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Evaluation of Nitrogen Utilization and the Effects of Monensin in Dairy
Cows Fed Brown Midrib Corn Silage1

A. M. Gehman, P. J. Kononoff,2 C. R. Mullins, and B. N. Janicek
Department of Animal Science, University of Nebraska, Lincoln 68583-0908

ABSTRACT

Twenty midlactation Holstein cows (4 ruminally fis-
tulated) averaging 101 ± 34 d in milk and weighing 674
± 77 kg were used to compare rations with brown midrib
corn silage (bm3) to rations with dual-purpose control
silage (DP) on N utilization and milk production. The
effect of monensin in these rations was also examined.
Animals were assigned to one of five 4 × 4 Latin squares
with treatments arranged in a 2 × 2 factorial. Cows
were fed 1 of 4 treatments during each of the four 28-
d periods. Treatments were 1) 0 mg/d monensin and
bm3 corn silage, 2) 0 mg/d monensin and DP corn silage,
3) 300 mg/d monensin and bm3 corn silage, and 4) 300
mg/d monensin and DP corn silage. In vitro 30-h neutral
detergent fiber (NDF) digestibility was greater for bm3
corn silage (61.0 vs. 49.1 ± 0.62). Dry matter intake
(DMI) tended to be greater for cows consuming bm3
corn silage (21.3 vs. 20.2 kg/d). Neither hybrid nor mo-
nensin affected milk production, fat, or protein (37.7
kg, 3.60%, or 3.04%). Monensin tended to increase ru-
men pH (5.89 vs. 5.79 ± 0.07) compared with the control
treatment. In addition, bm3 corn silage resulted in a
significant decrease in rumen pH (5.72 vs. 5.98 ± 0.07).
Supplementing monensin had no effect on molar pro-
portions of acetate, propionate, or butyrate. In contrast,
an increase was observed in branched-chain volatile
fatty acids. No treatment interactions were observed
for rumen pH or molar proportion of propionate but
monensin decreased the molar proportion of acetate
and increased the molar proportion of butyrate when
cattle consumed bm3 silage. Dry matter, N, and acid
detergent fiber digestibility were lower for the bm3 ra-
tion, whereas NDF digestibility was not different be-
tween treatments. There was no effect of hybrid on
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microbial protein synthesis (1,140 g/d) as estimated by
urinary concentration of purine derivatives. Cows con-
suming bm3 excreted more fecal N than cows consum-
ing DP (38.2 vs. 34.4% N intake); however, based on
spot sampling, estimated urinary and manure N were
not different between treatments (35.8 and 71.9% N
intake). Monensin had no effect on DMI, digestibility
of any nutrients, or N metabolism, and there were no
hybrid by monensin interactions. Rations including
bm3 corn silage tended to increase DMI but did not
affect production. The reduction in the digestibility of
some nutrients when cows consumed bm3 may have
been caused by increased DMI and possible increased
digestion in the lower gut. This increase in DMI ap-
peared to also have negatively affected N digestibility
but not NDF digestibility. This resulted in a greater
amount of N excreted in feces but did not affect total
mass of manure N.
Key words: monensin, nitrogen, corn silage, lignin

INTRODUCTION

Lignin is a complex of phenylpropanoid polymers and
is a component of plant cell walls. Lignin cross-links
with carbohydrates such as cellulose and hemicellulose
in the cell wall and acts to provide mechanical strength
to the plants stem while also providing a protective
barrier against pests and pathogens (Vignols et al.,
1995; Marita et al., 2003). The brown midrib 3 mutation
(bm3) of corn (Zea mays L.) reduces the content of lignin
and increase the extent of fiber digestion in ruminants
(Oba and Allen, 2000b). As a consequence of improved
fiber digestibility, the amount of available energy may
be greater for cows consuming bm3 corn silage com-
pared with those consuming conventional hybrids.
However, the extent of energy utilization may be lim-
ited because cows fed bm3 silage usually consume more
feed (Oba and Allen, 1999; Tine et al., 2001), thus reduc-
ing total diet digestibility (Weiss and Wyatt, 2006). Sev-
eral studies have reported that cows consumed more
feed when fed bm3 corn silage compared with an iso-
genic control (Oba and Allen, 1999; Greenfield et al.,
2001; Tine et al., 2001). Recently, Weiss and Wyatt
(2006) demonstrated that cows consuming bm3 corn
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silage excreted less manure N compared with a dual-
purpose control hybrid. These authors suggested that
improved fermentability of bm3 corn silage may have
increased rumen microbial protein synthesis and N uti-
lization.

When fed to lactating dairy cows, the ionophore mo-
nensin has been demonstrated to affect N utilization
and may reduce the rate of ammonia production by
some rumen bacteria (Chen and Russell, 1989) by af-
fecting protein degradation (Ali Haimoud et al., 1995;
Ruiz et al., 2001). This, in turn, results in an increase
in the amount of feed protein reaching the lower gut (Ali
Haimoud et al., 1995). With similar effects on rumen
ammonia concentrations, several studies have observed
that feeding monensin increases apparent N digestibil-
ity (Plaizier et al., 2000; Ruiz et al., 2001). Ruiz et
al. (2001) speculated that this response was due to an
increase in the supply of feed protein reaching the small
intestine. Although digestibility of microbial N is high
(Van Soest, 1994), when protein from feed is more di-
gestible than that of microbial origin, amino acid uptake
by the small intestine may increase when monensin
is fed.

The effects of feeding bm3 corn silage and monensin
on N utilization, fecal N excretion, and milk production
have not been evaluated together. An experiment doing
so may provide new knowledge concerning the effects of
feeding bm3 corn silage and monensin. Because feeding
bm3 corn silage may reduce N excretion (Weiss and
Wyatt, 2006) and monensin may reduce fecal N output
(Ruiz et al., 2001), an experiment evaluating both of
these factors may demonstrate if these effects would
be additive in total reducing N excretion. The objectives
of this study were to use a factorial arrangement of
treatments and to simultaneously evaluate the effects
of feeding bm3 corn silage and monensin on N utiliza-
tion and milk production and composition. We hypothe-
size that when fed to dairy cows, bm3 corn silage and
monensin will act independently to improve N utiliza-
tion and that these effects will be additive.

