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ABSTRACT

Effeets of wel corre distillors grim
(WCODG) and MIN-AD (MIN-AD fnr ..
Amardlo. TX) a commereial source of
colerign-magnesiin carbonate, on caltle
performance and corcass measercinents
werr evaluated moo f2-d reccieing phos
220 steerss bl BW = 2599 kg and
a subscquent fmishmg phase (1892 steers).
Both phases were arrangod os o 2 x 2
faetorial using steam-flaked corn-fused
diels. Foctors were AIN-AD () or 0.75%
of dutary DA and WODG (0 or 15%
of dectary DAL, Fow MIN-AD » WODG
areraehions wore dotoetod we eidher
phase. Nadher MINCAD nor WODG
affeeled ADG. DML Gdoon 42-d B
(P > 001.29) duriig the reccrrimg perod.
Compared wah control stcers, callle fod
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WODG in the fonshing phase had grealer
i< 001) ADG DML final BV and
hot carcass weghl (HCW) Foeal pll

of eattle fod 155 WODG was Tess than
fhat of comliol ateees (P < 0.03). Feed-
ing WODG hud wo effect (P2 0,10} on
dressing perecniego, LM arca, 12th-rmb

Jut, KPHOYG wmorbling score. QG

or tendenee of Loer absecsses, Supple-
mending diets it MIN-AD inercased
LA avea (# = 00030 ) but ADG. DAL
G:F Joned BW, HCW deessing pereent-
age. L2h-rib fol. KPH porecniuge. YG.
marhling seorc, QG and modence of
lver ahsvesses tiece not affected 1P
(.00 33 by MIN-3D. Besvlls sugye st thal
Jeeding 1320 WEDO o sheam-flaked
cori-haavd dult did not affect caftic
performance during the recervinyg pertod.
but i increased DM ADG. foel BV,
and HOW during the Jinsbaeng pemod.
Suppleme nding MIN-AD v combinalion
with WCDG dud nof affect performanc,
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INTRODUCTION

Inclnding wet corn distillers grains
(WCDG) in leedlor diets based on
steani-[Inked corn lias sometines
vesilted in slightly decrcased perlor-
mance compared with diets based on
dryv-rolled corn, for which positisve
respotses have generally hoen reporl-
ed. Kloplenstein et al. (2008) sumina-
rized Lhe evidence for an interaction
hetween grain processing nethod
and concentration of WCODG n their
review of research on the use of dis-
tillors grains in leedlor diets. Reasons
for the interaction are not known:
Liowever. tost studies tliat have heen
comdneted 1o date nsing WODG as a
partial replacemoent for steam-flaked
corn have invelved catile that were
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already adapted to a linishing dict
before WCDG was ted. In a melabo-
lism stucly, Mayv ot al. (2008) reported
that feeding 207 dry corn distillers
praing with solubles increased rininal
lactale concentrations regadless of
grain processing method. lnereases

in ruminal lactate carly in the feed-
ing period might lead 1o decreased or
erratic intake or losses in perfmmance
until animals are fully adapted to
dintillers grajus,

Caleimm and Mg are hoth mines-
als needed by ruminant anboals: one
conunercial feed supplement avail-
able to meel ihese requirenients is
AIN-AD (MIN-AD Inc.. Amarillo.
TX). which coutains 21% Ca and
11% Mg, This feed supplement is
used] iy partiad replacenient of AlgO
and CaCOr,
buftering [)mpmhm in the digestive
tract. Crawlord ot al. {2008) found no
adverse ellects o ruminal metaholism
or feedlol performance when line-
stone and MO were replaced with
MIN-AD. H [eeding WCDG alters the
acid load 1w the rumen or other parts
of the digestive tract, the potential
bullering, propertios of MIN-ALY mighi
interact with the leeding of WCDG
i dicts hased on steam-flaked corn.
Thns, our ohjective was to measure
perforniance and carcass character-
isties of heel steers in dicts with or
without WODG and MIN-AD. Feeal
pll and gas production also were
measured to assess potential effeets of
these [actors on acidity in the diges-
tive tract.

and is consideed to have

MATERIALS AND METHODS

All procedures invalving live
aninals were approved by the Texas
Teeh University Anhimal Care and Use
Caonunittee,

Ezperimental Design

The experiment was conducted in
2 phases: o 12-d receiving phase and
a subsconent finishing phase, Both
phiases were analvzed as a randomized
complete block design, with a2 x 2
lactorial arrangement. of teatnents,
I the reeeiving phase, 21 soil-sur-

faced pens with § to L0 animals/pen
woere used, whereas 18 conerete-sur-
faced pens with 1 animals/pen were
used in the finishing phase, Treat-
ment factors, which were the same
in the reeeiving and finishing phases.
include] steam-flaked corn-based
diets that contained: L) 0 or (0.75%
MIN-AD (DAL basts: MIN-AD Ine. ).
and 2) 0 or 18% (DA basis) WCDG.
Ingredient composition of the diets
us‘t‘d during the receiving (65, 75, and
33% coneentrate) and finishing (90%
concentrate) phases s shown in Table
1. Vitainins. minerals, Rumensin
(33 g/ kg, DAL hasis: Elanco Aui-
mal Health, Indianapolis. IN). and
Trlon (11 mg kg, DAL hasis: Elanco
Animal Healthy were prosided ina
loose-mes] prewix [ Table 1) Magie-
st was added to the diets that did
not contain MIN-AD by means of a
premix that also supplied Ca (from
limestone) to equal the concentra-
tion supplied by MIN-AD bul tha
had a lower Mg concentration than
l\IlN-i‘xD £3.3% Mg [rom MgQ vs.
1A% NMp in MIN-AD),
concentrition reflected the standard
practice at the Toexas Teel University
Burnett Cemter. The WCDG (Qual-
ity Distillers Grains, Herelord, TX0.
which inetuded solubles, osed dining
the experiment was stored in o plastic
silage hag for the duration of the
exporinent.

