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Effects of calcium magnesium carbonate and roughage level on feedlot
performance, ruminal metabolism, and site and extent of digestion
in steers fed high-grain diets"?

G. L. Crawford,*® C. D. Keeler,} J. J. Wagner,} C. R. Krehbiel,}* G. E. Erickson,*
M. B. Crombie,§ and G. A. Nunnery§

*Department of Animal Science, University of Nebraska, Lincoln 68583; tDepartment of Animal Science,
Oklahoma State University, Stillwater 74078; £Southeast Colorado Research Center,
Colorado State University, Lamar 81052; and §MIN-AD Inc., Amarillo, TX 79106

ABSTRACT: A feedlot growth performance experi-
ment and 2 metabolism experiments were conducted to
evaluate dietary roughage concentration and calcium
magnesium carbonate in steers fed a high-grain diet.
In Exp. 1, one hundred ninety-two crossbred yearling
steers (320 £+ 10 kg of initial BW) were fed diets based
on steam-flaked corn with 0, 0.75, or 1.5% CaMg(COs),.
There were no effects (P> 0.13) on ADG, DMI, G:F, or
total water intake due to CaMg(CO;),. In Exp. 2, five
ruminally and duodenally fistulated steers (263 + 9 kg
of initial BW) were used in a 5 X 5 Latin square design,
with 5 dietary treatments arranged in a 2 X 2 + 1 facto-
rial: 1) 3.8% dietary roughage and no CaMg(COs),; 2)
7.6% dietary roughage and no CaMg(COs),; 3) 11.4%
dietary roughage and no CaMg(CO,),; 4) 3.8% dietary
roughage and 1.5% CaMg(CO;),; and 5) 7.6% dietary
roughage and 1.5% CaMg(COs;),. Water consumption
was less (quadratic, P = 0.003) when 7.6% dietary
roughage was fed compared with 3.8 or 11.4% dietary
roughage. Intake of DM was not affected (P > 0.16) by
dietary roughage or by CaMg(COs3),. Poststomach and
total tract starch digestion decreased (linear, P < 0.01)
as dietary roughage increased. Ruminal pH tended (P
= 0.08) to increase as dietary roughage increased but

was not affected (P = 0.60) by CaMg(COs),. In Exp. 3,
DMI and ruminal pH were continuously monitored in
a 6 X 6 Latin square design using 6 ruminally and duo-
denally fistulated Holstein steers (229 + 10 kg of initial
BW). A 3 x 2 factorial treatment structure was utilized,
with factors consisting of dietary roughage concentra-
tion (4.5, 9.0, or 13.5%) and CaMg(CO,), inclusion (0
or 1.0%) to replace MgO and partially replace lime-
stone. A dietary roughage x CaMg(COs3), interaction (P
= 0.01) occurred as steers consuming 13.5% roughage,
1.0% CaMg(COs3), had greater DMI per meal than those
consuming 4.5% dietary roughage, no CaMg(COs), and
9.0% dietary roughage, 1.0% CaMg(COs3),. Steers con-
suming 13.5% dietary roughage, 1.0% CaMg(COs;), and
9.0% dietary roughage, no CaMg(CO3), had greater
meal length (min/meal; P=0.01) than steers consuming
4.5% dietary roughage, no CaMg(CQOs;),. Total tract OM
digestibility decreased linearly (P =0.01), and ruminal
pH increased linearly (P=0.01) with increasing dietary
roughage concentration. Inclusion of CaMg(CO;), can
replace limestone and MgO but did not produce rumi-
nal pH responses similar to those observed by increas-
ing dietary roughage in high-concentrate diets.
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INTRODUCTION

In a survey of consulting nutritionists servicing the
major cattle feeders of the United States, Galyean and
Gleghorn (2001) reported that the average beef cattle
finishing diet contains 8.9% roughage. Roughage is one
of the most expensive ingredients on an energy basis
and is generally added to high-concentrate diets to
prevent digestive disturbances (Galyean and Defoor,
2003). Research conducted to limit or eliminate rough-
age in the diet (Kreikemeier et al., 1990; Loerch, 1991)
has generally resulted in decreased DMI and ADG,
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likely due to an increase in the incidence of ruminal
acidosis.

Ruminal buffers and alkalizers may provide for a
more constant ruminal pH, which may decrease fluc-
tuation in DMI that may either be a cause or effect of
acidosis (Cooper et al., 1999). A 4.6% increase in DMI
and a 5.9% increase in ADG, as well as an increase in
ruminal pH and total tract fiber digestion, were report-
ed by Zinn (1991) when 0.75% sodium bicarbonate was
supplemented to steam-flaked grain diets fed to steers.
Farran et al. (2003) observed an increase in ruminal
pH and a decrease in time spent below pH 5.6 when
1.25% sodium bicarbonate was added to high-moisture,
corn-based heifer diets containing 92.5% concentrate.
Others have observed little or no response to ruminal
buffer addition to high-concentrate diets (Dunn et al.,
1979; Zinn and Borques, 1993).

The avoidance of intake-depressing digestive disor-
ders such as acidosis should ultimately result in fewer
days for cattle to reach market weight, and replacing
dietary roughage with a ruminal buffer or alkalizer
may decrease dietary costs and management problems
associated with handling and feeding roughage in feed-
lots. Therefore, our objective was to evaluate the effects
of dietary roughage concentration and CaMg(CO;), on
feedlot performance, ruminal kinetics, and site and ex-
tent of digestion in steers fed a high-grain diet.

MATERIALS AND METHODS

All surgical procedures, postsurgical care, and the
experimental protocol had been reviewed and approved
by the Oklahoma State University Animal Care and
Use Committee, and the experimental protocol was
reviewed and approved by the University of Nebraska
Animal Care and Use Committee.

Exp. 1

One hundred ninety-two crossbred yearling steers
(331 + 28 kg of initial BW) purchased in Texas were
utilized for this experiment. Cattle were received at
the Southern Colorado Research Center in Lamar on
April 12, 2001, and had access to long-stemmed hay
and water overnight. The following morning, steers
were treated for internal and external parasites (Dec-
tomax, Pfizer Animal Health, New York, NY); vacci-
nated against Clostridium perfringens types C and D
infections (Ultrabac CD, Pfizer Animal Health) and in-
fectious bovine rhinotracheitis, bovine virus diarrhea,
parainfluenza-3, and bovine respiratory syncytial virus
infections (Bovishield 4, Pfizer Animal Health); and im-
planted with estradiol and progesterone (Component
E-S, VetLife, Overland Park, KS). At this time, cattle
were weighed individually and characterized as 1 of 3
breed types: British crossbred, Continental crossbred,
and Brahman crossbred. Cattle were stratified by BW
within breed type into 8 BW blocks. Within block, pens
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of cattle were assigned randomly to 1 of 3 treatments,
resulting in 8 pen replicates/treatment and 8 steers/
pen. During the morning after the randomization pro-
cedures, cattle were again individually weighed and re-
turned to their respective treatment pens for initiation
of the experiment. Initial BW was the average of the 2
individual BW obtained at the beginning of the experi-
ment. Final BW was the average of 2 individual BW ob-
tained on d 137 and 138. Cattle were reimplanted with
trenbolone acetate and estradiol (Revalor-S, Intervet,
Millsboro, DE) on d 56.

Dietary treatments (DM basis) were: 0, 0.75, and
1.5% CaMg(COs3), (mined dolomitic limestone, MIN-AD,
MIN-AD Inc., Amarillo, TX). Inclusion of CaMg(CO3),
completely replaced MgO and partially replaced lime-
stone on a Ca and Mg basis; dietary Ca and Mg were
formulated to be constant (Table 1). Steam-flaked corn
was purchased daily from a commercial feedlot and
transported 1.5 km to the research facility at 0600 h.
Corn was flaked to a density of 0.35 kg/L the evening
before transport and stored overnight in overhead
finished feed storage bins at the commercial feedlot.
Flake density was checked every 2 h during the steam-
flaking process. Retention time in the steam chamber
was approximately 40 min, and rolls measured 60 X
120 cm.

Cattle were fed 60% of their daily feed beginning at
0700 h and 40% of their daily feed beginning at 1200 h.
Feed refusals were weighed and sampled for DM deter-
mination whenever feed became spoiled due to adverse
weather conditions or whenever cattle were weighed.
Feed refusal samples were evaluated for DM by drying
the sample for 36 h at 60°C. Diets and feed ingredients
were sampled periodically throughout the experiment.
All diet and feed ingredient samples were analyzed
by a commercial feed laboratory (SDK Laboratories,
Hutchinson, KS) for DM, CP, NPN, ADF, ether extract,
Ca, P, Mg, and K. Two pens of the same treatment and
similar BW block (blocks 1 and 2, 3 and 4, 5 and 6, and
7 and 8) shared a water trough during this experiment,
and water intake for each 2 pens was recorded daily.

Two steers were removed from the experiment. One
steer from the 0.75% CaMg(COs;), treatment showed
signs of respiratory disease complex and had a rectal
temperature of 41.6°C. This steer died 3 d after removal
from the experiment. A steer from the 0% CaMg(COs),
treatment bloated and was removed from the experi-
ment.

