on
embryo survival (Elrod and Butler, 1993; Elrod et al., 1993). Despite these previous
findings, in the present study, reproductive performance was similar amoadesbw

increasing levels of DGS compared to a positive control.
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Blood Urea Nitrogen

Data for blood urea NBUN) during gestation and lactation are presented in
Table 5. To gain a better understanding of how the beef cow uses N from DGS, BUN
was measured both during gestation and during lactation. The concentration @fad8UN
higher during lactation compared to gestatierx (0.01) for all supplemental treatments;
we attribute this to increased levels of CP as BUN concentration is reldtechtake
(Jordan et al., 1983; Rusche et al., 1993; Sletmoen-Olson et al., 2000).

Urea is an indication of N status as urea level is related to concentrations of
ruminal ammonia (Hennessy and Nolan, 1988), and is an indicator of N economy as urea
is a byproduct of unused ruminal ammonia. Ruminal N is vital for synthesis of naicrobi
cell protein and the use of N for microbial protein synthesis is dependent upon energy
intake. If excess N is supplied in relation to energy, ammonia will be losttfremumen
and converted into urea in the liver. Urea has the potential to be recycled back to the
rumen through saliva or diffusion across the rumen, or will be excreted. Higher
concentrations of BUN and milk urea N are typically related to inefficient ulle of
(Hammond, 1997). During both gestation and lactation, BUN concentration was greater
for POS vs. DGSIK < 0.01).

Sletmoen-Olson (2000) evaluated the influence of N intake on BUN
concentrations during gestation and lactation and with respect to increasngitimm
each period. Findings from their study support our findings of which concentrations of
BUN were greater for beef cows during lactation compared to gestatiorhisumttease
was partially related to level of N intake. Interestingly, Sletmoe+Q(2000) indicated

that as time in lactation advanced, up to 3 mo, BUN concentrations were decreased

115



suggesting that as milk production increased, N recycling to the rumen increaseet t
increased nutritional needs during lactation. At the time of BUN sampling in oyr stud
cows were in early lactation (1 mo or less).

Moore et al. (1999) investigated the relationship between supplemental energy
and protein and indicated that the optimum ratio of energy to protein (DOM:CP) was 7:1
for cattle on forage-based diets. Based on the data from Exp. 3, during gestation, the
DOM:CP ratio was approximately 8 for POS and 9 for DGSI . Blood urea N
concentrations for DGSH and POS were simifar (0.66 and® = 0.90 for gestation and
lactation, respectively) despite a higher CP intake with DGSH. Pealdafsonal energy
from DGSH facilitated a greater production of microbial cell protein ateeced by
similar BUN for DGSH and POS(> 0.10) . Data on the effects of ruminal protein
degradability on BUN concentrations is mixed. In an N deficient state, Heyrasd
Williamson (1990) indicated that BUN was lower for steers and heifers supyksaine
with ruminally protected casein compared to urea, and the lower BUN foncasei
translated to an increased ADG. Additionally, Ruche et al. (1993) reported.tNat B
was increased by a more highly degradable N source. However, when adegaste N
supplied, Roseler et al. (1992) demonstrated that BUN was increased to the same
magnitude when either DIP or undegradable intake protein was supplied $3.ektany
biological factors can influence BUN measurements, however, based on both our cow
performance data as well as BUN concentrations, we have evidenceusatfidm DGS

was more efficient compared to a blended cottonseed meal/wheat middlingsranple
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Experiment 2

Data for measurements of hay intake and digestibility are presented in6Table
Supplementation increased hay intaRe<(0.01), but was not different among level of
DGS or POS and averaged 2.5% of BW. Previous research with supplementation of
DGS in growing cattle has resulted in a linear decrease in forage intéikrespect to
increasing feeding levels of DGS (Loy et al., 2007; Morris et al., 2007; \Wotilter et
al., 2007). Intake of chopped grass hay (8.2% CP; 56% in vitro OM disappearance) was
reduced by 0.50 kg for each kg of DGS consumed at feeding levels of up to 0.60% BW
(Loy et al., 2007). Similarly, Morris et al. (2007) reported that DGS reducedttiei
of both low and high-quality bromegrass hay by growing heifer calves suppéaihneiti
up to 0.95% of BW with DGS replacing 0.32 kg of low-quality hay and 0.53 kg of high-
guality hay. Winterholler et al. (2007) fed increasing levels of DGS, up to 1.65% of BW
DGS to weaned calves, and reported that intake of low-quality prairie hagavaed
by 0.34 kg for each kg of supplemental DGS.