MATERIALS AND METHODS

Silage, Experimental Treatments, and Design

Two corn hybrids, a dual-purpose (DP; Mycogen 7511
FQ, Dow AgroSciences LLC, Indianapolis, IN) and a
bm3 (Mycogen F2F797, Dow AgroSciences LLC) were
planted during spring 2004 at the University of Ne-
braska Agricultural Research and Development Center
located near Mead, Nebraska. Corn silage was har-
vested using a self-propelled forage harvester (model
6750, John Deere, Moline, IL). Approximately 50 t of
each hybrid were placed in bag silos (Ag/Bag Interna-
tional Ltd., Warrenton, OR) and ensiled for 210 d. Table
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Table 1. Chemical composition of the dual-purpose (control, DP) and
brown midrib (bm3) corn silages and grass hay (DM basis)1

DP bm3 Grass hay

Item Mean SD Mean SD Mean SD

Chemical, % DM 32.6 1.75 30.0 0.84 91.9 1.08
CP, % 9.2 0.73 9.2 0.89 10.6 3.0
Soluble CP, % CP 55.3 2.63 52.0 1.15 30.8 3.8
NDF, % 42.3 5.13 40.2 2.97 66.7 1.45
ADF, % 25.95 1.91 23.2 0.77 42.5 2.65
Lignin, % 3.5 0.19 2.4 0.30 5.93 0.81
Starch, % 30.5 2.20 29.5 1.97 — —
Ether extract, % 3.0 0.23 3.0 0.53 2.4 0.41
NFC,2 % 40.3 4.09 41.9 2.51 15.8 3.08
Ash, % 5.69 0.16 5.96 1.19 8.86 1.35
Ca, % 0.27 0.01 0.3 0.02 0.36 0.07
Mg, % 0.17 0.01 0.21 0.01 0.13 0.02
P, % 0.26 0.01 0.25 0.01 0.25 0.05
K, % 1.03 0.05 1.04 0.07 2.10 0.53

Particle size
>19.0 mm, % 3.72 0.85 3.22 0.63 — —
19.0–8.0 mm, % 60.4 4.11 71.3 0.40 — —
8.0–1.18 mm, % 34.6 5.35 25.1 4.28 — —
<1.18 mm, % 1.50 1.68 0.43 0.46 — —

1n = 4, samples were collected during the last week of each period.
2NFC calculated by difference 100 − (%NDF + % CP + % fat + %

ash).

1 outlines the nutrient composition and particle size
measurements of the corn silage used in the experimen-
tal diets. Twenty lactating multiparous Holstein cows
averaging 101 ± 34 d (mean ± SD) DIM and weighing
674 ± 77 kg were randomly assigned to one of five 4 ×
4 Latin squares (using a 2 × 2 factorial arrangement
of treatments). Cannulated cows were assigned to 1
Latin square and randomly assigned to experimental
treatments. Remaining cows were blocked by DIM and
then randomly assigned to treatment sequences in 4
replicated 4 × 4 Latin squares. During each of the 28-
d periods, cows were offered 1 of 4 TMR that differed
by corn silage hybrid (DP or bm3) and monensin inclu-
sion rate (0 or 300 mg/d). Treatments were 1) 0 mg/d
monensin and bm3 corn silage, 2) 0 mg/d monensin and
DP corn silage, 3) 300 mg/d monensin and bm3 corn
silage, and 4) 300 mg/d monensin and DP corn silage.
Monensin was top-dressed and hand-mixed into the
TMR contained in the bunk. One square (4 cows) in-
cluded ruminally cannulated cows, and was used for
all rumen measurements, whereas all squares were
used for production and intake data. Cows were housed
in individual stalls and milked at 0730 and 1930 h.
Cows were fed at 1000 h for ad libitum consumption to
allow for approximately 5% refusals. The experimental
cows were cared for according to the guidelines stipu-
lated by the University of Nebraska Animal Care Com-
mittee (IACUC #05-11-07OD).

In formulating experimental diets, the strategy was
to develop diets similar in concentrations of NDF and
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NFC. Preliminary forage analysis of green chop mate-
rial indicated that bm3 corn silage had a lower concen-
tration of NDF (40.8 vs. 45.0% DM) but greater concen-
tration of starch (29.7 vs. 26.2% DM) than the DP hybrid
(Table 1). As a consequence, diets containing bm3 corn
silage were formulated to contain 5% less ground
corn and 5% more corn silage. Table 1 lists the chemical
composition of forages from samples collected through-
out the experiment (n = 4). Assuming a DMI of 22.7
kg/d, the NRC (2001) model predicted NEL allowable
milk of 38.7 kg/d and MP allowable milk of 38.7 kg/d
for cows consuming this diet. In comparison and at the
same level of intake, the NRC (2001) model predicted
that NEL allowable milk was 38.5 kg/d and MP allow-
able milk was 38.6 kg/d for cows consuming the DP diet.

Experimental Measures

Particle Size, BW, BCS, and Milk Composition.
The Penn State Particle Separator (PSPS) was used
to measure particle size for both forages and TMR as
described by Kononoff et al. (2003a). Body weight and
BCS (1 to 5 scale) were measured on d 27 and 28 of
each period. Body condition score was measured by a
single trained individual, and the scoring method used
was similar to that of Wildman et al. (1982), but re-
ported to the quarter point. Milk production was mea-
sured daily and milk samples were collected during the
a.m. and p.m. milkings of d 26, 27, and 28 and preserved
using 2-bromo-2-nitropropane-1,3 diol. During the last
week of each period, daily DMI and milk yield were
averaged. Milk samples were analyzed for fat and true
protein (AOAC, 2000) using a B2000 Infrared Analyzer
(Bentley Instruments, Chaska, MN) by Heart of
America DHIA (Manhattan, KS).