Cattle were slaughtered at a commercial abattoir
(Swift and Company, Dumas, TX) after 138 d on trial
for all pens. Carcass data were collected by a commer-
cial carcass data collection firm (Ag-Info-Link, Long-
mont, CO). On the day of slaughter, measurements of
HCW and incidence of abscessed livers were recorded.
Longissimus muscle area, 12th-rib backfat, incidence of
dark cutters, marbling score, and USDA quality grade
(as determined by a USDA grader) were recorded after
a 36-h chill. Yield grade was calculated based on com-
ponents of the USDA yield grade equation.
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Table 1. Composition of diets (DM basis; Exp. 1)

Treatment

Item, % of DM Control 0.75% CaMg(COs), 1.5% CaMg(COs),

Ingredient
Steam-flaked corn 76.4 76.3 76.1
Corn silage 11.19 11.19 11.19
Condensed corn distillers solubles 3.00 3.00 3.00
Yellow grease 3.00 3.00 3.00
Soybean meal 2.60 2.65 2.70
CaMg(COy), — 0.75 1.50
Limestone 1.47 1.03 0.60
Urea 1.03 1.04 1.05
Potassium chloride 0.26 0.26 0.26
Magnesium oxide 0.36 0.18 —
Salt 0.25 0.25 0.25
Dicalcium phosphate 0.24 0.24 0.24
Soybean oil 0.075 0.078 0.081
Trace mineral premix' 0.026 0.026 0.026
Monensin premix? 0.019 0.019 0.019
Tylosin premix® 0.005 0.005 0.005
Vitamin E premix* 0.017 0.017 0.017
Vitamin A premix® 0.003 0.003 0.003

Nutrient composition of diets®
DM 69.5 68.4 68.9
CP 12.7 12.7 12.9
NPN 2.34 2.44 2.41
ADF 6.97 6.99 7.13
Calcium 0.76 0.70 0.65
Phosphorus 0.37 0.38 0.36
Potassium 0.79 0.82 0.75
Magnesium 0.35 0.33 0.32

'Trace mineral premix contained the following: Co, 300 mg/kg; Cu, 10%; I, 3,000 mg/kg; Fe, 2,000 mg/kg;

Mn, 6%; Zn, 20%; and Se, 300 mg/kg.

*Monensin (Elanco Animal Health, Indianapolis, IN) premix: 176.3 g/kg of premix.
*Tylosin (Elanco Animal Health) premix: 220.4 g/kg of premix.

*Vitamin E premix: 198,360 IU/kg of premix.
Vitamin A premix: 110,200,000 IU/kg of premix.

®Nutrient composition based on laboratory analyses.

Exp. 2

Five ruminally and duodenally fistulated crossbred
steers (263 + 9 kg of initial BW) were used in a Latin
square design experiment to evaluate the effects of di-
etary roughage concentration and CaMg(COs), (MIN-
AD, MIN-AD Inc.) on ruminal kinetics and site and
extent of digestion in steers fed a high-grain diet. Five
steers were assigned randomly to 1 of 5 treatments:
1) 3.8% roughage and no CaMg(COs;),, 2) 7.6% rough-
age and no CaMg(COs)y, 3) 11.4% roughage and no
CaMg(COs),, 4) 3.8% roughage and 1.5% CaMg(COs),,
or 5) 7.6% roughage and 1.5% CaMg(CO,), (Table 2).
Steers were housed in individual pens (3.3 m X 14.6
m) and had free access to water. The research was con-
ducted at the Southeast Colorado Research Center, La-
mar.

All steers were adapted initially to the 7.6% rough-
age and no CaMg(COs), diet for a period of 12 d before
the experiment. The experiment began on June 16 (d
1) and consisted of five 21-d periods. Dry matter intake
was calculated daily; all orts were weighed, DM con-
tent was determined (method 4.1.06, AOAC, 1997), and

DM refused was subtracted from DM offered. Steers
were fed twice daily at 0800 and 1300 h. Chromic oxide
(15 g/d) was dosed intraruminally daily at 0800 and
1300 h on d 1 through 20 via gelatin capsules (2/steer)
as a marker of digesta flow.

Drinking water was measured into 50-L tubs using
a flow meter (Kent water meter, Hackensack, NJ), and
water intake was estimated daily at approximately
1200 h. At this time, water refused was measured via
graduated cylinder and discarded, and tubs were re-
plenished immediately.

Sampling. Feed was sampled on d 8 through 21
of each period and dried (50°C for 48 h). Fecal grab
samples were taken on d 17 through 20 of each period
at 0700 and 1900 h and composited by animal within
period on an equal wet-weight basis. A portion of the
composite for each animal was dried in a forced-air
oven (50°C for 72 h) and ground to pass a 2-mm screen
in a Wiley mill (Thomas Scientific, Swedesboro, NdJ) for
later determination of OM, Cr, starch, NDF, Ca, P, and
Mg. A second portion of the fecal composite was frozen,
lyophilized, and used for N determination. Ond 17 and
18, duodenal contents (250 mL) were collected every 4
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Table 2. Composition of diets (DM basis; Exp. 2)
No CaMg(COy), 1.0% CaMg(COs),
Ttem, % of DM 3.8%" 7.6%" 11.4%’ 3.8% 7.6%
Ingredient
Steam-flaked corn 82.0 76.5 71.0 81.6 76.1
Corn silage 5.60 11.19 16.79 5.60 11.19
Condensed corn distillers solubles 3.00 3.00 3.00 3.00 3.00
Yellow grease 3.00 3.00 3.00 3.00 3.00
Soybean meal 2.49 2.60 2.71 2.60 2.70
Limestone 1.52 1.47 1.42 0.65 0.60
Urea 1.05 1.04 1.03 1.06 1.05
Potassium chloride 0.38 0.36 0.35 0.38 0.26
Magnesium oxide 0.37 0.26 0.25 — —
Salt 0.25 0.25 0.25 0.25 0.25
Calcium phosphate 0.24 0.24 0.24 0.24 0.24
Soybean oil 0.08 0.08 0.08 0.05 0.05
Trace mineral premix® 0.026 0.026 0.026 0.026 0.026
Monensin premix® 0.02 0.02 0.02 0.02 0.02
Vitamin E premix* 0.02 0.02 0.02 0.02 0.02
Tylosin premix5 0.005 0.005 0.005 0.005 0.005
Vitamin A premix® 0.003 0.003 0.003 0.003 0.003
CaMg(CO,), — — — 1.50 1.50
Nutrient composition of diets’
DM 73.5 69.5 65.9 73.7 69.8
CPp 12.19 12.08 12.77 12.08 13.12
NDF 17.62 19.78 19.58 16.79 18.78
Calcium 0.70 0.70 0.70 0.70 0.70
Phosphorus 0.30 0.30 0.30 0.30 0.30
Potassium 0.70 0.70 0.70 0.70 0.70
Magnesium 0.30 0.30 0.30 0.30 0.30

"Roughage equivalent from corn silage.

*Trace mineral premix contained the following: Co, 300 mg/kg; Cu, 10%; I, 3,000 mg/kg; Fe, 2,000 mg/kg; Mn, 6%; Zn, 20%; and Se, 300 mg/

kg
‘_‘Vitamin E premix: 198,360 1U/kg of premix.
°Tylosin (Elanco Animal Health) premix: 220.4 g/kg of premix.
%Vitamin A premix: 110,200,000 TU/kg of premix.

*Monensin (Elanco Animal Health, Indianapolis, IN) premix: 176.3 g/kg of premix.

"Values for DM, CP, and NDF are from laboratory analyses. All other values were calculated based on tabular nutrient values for ingredients

(NRC, 1996).

h during a 48-h period; collection times were adjusted
on d 18 so that every 2 h in a 24-h period were repre-
sented. Immediately after collection, duodenal pH was
measured using a portable pH meter and combination
electrode (HI 9024, Hanna Instruments, Ann Arbor,
MI). Duodenal contents were frozen (—20°C) and lyo-
philized, ground using a coffee grinder (Black & Decker
117 SmartGrind CBG5 Blades Grinder, Applica Con-
sumer Products, Miramar, FL), and composited within
animal and period on a DM basis. On d 17, five whole
ruminal content samples were collected at 4-h inter-
vals (approximately 400 mL/sample) and mixed with
400 mL of 10% formaldehyde. Ruminal contents were
frozen (—20°C) and used for bacterial isolation.

On d 20 of each period at approximately 0800 h,
Co-EDTA (200 mL containing 3.6 g of Co; Uden et al.,
1980) was pulsed-dosed intraruminally. Ruminal fluid
was collected at 0, 3, 6, 9, 12, 18, and 24 h after dos-
ing. Immediately after collection, ruminal fluid pH was
measured using a portable pH meter and combination
electrode (HI 9024, Hanna Instruments). A 10-mL ali-

quot was acidified with 0.5 mL of 6 M HCI and frozen
(=20°C) for later ammonia analysis. A second 10-mL
aliquot was acidified with 2 mL of 25% (wt/vol) meta-
phosphoric acid and frozen (—20°C) for later VFA anal-
ysis. A third 10-mL aliquot was frozen (—20°C) for Co
analysis.

Laboratory Analyses and Calculations.
Ruminal bacteria were isolated using the procedures
outlined by Bock et al. (1991). Ground samples of feed,
feces, ruminal bacteria, and duodenal contents were
analyzed for laboratory DM and OM based on stan-
dard procedures (method 4.1.06 and method 4.1.10,
respectively, AOAC, 1997). Nitrogen content of feed,
lyophilized feces, ruminal bacteria, and lyophilized
duodenal contents was determined by the combustion
method (Leco NS2000, St. Joseph, MI; method 4.2.10,
AOAC 1997). Concentration of NDF in feed, feces, and
duodenal contents was determined by the method of
Van Soest et al. (1991). Feed, feces, and duodenal starch
concentrations were determined using the Megazyme
total starch assay procedure (Megazyme International
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Ireland Ltd., Wicklow, Ireland). The between and with-
in assay CV were 5.7 and <5.0%, respectively, and the
sensitivity of the assay is 1% starch.

