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Wet corn gluten feed and alfalfa hay levels in dry-rolled corn finishing diets:
Effects on finishing performance and feedlot nitrogen mass balance1

T. B. Farran,* G. E. Erickson,*2 T. J. Klopfenstein,* C. N. Macken,* and R. U. Lindquist†3

*Department of Animal Science, University of Nebraska, Lincoln 68583-0908;
†Archer Daniels Midland Company, Columbus, NE

ABSTRACT: One-hundred ninety-two crossbred
steers (initial BW = 351 ± 11 kg) were used to determine
the effects of removing alfalfa hay (AH) from dry-rolled
corn-based diets containing wet corn gluten feed
(WCGF) on animal performance and nutrient (N and
OM) mass balance in open feedlot pens. Steers were
stratified by weight and assigned randomly to 24 pens
(2 × 3 factorial) and fed for 132 d from June to October
2002. Experimental diets contained either 0 or 35%
WCGF and 0, 3.75, or 7.5% AH, and were formulated to
be isonitrogenous. For efficiency of gain, an interaction
occurred (P = 0.09) between AH and WCGF. Feed effi-
ciencies of cattle fed 35% WCGF were improved 4.4%
(P = 0.10) compared with efficiencies of cattle fed no
WCGF at 0% AH; there was a marked improvement in
ADG for cattle fed WCGF compared with no WCGF in
diets with 0% AH. Within 35% WCGF diets, efficiency
decreased as AH inclusion increased (P = 0.06). Effi-
ciency was equal across AH levels when 0% WCGF
was fed; however, ADG was decreased when AH was
removed. Interactions between AH and WCGF were
not detected for other performance or carcass criteria;
therefore, main effects of AH and WCGF are discussed.
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INTRODUCTION

Wet corn gluten feed (WCGF) is a high fiber, low
starch feed by-product of the corn wet milling industry.
Research has shown WCGF can replace up to 50% of
corn in finishing diets (Hussein and Berger, 1995; Rich-
ards et al., 1998). Stock et al. (2000) concluded WCGF
contained 90 to 114% the energy value of corn for fin-
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Daily intake, ADG, and HCW increased linearly (P <
0.05) as dietary AH level increased. Feeding 35% WCGF
also resulted in greater DMI (P < 0.01) and a tendency
for greater ADG and HCW (P ≤ 0.10) compared with
steers fed no WCGF. Interactions between AH and
WCGF were not observed for feedlot N mass balance.
As level of AH increased across diets, N intake, N reten-
tion, and N excretion increased (P < 0.05). Steers fed
35% WCGF consumed and excreted more N (P < 0.01)
than those fed no WCGF. More manure DM (P = 0.11),
OM, and N (P < 0.01) were removed from pens housing
steers fed 35% WCGF as well as greater OM and N
recovery in finished compost. More N (kilogram/steer)
was also lost to volatilization as a result of greater N
excretion when WCGF was fed. Expressed as a percent-
age of N excretion, loss of N from pens housing steers
fed 0 and 35% WCGF was not different, averaging
nearly 80%. These data suggest that AH has less value
when dry-rolled corn-based diets contain 35% WCGF
and can be decreased from conventional levels. Further-
more, loss of N from open feedlot pens is high during the
summer months, and feeding WCGF may not reduce N
losses during these times of year.

ishing cattle (dependent upon bran to steep ratio of
WCGF). This response is thought to occur as a result
of WCGF decreasing rumen starch load and the inci-
dence of ruminal acidosis (Krehbiel et al., 1995). Typi-
cally, roughages such as alfalfa hay (AH) are used to
control acidosis in finishing diets, and an increase in
DMI and ADG is often observed with a small amount
(i.e., ≤10% diet DM) of roughage inclusion (Stock et al.,
1990; Huffman et al., 1992; Shain et al., 1999). Due to
a reduced starch load and the positive attributes of
feeding WCGF relative to acidosis, conventional levels
of roughage may not be necessary when WCGF is incor-
porated into finishing diets.