Ruminal Sampling. Commencing at 0800 h on d
27 of each period ruminal contents were collected from
the dorsal, ventral, and caudal area in the rumen at
0800, 0930, 1130, 1330, 1630, 1930, 2230, 0200, 0530,
and 0730 h. Collected digesta were mixed and filtered
through 4 layers of cheesecloth. Rumen liquid pH was
immediately determined by using a hand-held pH elec-
trode (model M90, Corning Inc., Corning, NY). Approxi-
mately 15 mL of filtered liquid was then placed into
bottles containing 3 mL of 25% metaphosphoric acid
and 3 mL of 0.6% 2-ethyl butyric acid (internal stan-
dard) and stored at −20°C. Samples were later centri-
fuged 3 times at 4,000 × g for 30 min at 4°C to obtain
a clear supernatant that was analyzed for ammonia
using a phenol-hypochlorite assay (Lykos et al., 1997)
and VFA concentration using gas chromatography
(Yang and Varga, 1989).

Apparent Digestibility and Nitrogen Excretion.
Nutrient digestibility was estimated using the marker
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technique with indigestible ADF (Huhtanen et al.,
1994). The TMR and fecal samples were weighed (0.35
g) into 5- × 10-cm Dacron bags with 50-�m pores (No.
R510; Ankom Technology, Fairport, NY) and incubated
in the rumen of a lactating cannulated cow fed a diet
containing 60% forage and 40% concentrate for 12 d for
indigestible ADF determination. Apparent digestibility
of nutrients was estimated based on the concentration
of indigestible ADF in the TMR and feces, and N excre-
tion in feces was calculated from the obtained N digest-
ibility and N intake.

Fecal and urine samples were collected on all cows
at 0600 and 1800 h during the last 4 d of each period.
Feces were sampled from the rectum and urine during
urination with stimulation. Fecal samples were pooled
to obtain a composite for individual cows in each period.
Fecal samples were dried at 55°C in a forced air oven,
ground (1 mm screen; Wiley mill, Arthur H. Thomas
Co., Philadelphia, PA) and composited according to cow
and period. Ground samples were analyzed for DM
(100°C oven for 24 h). Feed and fecal samples were
analyzed for nitrogen (Leco FP-528, Leco Corp., St. Jo-
seph, MI), ether extract (AOAC, 2000), and percentage
ash (AOAC, 2000). Both NDF and ADF were analyzed
using an Ankom Fiber Analyzer (Ankom Technology).
Heat stable α-amylase (number A3306; Sigma Chemi-
cal Co., St. Louis, MO) was included in the NDF proce-
dure (100 �L per 0.50 g of sample). Whole-diet total
digestible nutrient concentration was then determined
(Weiss et al., 1992) and, based on these values, produc-
tion levels of digestible energy, ME, and NEL were cal-
culated as outlined by NRC (2001). Samples of urine
were acidified to pH <4 using 4 M HCl and frozen
(−20°C). Urine samples were later thawed and compos-
ited for each cow during each period. Urinary creatinine
has been validated as a marker to estimate urine vol-
ume (Valadares et al., 1999; Leonardi et al., 2003). The
ratio of urinary purine derivatives (PD) namely, allan-
toin, uric acid, xanthine, and hypoxanthine in urine
are widely used to estimate the microbial protein flow
(MCP) to the duodenum (Gonda, 1995; Shingfield and
Offer, 1998). Purine derivatives and creatinine were
analyzed by HPLC (Waters Corp., Milford, MA) ac-
cording to the procedures of Shingfield and Offer (1998).
Urine samples were analyzed for N. Urinary creatinine
was used as a marker to estimate urine volume. In
calculating urine volume we assumed that creatinine
output averages 28 mg/kg of BW as estimated by Whit-
tet (2004). Previous investigators have reported similar
daily creatinine output ranging from 25 to 30 mg/kg of
BW (McCarthy et al., 1983; Jones et al., 1990). The
ratio of urinary PD allantoin and uric acid to creatinine
(PD:C) was used to estimate relative differences in mi-
crobial protein production (Shingfield and Offer, 1998).
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Based on estimates of urinary excretion of PD, micro-
bial protein supply was estimated by Chen and
Gomes (1992).

In Vitro Estimates of NDF and Dry Matter Di-
gestibility. Two ruminally cannulated British-breed
crossbred steers that were housed in individual stalls
were used to collect rumen fluid for determination of
in vitro rumen NDF and DM digestibility of both corn
hybrids. The basal diet consisted of 70% grass hay and
30% concentrate fed twice daily for a total intake of 1.5%
of BW. In vitro disappearance of the forage samples (1-
mm grind) was determined using the Tilley and Terry
(1963) method but modified by the addition of 1 g/L of
urea to the McDougall’s buffer (Weiss, 1994). Incuba-
tion time points for determination of NDF digestibility
was 30 h and for DM were as follows: 2, 4, 8, 16, 24,
36, 48, and 96 h. Estimates for kinetics of rumen in
vitro DM digestibility were determined using the Ne-
way-Excel computer program (Chen, 1997) according
to the following model:

y = a + b (1 − e−c(t−L))

where a = soluble fraction, %; b = slowly digestible
fraction, %; c = fractional rate of DM disappearance,
%/h; L = lag time, h; and t = time of incubation, h.

Effective rumen degradability was estimated by rear-
ranging the terms as follows:

y = a + b [c/(c + k)] e(−k×L)/100)

where k = rate constant for fractional rate of passage
was assumed (0.05 and 0.08%/h).

Statistical Analyses. Performance data were ana-
lyzed as a replicated 4 × 4 Latin square with model
effects for square, period within square, and treatment
as fixed effects, as well as cow within square as a ran-
dom effect. Sum of squares for all treatments were then
partitioned into single degree of freedom contrasts for
corn silage hybrid and inclusion on monensin and inter-
action as planned a priori. The first-order autoregres-
sive covariance structure [AR(1)] and the MIXED proce-
dure of SAS (version 9.1, SAS Institute Inc., Cary, NC)
were used to analyze all data. Repeated measurements
of rumen ammonia, pH, and VFA concentration were
analyzed by including a REPEATED model statement,
as well as a term for time and interaction for treatment
by time. Square by treatment interaction was tested
but was not significant, and therefore it was dropped
from the model. Significance for all models was declared
at P ≤ 0.05, and trends are discussed at P ≤ 0.10. All
means presented are least squares means.
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Table 2. In vitro 30-h NDF digestibility and DM digestibility of the
dual-purpose (control, DP) and brown midrib (bm3) corn silages