Concentrations of Ca, Mg, and P in feed, feces, and
duodenal contents were determined after acid diges-
tion. Briefly, 1.5 g of sample was ashed in a 500°C ash-
ing oven (Thermolyne Corporation, Dubuque, IA) for 6
h. The ashed sample was dissolved in 5 mL of concen-
trated HNO; and 5 mL of perchloric acid and boiled on
a hot plate for approximately 5 min. The sample was
subsequently diluted with distilled water in a 100-mL
volumetric flask, and absorbance was measured at
318.1, 279.1, and 178.3 nm for Ca, Mg, and P, respec-
tively, with an inductively coupled plasma spectropho-
tometer (Spectro Analytical Instruments, Fitchburg,
MA). For Cr analyses, fecal and duodenal samples
were ashed, digested with a phosphoric acid-manga-
nese sulfate-potassium bromate solution (Williams et
al., 1962), and quantified at 267.7 nm with the same
instrument.

Ruminal fluid samples were thawed and centrifuged
at 10,000 X g for 10 min. Concentrations of Co in ru-
minal fluid samples were determined via inductively
coupled plasma spectrophotometer (Spectro Analytical
Instruments) analysis at 228.6 nm. Ruminal and duo-
denal ammonia were determined using procedures out-
lined by Broderick and Kang (1980) and were quanti-
fied using a spectrophotometer (Beckman Instruments,
Fullerton, CA). Lyophilized duodenal contents were re-
constituted for ammonia analysis using the procedure
outlined by Hannah et al. (1991). Analysis of VFA in
ruminal fluid was conducted using GLC (N611-9000,
PerkinElmer, Waltham, MA) as outlined by Goetsch
and Galyean (1983).

Duodenal contents and bacterial isolates were ana-
lyzed for purine concentrations to determine microbial
protein flow using a modified Zinn and Owens (1986)
procedure that used a more diluted HCIO, to hydrolyze
the material containing purines. The HC1O, (70%) was
diluted with water to prepare a solution of 2 M HCIO,
for the extraction procedure

Fecal DM output was calculated as Cr consumed
(g/d) divided by Cr concentration in feces (g/g of DM).
Stomach and poststomach digestibilities were estimat-
ed using the marker ratio technique (Merchen, 1988)
with Cr as the reference. Liquid dilution rate of Co was
calculated by regressing the natural log of Co concen-
tration on time after dosing. Retention time and time
for 50% turnover were calculated as 0.693/dilution rate
and 1/dilution rate, respectively. Ruminal volume was
calculated by dividing the Co dose by ruminal concen-
tration extrapolated to O h, and ruminal outflow rate
was calculated as ruminal volume multiplied by the
dilution rate. Area below pH 6.0 and 5.6 was calcu-
lated by subtracting each ruminal pH value recorded
throughout the day from 6.0 and 5.6. All positive val-
ues for the day were then summed, and area of ruminal
pH below a value of 6.0 and 5.6 represents the units of
magnitude of pH below 6.0 and 5.6 X minute.

Crawford et al.

Exp. 3

Six ruminally and duodenally fistulated Holstein
steer calves (229 + 10 kg of initial BW) were assigned
randomly to 1 of 6 treatments in a 3 x 2 factorial ar-
rangement, using a 6 X 6 Latin square experimental
design. After a 21-d adaptation to a 95.5% concen-
trate diet, steers were assigned to treatment. Steers
received 4.5, 9.0, or 13.5% roughage with or without
1.0% CaMg(COs), (Table 3). The concentrate portion of
each treatment contained a 80:20 ratio of high-mois-
ture corn and dry-rolled corn, and the roughage was
alfalfa hay. All diets contained 33 mg/kg of monensin
and 12 mg/kg of tylosin, and CaMg(COs), was provided
in a dry supplement. Steers were not implanted.

Ruminal and duodenal fistulation surgeries were
performed at Oklahoma State University, and steers
were transported to the University of Nebraska, Lin-
coln, after a 1-mo recovery period. Periods were 21 d in
length (12-d diet adaptation and 9-d data collection),
and all animals were fed for ad libitum intake. Bunks
were assessed daily at 0730 h, and feed offerings were
adjusted accordingly for feeding at 0800 h. Steers were
fed individually in slotted-floor pens (1.5 X 2.4 m) in a
temperature-controlled room (25°C) from d 1 through
12 and d 18 through 21 of each period. In the afternoon
of d 12, steers were moved and tethered in individual
metabolism stalls in the same room and were allowed to
acclimate to stalls overnight. Beginning on d 13, steers
were fed in individual feed bunks suspended from load
cells (Omega, Stamford, CT) connected to a computer
equipped with software allowing for continuous data
acquisition (Labtech, Wilmington, MA). Feed weight in
each bunk was recorded once every minute and contin-
uously stored for each steer throughout the day. Feed
intake measurements (d 13 through 18 of each period)
included DMI, rate of DMI, number of meals per day,
average meal size, time spent eating, and average meal
length (Cooper et al., 1999; Erickson et al., 2003).

Before feeding on d 13, submersible pH probes (Jen-
co, San Diego, CA; Sensorex, Garden Grove, CA) were
placed into the rumen of each steer through the ruminal
fistula and remained in place through the morning of
d 18. Each pH probe was encased in a weighted, 4-wire
metal shroud to maintain the electrode in a station-
ary suspended position approximately 15 cm above the
floor of the rumen. Electrodes were linked directly to a
computer equipped with data acquisition software to
record ruminal pH every 6 s and averaged every min-
ute throughout the pH data collection phase. On d 18 of
each period, pH electrodes were removed from the ru-
men, and steers were returned to their respective free
stalls. Ruminal pH measurements included average,
maximum, and minimum pH; time spent below rumi-
nal pH 5.3 and 5.6; area of ruminal pH below 5.3 and
5.6 (time below X magnitude below); and magnitude of
pH change (Cooper et al., 1999; Erickson et al., 2003).
In addition, daily variance in ruminal pH was calcu-
lated as the square of the sample standard deviation.
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Table 3. Composition of diets (DM basis; Exp. 3)
No CaMg(CO3), 1.0% CaMg(COs3),
Ttem, % of DM 4.5%" 9.0%" 13.5%" 4.5% 9.0% 13.5%
Ingredient
High-moisture corn 65.2 61.6 58.0 65.2 61.6 58.0
Dry-rolled corn 16.3 15.4 14.5 16.3 15.4 14.5
Alfalfa hay 4.5 9.0 13.5 4.5 9.0 13.5
Soypass® 5.0 5.0 5.0 5.0 5.0 5.0
Molasses 5.0 5.0 5.0 5.0 5.0 5.0
Limestone 1.45 1.29 1.14 0.91 0.75 0.59
Urea 1.05 0.93 0.80 1.05 0.93 0.80
CaMg(COy), — — — 1.00 1.00 1.00
Potassium chloride 0.48 0.36 0.23 0.49 0.36 0.24
Fine ground corn 0.36 0.78 1.20 0.03 0.44 0.85
Magnesium oxide 0.13 0.12 0.11 — — —
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Tallow 0.13 0.13 0.13 0.13 0.13 0.13
Monensin premix® 0.02 0.02 0.02 0.02 0.02 0.02
Tylosin premix* 0.005 0.005 0.005 0.005 0.005 0.005
Vitamin premix® 0.01 0.01 0.01 0.01 0.01 0.01
Nutrient composition of diets®
DM 77.0 77.0 7.7 77.1 77.1 78.0
CPp 14.8 15.1 15.3 15.0 15.0 15.4
NDF 13.4 15.2 17.1 13.6 14.8 17.1
Calcium 0.85 0.83 0.85 0.83 0.85 0.85
Phosphorus 0.31 0.31 0.30 0.30 0.30 0.30
Potassium 0.89 0.90 0.90 0.89 0.90 0.90
Magnesium 0.25 0.26 0.26 0.27 0.27 0.28
'Alfalfa hay.

*Maillard-reacted soybean meal (undegradable intake protein = 74% of CP; LignoTech, Rothschild, WI).
*Monensin (Elanco Animal Health, Indianapolis, IN) premix: 176.3 g/kg of premix.

“Tylosin (Elanco Animal Health) premix: 220.4 g/kg of premix.

*Vitamin premix (per gram of premix): 15,000 IU of vitamin A, 3,000 IU of vitamin D, and 3.7 IU of vitamin E.

5Values are based on laboratory analyses.

Variance in ruminal pH was calculated for each day of
the 5-d collection period, and the average of the 5 d was
used for statistical analysis.

Chromic oxide was used as an indigestible marker
for estimating fecal output (Merchen, 1988). Boluses
containing 7.5 g of Cry,O5 were inserted through the
ruminal fistula twice daily (0700 and 1900 h) from d
8 through 16 of each period. Dysprosium chloride was
mordanted to alfalfa hay according to the procedures
of Ellis and Beever (1984) and Sindt et al. (1993) and
pulse-dosed (56.5 mg/g of alfalfa) at 0800 h on d 13 of
each period to measure ruminal solids dilution. To de-
termine ruminal liquid dilution, a Co-EDTA solution
(100 mL; 1.8 g of Co) was pulse-dosed immediately be-
fore feeding (0800 h) on d 20 of each period (Uden et
al., 1980). Urinary creatinine was used as a marker to
estimate urine volume (Whittet et al., 2004), and the
ratio of the urinary purine derivatives (allantoin plus
uric acid) to creatinine was used to estimate relative
differences in microbial protein production (Shingfield
and Offer, 1998).