Management, Feeding, and
Weighing Procedures

From 0700 to 0730 h daily, esti-
mates of the approximate quantity
of nneonsimned feed renaining i the
feed bunk were made Lor cachi of the
21 pens of cattle during the receiv-
g pha=e and 48 pens during the
finishing phase. Once the cattle were
consuming feed ad libitum. adjust-
menls to the feed delivery for each
pen were made with o target of 0 Lo
.13 kg of residnal feed in the hunk
when it was checked in the morn-
mg. The leeding order for treatinents
wits established al the hoginning of
the experiment and was as follows:
1y no WODG without MIN-AD: 2)
no WODG wath MIN-AD: 3) WCODG

The lower Mg

withont MIN-AD: and 1) WODG
with MIN-AD. Dicts were mived

s D27 capacity paddle mixer
{Marion Mixers Ine.. Marion, TA) and
transferred by acdrag-chain comvevor
to a tractor-pulled mixer-delivery uait
{Rotomix 3-8 Dodge City, K8 seale
readabilitv of +0.151 kg). which was
wseed 1o deliver feed to cacl pert Dict
samples were taken weekly from 1he
delivery unit to determine the DA
content (dricd in a foreed-air oven

at 130°C for approximately 21 k)
Weights for DM determination were
taken on an Ohaus (Pine Brook, NJ)
clectronic balance (readability of —=0.]
g). Dried diet sianples were subme-
quentlv compaosited Dy treatnent
witliin concentrate lovel aeros< weeks
of the cxperinent and seur 1o SDIX
Lahoratories (Hutchinson. KS) for
chewical analvses,

Receiving Phase

Iri Alarch 2008, heef
purchased from auetion h;ll‘llH in
Sonthwest Mizsonri and [ransported
to the Texas Tech Universiby Burnett
Center, Alter avival, steors were
weighed individually ina squecze
climte {Comning< and Sous. Garden
Citv, RS} load colls
{Rice Loke Welehing Syatems, Rice
Lake. WT): seales were ealibrated with
151 kg of eortified weights belore nse.
Steers were then tageaed in the ear
with an individual identilication tag,
vacenaled (subeutaneons injection)
witl T-way clostridial and infeetions
Bovine rhinotraeheitis, parainfluen-
za-3. bovine respiradory svievtial vi-
rux, hovine viral diarliea preparations
{(Vision 7 with 5PUR and Vista 5 5Q,
respectivelsy: Titervet /Seliering-Plong
Animal Health, Millsboro, DE)L and
dewortned with Cvdectin {Fort Dodye
Animal Health, Overland Purk, Ks).
Frvery group of 1 animals was sorted
randomly ta 1 of 1 sorting pens.
When each =orting peu contaiued
attle i Chese [ sort-
ing, pens were moved 1o contignons
303
space)

{eers were

Lhat was sel on

G steers, the

woil-surfaced pens (1.9 m wikle >
m in lengtle LY moof bunk s
Eacl group of [ eoutiguons pens

represented a block that aceonuled for
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Table 1. Composition and analyzed nutrient content (DM basis) of receiving, transition, and finishing diets fed
during the receiving and finishing phases’
65% Concentrate 75% Concentrate 85% Concentrate 80% Concentrate
Item C- C+ DG- DG+ C- C+ DG- DG+ C- C+ DG~ DG+ C- C+ DG~ DG+
Ingredient
Steam-flaked corn 4719 47 18 46 06 46.05 5646 56.46 5559 5559 68.76 68 76 64.42 6443  73.19 7320 69 49 69 50
f WCDG*? — — 1466 1485 — — 1482 14.82 — — 15751575 — — 1508 150¢
Alfalfa hay, ground 1518 1517 15.286 1526 1012 10.12 10.18 1019 743 743 738 738 514 514 514 514
Cottonseed hulls 19.79 18791980 19.50 1494 149415031504 761 762 756 756 513 513 512 512
Cottonseed mea! 810 810 — — 815 816 — — 519 519 — — 581 551 — —
Urea 055 055 041 041 071 071 040 040 092 092 041 OM 091 091 051 05
Fat 210 210 050 050 213 212 045 045 254 254 (086 085 252-251 090 090
Mclasses 402 402 — e 419 419 — — 407 407 — — 403 403 — —
Limestone 035 035 050 050 055 055 075 075 070 070 088 086 080 080 099 008
MIN-AD? — 075 — 0.75 — 075 — 078 — 075 — 075 — 076 — 075
Ca-Mg supplement® 073 — 073 — 075 — 076 — 076 — 076 — 076 — 077 —
Supplement* s 199 169 198 168 200 200 201 201 202 202 200 200 201 201 200 200
Analyzad '
compasition, %
DM 838 840 691 696 822 824 664 661 825 815 676 663 824 823 676 67.7
CP 125 122 144 133 13.0 133 141 142 125 119 148 137 128 130 138 135
ADF 236 246 232 264 189 184 187 213 128 157 146 159 104 97 103 107
Ether extract 43 41 42 38 50 47 4B 45 45 43 55 50 45 52 49 49
Ca 056 062 059 053 043 059 060 045 049 043 067 054 043 062 063 049
P 026 028 030 028 027 027 030 0OHN 028 028 039 036 030 030 033 032
K 1.23 113 121 122 100 100 096 095 086 0985 088 0.81 073 079 077 072
bS] 021 018 023 020 019 020 021 Cc21 019 017 023 019 017 019 018 018
Mg 024 026 021 024 023 025 021 020 017 018 024 020 015 023 015 0.18
'C= = standard steam-flaked corn-based diet without supplemental MIN-AD (MIN-AD Inc., Amarillo, TX), C+ = standard steam-
flaked corn-based diet with supplemental MIN-AD; DG- = steam-flaked corn-based diet with 15% (DM basis) wet corn distillers
grain (WCDG) plus solubles without supplemental MIN-AD, DG+ = steam-flaked corn-based diet with 15% (DM basis) WCDG with
supplemental MIN-AD.
*The average DM of WCDG (Qualty Distiliers Grains, Hereford, TX) during the experiment was 31 34% (3D = 1 28) during the 42-d

recerving phase and 31 25% (SD = 1.49) during the finishing phase

3MIN-AD = a commergially avallable source of Ca-Mg carbonate that contained 21% Ca and 11% Mg: Ca-Mg supplement = a mixture
of imestone, MgQ, and ground corn (61, 7 5, and 31 5%, respectively, BM basis), formulated to contam 21% Ca and 5 5% Mg