Environmental issues surrounding cattle feedlots are
continuing to escalate. A predominant concern is N vol-
atilization from feedlot surfaces. Nitrogen can nega-
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Table 1. Composition of finishing diets (% DM basis)

0% WCGF 35% WCGF

AH level, % AH level, %

Item 0 3.75 7.5 0 3.75 7.5

Dry-rolled corn 87.0 83.25 79.5 52.0 48.25 44.5
Wet corn gluten feed1 — — — 35.0 35.0 35.0
Alfalfa hay — 3.75 7.5 — 3.75 7.5
Molasses 5.0 5.0 5.0 5.0 5.0 5.0
Tallow 3.0 3.0 3.0 3.0 3.0 3.0
Supplement2

Limestone 1.66 1.53 1.40 1.59 1.46 1.32
Fine ground corn 1.30 1.65 1.99 2.66 2.89 3.13
Urea 1.23 1.12 1.01 0.21 0.11 —
Salt 0.30 0.30 0.30 0.30 0.30 0.30
Tallow 0.15 0.15 0.15 0.15 0.15 0.15
KCl 0.26 0.16 0.05 — — —
Trace mineral 0.05 0.05 0.05 0.05 0.05 0.05
Vitamin A, D, E 0.01 0.01 0.01 0.01 0.01 0.01
Rumensin premix 0.019 0.019 0.019 0.019 0.019 0.019
Tylan premix 0.014 0.014 0.014 0.014 0.014 0.014

Nutrient composition3

CP 13.0 13.0 13.0 13.5 13.5 13.5
DIP4 7.21 7.29 7.36 7.57 7.65 7.74
Ca 0.70 0.70 0.70 0.70 0.70 0.70
P 0.38 0.38 0.38 0.49 0.49 0.48

1Wet corn gluten feed from ADM, Columbus, NE.
2Provided 34 mg of monensin and 12 mg of tylosin per kilogram of diet DM.
3Crude protein and P were analyzed; other nutrients were calculated.
4DIP = degradable intake protein.

tively affect air and water quality, and methods are
needed to reduce N losses to the environment. Feeding
corn bran to increase OM excretion onto the pen surface
has reduced N volatilization during the winter/spring
feeding months (Erickson and Klopfenstein, 2001b; Ad-
ams et al., 2004). However, decreasing diet digestibility
with corn bran may also decrease animal performance.
The combination of steep liquor and corn bran in WCGF
may allow performance to be maintained and help to
reduce N loss.

The objectives of this research were to determine 1)
if WCGF can be effectively utilized as an energy source
and reduce the need for conventional levels of roughage
in corn-based diets; and 2) if feeding WCGF will in-
crease OM on the pen surface, thereby increasing ma-
nure N and decreasing N losses during warm summer
feeding months.

MATERIALS AND METHODS

Feedlot Performance

Animal procedures were reviewed and approved by
the University of Nebraska Institutional Animal Care
and Use Committee. To determine the effects of remov-
ing AH from diets with and without WCGF, 192 year-
ling crossbred steers (initial BW = 351 ± 11 kg) were
fed for 132 d from June to October during the summer
of 2002. Steers were weighed initially on 2 consecutive
days after being limit-fed (2% of BW) a 50% AH:50%

WCGF diet for 5 d to minimize gut fill differences.
Steers were then stratified by BW on d 0 and assigned
randomly to 24 feedlot pens (8 steers/pen) within each
weight strata. Steers were sorted on d 1 before place-
ment in pens. Initial BW was the average of both d 0
and 1. Pens were assigned randomly to 1 of 6 dietary
treatments arranged in a 2 × 3 factorial design (4 pens
per treatment). Final finishing diets contained 0 or 35%
WCGF and 0, 3.75, or 7.5% AH (Table 1). Experimental
diets were formulated to meet or exceed MP require-
ments (NRC, 1996) and to be isonitrogenous with the
35% WCGF and 7.5% AH treatment diet. Urea served
as the supplemental protein source to equalize CP
among the 6 dietary treatments.

Adaptation to finishing diets consisted of a 23-d step-
up period where dry-rolled corn progressively replaced
AH. Because of different final AH inclusions, the adap-
tation diets fed initially differed in alfalfa level, so that
the roughage change across steps was identical between
treatments. Steps were 37.5, 27.5, 17.5, 7.5, and 0%
AH fed for 5, 4, 7, and 7 d, respectively, for the 0% AH
treatments. The steps for the 7.5% AH treatments were
similar, except the initial amount of AH was 45%.

Dietary treatments were fed once daily in the morn-
ing throughout the finishing period. Steers were im-
planted on d 1 with Synovex-C (Fort Dodge Animal
Health, Overland Park, KS) and reimplanted on d 30
with Revalor-S (Intervet, Inc., Somerville, NJ). Upon
completion of the feeding trial, cattle were slaughtered
at a commercial abattoir, and carcass data were col-
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lected. Final BW was calculated from HCW using a
common dressing percent (63%), with all carcasses in-
cluded. Carcass trim was not excessive for any car-
casses. After a 24-h chill, 12th-rib fat thickness and
LM area were collected along with USDA Yield Grade
calculated and marbling score as determined by a
USDA grader.