Sampling. Each experimental diet was sampled
daily, composited by period, and dried in a 60°C oven
for 48 h to determine DM content. All feed refusals
were removed and quantified before feeding. During

the collection period, orts for individual steers were
sampled daily (10% of daily refusal weight), compos-
ited by period, and frozen (-20°C) for later analyses.
An additional orts sample (100 g) was dried in a 60°C
oven for 48 h to determine DM content.

Spot samples of urine were collected on d 19 (0200,
0600, 1000, 1400, 1800, and 2200 h) and on d 20 (0400,
0800, 1200, 1600, 2000, and 2400 h) to represent every
2 h in a 24-h day. Urine samples were collected using
a 2-L collection container placed over the sheath and
attached via a strap fastened around the body of the
steer. Collection containers were attached to the steers
for a maximum of 30 min. Urine was filtered through
2 layers of cheesecloth into 50-mL conical tubes and
immediately frozen (—20°C) for later analyses. Fecal
grab samples were collected 0, 6, and 12 h after feed-
ing on d 14 through 17 for Cr,0O5 analyses. For each
steer, fecal samples were composited daily on an equal
wet-weight basis and frozen (—20°C) for later analyses.
Fecal samples for Dy analyses were collected at 0, 16,
20, 24, 30, 36, 44, 52, 64, 80, and 96 h after dosing.
Fecal samples were then dried in a 60°C oven for 48 h
and ground to pass through a 1-mm screen. Ruminal
fluid samples (50 mL) were collected from each steer
immediately before Co-EDTA pulse dose and 3, 6, 9,
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12, 18, and 24 h after dosing using a suction strainer
(Raun and Burroughs, 1962). Ruminal fluid samples
were frozen (—20°C) for later analyses.

Laboratory Analyses and Calculations. Rate
of intake was calculated from feed disappearance from
bunks equipped with load cells. Feed weights were re-
corded for each minute during each day of collection.
Feed disappearance was curvilinear similar to previ-
ous work described by Cooper et al. (1999). Therefore,
data were transformed using a natural log transforma-
tion, and the slope was calculated to determine rate of
intake with units of percentage per hour. Average ru-
minal pH was calculated by averaging 1,440 measure-
ments recorded during each 24-h collection day. Time
below pH 5.6 and 5.3 was calculated by summing the
total minutes in each 24-h measurement day, in which
pH was less than 5.6 and 5.3. Area below pH 5.6 and
5.3 was calculated as described for Exp. 2.

Ort, diet, feed ingredient, and fecal samples were
lyophilized, ground, and analyzed for DM, OM, N, and
NDF as described for Exp. 2. For Cr analyses, fecal
samples were ashed and digested as described for Exp.
2 and analyzed using an atomic absorption spectropho-
tometer (SpectrAA-30, Varian Inc., Palo Alto, CA) with
an air-acetylene flame. Ruminal fluid VFA and ammo-
nia concentrations were determined as described for
Exp. 2. Starch content of ort, diet, feed ingredient, and
fecal samples was determined according to procedures
of Zinn (1990). A SpectraMax 250 spectrophotometer
(Molecular Devices Corp., Sunnyvale, CA) was used for
ammonia and starch determination.

Concentrations of Ca, Mg, and P in ort, diet, feed in-
gredient, fecal, and urine samples and concentrations
of Co in ruminal fluid were analyzed as described for
Exp. 2. Concentrations of Dy in fecal samples were de-
termined via inductively coupled plasma spectropho-
tometer (Spectro Analytical Instruments) analysis at
353.2 nm. Liquid (Co) and solids (Dy) dilution rates
were calculated according to the procedures of Grovum
and Williams (1973).

Urine samples were diluted with 1 part urine and 39
parts urine diluent [volume basis; 10.0 mM 1-heptane-
sulfonic acid in 7.5 mM ammonium phosphate buffer
(pH 2.1)], and purine derivatives and creatinine were
analyzed by HPL.C (Waters Corp., Milford, MA) accord-
ing to the procedures of Shingfield and Offer (1999).

Statistical Analyses

Exp. 1. Feedlot performance, HCW, dressing per-
centage, marbling score, 12th-rib fat thickness, LM
area, and calculated yield grade were treated as con-
tinuous data and analyzed using PROC MIXED (SAS
Inst. Inc., Cary, NC). Liver abscess rate and USDA
quality grade data were considered as categorical data
and analyzed using the PROC GLIMMIX (SAS Inst.
Inc.). For all models, pen was the experimental unit,
treatment was considered a fixed class variable, and
block was considered a random class variable. Orthog-
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onal contrasts were used to test linear and quadratic
effects of CaMg(COy)s.

For water intake data, water troughs were consid-
ered experimental units. Therefore, only 4 replicates
for each treatment were analyzed. Water intake data
were analyzed using the MIXED procedure of SAS
for repeated measures using an autoregressive cova-
riance structure as described by Littell et al. (2000).
Treatment and water trough were considered class
variables, and day of experiment was considered a con-
tinuous variable. Treatment, day of experiment, and
the treatment X day, day X day, and treatment X day
x day interactions were included in the model as fixed
effects, and water trough within treatment was consid-
ered the subject of the repeated statement. Orthogonal
contrasts were used to test linear and quadratic effects
of CaMg(COs),. Results are discussed as significant if P
<0.05 and as a tendency if P> 0.05 and P <0.10.

Exp. 2. All statistical analyses were performed us-
ing the PROC MIXED of SAS. Intake, digestibility, and
digesta kinetics data were analyzed as a Latin square
design with a 2 X 2 + 1 arrangement of treatments.
The model included fixed effects of dietary roughage
concentration, CaMg(COs3),, roughage concentration X
CaMg(COs3),, and period. Steer was included in the mod-
el as a random variable. For data repeated over time
(ruminal pH, ammonia, and VFA), the model included
fixed effects of roughage concentration, CaMg(COs),,
roughage concentration X CaMg(COs),, time, rough-
age concentration X time, CaMg(CO3), X time, rough-
age concentration X CaMg(CO3), X time, and period; an
autoregressive covariance structure was determined to
provide the best fit to the majority of response vari-
ables and therefore was used. Steer was included in
the model as a random variable. Time was included
as the repeated variable, and animal within period X
treatment was the subject of the repeated statement.
When a significant (P < 0.05) F-test for roughage was
observed, contrasts were used to test for linear and
quadratic effects of dietary roughage concentration.
Results are discussed as significant if P<0.05 and as a
tendency if P> 0.05 and P <0.10.

Exp. 3. Data were analyzed as a 3 X 2 factorial
treatment arrangement and Latin square experimen-
tal design using PROC MIXED of SAS. For total tract
digestibility and ruminal dilution analyses, the model
included period, alfalfa concentration, CaMg(COs),
inclusion, and alfalfa concentration x CaMg(CO3), in-
teraction. Intake, ruminal, and urinary data were ana-
lyzed as repeated measures. An autoregressive covari-
ance structure was utilized for DMI, DMI/meal, meals/
day, time eating/day, time eating/meal, average and
maximum ruminal pH, time and area below pH 5.6
and 5.3, total ruminal VFA, individual VFA molar pro-
portions, and liquid and solids dilution rate. A Toeplitz
structure was utilized for rate of DMI, minimum ru-
minal pH, pH range and variance, acetate:propionate
ratio, ruminal ammonia concentration, and urinary
purine derivative:creatinine ratio. For intake and ru-
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Table 4. Effect of dietary CaMg(COs), concentration on feedlot performance, water tank and feed bunk behavior,

and carcass characteristics (Exp. 1)

Treatment P-value
Item Control 0.75% CaMg(COs), 1.50% CaMg(COs), SEM Linear Quadratic
Initial BW, kg 319 320 319 10 0.96 0.38
Final BW, kg 527 534 527 13 0.99 0.07
ADG, kg 1.51 1.55 1.51 0.03 0.97 0.13
DMI, kg/d 9.09 9.16 9.13 0.22 0.89 0.83
G:F, g/lkg 166.8 169.3 165.2 3.47 0.75 0.44
Water intake, L/d 34.9 36.4 36.1 0.63 0.89 0.83
HCW, kg 339.1 342.8 338.7 8.9 0.93 0.21
Dressing % 64.3 64.1 64.2 0.2 0.86 0.55
12th-rib fat depth, cm 1.12 1.17 1.07 0.05 0.56 0.26
LM area, cm? 82.1 82.3 82.1 14 0.99 0.86
Calculated yield grade 2.76 2.84 2.71 0.10 0.71 0.37
Marbling' 435 432 440 12.1 0.75 0.69
Choice and Prime® 66.7 66.1 57.8 5.06 0.10 0.40
Select? 31.7 22.6 39.1 5.96 0.37 0.08
Standard and less® 1.6 11.4 3.1 3.05 0.72 0.02
Liver abscesses, % 15.9 16.1 18.8 4.47 0.65 0.83

"Marbling score units: 400 = small®’; 500 = modest®.

*Percentage of individual carcasses qualified for the USDA quality grade category.

minal pH analyses, the model consisted of period, al-
falfa concentration, CaMg(COs), inclusion, alfalfa con-
centration X CaMg(COs), inclusion, day of collection
period, alfalfa concentration X day of collection period,
CaMg(COs;), inclusion X day of collection period, and
alfalfa concentration X CaMg(COs), inclusion X day
of collection period. For VFA, ruminal ammonia, and
urine analyses, the model consisted of period, alfalfa
concentration, CaMg(COs), inclusion, alfalfa concen-
tration X CaMg(COs), inclusion, time of collection, al-
falfa concentration X time of collection, CaMg(COs),
inclusion X time of collection, and alfalfa concentra-
tion X CaMg(COs3), inclusion X time of collection. All
models included steer and steer X alfalfa concentra-
tion X CaMg(COs3), X period as random effects. When
an alfalfa concentration X CaMg(COs), interaction was
significant, least squares means were separated us-
ing the PDIFF statement in SAS when protected by a
significant (P < 0.10) F-test. Alfalfa concentration was
analyzed for linear and quadratic responses using the
contrast statement in SAS. Results are discussed as
significant if P < 0.05 and as a tendency if P> 0.05 and
P<0.10.