According to the aforementioned study of Morris et al. (2007), forage quality
influenced the magnitude of the substitution ratio (DGS:forage), with a graatefor
high-quality forage compared to low. In the study of Winterholler et al. (208Yagé
supplied was of similar composition to that used in this study, but the feeding range of
DGS was much higher than in this experiment. As a percentage of BW, DGS intake for
DGSH corresponded to approximately 0.50% BW. Perhaps we did not observe a
reduction in intake of prairie hay by DGS because our feeding range washawer

aforementioned studies with low-quality prairie hay. In addition, animalragjstage of
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production could have influenced substitution rate as we are aware of no data that report
of the influence of forage intake by DGS supplementation in mature, gestatingplaes.
Apparent digestible DMI and apparent OM intake were increased by
supplementationR < 0.01). Apparent digestible DMI was similar for DGSL and DGSI
(P> 0.10) and was similar for POS and DG3H>(0.10). Digestible OM intake was
highest for POS, DGSI and DGSH; DGSL was similar to NEG 0.10). This is
interesting because cow performance was greater for DGSH compd&€@stalthough
digestible OM intake was similar among the two. To help explain this, difierari2E
intake was not statistically significant, but was numerically gréat&2 Mcal DE/100 kg
BW) for DGSH vs. POS. We suspect this difference would be significant withea mor
sensitive model and attribute the increase in cow performance of DGSHtergnéake
of DE.
Apparent digestibility of crude fat increased with increasing level o 2&d
was higher for both DGSI and DGSH compared to P®§(@.05). Fat intake was 83%
greater from DGSH compared to POS and was 63% greater for DGSI than POS. Thi
agrees with other work indicating that apparent digestibility of crude iiatrigased with
intake of supplemental ether extract (Palmquist and Conrad, 1978; Moore et al., 1986;
Winterholler et al., 2008). Also, the partial digestion coefficient of supplementahat
estimated from Exp. 2 data according to the equation suggested by Grummer (1988):
[(dried distiller’s grains with solubles fat intake — solvent extractetbicseed
meal/wheat middlings blend fat intake) — (dried distiller’s grains with sedutait

output — solvent extracted cottonseed meal/wheat middlings blend fat output)]/
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(dried distiller’s grains with solubles fat intake — solvent extractedmrstied

meal/wheat middlings blend fat intake).

The resulting partial digestibility of supplemental fat from DGSI @&3% and
for DGSH was 95.7%. We realize that the calculation for DGSH may have been
influenced by a greater CP intake of DGSH relative to POS which could potentiall
influence this comparison. A similar calculation yielded a value of 92.5% whes cow
were provided 0.11 kg/d supplemental fat from extruded, expelled cottonseed meal
(Winterholler et al., 2008). The values we obtained in this experiment indicate that
supplemental fat from DGS was highly digestible.

Digestibility of ADF and NDF were increased with increasing supplgation
level (P < 0.05), and can be attributed to the greater intake of highly degradable ADF and
NDF supplied by increasing level of DGS supplement. Others have reported that
apparent total tract digestibility of ADF and NDF was increased byasurg levels of
highly-fermentable dietary fiber (Tjardes et al., 2002a; Tjardes,&Qfl2b). Moreover,
methionine is a key amino acid for microbial growth and the optimum fermentation of
substrates and requires S for synthesis (Huber, 1988). The addition of various
concentrations of supplemental S has either enhanced fiber digestibility (Bdans a
Davis, 1966; Barton et al., 1971), or has not influenced digestibility of fiber (Momont et
al., 1993). In the aforementioned studies, S source, diet and experimental procedures
were variable. Aside from additional ADF from additional supplemental,D&Shigher
S intake of DGSH may also have had a positive impact on increasing digestibility of

ADF. We realize that NDF digestibility was not influenced by DGS, but subatit
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additional research evaluating the influence of additional S from DGS an fibe
digestibility is warranted.