Hybrid

Item DP bm3 SEM

30-h in vitro NDF digestion, % NDF 49.1 61.0 0.62
In vitro DM digestibility
Fraction a (soluble fraction), % of DM 15.0 18.2 0.69
Fraction b (slowly digestible fraction),

% of DM 60.0 62.3 1.07
Rate, % of DM/h 6.60 5.70 0.85
Lag, h 1.25 0.75 0.11

Potentially degraded, % of DM 75.0 80.5 1.71
Effective rumen degradability, % of DM
0.05% DM/h fractional rate of passage 49.0 51.4 1.13
0.08% DM/h fractional rate of passage 42.1 44.2 1.16

RESULTS AND DISCUSSION

Forage and Ration Chemical Composition
and Particle Size

Table 1 lists the chemical composition of the forages
fed during the experiment. The CP content of the DP
and bm3 corn silages was similar (9.2% DM) but DP
had greater NDF (42.3 ± 5.1 %) and lignin (3.5 ± 0.2
%) content compared with bm3 (NDF = 40.2 ± 3.0 %;
lignin = 2.4 ± 0.30%). The lower lignin content of bm3
was expected and was similar to that reproted pre-
viously (Oba and Allen, 2000a; Weiss and Wyatt, 2006).
As expected, in vitro estimates of NDF digestibility fol-
lowing a 30-h incubation (Table 2) were greater for bm3
corn silage compared with DP corn silage (61.0 vs. 49.1
± 0.62%), with this difference being similar to that of
others (Ebling and Kung, 2004). In vitro estimates of
DM digestibility are listed in Table 2. The bm3 silage
had a greater soluble “a” fraction (18.2 vs. 15.0 ± 0.69%
DM) and digestible “b” fraction (62.3 vs. 60.0 ± 1.07%
DM), but the rate of DM digestion and lag were both
slightly lower (6.60 vs. 5.70 ± 0.85%/h and 1.25 vs. 0.75
± 0.11 h).

Ingredients and chemical composition of experimen-
tal diets are listed in Table 3. Although differences
in NDF and starch between hybrids were lower than
preliminary green-chop results (Table 1), the diets still
contained similar amounts of NDF (33.4 and 33.7% DM
for DP and bm3, respectively) and starch (27.0 and
26.9% DM for DP and bm3, respectively). Diets were
formulated similarly in NEL and MP according to the
NRC (2001). Forage and ration particle size estimates
according to the PSPS are listed in Tables 1 and 4.
Particle size estimates of both silage hybrids and exper-
imental diets are similar to those recommended by Hei-
nrichs and Kononoff (2002). Although particle size esti-
mates of forage were similar, diets containing bm3 corn
silage were coarser and contained 51.0% material >8
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Table 3. Ingredient and chemical composition of total mixed diets
fed during lactation

Diet1

DP bm3

Diet ingredients
DP corn silage 49.2 —
bm3 corn silage — 54.3
Grass hay 4.0 4.0
Wet corn gluten feed 4.0 4.0
Whole cottonseed 5.6 5.6
Ground corn 17.5 12.3
Limestone 1.6 1.6
Soybean hulls 4.0 3.6
Soypass2 4.0 4.0
Magnesium oxide 0.16 0.16
Megalac 0.66 0.66
Soybean meal, 48% 7.6 7.9
Tallow 0.50 0.50
Sodium bicarbonate 0.50 0.50
Salt 0.20 0.20
Sel-Plex 10003 0.02 0.02
Vitamin premix4 0.10 0.10
Mineral premix5 0.04 0.04
Urea 0.30 0.40

Chemical composition
CP 16.3 16.7
RUP,6 % of DM 6.2 6.3
Soluble CP 31.1 32.0
Starch 27.0 26.9
NDF 33.4 33.7
ADF 20.5 20.0
Lignin 1.77 1.51
NEL,6 Mcal/kg 1.62 1.63
Ether extract 5.1 5.2
NFC7 39.6 38.4
Ash 6.46 6.51
Ca 0.85 0.86
Mg 0.33 0.34
P 0.35 0.34
K 1.17 1.19

1Control ration containing dual-purpose (DP) control hybrid and
treatment ration containing brown midrid hybrid (bm3).

2LignoTech (Overland Park, KS).
3Alltech, Inc. (Nicholasville, KY).
4Formulated to supply approximately 120,000 IU/d vitamin A;

24,000 IU/d of vitamin D; and 800 IU/d vitamin E in total ration.
5Formulated to contain 1.0% Ca, 0.50% P, 0.36% Mg, 1.3% K.
6According to NRC (2001).
7NFC calculated by difference 100 − (%NDF + % CP + % fat + %

ash).

Table 4. Particle size of the control dual-purpose (DP) TMR and
brown midrib (bm3) TMR

Treatment

Particle size DP bm3 SEM1 P-value

TMR, % retained
>19.0 mm 2.43 2.80 0.44 0.60
19.0–8.0 mm 37.4 48.2 1.26 <0.01
8.0–1.18 mm 45.6 40.7 0.70 0.11
<1.18 mm 14.6 9.37 0.44 <0.01

1Highest standard error of treatment means is shown.
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mm compared with 39.8% of DP corn silage (Table 5).
This effect was likely due to the greater proportion of
corn silage in bm3 diets.

Feed Intake and Feed Refusal Particle Size

Intake tended to be greater (21.3 vs. 20.2 ± 0.63 kg/
d) for cows consuming bm3 corn silage but was not
affected by monensin (Table 6). The observed response
of intake in cows consuming bm3 was expected and
consistent with other studies (Oba and Allen, 2000a;
Greenfield et al., 2001; Qiu et al., 2003; Ebling and
Kung, 2004) but this response has not been observed in
all studies (Weiss and Wyatt, 2006). In most published
studies evaluating bm3 corn silage, bm3 is compared
with an isogenic control and diets are formulated to
contain equal amounts of corn silage. In comparison,
the current study substituted a portion of the corn si-
lage with corn grain while maintaining the NDF and
energy content of the diet. Results of this study support
the suggestion of Oba and Allen (1999) that cows may
consume more bm3 corn silage because the NDF frac-
tion is more readily hydrolyzed and allows for more
capacity in the rumen, which results in greater feed
intakes.