RESULTS
Exp. 1

A tendency (P = 0.07) for a quadratic response to
treatment was observed for final BW (Table 4). Steers
fed 0.75% CaMg(COs), had 6 kg greater final BW than
control steers or steers fed 1.5% CaMg(COs),. Dry
matter intake, ADG, and G:F did not differ (P > 0.13)
among treatments. No differences (P > 0.28) were ob-
served for daily water intake, which averaged 35.8 +
0.63 L/d across all treatments.

Hot carcass weight was not affected (P> 0.21) by in-
creasing CaMg(COs), (Table 4). In addition, no differ-
ences (P > 0.26) were observed for 12th-rib fat depth,
LM area, calculated yield grade, and marbling score.
There was a linear (P = 0.10) trend for the likelihood
that an individual carcass qualified for the USDA
Choice or Prime grade to decrease as the concentration
of CaMg(CO,), increased in the diet. The likelihood
that an individual carcass graded USDA Select tend-
ed to be less (quadratic effect, P = 0.08) for the 0.75%
CaMg(COs;), treatment compared with the control or
1.5% CaMg(COs), treatments. Carcasses from steers
fed the 0.75% CaMg(COs;), diet were more (quadratic
effect, P = 0.02) likely to grade USDA Standard or less
as compared with the control or 1.5% treatments. No
differences (P > 0.65) were observed in the likelihood
that an individual liver was abscessed, with 15.9, 16.1,
and 18.8% abscessed livers observed for the control,
0.75% CaMg(COs),, and 1.5% CaMg(COs), treatments,
respectively.

Exp. 2

Daily water intake (Table 5) was least for steers fed
7.6% roughage (quadratic, P=0.003). In addition, there
was a tendency (P = 0.06) for an interaction between
roughage concentration and CaMg(COs), for daily wa-
ter intake. This resulted from greater water intake for
steers consuming 3.8% roughage and CaMg(CO3), and
less water intake for steers consuming 7.6% roughage
and CaMg(COs),, compared with steers consuming the
same roughage concentrations with no CaMg(COs),.
Calcium magnesium carbonate supplementation and
dietary roughage concentration had no effect (P> 0.11)
on DM, OM, or N intakes. However, NDF intake in-
creased (linear roughage effect, P < 0.01) as rough-
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Table 5. Site and extent of nutrient digestion in steers fed increasing roughage with or without CaMg(CO3), (Exp.

2)
No CaMg(COy), 1% CaMg(CO3), P-value
Roughage
Item 3.8%'  7.6%' 11.4%' 3.8% 7.6%  SEM ®R) CaMg(CO3); R x CaMg(CO,),
Water intake,? L/d 31.8 30.3 32.8 33.2 26.2 2.6 <0.01 0.11 0.06
Nutrient intake, g/d
DM 6,156 6,864 7,501 7,004 6,600 563 0.16 0.91 0.19
OM 5,787 6,437 7,026 6,612 6,211 529 0.18 0.99 0.19
NDF? 1,090 1,361 1,467 1,174 1,235 122 0.02 0.19 0.30
Starch 3,471 4,061 3,988 4,016 3,748 313 0.59 0.83 0.09
N 119 131 149 137 136 11.2 0.11 0.63 0.46
Duodenal flow, g/d
oM 2,668 2,840 3,103 3,390 2,987 411 0.74 0.13 0.24
NDF 919 1,010 901 918 656 235 0.83 0.24 0.32
Starch 730 681 908 1,035 888 270 0.74 0.21 0.77
Total N 120 123 124 135 125 9.6 0.78 0.20 0.37
Ammonia N 2.03 2.33 2.65 2.21 2.01 0.21 0.10 0.20 0.23
Microbial N 67.1 66.1 71.7 75.0 66.2 5.64 0.21 0.41 0.25
Feed N 51.1 52.7 49.5 56.8 53.9 6.83 0.85 0.48 0.74
Ruminal digestion, %
OM 54.5 56.4 56.5 50.6 54.6 4.41 0.49 0.27 0.77
NDF 16.0 25.5 38.6 23.9 42.9 19.4 0.44 0.58 0.76
Starch 79.9 85.3 78.7 76.7 79.7 5.17 0.36 0.28 0.72
Feed N 58.4 60.3 66.9 59.1 62.1 5.14 0.38 0.78 0.92
Microbial efficiency, g of N/kg
of OM truly fermented 21.8 18.6 18.5 24.2 20.2 2.80 0.21 0.25 0.87
Fecal output, g/d
oM 746 857 1,070 700 1,058 176 0.06 0.91 0.34
NDF 588 636 682 575 734 103 0.32 0.76 0.51
Starch 25 32 53 33 43 13.5 0.09 0.85 0.85
N 28 30 36 25 35 6.4 0.20 0.81 0.41
Poststomach digestion, %
OM 32.8 30.4 28.6 39.6 28.9 4.69 0.08 0.21 0.22
NDF 29.5 26.3 15.0 29.9 -3.7 21.3 0.49 0.45 0.40
Starch 19.4 14.0 20.0 22.6 19.4 5.04 0.35 0.27 0.74
N 76.7 69.3 60.5 79.0 62.2 7.71 0.09 0.77 0.50
Poststomach digestion, % leaving abomasum
oM? 71.4 69.1 65.0 81.9 61.0 6.38 0.05 0.48 0.08
NDF 22.9 33.2 11.0 39.7 2.7 19.3 0.46 0.93 0.17
Starch* 95.7 95.9 93.9 97.9 95.2 1.04 0.02 0.07 0.09
N 76.6 75.0 71.6 83.1 69.8 5.05 0.11 0.56 0.17
Total tract digestion, %
om? 87.2 86.9 85.2 90.2 83.4 1.97 0.05 0.78 0.06
NDF 45.4 51.8 53.9 54.7 38.7 8.95 0.54 0.54 0.16
Starch* 99.3 99.3 98.8 99.3 99.0 0.24 0.02 0.83 0.42
N 76.6 77.2 76.6 82.5 73.8 3.77 0.36 0.62 0.15

'Roughage equivalent from corn silage.
2Quadratic roughage effect (P = 0.003).
*Linear roughage effect (P < 0.10).
Linear roughage effect (P < 0.01).

age concentration increased. Starch intake tended (P
= 0.09) to respond with a roughage concentration X
CaMg(CO,), interaction, resulting from numerically
greater starch intake when 7.6 vs. 3.8% roughage with
no CaMg(CO;), was fed and numerically less starch in-
take when 7.6 vs. 3.8% roughage with CaMg(COs;), was
fed.

Duodenal flow and ruminal digestion of nutrients
(Table 5) were generally not affected (P > 0.10) by di-
etary roughage concentration or CaMg(COs),, although
duodenal flow of ammonia N tended (P = 0.10) to in-
crease as roughage concentration increased. Fecal out-

put of OM (P = 0.06) and starch (P = 0.09) tended to
increase as roughage concentration increased, where-
as fecal output of NDF and N was not different (P >
0.20) among treatments. Poststomach digestion (% of
intake) of OM (P = 0.08) and N (P = 0.09) tended to
decrease as roughage concentration increased. Similar
results were observed when poststomach digestion was
expressed as a percentage leaving the abomasum. Per-
centage of starch leaving the abomasum that was di-
gested in the poststomach decreased (linear roughage
effect, P < 0.01) with increasing roughage, and there
was a tendency (P = 0.07) for poststomach starch di-
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Table 6. Mineral intake, excretion, and digestion in steers fed increasing roughage with or without CaMg(COs),

(Exp. 2)
No CaMg(COy), 1% CaMg(CO3), P-value
Ttem 3.8%" 7.6%'  11.4%" 3.8% 7.6% SEM  Roughage (R) CaMg(CO;); R x CaMg(COy),
Mineral intake, g/d
Ca 36.2 44.0 46.5 47.6 41.9 3.8 0.33 0.29 0.05
P 20.7 24.2 25.9 25.4 23.5 2.2 0.28 0.51 0.14
Mg 21.6 24.4 23.7 23.7 21.4 2.1 0.82 0.60 0.15
Fecal output, g/d
Ca 31.9 34.8 32.1 30.6 32.9 8.3 0.93 0.85 0.96
P 7.00 7.50 9.03 6.55 7.25 2.4 0.57 0.56 0.96
Mg 13.6 15.4 18.7 14.0 17.4 4.2 0.43 0.95 0.82
Total tract digestion, %
Ca 9.4 18.1 32.4 40.2 19.7 20.3 0.80 0.53 0.44
P 66.8 70.5 66.6 74.6 73.3 6.5 0.68 0.21 0.67
Mg 35.7 35.5 24.9 39.0 25.0 16.2 0.71 0.99 0.64

"Roughage equivalent from corn silage.

gestibility to increase with the addition of CaMg(CO,)s.
In addition, there was a tendency for a roughage con-
centration X CaMg(COs3), supplementation interaction
for poststomach digestion (% leaving the abomasum)
of OM (P = 0.08) and starch (P = 0.09). Poststomach
digestion of OM and starch was greater when 3.8%
roughage and CaMg(CO;);, were fed and less when
7.6% roughage and CaMg(CO;), were fed compared
with the same diets with no CaMg(COs3),. Poststomach
NDF digestion did not differ (P > 0.17) among treat-
ments. Total tract digestion of OM tended (P < 0.10)
to decrease linearly and starch decreased linearly (P
< 0.01) with increasing roughage concentration. In ad-
dition, there was a tendency (P = 0.06) for a roughage
concentration X CaMg(COs), interaction for total tract
digestion of OM. Total tract OM digestion was greater
when 7.6% roughage with no CaMg(COs), was fed com-
pared with 7.6% roughage with CaMg(CQOs;),, whereas
OM digestion was greater when 3.8% roughage and
CaMg(CO;), were fed compared with 3.8% roughage
and no CaMg(CO,)s.