*Supplement for the C- and C+ diets contained (DM basis). 66 383% cottonseed meal 0 500% Endox (Kemin industries, Des
Moines. 1A), 0.648% dicalcium phosphate; 10% potassium chloride; 4.167% ammonium sulfate; 15 000% salt, 0.002% cobalt
carbonate, 0 196% copper sulfate; 0.083% iron sulfate; 0.003% ethylenediamine dihydroiodide 0 333% manganese oxide, 0 125%
selenium premix (0 2% Se), 0 986% zinc sulfate: 0.010% vitamin A {1,000,000 1U/g); © 157% wvitamin E {500 1U/g); 0.844% Rumensin
(176 4 mg/kg; Elance Animal Health, Indianapolis, IN); and ¢.563% Tylan {88.2 mg/kg, Elanco Animal Health). Cancentrations mn
parentheses for vitanuns. Rumensin, and Tylan are expressed on a 90% DM basis.

sSupplement for the DG- and DG+ diets contained {DM basis): 54 790% cottonseed meal; 0 500% Endox (Kemin Industries)
0.648% dicalcium phosphate; 22% potassiurn chioride, 3 760% urea. 15.000% salt; 0.002% cobalt carbonate, 0 196% copper
sulfate. 0.083% wron sulfate; 0 003% ethylenediamine dihydroiodide; 0.333% manganese oxide: 0 125% selenium premix {0.2%
Se), 0 986% zinc sulfate; 0 010% vitamin A {1.000 000 1U/g); 0 157% vitarmin E (500 IU/g); 0.844% Rumensin (176 4 mg/kg, Elanco
Animal Health); and 0 563% Tylan {88.2 mg/kg, Elanco Ammal Health} Ccncentrations in parentheses for vitamins, Rumensin, and
Tylan are expressed on a 90% DM basis

lucation of the pen in the feedlot and
processing order of the cattle. After
processing amd sorting. all cattle were
offered a 65% concentrate receiving
diet. The 42-d receiving phase began
the next dav, al which time each

animal was weighed individually and
assigned randomly to 1 of the J pens
within the location-processing order
block in which the cattle had been
housed ou the previous day, Treal-
ments were assigned randonly within

the L couliguons pens in each block,
and 65% coneentrate treatment dicts
(Tahle 1) were fed. When the eattle
were welghed individually for the d-14
BW mcasirement. each steer was
implanted with Ralgro (36 mg of zera-
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nol: lnfervet /Sehering-Plough Aninial
Health). The dict was inereased to
75% coneenirale (Table 1) on d 21

of the recelving phase and inereased
to 85% concentrate on d 35, With
each change in dietary concentrate
level. the quantity of DM offered to
cach pen was decreased slighth (ap-
proximately 024 of the previons dav’s

intake) to provide a constant intake of

NE after which the intake of the new
diet was gradually inereased cach dav.
All eattle wore monitored daily for
morbidity, and these with svoptons

of respiratory discase were rermoved
from their pen for @ mere thorongh
evaluation. If the reetal temnperature
was >30.7°C, the animals were admin-
istered antimicrobial therapy (Qorfeni-
col. Intervet/Sehering-lough Animal
Health. or tilmicosin phosphate,
Elanco Animal Health) according to
the lustructions of the mannfacturer
and then returned to the pen. Only

3 animals were treated during the
receiving phase, The receiving phase
concluded with the {2-d individual
BW measurement.

Finishing Phase

For the [uishing phasce. the 12-d
BW data were sorted within treat-
went from lightest to heaviest BW.
Within cach of the ©ueatments. O 1o
7 steers were designated as extra cat-
tle and were not used in the finishing
phase. The extra cattle were chosen
from the cattle with the heaviest and
lightest BW within each treatient in
ann offort 1o balanee BW across the |
treatinents, In addition, 3 steers with
Brahman influence were designated
as extra caltle. The d-12 BW data
for the remaining 18 steers in each
treatinent were sorted lom lightest 1o
heaviest. and groups of -1 steers were
assignied to 12 blocks. heginning with
the lightest -4 steers in the first block
and continuing through the heaviest
Lsteers in the last block. Groups of |
contiguons concrete, partially siotted-
flom pens (2.9 m wide > 5.6 m in
length: 2.9 m of lincar bunk space)
were assigned to Dlocks, Treatments
were then assigned randomly to pens
within blocks. The steers were sorted

Lo thelt assigned pens 2 d after the
conchision of the receiving period aned
led the =amme 839 concentrate treat-
ment diets thes had been fed during
the receiving phase of the experiment.
Seven davs after the catile moved

to their assigned pens. the diet was
switched to 90% concentrate. with
feed delivery restricted to 96% of the
previons day’s delivery to allow for

an approxivately constant intake of
NE . After another 3 do all caltle were
taken throngl the Burneut Center
working tacilities to obtain an individ-
ual BV to hegin the fintshing phase,
At this time, each steer was frmplanted
with Revalor-S (120 mg of trenho-
lone-acetale aud 24 g of estradiol;
Ihtervet /Sehering-Plough Animal
Health), The eattie remained in their
assigued pens and were fod the 90°%
concentrate diets until the comple-
tion of the experiment. Body weight
weasurements were ohtained on a pen
hasis on d 33, 70, and 105 of the bHu-
ishing, phase. Cattle v various hlocks
woere shipped to slaugiter based on
visnal appraisal of body condition and
BW, resulting in blocks 1 throngh 4.
3 through & and 9 througls 12 heing
fed during the fnishing phase for 167,
139, and 125 . respectively (average
= L13.7 d on Leed). Au individual

BW mersurement was collected on
the morning belore the cattie were
shipped to slaughter.