Evaluation of feed refusal particle size is useful be-
cause large differences may reflect selective consump-
tion or sorting activity (Leonardi et al., 2005) that may
affect both the physical characteristics and chemical
composition of consumed feed and as a result, also affect
ruminal fermentation (Kononoff et al., 2003b). Thus, in
an effort to evaluate feeding behavior, the particle size
of feed offered and refused was estimated by the PSPS
and is listed in Table 5. The amount of material >19.0
mm was greater in refusals compared with the TMR
(Table 4), but this was not affected by dietary treat-
ment, averaging 12.4 ± 2.54%. Again, consistent with
particle size estimates of the TMR, refusals containing
bm3 corn silage had a greater proportion of particles
between 8.0 and 19.0 mm (54.1 vs. 47.9 ± 2.54%) and
tended to have less particles <1.18-mm (4.1 vs. 6.1 ±
1.13%). Results of the current experiment are similar
to those of Kononoff et al. (2003b), in which particles
>19.0 mm were more likely to be refused by dairy cattle.
Differences observed in this experiment were small and
likely are not reflective of intensive feed-sorting ac-
tivity.

Rumen pH, VFA, and Ammonia

Effects of monensin and corn silage hybrid on rumen
pH, total VFA, ammonia concentrations, and molar pro-
portion of individual VFA are presented in Table 7.
Rumen pH tended to be greater in animals consuming
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Table 5. Effects of feeding monensin and different corn hybrids and interactions between these factors on
particle size distribution of refusals of experimental diets

Treatment1 Contrast3 (P-value)

Particle size C-bm3 C-DP M-bm3 M-DP SEM2 Monensin Hybrid I

% retained
>19.0 mm 12.0 14.1 10.4 13.0 2.54 0.58 0.34 0.93
19.0–8.0 mm 57.0 48.6 51.2 47.1 2.42 0.11 <0.01 0.35
8.0–1.18 mm 29.7 32.5 35.2 34.1 3.13 0.23 0.78 0.52
<1.18 mm 3.18 5.94 4.99 6.23 1.13 0.32 0.07 0.48

1C-bm3 = no monensin, bm3 hybrid; C-DP = no monensin, dual-purpose control hybrid; M-bm3 = 300 mg/
d monensin, bm3 hybrid; M-DP = 300 mg/d monensin, control dual-purpose hybrid.

2Highest standard error of treatment means is shown.
3Contrast for effects of feeding monensin and corn silage hybrid and monensin by hybrid interaction (I).

monensin and is consistent with the observations of
others (Green et al., 1999). Although ruminal lactate
was not measured in the current study, elevations in
rumen pH when animals are fed monensin are believed
to occur because of the sensitivities of lactate-producing
bacteria to this compound (Russell and Strobel, 1989).
Monensin supplementation did not affect the molar pro-
portion of acetate, propionate, and butyrate. In con-
trast, monensin was observed to have an increasing
effect on branched-chain VFA, namely isobutyrate and
isovalerate, but ruminal ammonia concentrations were
not affected. The appearance of branched-chain VFA is
believed to be a result of microbial deamination of the
branched-chain AA valine and leucine (Allison, 1970;
Yokoyama and Johnson, 1988).

Diets containing DP corn silage resulted in a greater
mean pH compared with those containing bm3 corn
silage (5.96 vs. 5.72 ± 0.07). Similar to the current study,

Table 6. Effects of feeding monensin and different corn hybrids and interactions between these factors on
milk yield and composition

Treatment1 Contrast3 (P-value)

Item C-bm3 C-DP M-bm3 M-DP SEM2 Monensin Hybrid I

DMI, kg/d 21.1 20.1 21.5 20.2 0.63 0.67 0.08 0.86
Milk yield 39.5 36.4 37.1 37.8 2.11 0.81 0.53 0.35
FC4 1.81 1.76 1.72 1.83 0.08 0.71 0.93 0.36
3.5% FCM 40.3 36.6 37.1 38.0 2.09 0.66 0.50 0.26
Fat, % 3.65 3.58 3.55 3.63 0.16 0.87 0.99 0.64
Fat, kg/d 1.43 1.29 1.30 1.34 0.08 0.61 0.54 0.28
Protein, % 3.03 3.05 3.07 3.02 0.06 0.92 0.82 0.54
Protein, kg/d 1.18 1.09 1.13 1.12 0.06 0.80 0.41 0.41
Lactose 4.74 4.68 4.73 4.67 0.07 0.82 0.34 0.99
MUN, mg/dL 11.3 10.4 12.1 11.5 0.42 0.03 0.08 0.73
BW, kg 703.5 699.6 712.0 701.2 16.8 0.76 0.65 0.83
BCS5 3.06 3.03 3.05 2.98 0.07 0.58 0.53 0.77

1C-bm3 = no monensin, bm3 hybrid; C-DP = no monensin, dual-purpose control hybrid; M-bm3 = 300 mg/
d monensin, bm3 hybrid; M-DP = 300 mg/d monensin, control dual-purpose hybrid.

2Highest standard error of treatment means is shown.
3Contrast for effects of feeding monensin and corn silage hybrid and monensin by hybrid interaction (I).
4Feed conversion = milk yield/DMI.
5BCS on 1 to 5 scale.
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reduced pH when feeding bm3 corn silage has been
observed by others (Greenfield et al., 2001) and is be-
lieved to be a response to increasing the supply of fer-
mentable substrate in the rumen (Weiss and Wyatt,
2006). When animals consumed diets containing DP
corn silage, the proportion of ruminal propionate was
greater (27.4 vs. 26.3 ± 1.77%) and acetate:propionate
ratio tended to be lower (2.09 vs. 2.18 ± 0.22%) and may
have, in part, been a result of decreased intake. Feeding
bm3 corn silage tended to decrease rumen ammonia and
molar proportions of branched-chain VFA (isobutyrate
and isovalerate). This effect has also been reported by
Greenfield et al. (2001). These observations are likely
due to greater fiber digestion and that cellulolytic bacte-
ria such as Ruminococcus albus, Ruminococcus flavef-
aciens, and Fibrobacter succinogenes require these sub-
strates for normal growth (Russell et al., 1992). In-
creases in fiber digestibility and resulting organic acids
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Table 7. Effects of feeding monensin and different corn hybrids and interactions between these factors on
ruminal concentration of volatile fatty acids and ammonia (NH3N) on cows in early lactation