The digestibility of CP was increased as level of supplemental protein was
increasedl < 0.01). This finding agrees with others (Guthrie and Wagner, 1988 and
Kdster et al., 1996). Both DM digestibility and DE were increaBed .01) by
supplementation but were simild ¥ 0.10) among supplement type.

Diet intake and digestibility measurements were not different for DGEPOS.
Likewise, cow performance from Exp. 1 was similar among these two suprlg/pes.

The composition of these supplements resulted in differences in DIP balanckregrtor

the NRC Level 1 model (1996). The POS cows received 110 g DIP above requirements
whereas DIP requirements for DGSI were met. Balance of MP wasslagher for

DGSI (370 g/d) compared to POS (330 g/d). The intermediate feeding level of DGS
supplied 0.28 kg/d more TDN compared to POS, but was not large enough to influence
DE intake. It is apparent that DGSI cows were able to recycle adegaatiigs of N to
meet microbial requirements as evidence by performance responses fromdtrakd

the digestibility measurements calculated in this experiment.

Data for fecal excretion of P are also provided in Table 6 and P excretion was
highest for DGSH and POS. Concentration of P in DGS was 0.87% and was 1.05% for
POS resulting in a P intake from supplements of 17.14 and 21.43 g/d P from POS and
DGSH, respectively. Excretion of P was similar among NEG, POS and DGSKPROS
0.41). The placebo supplement that NEG cows received contained 5.37% P from
dicalcium P, resulting in an intake of 13.18 g/d of P from the supplement. Ruminal

solubility of P is dependent on P source, and P will pass to the abomasum for absorption
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if not dissolved in the rumen (Witt and Owens, 1983). Though we cannot make a definite
conclusion with respect to the availability of P in DGS because the differeRce

excretion for DGSH and POS was not significant, it seems as though the m@cess
procedures of DGS could potentially influence the availability of P to the rumiétit
increasing cost of P supplementation, this is an area which merits furth&rgatien.
Experiment 3

Data for milk production are presented in Table 8. Calculations for 24-h milk
production were not differenP(= 0.68) among experimental treatments; however, for
increasing levels of DGS, we detected a numerical incr€as®(13) in milk production
with respect to increasing feeding levels of DGS. Others have ré@oré&tationship
between energy intake and increased milk production (Wilson et al., 1969; Mardton et a
1995; Lalman et al., 2000). Lalman et al. (2000), milk production increased limggrly
increasing energy at 60 d post-partum, but not at 30 d. In our study, the average d post-
partum was 29, and may have influenced our ability to detect a statistigailycsint
change in milk production as peak milk production is typically achieved within the range
of 50-70 d post-partum (Clutter and Nielsen, 1987; Marston et al., 1992). However, the
trend that we observed for increased milk production by increasing level of R&S w
supported by calf performance at 60 and 90 d (Table 3).

Results for milk composition are provided in Table 7. Milk fat and lactose were
not influenced by supplementation (2.11P4; 0.21; 4.97%P = 0.10, respectively), but
both were linearly related to increasing level of DB (0.05). In our study, milk
protein was greater for DGSH, DGSI and POS compared to other supplefents (

0.01), and was linearly influenced by level of D@&<(0.05).
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Milk fat linearly decreased as feeding level of DGS increased and mikkiprot
increased. Across a broad range of energy intake levels, Lalman et @). r@ff@rted a
guadratic response with respect to increasing level of energy on milk fatlas\a
linear increase in milk protein with increasing level of dietary enerdpys rEsponse was
similar to ours and supports the theory outlined by Sutton and Morant (1989) that energy
intake increases glucogenic precursors due to propionic acid production and
consequently, nutrient metabolism shifts from synthesis of milk fat to protein.

Milk energy availability (Mcal/d) is a function of milk fat and milk prodocti
(NRC, 1996). In our study, daily milk energy was not influenced by supplemenftype (
=0.97) and averaged 4.70 Mcal/d, but was linearly related to feeding level of B&S w
expressed as Mcal/kg of milk. Sixty d and 90 d calf performance teRde@.06 andP
= 0.07, respectively) to increase linearly with increasing level of DGSalbalations
for milk production together with calf performance support the trend that we observed f
increased milk production by feeding higher levels of DGS.