Carcass Fvaluation

Clarcass data were obtained from
cach of the 3 slanghter groups at the
Cargill Beel slanghter facility in Pla-
inview, Texas. Careass measurements
included hot eareass weiplt (HCW),
LAL area. KPHL 12th-rib fat, and eal-
culated USDA YG. Qualily grade fac-
Lors assessed were marbling score ot
the LAL skeletal nmatwrity score. lean
matirity score, overall maturity score,
and fiual USDA QG Livers woere
classified a5 either not cowdemned
or as A—. A or A+ for the presence
of abseesses similar 1o the method
of Brow et al. {1973}, 1ot carcass
woeights and dressing, percentage data
for cattle that were taken ont of
sequience and noted as having exees-

sive earcass Trim were excluded from
analvsis, For KPIL 15 observations
were not colleeted: therelore, (o ealen-
late USDA YG. the average KPH of
all cattle for which data were col-
lected was used in thie ealenlation of
YG for these |3 carcasses. The HOW
was divided by the average dressing
perceptage (6251940 and muliphed
I .96 to calenlate an adjusted final
BW. This value. along with initial
BW for the {inishing pliase and dave
on feed. was used (o calenlate adjust-

cd ADG and GoF overlues,

Net Energy Calculotions and
Statistical Analyses -

Dictary NE and NE | concentra-
tions were calenlated on a pen basis
via i quadratic solution of NRC
(1996} NE cquations by using meth-
ads deseribed v Vaseoneeles and
Cralvean (2008). The calenlated NE
vihies along with perlormance avd
carcass datn (pen hasisi were ana-
lvzed using the MIXED procedire
{SAS Institute Ine., Cary, NC'Y for a
ratdomized complete block design.
The elfeets of MIN-AD supplemen-
talion. WODG addition. MIN-AD
supplementation x WCODG addition.
and block were inehided i the model,
with block as a random effect Tuitinl
BW (for the receiving or fnish-

g phase data as appropriatel was
inchnded as o covariate in the models
for perforniance and carcass data,
and 1t was retained n the model only
when determined to be slenifican:

(P < 0.05), Careass QG {proportion
ol catile in the pen grading USDA
Choiee or greater) and liver abseess
dala (proportion of eattle ln the pen
with abscessed Hvers) were analvzed
us & binomial proportion using the
GLINMIN proeedure of SAS. The
same model was used for pecformancee
data.

Fecal pH and Gas Production

On d 70 awd 105 diving the flnish-
ing phasze, fecal pH aud in vitro gas
production using a fecal inocubnn
woere determined with freshlv exceretid
feeal graly saimples colleeted from
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cattle were
imoved out of the pen to be weighed.
O eaclt of the 2 sampling davs. fo-
cal =amples were collected from the
pens i blocks 9, 100 s 11 (12 pens
total: 1 pens/ireatiment), Samples
were stored in plastic Ziploc bags in

A Styrofoam cooler and transported
to the laboratory for analvsis of pll
and gas production. Fecal pll was
determined on the pen leeal compos-
ite sample by placing a combination
clectrode (Fisher Acumet pll meter,
Fisher Scientific, Pitesburgh, PA)
directlv in the feeal sample, For aans
production. approximately 700 g of
corn starch {as-is basi<) was weiglhed
to the nearest 0.1 nig and placed in a
125-ml serum vial (Wheaton Seience
Products, Millville, NJ1. An mecu-
L was created by adding 1 g (wet
basis] of cach composiie pen [(-*( al
stunple to 160 mL of MeDougall's bal-
fer (prowaried (o 30°C, pIE 7.0} Tor

A 205 1wt /vol) solution (MeDongall,
19421, The mixtnre was then homog-
enized in a standard blender for 30 5.
Filty milliliters of blended inoenlum
was added to cach sern vial, alter
which the vial was Nushed with CO,
and closed with butvl rubbher stop-
pers and a crimp seal. The vials were
then incubated for 21 h at 39°C under
constant agitation {100 rpru; Lab Line
Environ-Shaker, Lab-Live [ustruments
Ine., Melrose Park. 1LY, Alter incnha-
tion, the vohune of total gas produeed
was measured via water displaceruent
by punctiring the butvl rubber stop-
per with a 1 l-ganee needle connected
to a 2501l inverted burette, Each
pen foeal composite was ovaluated in
duplicate seram vials on ench of the 2
sanipling days.

For the fecal pH and gas production
data. the statistical model included
the fixed effeets of replicate i time
(1 70 and 105} NIN-AD <upplenen-
tadion. WCDG addition. MIN-AD
supplenentation x WCLG addition.
and replicate in tine < MIN-ALD
supplewentation < WODG addition.
Block nested within replicate in time
was A random eoffect in the model.

(he pen surtace as the

RESUULTS AND DISCUSSION

Diet Chemical Composition

Analyzed chemical composition
data for the various treatment dicts
arc <hown in Table 1. Valnes were
generallv in agreenment with expeela-
tions from formulation. Because our
wiethods involved compositing dried
samples of the mixed diets, for which
it was somewhal diffientt 1o obtuin a
representative sample of {ine, dense
material, we sometimes oheerved more
variation i analvses for minerals
that wore added directly or woere in
the supplement {e.o., Ca, Kooand M)
than for minerals llmt arose printarily
from dietary ingredients {c.g.. PJ. Our
diet couposition values were wiihin
the ranges or <imilar to the mean
values deseribed by Vasconeelos and
Galvean (2007) for O, Ca, P K. S
Mg, ether extract, roughaae level, and
inclnsion of WOCDG.

Body Weight, Average Daily
Gain, Dry Matter Intake, and
Gamn Efficiency

Cattle asslgned to a particular
treatment during the receiving phase
remaine] on the same treatment
during the finisling plase. Nonethe-
less. elimination of some caltle hom
the study after the receiving phase.
resorting, and Bocking the eattle by
BW during the fnishing phase neees-
sitaded separate statistical analvses
of the 2 phases. as well as the use of
inttial BW as u potential eovarviate i
statistical inodels. Thus, the results
for the 2 plisses ave deseribed sepa-
rately.