There was a roughage concentration X CaMg(COs),
interaction (P = 0.05) for Ca intake (Table 6). Cal-
cium intake was greater when 3.8% roughage and
CaMg(CO;), were fed and less when 7.6% roughage
and CaMg(CO;), were fed compared with the same di-
ets with no CaMg(CO3),. Total tract digestibility of Ca,
P, and Mg was not altered (P > 0.21) by dietary treat-
ment.

Fluid dilution rate did not differ (P > 0.24) among
dietary treatments, but fluid flow out of the rumen was
decreased (P = 0.03) with the addition of CaMg(COs3),
(Table 7). There was also a tendency (P = 0.06) for a
roughage concentration X CaMg(COs;), interaction
for fluid flow rate. Fluid flow rate was greater when
7.6% roughage with no CaMg(CQO,), was fed compared
with 7.6% roughage with CaMg(COs3),, whereas fluid
flow rate was greater when 3.8% roughage and no
CaMg(CO;), were fed compared with 3.8% roughage
with CaMg(CQOs;),. Ruminal pH tended (P = 0.08) to

increase with increasing roughage level. In addition,
time spent below ruminal pH of 6.2 tended (P = 0.10)
to decrease with increasing roughage concentration.
Roughage concentration or CaMg(COs3), supplementa-
tion had no effect (P> 0.10) on total VFA concentration
or molar proportions of propionate, butyrate, valerate,
isobutyrate, isovalerate, or ammonia. Molar proportion
of acetate tended (P = 0.09) to increase with increasing
roughage concentration.

Exp. 3

An interaction (P = 0.01) between alfalfa concen-
tration and CaMg(COs;), inclusion was observed for
DMI/meal as steers consuming the 13.5% alfalfa, 1.0%
CaMg(COs), treatment had greater DMI/meal than
those consuming either the 4.5% alfalfa, no CaMg(COs),
treatment or the 9.0% alfalfa, 1.0% CaMg(COs), treat-
ment (Table 8). A similar interaction (P = 0.01) was
observed for time spent eating per meal, because steers
consuming the 13.5% alfalfa, 1.0% CaMg(COs;), treat-
ment and the 9.0% alfalfa, no CaMg(COs), treatment
spent more time eating per meal than steers consum-
ing the 4.5% alfalfa, no CaMg(CQOs;), treatment. There
were no dietary alfalfa concentration X CaMg(COs),
inclusion interactions (P > 0.12) for any other intake
variable. Neither the main effect of dietary alfalfa con-
centration nor the main effect of CaMg(COQ3), inclusion
was significant (P > 0.18) for any of the measured in-
take variables.

Due to an error in the sampling protocol, poststom-
ach digestibility was not able to be measured in this
experiment. However, the sampling error did not affect
our measurement of total tract nutrient digestibility
(Table 9). There were no differences (P> 0.48) observed
for total tract OM digestibility due to CaMg(CO3), in-
clusion or a CaMg(COs;), inclusion X dietary alfalfa
concentration interaction. Total tract OM digestibility
decreased linearly (P = 0.01) with increasing dietary
alfalfa concentrations. Total tract digestibilities of
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Table 7. Ruminal pH, VFA, and ammonia in steers fed increasing roughage with or without CaMg(COs), (Exp.

2)
No CaMg(COy), CaMg(CO3), P-value
Ttem 3.8%'  7.6%' 11.4%' 3.8% 7.6% SEM  Roughage (R) CaMg(CO3),; R x CaMg(COy),
Ruminal fluid volume, L 66.0 73.6 57.8 72.6 54.2 15.2 0.77 0.85 0.34
Fluid dilution rate, %/h 7.62 7.85 8.49 6.95 7.15 0.95 0.52 0.24 0.99
Retention time, h 13.5 13.5 12.3 14.8 14.3 1.59 0.66 0.36 0.88
Fluid flow rate, L/h 4.75 5.48 4.64 4.55 3.94 0.41 0.98 0.03 0.06
Ruminal pH
Average 5.98 6.05 6.13 5.94 6.11 0.11 0.08 0.60 0.49
Maximum pH 6.62 6.81 6.78 6.83 6.89 0.12 0.37 0.15 0.47
Minimum pH 5.50 5.58 5.63 5.54 5.62 0.09 0.33 0.88 0.99
Area below, pH X h
6.2 8.12 7.03 5.65 8.82 6.51 1.52 0.10 0.45 0.58
6.0 4.22 3.48 3.07 5.16 3.25 1.07 0.11 0.35 0.44
5.8 1.66 1.43 0.73 2.10 1.11 0.62 0.12 0.42 0.43
VFA
Total, mM 79.1 82.7 80.8 79.2 74.8 6.93 0.93 0.34 0.41
Acetate, mol/100 mol 46.5 51.5 50.3 45.8 52.1 3.13 0.09 0.82 0.82
Propionate, mol/100 mol 39.7 33.6 35.5 36.4 36.4 2.67 0.46 0.92 0.24
Isobutyrate, mol/100 mol 0.50 0.79 0.48 0.39 0.57 0.19 0.38 0.51 0.77
Butyrate, mol/100 mol 9.82 10.70 12.20 14.24 7.50 2.31 0.34 0.98 0.10
Isovalerate, mol/100 mol 1.42 2.14 1.56 1.32 1.93 0.42 0.27 0.84 0.90
Valerate, mol/100 mol 1.30 1.10 1.44 1.97 0.91 0.38 0.24 0.64 0.26
Acetate:propionate 1.23 1.58 1.47 1.39 1.51 0.20 0.43 0.88 0.56
Ammonia, mM 3.13 3.90 2.65 2.82 3.11 0.46 0.23 0.51 0.59

'Roughage equivalent from corn silage.

NDF, starch, and CP also decreased linearly (P < 0.03)
with increasing dietary alfalfa concentration and were
not affected (P > 0.10) by CaMg(COs), inclusion or a
CaMg(COs),y inclusion X dietary alfalfa concentration
interaction. Total tract digestibilities of Ca, P, and Mg
were not affected (P > 0.20) by CaMg(COs3), inclusion,
dietary alfalfa concentration, or a CaMg(COs3), inclu-
sion X dietary alfalfa concentration interaction.

There were no effects (P > 0.12) on ruminal fluid
or solids dilution rates or ruminal pH due to either
CaMg(COs3), inclusion or a CaMg(COs), X dietary alfal-
fa concentration interaction; therefore, all ruminal pH
data are presented showing the main effects of dietary
alfalfa concentration and CaMg(CQs3), inclusion (Table
10). Average ruminal pH responded linearly (P = 0.01)
to increasing dietary alfalfa concentration, with the

lowest ruminal pH observed at the 4.5% dietary alfalfa
concentration and the highest at the 13.5% dietary al-
falfa concentration. Maximum (P = 0.09) and minimum
(P = 0.05) ruminal pH exhibited a response similar to
that observed with average pH. The difference between
the maximum and minimum pH (pH range; P > 0.34)
was fairly constant across dietary alfalfa concentra-
tion, as was pH variance (P > 0.27). A linear response
(P < 0.05) due to dietary alfalfa concentration was ob-
served for time below pH 5.6 and time below pH 5.3.
For both variables, the time below the stated threshold
was greatest when steers consumed the 4.5% dietary
alfalfa treatments. Time spent below pH 5.6 was de-
creased 16 and 23% when steers consumed diets con-
taining 9.0 or 13.5% alfalfa, respectively. Area below
pH 5.6 responded (P = 0.03) similarly to time below pH

Table 8. Effects of alfalfa hay concentration and CaMg(COs), inclusion on intake and intake variables (Exp. 3)

No CaMg(COs), 1.0% CaMg(COs), P-value
Alfalfa x

Item 4.5%} 9.0%" 13.5%" 4.5% 9.0% 13.5% SEM  Alfalfa CaMg(COy), CaMg(COs,),
DMI

kg/d 6.36 6.99 6.76 6.76 6.36 6.86 0.36 0.55 0.94 0.12

kg/meal 1.03° 1.24% 1.15" 1.18> 0.97° 1.29° 0.10 0.21 0.95 0.01
Meals/d 6.19 5.62 5.89 5.75 6.57 5.32 0.46 0.18 0.99 0.13
Time eating

min/d 503 603 537 572 564 557 42 0.23 0.61 0.12

min/meal 81.2¢ 107.8° 91.1 99.4" 85.8¢  104.7° 7.7 0.42 0.48 0.01
Rate of intake, %/h  17.2 18.0 16.8 17.1 15.1 16.9 1.0 0.82 0.19 0.19

b-d\eans within a row with uncommon superscripts differ (P < 0.05).