Nutrient Balance

Mass balance for N was conducted as previously out-
lined (Bierman et al., 1999; Erickson and Klopfenstein,
2001a; Adams et al., 2004) in each of the 24 feedlot
pens. Stocking density in all pens was maintained at
30.8 m2 per steer. The pens were cleaned before the
cattle were placed in them. Throughout the feeding
period, feed refusals were collected when necessary
(after precipitation events or once per week) to accu-
rately assess DM and nutrient intake. After cattle were
removed from the pens, manure was scraped and piled
into 1 central pile within each pen. As the manure was
being loaded out of pens, manure samples were taken.
Manure was weighed on an as-is basis and hauled to
the University of Nebraska compost yard. To calculate
fecal N excretion, which allows for fecal N excretion to
be evaluated as a percentage of total N excretion, fecal
samples were collected from the pen surface (fresh feces
with no manure or soil contamination) once every 2 wk
during the finishing period.

Seven earthen retention ponds collected runoff from
12 of the 24 feedlot pens. Pens assigned to the same
treatment drained into the same runoff retention pond,
and no more than 2 pens drained into 1 pond. To test
for treatment differences, runoff data were only from
pens with retention ponds. For runoff, all treatments
were equally represented in pens with and without re-
tention ponds. Because runoff is not a large contributor
to nutrient losses (Gilbertson et al., 1971; Adams et
al., 2004) and only 36% (Clark et al., 1975) to 48%
(Gilbertson et al., 1971) of precipitation results in run-
off, this approach seemed appropriate in estimating
nutrient runoff from pens without runoff retention
ponds. In the case of a runoff event, effluent was col-
lected in the ponds, then drained within 6 to 18 h
through a PVC pipe, sampled, and the volume quanti-
fied using an ISCO model 4230 air-bubble flow meter
(ISCO, Lincoln, NE). Analyses were conducted on sam-
ples collected during draining.

To account for inherent differences in cleaning from
pen to pen, soil in clean pens was sampled before cattle
were placed into them and again after cleaning (i.e.,
after the cattle were marketed). Soil core samples were
used to correct for variation in cleaning from pen to
pen and manure/soil mixing by cattle activity during
the experiment. Pen core samples account for either N
addition or loss from pen soil by determining total pen
N both before and after the experiment. The difference
in pen N before and after the experiment was used as
an adjustment for manure N removal. To account for

sampling variation, core locations were evenly spaced
throughout each pen on a grid pattern. Sixteen soil
cores (15-cm depth, 2.5-cm diameter soil probe) were
obtained from each pen, and each core represented 15.3
m2. Manure nutrient data are presented both with and
without the soil core adjustment.

Manure composting was done in windrows during
the summer months. One compost windrow was formed
for all manure removed from pens assigned to the same
experimental treatment (4 pens/compost windrow). Ma-
nure compost was turned once before winter (October)
at the end of the trial, and then turning resumed the
following May when ambient temperatures were warm.
Compost was considered finished when windrows no
longer produced heat 2 to 7 d after turning, based on
2 measurements on each of those days. After the com-
posting process was completed, 1 random sample within
each 3 m of windrow was taken on both sides of a
compost windrow. Samples were mixed and subsam-
pled to obtain 1 representative sample for each compost
windrow. Samples were analyzed for DM, N, and ash
concentrations. Organic matter was calculated by the
difference between the DM and ash content. Compost
N and OM recoveries were calculated based on manure
quantity for each nutrient removed at pen cleaning. To
estimate compost DM loss and adjust compost nutrient
recoveries, assuming no loss of ash, ash concentrations
before composting (manure) and after composting were
used as an internal marker. Ash, N, and OM concentra-
tions were on a DM-basis in the following equation:

% Recovery (N and OM) =

[({kg of ash/kg of DM before}

÷ {kg of ash/kg of DM after})

× ({kg of N or OM/kg of DM after}

÷ {kg of N or OM/kg of DM before})] × 100.

Manure N was calculated by multiplying manure N
concentration (kg of N/kg of DM) by kilograms of ma-
nure removed (DM basis) from the pen surface. Soil
core N was used to correct manure N for manure left
in the pen or soil removed at cleaning. Runoff N was
the N concentration of the runoff multiplied by the vol-
ume of water collected. Manure C:N ratios were calcu-
lated using the manure ash concentration (DM basis)
to determine the manure C concentration (DM basis).
The formula C = (100 − % ash)/1.8 was used to estimate
C (NRCS, 1992). Percent manure C was then divided
by percent manure N.