Receiving Phase. Interactions he-
twoen MIN-AD supplemeneation aned
WODG addition were generally not
evident (1 > 0.21) during the receiv-
iy phase: Lowever. (he interaction
approached siguificance (2 = 0.08)
for DMI from o 0 to 28 (Tahle 2).
Neitler imitial BW nor d-12 BW dil-
fered (17> 0.13) beeause of MIN-AD
supplenentation or WODG addition
(= 0.20) although initial BW was
a signilicant (7 < 0,001} covariate
for -12 BW. As expected witll no

differences in BW, ADG [or Jdiffer-
ent segments ol the receiving pliase
didd nol differ (72 > 0.1 b within the
main-effect treatments, The relatively
high ADG during the receiving phase
[nesumably refllected the fact that
the initial BW was Likely less alloeted
by gut fill than were subsequent T3W
weasurentents. Nonetheless, compara-
tively high ARG wonld he expoctod
with the overall excelionmt health of the
cattle and high l)\H {(2.6'4 ol BW {on
the 12-d pericd ). Dailv DA elid not
differ within main-cHeer comparizons
(I 2 0.22) duing the receiving phase,
with the exeeption of DM frony d 0
to 11 which was less (22 = G.G08) Lor
cattle supplemented with MIN-AD
than lor those that did not receive
MIN-AD (631 vs, 657 ke/ddy, This
very smz-lll difference s not practi-
cally important becanse it iy less (han
the wewsnrement evror of our {eeding
svistent, aud il reflecte a chanee dil-
fevenee associnted wath the [aet that
futake was loss than ad lihitu for the
first Lew davs of the receiving phase.
resulting in vers low variation in DM
during this period (t .. compare the
SE {or DAL from d 0 1o 11 with the
SE in other [)vr'mrih,\. Grven the lack
of nijor differences in ADG and
DXL i iy not surprising that G:F
ratio was not allected (P 2 0.17) Iy
the madzn-effoet treatnents. Sunilar 1o
onr findings. Loy ot al. (2008). who
supplemented the diets of growing
heifers that had ad ibiinn necess 1o
hav with drev-rolled cor, dry distillers
arains, or a combination of dev-rolled
cornn and corn glnten meal at 1,21
or 0.81% of BW dailv or 3 thnes per
found that DAL ADG, or GLF
did not dither within the frequeney or
supplementation among lreatinents.,
Finishing Phase. Initial BW dor-
ing the finishing phase was o siguili-
canl {77 < 0.05) covanate for several
variables, including final BW and all
DM and (:F measurements. Thas,
the feast squares weans for tese
variahles were adjusted for dillerences
in initial BW. \\'ith the v\'(-vption of
1mll(11 BW (1” = 1.0261. G:I7 from 0 0
AP =1 d cand NE :uul NE
('Un(‘f‘m l”i!li[)}h‘ r’ulmll;m'd From perfor-
mance data (7= 0.011), no MIN-AD

W 'l{.
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Table 2. Effects of MIN-AD supplementation and addition of wet corn distillers grains (WCDG) plus solubles’ to
the diet on performance by heef steers during a 42-d receiving period

MIN-AD supplementation WCDG addition
Item 0 + P-value? 0 + P-value SE®
Initial BW, kg 2804 2781 0479 2781 2804 0475 255
d 42 BW,* kg 3780 3729 0129 3755 3734 0.280 154
ADG, kg
ddto 14 2.38 2.35 0694 2.34 239 0.633 00868
d0to28 224 2.24 0.857 2.24 224 0.898 0039
d0to 42 230 223 0.140 229 224 0 251 {035
Caily DMI, kg/steer
d0to14 8.57 6.54 0001 B 56 655 0286 - 0014
d0to 28 7.97 7.97 0901 7.94 8.01 0223 0.058
d0to 42 8.65 8.62 0 559 865 8.62 0581 0.071
GF
d0twc 14 0.363 0.359 0769 0.358 0.364 0614 00100
d0to 28 0282 0281 0853 0.282 0.280 0831 00042
d0to42 0.268 0259 0167 0.265 0260 ° 0293 00034 :

'MIN-AD supplementation = no supplemental MIN-AD (0; MIN-AD Inc , Amariio, TX) or MIN-AD supplemented at 0.75% of the
dietary DM (+); WCDG addition = WCDG added to the diet at either O or 15% (+} of dietary DM. With the exception of a tendency (P
= 0 076) for DMI from d 0 to 28, no MIN-AD supplementation x WCDG addition interactions were detected (P 2 0.21).

20Observed significance levels for MIN-AD supplementation and WCDG addition main-effect comparisons
3Pooled SE of main-effect means, n = 12 pens/main-effect mean.
*Initial BW was a significant (P < 0.001) covanate in the statistical analysis for d 42 BW.

L

supplementation x WCDG addition
interactions (= 0.10) were detected
during the finishing phase. Thus, as
witll receiving phase data. main-cllect
means are reported (Table 3).

Main-effect, means for initial BW
shown in Table 3 indicate a lower (P
= (.001} initial BW f{or the [inishing
phase for cattle that received supple-
mental MIN-AD and a lower (P =
0.009) initial BW for catile fed diets
that did not contain WCDG. Because
of the MIN-AD supplementation x
WODG addition interaction lor initial
BW noted previously, main-ellect
means should be viewed with cantion.
Simple-elfect means for initial BW
were 393.1, 381.6. 391.0. and 391.5
kg (SE = 8,12} for the no WCDG
withont MIN-AD, no WCDG with
AIN-AD, WCDG without MIN-AD,
and WODG with MIN-ALY treat-
wents, respectivelv, with a lower (P
< ().01) initial BW for the no WODG
witl MIN-AD cattle than for eattle
in the other 3 treatinent groups. This
difference among treatments reflects,
i part, nonsignificant differences

in injtial BW and ADG during the
receiving phase. and it could possibly
reflect, ellects associated with removal
of some cattle before the start of the
finishing phase. After covarianee ad-

justment for the effeets of initial BW,

final slnmk BW tended to be less (P
= (),06) for cattle supplemented with
MIN-AD and was greater (7= 0.001)
for cattle fed diets with added WCDG
than for those led dicts withont
WCDG. Using HOW and the aver-
age dressing percentage to calenlate
adjusted final BW resulted in no
difference in final BW (F = 0.10)
beeanse of MIN-AD supplementation:
however, a greater adjusted final BW
wits evident (P = 0.009) for cattle

fed WCDG diets compared with diets
that did not contain WCDG.