'Alfalfa hay.
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Table 9. Effects of alfalfa hay concentration and CaMg(COs3), inclusion on nutrient intake, excretion, and total
tract digestibility (Exp. 3)

No CaMg(COy), 1.0% CaMg(COs3), P-value
Alfalfa- Alfalfa- Alfalfa x

Item 4.5%"  9.0%' 13.5%' 45%  9.0% 13.5% SEM linear quadratic  CaMg(CO3), CaMg(COy),
OM

Intake, kg/d 624 681  6.36 6.36 597 659  0.39 0.42 0.99 0.35 0.03

Excretion, kg/d 092 112 112 088  0.83 124 0.11 0.01 0.39 0.36 0.08

Digestibility, % 852 ~ 83.8 821 86.1 859 814 15 0.01 0.31 0.48 0.54
NDF

Intake, kg/d 0.861 1.070  1.168 0.997 0.952 1267 0.062  <0.001 0.09 0.25 0.01

Excretion, kg/d 0.211  0.289  0.357 0.215 0.256 0.370 0.033  <0.001 0.47 0.80 0.62

Digestibility, % 754  73.1 688 783 731 709 2.7 0.01 0.90 0.39 0.80
Starch

Intake, kg/d 3.80 386 341 4.05 354 336 022 0.002 0.63 0.75 0.19

Excretion, kg/d 0.145 0.180  0.161 0.149 0.131 0.188 0.024 0.22 0.24 0.38 0.05

Digestibility, % 962 955  95.3 96.3 962 944 0.6 0.03 0.14 0.51 0.10
CP

Intake, kg/d 0.901  0.993  0.957 0.950 0.896 0.971 0.056 0.27 0.99 0.68 0.10

Excretion, kg/d 0.220  0.257  0.270 0.220 0.218 0.277 0.019 0.003 0.50 0.44 0.30

Digestibility, % 752 741 716 768 753 714 2.1 0.01 0.46 0.50 0.84
Ca

Intake, g/d 53.8  55.6  55.8 53.1 494  54.3 3.2 0.39 0.27 0.08 0.28

Excretion, g/d 27.0 324 354 29.2 239 305 3.5 0.12 0.39 0.16 0.22

Digestibility, %  50.1  42.6  38.1 444 512 442 5.0 0.21 0.52 0.45 0.29
p

Intake, g/d 187 208 202 19.8 188 199 1.2 0.36 0.85 0.61 0.19

Excretion, g/d 9.3 102 8.3 8.2 9.0 103 1.6 0.67 0.61 0.92 0.38

Digestibility, %  51.2  51.5  58.7 58.2 514  49.3 6.3 0.89 0.50 0.84 0.29
Mg

Intake, g/d 165 182 181 180 168 184 1.0 0.18 0.72 0.83 0.14

Excretion, g/d 9.0 113 9.9 10.4 88  10.7 1.0 0.49 0.96 0.90 0.10

Digestibility, %  45.7 384 478 425 468 412 4.4 0.92 0.64 0.90 0.20

Alfalfa hay.

5.6, whereas area below pH 5.3 was not affected (P >
0.12) by dietary alfalfa concentration.

Total VFA averaged 101.5 + 9.2 mM across all treat-
ments (Table 10). Dietary inclusion of CaMg(CO3), did
not affect (P> 0.21) any measured VFA variable. Molar
proportion of acetate increased linearly (P = 0.002) and
tended (P = 0.07) to respond quadratically to increas-
ing dietary alfalfa concentration. A quadratic response
(P =0.01) due to dietary alfalfa concentration was ob-
served for propionate molar proportion, with the great-
est propionate molar proportion observed when steers
consumed the 9.0% dietary alfalfa treatments. This
quadratic response was also present for butyrate molar
proportion (P = 0.04) and the acetate:propionate ratio
(P =0.03), with the lowest response observed with the
9.0% dietary alfalfa concentration. Ruminal ammonia
concentration and purine derivative:creatinine ratios
were not affected (P > 0.34) by dietary alfalfa concen-
tration, CaMg(COs), inclusion, or their interaction.

DISCUSSION

Ruminal buffers (e.g., sodium bicarbonate) are
thought to actively buffer ruminal fluid and increase
ruminal pH through the increase of bicarbonate in

ruminal fluid (Le Ruyet and Tucker, 1992). However,
Russell and Rychlik (2001) suggested that the effect
of sodium bicarbonate is greatest when the rumen is
moderately acidic, as with dairy cow rations, and may
not be as effective in high-concentrate feeding situa-
tions in which ruminal pH is often below pH 6.0. Al-
kalizers, such as limestone and MgO, were suggested
to be more effective at low pH than bicarbonate (Rus-
sell and Rychlik, 2001). The ruminal alkalizer used in
the current set of experiments was CaMg(COs;),, which
contains approximately 12% Mg and 21% Ca. Tissera
et al. (1988) reported that the total acid-consuming ca-
pacity of dolomitic limestones ranged from 20.5 to 22.6
mEq of H'/g, which is similar to unpublished data for
the CaMg(COs3), used in the present experiment (20.0
to 21.3 mEq of H/g; MIN-AD Inc.).

Results from experiments that have evaluated the
efficacy of buffers and alkalizers in cattle fed high-
concentrate diets have been inconsistent. Zinn and
Borques (1993) conducted 2 feeding experiments with
Angus X Brahman and Holstein steers and reported no
effects on DMI, ADG, or G:F when 0.75% sodium bicar-
bonate was added to steam-flaked corn-based diets. In
an earlier study, Zinn (1991) reported a 5.9% increase
in ADG and a 4.6% increase in DMI when 0.75% so-
dium bicarbonate was added to finishing diets contain-
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Table 10. Effects of alfalfa hay concentration and CaMg(COs3), inclusion on ruminal measurements and urinary

purine derivative:creatinine ratio (Exp. 3)

No CaMg(CO3), 1.0% CaMg(COs), P-value
Alfalfa-  Alfalfa- Alfalfa x
Item 45%'  9.0%'! 13.5%' 4.5% 9.0%  135% SEM  linear quadratic CaMg(CO), CaMg(CO,),
Fluid dilution rate, 5.96 5.35 6.68 4.40 4.59 5.94 8.16 0.17 0.25 0.12 0.84
%/h
Solids dilution rate, 2.01 1.92 2.42 1.68 1.53 2.17 0.46 0.25 0.29 0.31 0.98
%/h
Ruminal pH
Average 5.48 5.53 5.58 5.35 5.51 5.58 0.04 0.01 0.70 0.31 0.53
Maximum pH 6.37 6.33 6.39 6.13 6.45 6.43 0.07 0.09 0.43 0.70 0.16
Minimum pH 4.93 4.98 5.01 4.92 4.92 5.03 0.05 0.05 0.55 0.73 0.66
Range 1.43 1.36 1.38 1.20 1.52 1.41 1.11 0.47 0.34 0.86 0.18
Variance 0.106 0.110 0.101 0.091 0.107 0.106 0.008 0.55 0.27 0.54 0.46
Time below, min
5.6 881 819 802 1,149 887 754 88 0.02 0.56 0.20 0.24
5.3 301 267 241 421 286 263 50 0.05 0.48 0.20 0.24
Area below, pH
X min
5.6 504 444 372 724 458 415 90 0.03 0.49 0.22 0.48
5.3 96.0 73.7 61.7 132.6 78.7 87.9 25.0 0.12 0.37 0.26 0.85
VFA
Total, mM 95.7 101.1 98.5 104.3 109.2 100.2 9.2 0.92 0.36 0.27 0.85
Acetate, mol/100 48.7 48.0 53.6 47.0 47.7 51.3 2.1 0.002 0.07 0.21 0.74
mol
Propionate, 34.4 36.8 30.1 33.8 38.3 31.1 3.2 0.12 0.01 0.74 0.90
mol/100 mol
Butyrate, mol/100 10.5 9.4 9.9 12.2 8.4 10.6 1.3 0.27 0.04 0.56 0.43
mol
Acetate:propionate 1.42 1.30 1.78 1.39 1.25 1.65 0.31 0.10 0.03 0.64 0.88
Ammonia, mM 2.61 2.70 2.35 2.78 2.92 2.60 0.41 0.46 0.39 0.40 0.99
PD:C? 1.33 1.39 1.33 1.42 1.29 1.32 0.12 0.61 0.91 0.34 0.34
Alfalfa hay.

“Purine derivative:creatinine ratio, mol/mol.

ing high concentrations of either steam-flaked corn or
steam-flaked sorghum. Thomas and Hall (1984) fed di-
ets containing 61.6% cracked corn and 20% cottonseed
hulls and observed a 14% increase in ADG and an 18%
improvement in G:F when tetrasodium pyrophosphate
was added to the diets. Adding sodium bicarbonate to
the basal diets resulted in a 13.5% improvement in G:F
(Thomas and Hall, 1984). Russell et al. (1980) reported
no differences in DMI, ADG, or G:F when either 0.9%
sodium bicarbonate or 1.8% limestone was supplement-
ed to corn-based diets containing greater than 90%
concentrate. Adding either sodium bentonite or sodium
bicarbonate to diets containing 92% ground corn-based
concentrate produced no effects on DMI, ADG, or G:F
(Dunn et al., 1979). Similarly, Stroud et al. (1985) ob-
served no effects on DMI, ADG, and G:F when sodium
bicarbonate was added to a cracked corn-based feedlot
steer diet. In Exp. 1, we observed no effect of feeding
CaMg(COs), on DMI, ADG, or G:F.

In Exp. 3, CaMg(COs;), had no effect on feed intake
behavior, but there were roughage x CaMg(COs3), in-
teractions for DMI/meal and time eating/meal. Steers
consuming the 4.5% roughage, no CaMg(CQO;), treat-
ment could have experienced a digestive disturbance
that may have affected the feed intake behavior of

those steers. However, this observation was not sub-
stantiated by the ruminal pH data.