Milk urea N is related to BUN (Roseler et al., 1993; Baker et al., 1995). During
lactation BUN concentrations for POS were higher than DGSI at all samplimig poi
(Table 5). Likewise, concentration of milk urea N was higher for DGSI coedpia
POS while milk protein was greater for DGSI compared to POS (TableakenT
together, these data provide further evidence that the beef cow is able to make mor
efficient use of N from DGS compared to POS.

In summary, feeding the same amount of DGS as a traditional cottonseed meal-
based supplement yielded similar responses for the variables evatuttesdstudy and

we provide evidence that beef cows make more efficient use of N from DGSdhaa f
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traditional protein source. Compared to traditional feedstuffs, there are many
compositional components that differ. More research is needed to better urtihsta
interactions among compositional differences and the effects of lang=t&S use in
range cow settings. We conclude that DGS is a viable supplement option foowsef ¢
consuming low-quality forage and provide a base for future research in tandérg

how to most effectively use DGS in beef cow/calf production systems.
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Table 1. Supplement composition and amount of nutrients supplied daily during gestation and
lactation

Supplement

Item (DM basis) DGSL DGSI DGSH POS NEG

-------------------------------- % Of DM-------mmmm oo
Dried distiller’s grains with solubles 100 100 100 -- --
Cottonseed meal - - - 51.0 -
Wheat middlings -- -- -- 49.0 13.0
Cottonseed hulls - -- -- - 40.0
Molasses -- -- -- -- 3.2
Calcium carbonate - -- -- - 18.0
Dicalcium phosphate -- -- -- -- 25.8
--------------------------------------------------- Nutrients supplied, gestation-------------=-==-==mnmmree—--
DM, kg/d 0.77 1.54 2.31 1.54 0.23
CP supplied, kg,d 0.24 0.47 0.70 0.47 0.02
Degradable intake protein kg/d 0.39 0.77 1.16 1.08 --
TDN, kg/df 0.68 1.35 2.03 1.04 --
Crude fat, kg/d 0.09 0.19 0.28 0.07 0.0006
Phosphorus, g/d 6.70 13.40 20.09 16.17 13.18
Sulfur, g/d 4.35 8.70 13.05 4.77 --
--------------------------------------------------- Nutrients supplied, lactatiGa-----------------==mmnnn-zmmmmmme-
DM, kg/d 1.35 2.68 4.02 2.68 4.02
CP supplied, kg,d 0.42 0.83 1.24 0.83 1.24
Degradable intake protein kd/d 0.68 1.34 2.01 1.88 2.01
TDN, kg/df 1.17 2.33 3.50 1.82 3.50
Crude fat, kg/d 0.16 0.31 0.46 0.12 0.46
Phosphorus, g/d 11.75 23.32 34.97 28.14 34.97
Sulfur, g/d 7.62 15.00 22.51 8.31 22.51

Values for degradable intake protein were obtained using measurementsfevaiese situ
experiment (Winterholler et al., 2008).

During lactation, cows receiving NEG supplement were given DGSH upon céivinget the
nutritional demands for lactation and to achieve proper BCS by the beginning ofétimgreeason.
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Table 2. Effect of supplementation with dried distiller’s grains with solubles on cow BABLS (Exp. 1)