No differences (P > 0.13) in ADG
were detected hecanse of MIN-AD
supplemnentation lor any of the
cimmlative periods during the finish-
ing phase. Mresent results are similar
to those of Crawlord ot al. {2008),
in which cattle performance was not
affected when MIN-AD was supple-

mented as a partial replacement of
limestone and MgO during the finish-
ing period.

In contrast 1o resnlts with MIN-
AD. differences or strong trends were
noted for greater ADG with the adeli-
tion of WCDG to the diet for (@ to
507 =000, d 0 to 70 (P =10.02),
d 0 te 105 (P = 0.06}. overall shrunk
ADG (£ = 0.01}. and carcass-adjust-
od ADG (P = 0.07). These results ape
similar to those reported by Al-Su-
waicgh ot al, (2002} and Lodge ot al.
(1993). in which addition of distillers
grains to the diet inereased ADG:
however, in these studies. drv-rolled
corn was The basal prain source, as
opposed to steam-[Taked corn i the
prosent study.

As with ADGL daily DAIL did not
differ (7 > 0.52) in respouse to
supplemental AMIN-AD durving the
finishing phase: however, DM was
con=istently greater (2 < 0.001} with
addition of WCDG to the diet. As
would be expected from the lack of
differences in ADG and DM no
differences were detected in G:F (P
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Table 3. Effects of MIN-AD supplementation and addition of wet corn distillers grains (WCDG) plus sclubles' to
the diet on performance by finishing beef steers

MIN-AD supplementation WCDG addition

ltem 0 + P-value? 0 + P-value SE?
lmtial BW, kg 3835 386.5 C 001 387.3 382.7 0009 800
Final BW*5 kg 5675 589.0 0083 5854 6010 0.001 328
Adjusted final BW? kg 5975 588.8 0103 5858 6004 0.009 366
ADG kg
d0to 35 2.07 2.03 0 489 199 211 0036 0 041
dCto 70 1.90 183 0132 1.81 1.82 0019 0031
d0to 1056 169 164 0181 163 1.70 0.060 0027
d 0 to end7 1.42 1.44 0.457 1.37 146 0 009 [ 0_20
Adjusted ®d 0 to end 142 1.4% 0.725 138 145 0.072 0026
Daily DMI* kg/steer
d0to35 9.31 922 0.537 B8 g7 9.56 <0.001 0.089_
d0to 70 9.60 9.51 0.521 924 986 <0.001 0.105
d0to 105 9.56 g.47 0526 24 979 0001 0108
d 0 to end® .65 9 56 0.546 g 31 9.89 0 001 0105
GiF* ’
d0to 35 0223 0.222 0.839 0222 0.222 0.937 00034
d0to 70 0.198 0193 0.191 0196 0.195 0.705 00024
d0to 105 0177 0174 0158 0176 0.174 0.374 0 0021
d0toend 0.148 0147 0748 0148 0.148 0973 00018
Adjusted,“®d 0 ¢ end 0.148 0147 0.909 0148 0147 0633 00022
Calculated NE values®
NE_, Mcal/kg of DM 203 203 0.825 205 2.0 0.043 0014
NEg, Mcalikg of DM 137 1.37 0.819 1.39 135 0043 0012

"MIN-AD supplementation = no supplemental MIN-AD {0; MIN-AD Inc., Amanillo, TX} or MIN-AD supplemented at € 75% of

the dietary DM {+); WCDG addition = wet corn distillers grains added to the diet at either 0 or 15% (+) of dietary DM With the
excephion of initial BW (£ = 0.026), d 0 to 105 G:F (P = 0.043), and calculated NE_ and NEg concentrations (P = 0.044), nc MIN-AD
supplementation x WCDG addition interactions were detected (P z 0.10).

2Observed significance levels for MIN-AD supplementation and WCDG addition main-effect comparisons.
*Pooled SE of main-effect means. n = 24 pens/main-effect mean.
Hnitial BW was a significant (P < 0.05) covariate in the statistical analysis of final BW, all DM data, and all G'F data.

“The ADG dataford O to 35, d 0 10 70, and d 0 to 105 were not shrunk, however, a 4% shrink was appled to final BW and adjusted
final BW for calculation of ADG from d C to end and adjusted, d 0 to end. No shrink factor was applied to initial BW data in any
calculations.

*Adjusted final BW equaled hot carcass weight divided by the average dressing percentage (52.31%}). Adjusted gain (d 0 to end) was
calculated from the adjusted final BW minus the initial BW dwided by days on feed, and adjusted G F (d O to end) was calculated as
the ratio of adjusted ADG to d 0 to end DMI

"Cattle in the blocks through 1 through 4, 5 through 8, and @ through 12 were on feed for 167, 139, and 125 d, respectively, resutting
in an average of 143.7 d on feed

*Dhetary NE values calculated from performance data using energy requirement equations for mamtenance and shrunk weight gain
from NRC (1998).