Treatment1 Contrast3 (P-value)

Item C-bm3 C-DP M-bm3 M-DP SEM2 Monensin Hybrid I

Rumen 5.65 5.93 5.79 5.98 0.07 0.07 <0.01 0.44
Total VFA (mM) 133.7 130.4 139.8 135.1 5.20 0.16 0.29 0.85
VFA, mol/100 mol
Acetate (A) 55.4 55.2 55.0 56.7 1.30 0.18 0.07 0.03
Propionate (P) 26.6 27.5 25.9 27.3 1.77 0.19 <0.01 0.61
Isobutyrate 1.20 1.25 1.24 1.46 0.08 <0.01 <0.01 <0.01
Butyrate 12.7 12.1 13.7 11.1 0.62 0.99 <0.01 <0.01
Isovalerate 1.21 1.32 1.37 1.67 0.15 <0.01 <0.01 0.33
Valerate 2.91 2.60 2.72 1.94 0.17 <0.01 <0.01 0.02
A:P 2.16 2.05 2.19 2.13 0.22 0.18 0.07 0.54

NH3N (mg/dL) 7.96 8.89 7.21 8.78 1.61 0.56 0.09 0.67

1C-bm3 = no monensin, bm3 hybrid; C-DP = no monensin, dual-purpose control hybrid; M-bm3 = 300 mg/
d monensin, bm3 hybrid; M-DP = 300 mg/d monensin, control dual-purpose hybrid.

2Highest standard error of treatment means is shown.
3Contrast for effects of feeding monensin and corn silage hybrid and monensin by hybrid interaction (I).

likely also contributed to the observed decrease in ru-
men pH, similar to findings of Yang and Yang (2002).

Apparent Nutrient Digestibility

Monensin did not affect apparent digestibility, nor
did it interact with corn silage hybrid with respect to
any nutrient (Table 8). Published studies reflect incon-
sistent effects of monensin on apparent nutrient digest-
ibility when fed to lactating cows. Generally, when re-
ported, monensin increases total tract fiber digestibility
(Spears, 1990; Osborne et al., 2004). This is thought to
be because the addition of monensin to ruminant diets

Table 8. Effects of feeding monensin and different corn hybrids and interactions between these factors on
nutrient digestibility, NEL, and energy balance

Treatment1 Contrast3 (P-value)

Item C-bm3 C-DP M-bm3 M-DP SEM2 Monensin Hybrid I

Digestibility
DM, % 59.7 62.2 59.5 62.9 1.15 0.84 0.02 0.76
N, % 61.9 64.9 61.8 66.3 1.15 0.55 <0.01 0.51
NDF, % 40.0 39.8 41.3 40.7 2.42 0.66 0.85 0.94
ADF, % 31.3 39.1 31.7 42.1 3.66 0.64 0.01 0.71
Ether extract (EE), % 87.6 88.8 86.8 89.3 0.51 0.72 <0.01 0.23
OM, % 63.3 65.2 63.6 65.9 1.17 0.64 0.07 0.85
NFC,4 % 85.1 85.6 84.3 85.4 0.01 0.73 0.55 0.81

TDN,5 % 64.5 67.1 64.6 67.4 1.07 0.85 0.01 0.87
NELp,6 Mcal/kg 1.54 1.62 1.54 1.63 0.034 0.84 0.01 0.85
Energy balance, Mcal/d −6.34 −3.55 −4.11 −4.10 1.52 0.57 0.35 0.35

1C-bm3 = no monensin, bm3 hybrid; C-DP = no monensin, dual-purpose control hybrid; M-bm3 = 300 mg/
d monensin, bm3 hybrid; M-DP = 300 mg/d monensin, control dual-purpose hybrid.

2Highest standard error of treatment means is shown.
3Contrast for effects of feeding monensin and corn silage hybrid and monensin by hybrid interaction (I).
4NFC calculated by difference.
5Total digestible (td) nutrients (%) = tdNFC + tdCP + (tdEE × 2.25) + tdNDF.
6NELp (Mcal/kg) = NEL at production levels, as described by NRC (2001).
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frequently increases rumen pH, thereby promoting fi-
ber digestion in the rumen (Varga and Kolver, 1997).
Although monensin tended to increase rumen pH in
the current experiment, this likely had minimal effects
on bacterial fermentation of fiber.

Dry matter, N, and ADF digestibility were lower for
diets containing bm3 corn silage. This effect was likely
due to the negative association between intake and di-
gestibility (Van Soest, 1994). A reduction in CP digest-
ibility from feeding bm3 has been reported by others
(Tine et al., 2001). These authors speculated that this
effect may have been, in part, because of microbial N
assimilation during hindgut fermentation. Differences
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Table 9. Effects of feeding monensin and different corn hybrids and interactions between these factors on
daily excretion of urinary creatinine, allantoin, uric acid, and estimated rumen microbial CP production

Treatment1 Contrast3 (P-value)

Item C-bm3 C-DP M-bm3 M-DP SEM2 Monensin Hybrid I

Creatinine, mM 7.58 6.96 7.60 7.16 0.48 0.81 0.27 0.58
Allantoin, mM 10.2 9.95 10.2 10.3 0.67 0.80 0.95 0.72
Uric acid, mM 1.93 1.90 1.79 1.95 0.15 0.75 0.67 0.54
Hypoxanthine, mM 1.01 1.09 0.93 1.02 0.14 0.55 0.53 0.97
PD,4 mM 12.1 11.9 11.9 12.3 0.78 0.88 0.98 0.67
PP:creatinine 1.66 1.75 1.61 1.71 0.07 0.54 0.18 0.97
Allantoin:creatinine 1.39 1.47 1.38 1.44 0.06 0.68 0.27 0.91
Creatinine production,5 mmol/d 243.2 250.2 239.2 250.6 10.92 0.87 0.40 0.83
PD production,6 mmol/d 289.2 299.0 281.1 297.6 12.05 0.69 0.27 0.78
Allantoin production,7 mmol/d 243.2 250.2 239.2 250.6 10.70 0.87 0.40 0.83
Microbial CP,8 g/d 1,125 1,178 1,090 1,168 56.1 —9 —9 —9

1C-bm3 = no monensin, bm3 hybrid; C-DP = no monensin, dual-purpose control hybrid; M-bm3 = 300 mg/
d monensin, bm3 hybrid; M-DP = 300 mg/d monensin, control dual-purpose hybrid.