Supplemerit Contrast$
ltem NEG POS DGSL DGSI DGSH SEM 1 2 Linear Quadratic
n= 24 24 24 24 24 -- -- -- -- --
Supplementation period, d 119 119 119 119 119 -- -- -- -- --
Initial Wt 12/06/07, kg 546 545 545 547 561 12.83 088 091 0.39 0.7
BW change before calving, kg -43.7 -6.4 -21.9 -3.7 9.4 3.76 <0.01 0.61 <0.01 0.59
BW change after calving, kg -49.0 -62.8 -69.5 -72.0 55.7 5.13 - 0.26  0.05 0.14
BW change 119-d, Kg -99.3 -68.3 -89.6 -76.5 -53.5 4.76 - 0.22 <0.01 0.52
BW at end of supplementation, kg 459 487 466 494 518 10.35 - 0.60 <0.01 0.41
Pre-breeding wt (5/19/2008), kg 462 442 497 463 445 9.18 - 0.86 <0.01 0.64
BW change 313-d, Kg 27.0 27.9 21.7 -37.1 22.7 5.69 -- 0.22 0.90 0.03
BW at weaning 10/15/2008, kg 520 522 520 510 535 9.08 - 035 0.24 0.
Initial BCS 12/06/07 5.02 4.98 5.01 5.02 5.18 0.12 0.76 0.80 0.30 0.¢
BCS change before calving -0.82 -0.20 -0.48 -0.06 0.02 0.08 <0.01 0.25 <0.01 0.13
BCS change after calvifig -0.43 -0.35 -0.48 -0.39 -0.03 0.11 - 0.85 <0.01 0.40
BCS change 119-d, kg -1.14 -0.49 -0.95 -0.70 -0.21 0.09 - 0.10 <0.01 0.17
BCS at end of supplementation 3.87 4.50 4.26 4.58 5.10 0.13 -- 0.68 <0.01 0.28
Pre-breeding BCS (5/19/2008) 4.91 4.65 5.31 4.84 4.29 0.13 - 0.68 <0.01 0.68
BCS change 313d -0.31 -0.30 -0.11 -0.33 -0.22 0.11 - 0.83 0.52 0.26

BCS at weaning 10/15/2008 4.71 4.67 4.90 4.69 4.96 0.14 -- 0.96 0.74 0.
'Supplements (DM basis) included: 1) 0.77 kg/d during gestation and 1.35 kg/d durinigmestatied distiller's grains with solubles (DGSL);
1.54 kg/d during gestation and 2.68 kg/d during lactation of dried distiller's graimsetitbles (DGSI); 2.31 kg/d during gestation and 4.02 kg/d
during lactation of dried distiller’s grains with solubles (DGSH); 1.54 kg/chdugestation 2.68 kg/d during lactation of a blend of 49% wheat
middlings and 51% cottonseed meal (POS) and 0.23 kg/d during gestation of a cottutideased pellet and 4.02 kg/d during lactation of dried
distiller’s grains with solubles (NEG).

ContrastP-value for treatment effect; 1 = no supplementation vs. supplementation; 2 = D®&ISs Linear and quadratic contrasts performed
with respect to increasing level of dried distiller’s grains with solubles

%Change post-calving to end of supplementation period.

“Change over supplementation period (12/06/07 to 4/03/08)

®Change from beginning of supplementation to weaning (12/06/07 to 10/15/08)
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Table 2. Effect of supplementation with dried distiller's grains with solubles on eafbpnance (Exp. 1)

Supplemerit Contrast$
Item NEG POS DGSL DGSI DGSH SEM 1 2 Linear Quadratic
n= 23 24 24 23 24 -- -- -- -- -
Birth weight, kg 34.9 353 36.1 37.8 39.5 0.89 <0.01 0.05 <0.01 0.99
BW 5/5/08, kg 80.2 843 72.8 78.8 84.1 4.13 0.28 0.34 0.06 0.9
BW 6/5/08, kg 1147 1226 1105 1149 1229 478 027 024 007 0.75

Calf weaning weight, Ky 224.2 2351 221.8 2324 2394 767 041 079 0.10 0.84

ISupplements (DM basis) included: 1) 0.77 kg/d during gestation and 1.35 kg/d duringmes$ttied distiller’s grains
with solubles (DGSL); 1.54 kg/d during gestation and 2.68 kg/d during lactation of dtildriiggrains with solubles
(DGSI); 2.31 kg/d during gestation and 4.02 kg/d during lactation of dried distdieiss with solubles (DGSH); 1.54 kg/d
during gestation 2.68 kg/d during lactation of a blend of 49% wheat middlings and 51% cottoeak@d®) and 0.23 kg/d
during gestation of a cottonseed-hull based pellet and 4.02 kg/d during lactation ofstiiled sligrains with solubles
(NEG).

“ContrastP-value for treatment effect; 1 = no supplementation vs. supplementation; 2 = D®&ISs.Linear and quadratic
contrasts performed with respect to increasing level of dried disitjeains with solubles.