> .16} because of supplemental
MIN-AD. For G:F [rom d 0 to 105, a
MIN-AD supplementation x WCDG
addition inferaction (£ = 0.013) was
noted, and simple-ellect means were
0.176, 0.177. 0.178. and 0.170 (SE =
0.0027) for the no WCDG witliout
AIN-AD, no WCDG with MIN-

AD. WCDG withont MIN-AD, and

WODG with AIN-AD {reatments,
respectivelv. The G:F [or the WODG
with MIN-AD treatment was less ([
< 0.02) than the no WCDG with
MIN-AD and WCDG without MIN-
AD treatments, but was not different
from the no WCDG without MIN-
AD (reatment. Both ADG and DA
mereased when WCDG was added

to the diet: G:F did not dilfer (7 >
(.37 1) with additien ol WCDG Lo
the diet. Depenbusch ot al. (2005h)
fed dry corn distillers prains derived
from traditional deyv-grind or partial
fractionation dryv-grind processes (ap-
proximalely 13% of the diet ou a DM
hasis} in steam-faked corn diets and
reported that DAL ADG, and G:F
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did not difler (£ > 0.18] from values
abserved with @ cont 101 diet. With je-
spect to supplementation of MIN-AD.
present results agree with those of
Crawlord ot al. (2008), who reported
no differences (2 > 0030 in ADC,
DAL and GeF du cattle fed stear-
(laked eoru-hased diets supplemented
with 0. 0.73. or 1.5% MIN-AD.

In a meta-analysis of 9 experiiments
with eattle led drv-rolled or high-
moisture corn-hased diets, Klopfen-
stein et al, (2008) reported inereased
ADG with the addition of WCDG
to dicts: however, DA responded
linearly and qnd(lml,l( allv to the level
ol wet distillers grains, with slightly
lnereased DA when the level of wel
distillers grabus was 10 1o 209 of
dietary DAL but with decreased DAL
as the inelusion level of wet distillers
erains inereased, I addition. these
athors noled that the feeding value
of distillers grains seemed 10 he af-
fected by the grain processing metl-
od, with hetter pecformance when
drs-rotled or high-molsture grain was
nsed as the grain source compared
with stean-llaked corn. Leibovich e
al. (2009) fed 0 or 15% sorghnm wet
disiillers grains i diets (balaneed for
fat) composed ol dry-rolled corn or
steam-flaked cory. Average daily gain,
DI {d 0 to 35 and 0 to 70). final
BW., HCW, and G:F were decreased
with the addition of distillers grains,
regardless of the grain processing
method, Similarly, Viasconcelos et al,
{2007), who fed sorghum wet distill-
ers graing at (0, 5. 100 and 135 of diet
IBAY T stcmuvﬂdl\e(l cort-hased diels.
noted hinear decreases in ADG. DMI
(d 01028 d 0o b6 aud d 0 o ¥1).
and G:T as the pereentage of distillers
erain< in the diet increased. In hoth
these studies. Lhe first time caltle
recetved distillers graing was the [irst
dax of the linishing period. Possible
negadive effects of distillers grains on
DMI carly in the feeding period might
result in deereased perlormance until
cattle are (nllv adapted to distillers
grains. Alay et all (2008) and Uwitiee
el al, (2008) reported an increase in
ruminal fetate when feeding 25% dry
distillers pradns with solibles in eattle
that were allowed to adapt to (he dis-

tllers grains for 11 and 17 d. respee-
tively, Inercased ruminal letate could
he oue possible reason [or decreased
DA early in the feeding period when
wet distillers grain is added to the
diel of cattle thal are already adapted
to a finishing diet. Depending on the
leneth of the feeding period. eattie
{fed distillers graing might net have
sufficient tine to compensate for this
miitial decrease in DALL In the preseni
experiment, perhaps the faet that cat-
tle received diets containing WCDG
during an extending receiving phase
allowed them to adapt n some way 10
the effeets of WODG o the diet, such
that DAL was not affected negatively,
anud was acinally Inereased by addi-
tion of WCDG, Research is needed 1o
test the Tivpothesis that cattle need
an adaptation period to use diets con-
taining WCDG more offectively,

The main effect of MIN-AD supple-
mentation was not significant (P
> 0.82} tor dietary NE lrl]l(i NE
concentrations caleulated fron per-
[ormance data: however, calenlated
dietary NF values were lows (P =

(10 for dicls that contained \\'(‘D(J
versits diets without WCDG Tab
31 O findings of decreased .\Em aml
NI coneentrations with addition of
distillers grains to the diet
tent with results observed by Vascon-
celos ol al, (2007). Depenbuseh ot al,
(20084). and Leihovieh ot al, (2000).
As noled previously, a MIN-AD
supplementation x WCDG addition
interaction was detected for calenlated
NE vabies. Shimple-cffect means for
NE  concentration (Meal/kg of DAL
were 2 \J? 207,208, and 1.99 {SE
= {).020) for the no WCDG without
MIN-AD. no WCDG witds MIN-
AD. WODG without MIN-AD, amd
WODG with MIN-AD treatments, re-
spectivelv, The NE - concentration lor
the no WCDG with MIN-AD treal-
ment differed (22 < 0.01) from that
noted for the WCDG with MIN-AD
treatment, but neither of these treat-
ments dilfered from the remaining, 2
treatinenls. Similartv, stmple-offect
nieans o caleul ;1tv(l NE concentra-
tions were 137, 13T and 131
Meal/kp of DA (Bh =0.017) [or
the no WCDG without AIN-AD,

HIe CONsis-

no WCDG with MIN-AD, WODG
without MIN-AD. aid WCDG wiily
BMIN-ALY treatinents. respectively
The paftern of signilicant (77 < (1.01)
diffeeences among the treatinents was
the ~ame as for dietary NE - concen-
tration, Thus. these data sngeest that
the effeets of MIN-AD supplomenta-
tion on performance-hased dictars
NE values depend on the addition of
WODG, but the reasons for this inter-
action are not readilv appavent,

Carcass Characteristics,

No MIN-AD supplenentation =
WCDG addition interactions (2>
0.13} were noted for carcass data. Tui-
tinl BW waq a significant (7 = .02)
covariate for dressing percentage, it
not for any other careass measure-
e s,

With (he exceoption of LA area, for
which supplomentation of MIN-AD
restilted o a greater (£ = 0.03) LM
area than for diets withoul MIN-ALD,
ne effeets (8 = 0101 ot supplenental
MIN-AD were detected in the varions
CArCilss easureneits, pereentage ol
carcieses grading USDA Choice or
greater. and pereentaee of cattle with
abscessed livers {Table {1, Similarly.
Craw ford ot all (20037 did not detect
clleets of AIN-AD supplementation
Ol careass measurcments i eadtle led
steam-flaked corn-hased dicts, For the
maiv eflect of WCDG addition. with
the exception of s increased (2 =