2Highest standard error of treatment means is shown.
3Contrast for effects of feeding monensin and corn silage hybrid and monensin by hybrid interaction (I).
4PD = total purine derivatives (allantoin + uric acid).
5Creatinine production = (28 × BW)/113.1.
6PD production = [creatinine production × (PD:creatinine)].
7Allantoin production = [creatinine production × (allantoin:creatinine)].
8Microbial CP as estimated by Chen and Gomes (1992).
9Statistical test of diet on microbial CP production not conducted because values were estimated concentra-

tion of PD.

in total tract NDF digestibility were not observed, aver-
aging 40.5 ± 2.42% across treatments. This observation
is in contrast to studies that observed an increase in
apparent total tract digestibility of NDF. However, it
is important to note that in these cases DMI was similar
to that of the control hybrid (Greenfield et al., 2001).
Although the proportion of potentially digestible NDF
was greater for bm3 corn silage, the lack of response
in total tract NDF digestibility has been observed by
others (Rook et al., 1977; Oba and Allen, 2000b) and is
believed to occur when intake is increased (Oba and
Allen, 2000c). In addition, increased total tract digest-
ibility of animals consuming DP corn silage may have
been due to greater rumen microbial activity and diges-
tion (Russell and Wilson, 1996), which may have been
supported by the higher rumen pH.

PD and Creatinine Excretion

We evaluated the concentration of urinary PD be-
cause they are commonly used as an indirect, noninva-
sive method to test for treatment differences in MCP.
Table 9 lists the effects of experimental diets on urinary
creatinine and PD. Table 9 also lists the ratio of PD to
creatinine, allantoin to creatinine, and estimated MCP
production as estimated by PD production (Chen and
Gomes, 1992). Because MCP is only estimated based
on concentrations of PD, diet effects were not compared
statistically. We originally speculated that diets con-
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taining a greater proportion of fermentable fiber, as
was the case in diets containing bm3 corn silage, would
result in an increase in total mass of ruminal MCP as
indicated by PD production. Contrary to our hypothesis,
PD production was not affected by diet and averaged
291.7 ± 12.05 mmol/d. Oba and Allen (2000c) observed
that feeding diets containing bm3 corn silage increased
microbial N flow to the duodenum as well as microbial
efficiency, possibly due to a faster rate of passage. Diets
in that experiment were similar to those of the current
experiment in that treatment diets contained more corn
silage and less ground corn, but similar amounts of
NDF and starch. Although the lack of response in MCP
flow is surprising, in practical terms it is useful to know
that rumen microbial protein yield may be maintained
when feeding more bm3 corn silage and less ground
corn.

N Metabolism

In the current study, monensin did not affect N in-
take, fecal and urinary excretion, or milk N secretion,
nor did it affect estimates of retained N (Table 10).
This is in contrast to Spears (1990) who noted that
the addition of monensin increased N digestibility in
ruminants by between 2.6 and 3.8%. This effect has
been attributed to a reduction in ruminal degradation
of preformed protein and a reduction in MCP flowing
to the lower gut (Tedeschi et al., 2003). Given that the
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Table 10. Effects of feeding monensin and different corn hybrids and interactions between these factors
on N metabolism

Treatment1 Contrast3 (P-value)

Item C-bm3 C-DP M-bm3 M-DP SEM2 Monensin Hybrid I

Mass, g/d
N intake 634.3 584.4 626.5 591.4 2.22 0.99 0.06 0.74
Fecal N 240.9 205.1 240.0 203.0 10.3 0.89 <0.01 0.93
Digested N 393.4 379.3 386.2 388.4 16.2 0.95 0.71 0.61
Urinary N 200.4 218.6 218.5 206.9 14.9 0.82 0.82 0.31
Manure N 439.4 421.8 456.9 407.9 21.7 0.93 0.12 0.46
Milk N4 189.5 175.0 180.0 179.9 9.11 0.80 0.41 0.42
N retained 3.46 −14.3 −12.4 1.61 21.1 0.99 0.93 0.44
Productive N5 193.2 160.8 167.9 181.7 19.5 0.91 0.63 0.22
Milk N/Feed N 32.4 32.5 31.3 33.5 1.44 0.97 0.41 0.47

% N intake
Fecal N 38.1 35.1 38.2 33.7 1.15 0.55 <0.01 0.51
Urinary N 31.8 38.6 36.3 36.5 2.31 0.59 0.12 0.14
Manure N 69.8 73.5 74.4 70.0 2.85 0.84 0.92 0.14
Milk N 29.7 30.1 28.7 31.0 1.21 0.93 0.26 0.43
N retained 0.53 −3.65 −3.04 −0.95 3.42 0.90 0.75 0.35
Productive N 30.2 26.5 25.6 30.0 2.85 0.85 0.92 0.15

1C-bm3 = no monensin, bm3 hybrid; C-DP = no monensin, dual-purpose control hybrid; M-bm3 = 300 mg/
d monensin, bm3 hybrid; M-DP = 300 mg/d monensin, control dual-purpose hybrid.

2Highest standard error of treatment means is shown.
3Contrast for effects of feeding monensin and corn silage hybrid and monensin by hybrid interaction (I).
4Milk N yield (kg) per kg of N intake × 100.
5Productive N = milk N + retained N.

concentration of rumen ammonia and urinary excretion
of PD was unaffected, we speculate that N utilization
was not affected because monensin did not affect rumi-
nal protein degradation.