%Weaning weight reported as 205-d weight adjusted for calf sex
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Table 4. Effect of supplementation with dried distiller’s grains with solubles on cowdeptive performance
(Exp. 1)

Supplemént
ltem NEG POS DGSL DGSI DGSH SEM P-Value
n= 24 24 24 24 24 -- --
Supplementation period, d 119 119 119 119 119 -- -
Luteal activity, % 50.2 63.0 36.4 68.2 62.3 0.11 0.31
Al conception rate, % 40.0 36.0 29.2 43.5 52.2 0.09 0.62
Overall pregnancy rate, % 84.8 100.0 76.3 87.8 89.7 0.08 0.74

'Supplements (DM basis) included: 1) 0.77 kg/d during gestation and 1.35 kg/d duringmesttied distiller's
grains with solubles (DGSL); 1.54 kg/d during gestation and 2.68 kg/d during lactatioadtidtiller’'s grains
with solubles (DGSI); 2.31 kg/d during gestation and 4.02 kg/d during lactation of dtildriiggrains with
solubles (DGSH); 1.54 kg/d during gestation 2.68 kg/d during lactation of a blend of 4@%mitidlings and
51% cottonseed meal (POS) and 0.23 kg/d during gestation of a cottonseed-hull basattipe& kg/d during
lactation of dried distiller’s grains with solubles (NEG).

*Percentage of cows exhibiting ovarian luteal activity at the beginning ofekdibg season.
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Table E. Effect of supplementation with dried distiller’s grains on blood urea N concentadtbeef cows during gestation and lactation
(Exp. 1).

Supplemerit Contrasts

ltem® NEG POS DGSL DGSI DGSH SEM 1 2 Linear Quadratic
Gestation

n= 24 24 24 24 24 -- -- - -- -
Urea N, mg/dL, 3.76 6.66 4.36 5.07 6.90 0.39 <0.01 <0.01 <0.01 0.23
Lactation

n= 19 23 19 17 18 -- -- - -- --
Urea N, mg/dL 14.29 17.79 11.46 14.06 17.64 0.96 -- <0.01 <0.01 0.67

'Supplements (DM basis) included: 1) 0.77 kg/d during gestation and 1.35 kg/d duringmestatied distiller’s grains with solubles
(DGSL); 1.54 kg/d during gestation and 2.68 kg/d during lactation of dried distgieiiss with solubles (DGSI); 2.31 kg/d during
gestation and 4.02 kg/d during lactation of dried distiller’s grains with solub@&SKL); 1.54 kg/d during gestation 2.68 kg/d during
lactation of a blend of 49% wheat middlings and 51% cottonseed meal (POS) and 0.23 kg/deduisitign of a cottonseed-hull based
pellet and 4.02 kg/d during lactation of dried distiller’s grains with solubles (NEG).

“ContrastP-value for treatment effect; 1 = no supplementation vs. supplementation; 2 = DG@&IS's Linear and quadratic contrasts
performed with respect to increasing level of dried distiller’s graitts solubles.

Gestation vs. lactatiorP(< 0.01)
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Table €. Effects of supplementation with dried distiller’s grains with solubles oni@taary intake and apparent digestibility of dietary
componenti

Supplment Contrast$
ltem NEG  POS DGSL DGSI DGSF SEM 1 2 Linear Quadrati
n= 6 6 6 6 66 6 6 - 6-- - & - -
Hay intake, k°®100 kg of BW'*d™ 2.01 2.64 2.3¢ 2.42 26( 011 003 020 0.6 0.6¢
DMI, kg®100 kg of BW**d™ 2.0€ 2.9¢ 2.5¢ 2.7¢ 314 011 <0.01 0.2 <0.01 0.7C
OM intake, k(*100 kg of BW**d™ 2.0¢ 2.9z 2.44 2.7¢ 3.02 0.1€ 0.0¢ 0.4 <0.01 0.72
Fecal output, k*100 kg of BW'*d™ 1.2¢ 1.3¢ 1.1€ 1.2 1.2¢ 011 0.2¢ 018 0.24 0.82
Digestible DMI, k100 kg of BW**d* 0.92 1.64 1.44 1.5¢ 1.8¢ 0.0¢ <0.01 025 <0.01 0.75
Digestible OM intake, k*100 kg of BW  0.92 1.5¢ 1.3€ 1.57 1.8 0.07 <0.01 0.91 <0.01 0.7¢
DE intake, Mca®100 kg of BW**d™ 1211  15.1¢  14.3¢ 14.9¢ 16.2¢ 1.0¢ 0.0z 0.8¢ 0.04 0.6¢€
P excretion, g/ 163.2 192.F  127.] 152.: 176.: 16.¢ <0.01 0.0z <0.01 0.9¢
Digestibility, %
DM 40.1 50.¢ 52.% 53.€ 56.2 32 <0.01 038 0.2C 0.81
oM 45.F 53.¢ 57.1 57.F 61.1 26 <001 014 @un 0.4¢€
NDF A3.E 51.2 56.1 55.1 58. 3.2 0.01 021 043 0.41
ADF 41.7 48.F 52.% 51.¢ 58.7 3.2 0.0 028 004 0.17
CF 15.1 46.2 35.7 55.E 51.¢ 42 <0.01 014 001 0.04
Crude fa 39.4 59.2 69.2 71.2 76.€ 2E  <0.01 <0.01 003 0.54
DE 41.2 54.€ 58. 58.1 59.7 1. <0.01 020 0.2 0.67