I TTOWY for cattle that were fed
WODG dicis, no effects (2 > 01 of
WODG wore noted for carcass data,
Inereases in LOW wonld be simibo Lo
rostlls ol several studies 1 which dis-
tillers grains Lave heen added 1o dry-
rolled (‘()I‘Ilv])fl‘i?(l dicts (Klopfenstvin
el al., 20005, but contradiet mueh of
the rese rm‘h that has been done 1o
this point in which distillers grains
Lrave been added 1o steamy-Mlaked corn-
Dased diels {Vasconeelos ot al., 2007,
Depenbusch ef all. 20080 Leiboviel ot
al. 20097,

Fecal pH and Gas Production

No interactions (/2 > 0.20) he-
tween MIN-AD supplementation and
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Table 4, Effects of MIN-AD supplementation and addition of wet corn distillers grains (WCDG) plus solubles’ to

the diet on carcass characteristics of finishing beef steers

MIN-AD supplementation

WCDG addition

Item 0 + P-value? 0 + P-value SE?
Hot carcass weight, kg 387.8 3822 0.103 380.3 389.7 0 009 237
Dressing percentage* 62 25 62 37 0.666 62 45 62.17 0.324 0193
LM area, cm? 81.16 8316 0.031 81.74 82.64 0325 0.806
12th-rib fat, cm 0.84 084 0.611 0.81 0.86 0514 0038
KPH, % 245 245 0.641 246 244 0617 013
YG 303 292 0.237 295 3.01 0.511 0083
Marbling score® 4058 405 4 0967 3993 4118 0187 0858
Choice or greater, % 53 47 5000 0.546 50.69 5278 0.748 —
Select or less, % 46.53 5000 0.546 49.31 47 22 0.748 —
Abscessed livers,®* % 5.21 4 51 0768 4.51 5.21 0.809 —

MIN-AD supplementation = no supplemental MIN-AD {0; MIN-AD Inc., Amarillo, TX} or MIN-AD supplemented at 0.75% of the -
dietary DM (+), WCDG additian = wet corn distiliers grain added to the diet at erither 0 or 15% (+) of d|etary DBM No MIN-AD

supplementation x WCDG addition interactions were detected (P2 0.13).

*Observed significance levels for MIN-AD supplementation and WCDG addition main-effect comparisons.

*Poocled SE of main-effect means, n = 24 pens/imain-effect mean.

‘Iribal BW was a significant (P = 0.024) covanate 1n the statistical analysis of dressing percentage.

*Marbling score. 300 = Slight?, 400 = Small®, 500 = Modest®
Sum of A- A, and A+ liver abscess scores.

WODG addition were deteeted for
fecal pll and gas production. Supple-
mental MIN-AD did not affect fecal

spite the lack of siguilicance for the
lereased fecal pH with supplemental
AMIN-AD, the change is in the direc-

pll (P = 0.25) or fecal gas produc- tion expected if MIN-AD Imffers the
tion (P = 0.50), although values were  intestinal contents. suggesting Uhat

nunerically greater for hoth varialiles
with added MIN-AD (Table 5}, De-

further researcl in this area might be
warranted. Goetscll and Oweng {1985)

Table 5. Effects of MIN-AD supplementation and addition of wet corn

production using a fecal inoculum with a corn starch substrate

distillers grains (WCDG) plus solubles’ to the diet on fecal pH and gas

MIN-AD supplementation WCDG addition
Iltem 0 + P-value? 0 +  P-value SE?
Fecal pH 5 06 622 0251 629 5909 0.049 0.095
Fecal gas production,
mL/g of starch 1779 1808 0.496 1752 1835 0.070 400

distillers grain added to the diet at either 0 or 15% (+) of dietary DM. No MIN-AD
supplementation x WCDG addition interactions were detected (P 2 0.20).

effect comparisons

3Pooled SE of main-effect means, n = 12 bleck x rephication in time combinations/
main-effect mean.

MIN-AD supplementaticn = no supplemental MIN-AD (0, MIN-AD Inc., Amanillo, TX)
or MIN-AD supplemented at ¢ 75% of the dietary DM {+), WCDG addition = wet corn

20Observed significance levels for MIN-AD supplementation and WCDG addition main-

compared Ca source (no supplenient.
CaC'l-2H 0. and CaC’O ) and coneen-
tration ,md noted that as the dictary
Ca concentration increased, feeal pll
tended Lo fuerease. with no ¢ffeet vn
raninal pll.

Fecal pil was deerensed (72 = 0.05)
and fecal gas production tended (P =
(107} to be incereased with the ad-
dition of WCDG to the diet {Table
5). Decreased fecal pll presumably
reflects lower postruminal buffering
properties of ithe diet or an fncreased
concentration of ferientable sub-trate
in the lower siafl intestine and large
intestine. Simnilarly,
production wight refllect a more ac-
tive microbial population in (e lower
gnt or greater fermentable substrate
i the feeal inocuhwn, Perhians fiber
escaping raminal and intestingl fer-
mentation provided the substrate for
sreater feeal gas production with diets
containing WCDG. Future studies
should include an inoculum ~blauk™ 1o
adjust for the haseline gas production
from the inoculum alone,

increased feeal gas
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IMPLICATIONS

Supplemental MIN-AD did not af-
[eet performance and did not interact
with the addition of 1h% (DI basis)
WODG in steam-flaked coru-hased
diots. Neither MIN-AD nor 15%,
WODG affected eattle performance
during a 12-d receiving period. During
the [mishing period. cattie fed WODG
el increased ADG and 1ML with
o effect on GiF. Additional resecarch
is needed 1o evaluate the offects of
suppletnental AMIN-AD and WCDG
on fecal pil and microbial activity in
the lower small intestine and large
mtestine of beel cattle, Moreover. fur-
ther rescarell s wananted to evaluate
whether adapting cattle to WCDG
(oo, adding WCDG to veceiving and
step-up diets) mproves the atilization
of WODG in finishing diets,
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