We did not observe an increase in ruminal fluid di-
lution rate with CaMg(CQOs;), inclusion in either me-
tabolism experiment (Exp. 2 and 3). An increase in
ruminal fluid dilution rate would allow less digestion
of fermentable carbohydrates such as starch, leading
to less organic acid production and less risk of acido-
sis (Russell and Chow, 1993). Similarly, Haaland and
Tyrell (1982) reported no response in ruminal fluid or
solids dilution rates when either limestone or sodium
bicarbonate was added to corn-based diets fed to cattle.
Peirce et al. (1983) reported a decrease in ruminal di-
lution rate when 0.5% MgO was added to diets based
on whole corn. In contrast, Rogers et al. (1979) con-
tinuously infused 0.72 kg/d of sodium bicarbonate into
the rumen and reported a 30% increase in daily water
intake compared with no sodium bicarbonate infusion
in Holstein steers fed a high-roughage diet. The water
intake response in the Rogers et al. (1979) experiment
was attributed to the sodium content of the buffer re-
sulting in increased ruminal osmolality. Rogers et al.
(1979) noted that the increase in water intake did not
totally account for the increase in ruminal liquid dilu-
tion rate, and the authors suggested that transruminal
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water influx must have occurred to account for the in-
crease. Differences in response among experiments are
most likely due in part to differences in basal diet fed,
type and amount of buffer or alkalizer fed, and ability
of buffer or alkalizer to neutralize acid.

Stomach, poststomach, and total tract nutrient digest-
ibilities were not influenced by addition of CaMg(COs),
in either Exp. 2 or 3. This agrees with data from Zinn
and Borques (1993) showing no effect of sodium bicar-
bonate on nutrient digestion. Stroud et al. (1985) re-
ported an increase in total tract DM, NDF, starch, and
N digestion when 1% sodium bicarbonate was added to
cracked corn-based diets. Zinn (1991) reported an in-
crease in total tract ADF digestion with the inclusion of
sodium bicarbonate in steam-flaked corn and sorghum
diets with no effects on any other digestion measure.

Very little data are available comparing mineral
availability responses when different sources of Ca or
Mg are supplied to cattle. In the present experiments,
diets were balanced for Ca and Mg with these miner-
als being supplied by limestone and MgO in the diets
without CaMg(COs);. In the CaMg(COs),-containing
diets, MgO was completely replaced and limestone was
partially replaced. Gerken and Fontenot (1967) report-
ed dietary Mg availability of 14.3 and 51.1% when Mg
was supplemented to beef steers as dolomitic limestone
and MgO, respectively. These researchers also report-
ed a numeric decline in Ca absorption with dolomitic
limestone compared with MgO with no differences in
P absorption. Moore et al. (1971) also reported low Mg
absorptions with dolomitic limestone in steers, because
Mg absorption measured 45.6, 43.5, and 32.5% of Mg
intake when Mg was supplemented as MgO, MgCOs, or
dolomitic limestone. These researchers did not observe
differences in Ca or P absorption. In general, mineral
digestibility values reported in the literature have been
highly variable both within and among experiments.

As with other measures, the response of ruminal pH
to buffers has been variable. Zinn (1991) reported an
increase in average ruminal pH from 5.87 to 6.23 when
sodium bicarbonate was included in steam-flaked grain
diets. Farran et al. (2003) observed an increase in ru-
minal pH and a decrease in time spent below pH 5.6
when 1.25% sodium bicarbonate was added to heifer
diets containing 92.5% concentrate. However, sodium
bicarbonate supplementation decreased DMI in the
Farran et al. (2003) experiment, which may be the ex-
planation for the increase in ruminal pH. Increases in
ruminal pH have also been reported as a response to
buffer addition to high-concentrate diets by Stroud et
al. (1985) and Boerner et al. (1987). In the present ex-
periment, CaMg(CO,), inclusion had no effect on any
ruminal pH variables in Exp. 2 or 3. This agrees with
previous research (Haaland and Tyrell, 1982; Peirce et
al., 1983) that reported no effect on ruminal pH due to
dietary buffer inclusion.

We did not observe any effects on total VFA or any
individual VFA due to CaMg(COs), inclusion. The lack
of response in VFA is in agreement with the lack of
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responses in fluid dilution rate, nutrient digestion,
DMI, and ruminal pH. Other researchers (Russell et
al., 1980; Haaland and Tyrell, 1982; Zinn and Borques,
1993) have also reported a lack of response in VFA mea-
surements due to dietary addition of a ruminal buffer
or alkalizer. However, Boerner et al. (1987) found an
increase in propionate when 1% sodium bicarbonate or
sodium sesquicarbonate was added to high-concentrate
diets. Zinn (1991) reported a decrease in ruminal pro-
pionate from 37 to 30 mol/100 mol when 0.75% sodium
bicarbonate was added to steam-flaked grain diets.
This accompanied an increase in ruminal pH and an
increase in DMI.

In contrast with the lack of effects observed with
the addition of CaMg(CO3),, we did observe significant
effects due to increasing dietary roughage in Exp. 2
and 3. Roughage is provided at low concentrations in
nearly all beef cattle finishing rations, with concentra-
tions ranging from 4.5 to 13.5% of diet DM (Galyean
and Gleghorn, 2001). A common observation with pre-
vious research on dietary roughage concentration is
decreased DMI and ADG when lesser amounts of di-
etary roughage are fed, with variable responses on G:F
(Stock et al., 1990; Shain et al., 1999; Farran et al.,
2006). These responses are most likely due to a greater
incidence of ruminal acidosis with decreased dietary
roughage concentration. Galyean and Defoor (2003)
stated that small changes in the dietary concentra-
tion of bulky roughage and changing from less fibrous
to more fibrous sources of roughage typically increase
DMI by feedlot cattle. Kreikemeier et al. (1990) ob-
served that the percentage of NDF in ruminal digesta
increased linearly with increasing dietary roughage.
Shain et al. (1999) reported an increase in ruminal pH,
ruminal acetate concentration, and acetate:propionate
ratio coupled with an increase in time spent eating,
chewing, and ruminating when steers were fed diets
with wheat straw compared with diets containing no
roughage. They attributed the response in ruminal pH
to the buffering effect of increased saliva output and
increased rumination due to the increase in time spent
chewing with wheat straw addition to the diet. Rumi-
nal VFA results from Exp. 2 and 3 reflect the findings
of Shain et al. (1999), with trends detected in Exp. 2
for an increase in total ruminal VFA concentration and
acetate molar proportion with increased dietary rough-
age, and a linear increase in acetate molar proportion
with increasing dietary roughage concentration in Exp.
3.

A tendency for an increase in ruminal pH due to di-
etary roughage concentration was present in Exp. 2,
and in Exp. 3, the increase was linear with a 0.17 pH
unit increase when the dietary roughage concentration
increased from 4.5 to 13.5%. Owens et al. (1998) noted
that an increase in dietary roughage will result in an
increase in chewing time, which will decrease the size
of grain particles. However, the potential increase in
ruminal organic acid production and subsequent reduc-
tion in ruminal pH with decreased grain particle size
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is offset by an increase in saliva production from in-
creased chewing (Owens et al., 1998). Increased saliva
production would also be expected to increase ruminal
fluid dilution rate (Russell and Chow, 1993); however,
this response was not significant in either Exp. 2 or
Exp. 3. Shain et al. (1999) reported no differences in
ruminal passage rate of liquid, corn, or forage when
10% alfalfa hay, 5.6% wheat straw, or 5.4% corn cobs
was added to dry-rolled, corn-based diets with simi-
lar dietary NDF. Cole et al. (1976) noted that dietary
roughage addition had no effect on ruminal pH or to-
tal VFA concentration, whereas Zinn et al. (1994) re-
ported that increasing dietary roughage concentration
increased ruminal pH and decreased total VFA. Simi-
larly, Kreikemeier et al. (1990) reported an increase
in total VFA concentrations with increased dietary
roughage concentration. Similar to the present results,
White and Reynolds (1969) and Calderon-Cortes and
Zinn (1996) observed that ruminal pH increased with
increasing dietary roughage concentration. In general,
our results are consistent with the previous literature
and suggest that increasing dietary roughage concen-
tration increases ruminal pH.

In both metabolism experiments, linear decreases in
total tract OM and starch digestibility with increasing
dietary roughage concentration were observed. Simi-
lar to what we observed in Exp. 2, Calderon-Cortes
and Zinn (1996) observed that dietary roughage con-
centration did not affect ruminal digestibility of OM,
ADF, feed-N, starch, or microbial efficiency. Other ex-
periments (Zinn, 1986; Zinn et al., 1994) have reported
similar results. In contrast, Cole et al. (1976) noted
that cellulose digestion increased with increasing di-
etary roughage concentration. In general, it appears
that dietary roughage concentration has minimal ef-
fects on ruminal digestion of nutrients in cattle fed
high-concentrate diets.

Inclusion of CaMg(COs); in high-concentrate diets
to completely replace MgO and partially replace lime-
stone has little effect on growth performance, carcass
characteristics, feed intake behavior, ruminal kinet-
ics, and nutrient digestibility. An increase in dietary
roughage allows for greater ruminal pH and may act to
prevent digestive disturbances, such as ruminal acido-
sis. There were no differences in site or extent of min-
eral digestion when CaMg(COs3), was supplemented to
high-concentrate diets, suggesting it can be used effec-
tively as a source of calcium and magnesium in diets
fed to finishing feedlot cattle.
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