'Supplements (DM basis) included: 1) 0.77 kg/d dried distiller’s grains with sollBSL(); 1.54 kg/d dried distiller’s grains with solubles
(DGSI); 2.31 kg/d dried distiller’s grains with solubles (DGSH); 1.54 kg/dlé¢ad of 49% wheat middlings and 51% cottonseed meal (POS)
and 0.23 kg/d during gestation of a cottonseed-hull based pellet (NEG).

ContrastP-value for treatment effect; 1 = no supplementation vs. supplementation; 2 = DG@&I¥'s Linear and quadratic contrasts performed
with respect to increasing level of dried distiller’s grains with solubles
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Table 7. Effect of supplementation with dried distiller's grains with solubles on milk ptamuand composition of beef cows (Exp. 3)

Supplemerit Contrast$
ltem NEG POS DGSL DGSI DGSH SEM 1 2 Linear Quadratic
n= 16 16 16 16 16
Milk yield, kg/d 8.34 8.45 7.43 8.46 8.74 0.61 -- 0.99 0.14 0.63
Fat, g/d 189.7 164.3 190.0 183.8 150.9 24.4 - 0.57 0.26 0.66
Protein, g/d 258.6 243.4 218.3 266.9 277.1 18.2 -- 0.36 0.03 0.39
Lactose, g/d 412.9 431.1 363.6 418.5 437.0 31.1 -- 0.77 0.11 0.64
Milk composition
Butterfat, % 2.14 206 245 2.18 1.71 0.22 -- 0.71 0.02 0.71
Protein, % 3.13 290 292 3.16 3.15 0.05 - <0.01 <0.01 0.04
Lactose, % 4.95 5.08 4.88 4.95 5.00 0.05 - 0.08 0.10 0.86
Solids not fat, % 8.97 8.92 8.71 9.02 9.08 0.06 -- 0.23 <0.01 0.09
Milk urea N, mg/dL 5.78 6.35 2.57 3.98 4.61 0.54 - <0.01 <0.01 0.55
Milk energy’
Mcal/d 4.85 4.65 4.52 4.84 4.62 0.41 - 0.75 0.87 0.60
Mcal/kg 0.57 0.58 0.60 0.57 0.53 0.02 -- 0.71 0.02 0.69

'Supplements (DM basis) included: 1) 0.77 kg/d during gestation and 1.35 kg/d duringmestatied distiller’s grains with solubles (DGSL);
1.54 kg/d during gestation and 2.68 kg/d during lactation of dried distiller’s graimselitbles (DGSI); 2.31 kg/d during gestation and 4.02
kg/d during lactation of dried distiller’s grains with solubles (DGSH); 1.54 kg/dglgestation 2.68 kg/d during lactation of a blend of 49%
wheat middlings and 51% cottonseed meal (POS) and 0.23 kg/d during gestation of aembtiatideased pellet and 4.02 kg/d during lactation
of dried distiller’s grains with solubles (NEG).

2 ContrastP-value for treatment effect; 1 = no supplementation vs. supplementation; 2 = DG3$vd ear and quadratic contrasts performed
with respect to increasing level of dried distiller’s grains with solubles

3Milk energy (Mcal/kg) = 0.097 x (milk fat percentage) + 0.361 (NRC, 1996)
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