Weiss and Wyatt (2006) evaluated the effects of bm3
corn silage and MP supply on N excretion. Results of
that experiment suggested that cows fed bm3 corn si-
lage excreted less N via manure and secreted more milk
N. This observation differs from the current experiment
(Table 10) because cows consuming diets containing
bm3 corn silage were observed to excrete more fecal N
(240.5 vs. 204.1 ± 10.3 g/d) but secrete similar amounts
of urinary and milk N, averaging 211.1 ± 14.9 and 181.1
± 9.11 g/d respectively, across treatments. We assume
that the increase in fecal N excretion of bm3 treatments
was in response to increasing intake and decreasing N
digestibility. However, it should also be noted that the
decrease in apparent N digestibility may have been a
function of increasing intake that may have increased
in metabolic fecal N. Because of the effect of N intake,
diet comparisons of fecal, urine, and manure N excre-
tion were also based on output per unit of N consumed
(Table 10). Similar to the total mass excreted, the pro-
portion of N excreted in the feces was greater for cows
consuming diets containing bm3 corn silage (38.1 vs.
34.4 ± 1.15). However, no significant differences were
observed in total manure N, which averaged 71.9 ±
2.85% across treatments. These observations are con-
sistent with other reports that noted a reduction in
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urinary N excretion when feeding bm3 corn silage
(Greenfield et al., 2001; Tine et al., 2001). Across treat-
ments, fecal N accounted for 36.3 ± 1.15% of the total
N consumed. A similar proportion of N consumed was
excreted in the urine (35.8 ± 2.31%). These observations
are in support of the suggestion that N is excreted
equally in the feces and urine; however, N consumed
in excess is believed to be excreted in the urine (Kebreab
et al., 2001). We evaluated the relationship between N
intake and N output in milk, feces, and urine (Figures
1, 2, and 3). As expected, there were positive linear
relationships between N intake and milk N (Figure
1) and fecal N (Figure 2) output (R2 = 0.32 and 0.50
respectively). In contrast to the observations of Kebreab
et al. (2001), the relationship between N intake and
urinary nitrogen excretion (Figure 3) was poor (R2 =
0.02). The lack of relationship in the current study may
be explained, in part, by a lack of precision in the
method used to estimate total urinary volume. Our
study differed from that of Kebreab et al. (2001) who
used total urine collection. An additional factor may be
that, on average, animals were in low or negative bal-
ance of N (Table 8). Although calculated energy balance
was negative this was not reflected in BCS, which was
observed to be similar (P = 0.52), averaging 3.03 ± 0.07.
Given the short duration of the study and associated
lack of precision in BCS estimates it may be possible
that some animals were in negative energy balance
and were using gluconeogenic amino acids for energy.
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Figure 1. Relationship between total N intake and milk N output with linear equation for fitted line denoted.

Consequently, catabolism of body protein would result
in an increase of urine N (Firkins and Reynolds, 2005).
This may further explain why a reduction in urinary
N is observed when feeding bm3 corn silage (Greenfield
et al., 2001; Tine et al., 2001). Practically, this is useful
to understand, because reducing the amount of N ex-

Figure 2. Relationship between total N intake and fecal N output with linear equation for fitted line denoted.
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creted in the urine, rather than the feces, is an effective
way of reducing ammonia volatilization and pollution.

Milk Production and Composition

No treatment effects were observed to affect milk
production, which averaged 37.7 ± 2.11 kg across treat-
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Figure 3. Relationship between total N intake and urinary N output with linear equation for fitted line denoted.

ments (Table 6). Similarly, fat and protein percentage
and yield were not observed to be different. The percent-
age of milk fat and protein averaged 3.60 ± 0.16% and
3.04 ± 0.06%, and yield of these components averaged
1.34 ± 0.08 and 1.13 ± 0.06 kg/d. The lack of effect of
monensin is in contrast to those reported in a review
of published studies (McGuffey et al., 2001). Specifi-
cally, in 11 published studies, cows fed monensin pro-
duced an average of 1.3 kg/d more milk and 26 g/d more
milk protein than those not fed monensin. These effects
are generally attributed to an increase in rumen propio-
nate production and the rate of gluconeogenesis (Arieli
et al., 2001) and an increase in glucose supply to support
milk and milk protein production (Beckett et al., 1998;
Ipharraguerre and Clark, 2003). Although we are un-
able to put forth any reasonable explanation for the
lack of responses observed in the current study when
feeding monensin, results may indicate that because
ruminal propionate was not affected, energy status was
not improved with the inclusion of monensin.

With respect to corn silage hybrid, production results
are in contrast to most studies in which milk production
is greater for cows consuming bm3 corn silage (Oba and
Allen, 1999, 2000a; Tine et al., 2001; Ebling and Kung,
2004; Weiss and Wyatt, 2006). However, increased pro-
duction has not been observed in all studies (Greenfield
et al., 2001; Qiu et al., 2003). In the current experiment,
the standard error of the mean associated with milk
yield was greater than expected. Given these results
some caution should be used in interpreting results of
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the statistical tests regarding effects on milk yield. The
high degree of variation in the data set may also contrib-
ute to commitment of a type II error; concluding that
dietary treatment or interaction has no effect when, in
reality, it does (Kononoff and Hanford, 2006). Nonethe-
less, a primary goal of the current study was to evaluate
whether milk production could be improved by increas-
ing MCP by balancing diets to contain greater amounts
of ruminally fermentable fiber. Although we did not
directly measure duodenal flow of protein, indirect esti-
mates of MCP using urinary PD were not affected and
did not support a greater level of production.

CONCLUSIONS

The inclusion of the ionophore monensin in corn si-
lage-based diets increased rumen pH but did not sig-
nificantly affect DMI, apparent digestibility, or propor-
tion of ruminal acetate or propionate, nor did it affect
milk production or N utilization. Diets formulated to
contain 54.3% bm3 corn silage resulted in greater DMI
but similar milk production. Indirect estimation of ru-
men MCP production using urinary PD was not differ-
ent when bm3 corn silage was fed. The increase in DMI
negatively affected apparent digestibility of N but not
NDF. This resulted in a greater amount of N to be
excreted in the feces even though total manure N excre-
tion was not affected. No interaction between monensin
and corn silage hybrid was observed for any of these
variables.
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