Nitrogen excretion was determined by the difference
between N intake and N retention. Nitrogen intake was
calculated using the analyzed dietary N concentration
multiplied by DMI and corrected for N content of feed
refusals. Retention of N was estimated from actual
steer gains, and the NRC (1996) retained energy and
retained protein equations. Nitrogen excreted was cal-
culated by subtracting N retention from N intake. Total
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N lost was calculated by subtracting manure N (cor-
rected for soil N content) and runoff N from excreted
N. Percentage N loss was calculated as N lost divided
by total N excretion. All N values are expressed on a
kilograms per steer basis. Mass balances for OM were
calculated using equations similar to those for N, except
OM digestion data were used to calculate OM excreted.

Sample Analyses

Once collected, all samples were frozen at −4°C until
analysis. To minimize N losses during the drying pro-
cess, fecal and manure samples were dried via lyophili-
zation using a Virtis Freezemobile model 25 SL (Virtis,
Gardiner, NY). Feeds, feed refusals, and soil cores were
oven-dried for 48 h at 60°C. Once dried, all samples
were ground through a Wiley Mill (1-mm screen). For
laboratory analysis, feed refusal, fecal, and manure
samples were each composited by weight on a pen basis.
Feed samples were collected weekly and composited by
month. Soil cores were separated into initial and final
samples and composited by pen. Runoff samples were
composited by pond using a weighted average of liquid
volume. For all composites, total N was analyzed by
the combustion method using a N analyzer (Leco
FP428; Leco Corporation, St. Joseph, MI). All sample
composites were analyzed for OM by ashing at 600°C
for 6 h (AOAC, 1996).

Diet Digestibility Calculations

Fecal N and OM excretion by steers were calculated
from the DMI and dietary indigestibility measured in
previous digestion trials. Digestibility values for diets
containing 0% WCGF were based upon the results of
Bierman et al. (1999), who reported an all-concentrate
and 7.5% roughage diet to have DM digestibilities of
83.5 and 80.5%, respectively. A dry-matter digestibility
of 82% was used for the 3.75% AH and 0% WCGF diet,
assuming an average between 83.5 and 80.5%. There-
fore, DM digestibility values of 83.5, 82.0, and 80.5%
were applied to diets containing 0% WCGF and 0, 3.75,
and 7.5% AH, respectively. Digestibility values of the
diets containing 35% WCGF were based upon several
trials in which corn bran and steep replaced corn in
finishing diets. Corn bran and steep are components
of WCGF, and diets containing 35% WCGF contained
approximately 24.5% corn bran (DM basis). Based on
previous work (McCoy et al., 1997; Bierman et al., 1999;
Erickson and Klopfenstein, 2001b), diets containing
24.5% corn bran exhibit reduced DM digestibility of
4.8% compared with a corn-based control diet. This re-
duction was applied to all diets containing 35% WCGF.
Therefore, DM digestibility values of 78.7, 77.2, and
75.7% were applied to diets containing 35% WCGF and
0, 3.75, and 7.5% AH, respectively.

The data were analyzed as a completely randomized
design using the Mixed procedure of SAS (SAS Inst.
Inc., Cary, NC). Pen served as the experimental unit.

The model included AH level, WCGF level, and the
interactions among AH and WCGF level. An AH ×
WCGF interaction was only observed for efficiency of
gain; thus main effects of AH and WCGF are discussed
for all performance and nutrient balance data except
efficiency of gain. Linear and quadratic effects of AH
were tested using orthogonal contrasts. Statistics on
nutrient runoff were only conducted on main effects of
either AH level or WCGF level due to lack of replication
for the simple effects.

RESULTS AND DISCUSSION

Feedlot Performance

Individual treatment means for effects of diet on steer
performance and carcass characteristics are presented
in Table 2. Interactions between AH level and WCGF
inclusion were not observed (P ≥ 0.50) for most steer
performance responses, except for efficiency of gain, LM
area, and 12th-rib fat depth. Thus, main effects of AH
level and WCGF inclusion are presented for most per-
formance responses, whereas simple effects are dis-
cussed for efficiency of gain, LM area, and fat depth.
Average daily gain increased (P = 0.03) and HCW in-
creased (P = 0.04) linearly as AH level increased in the
diet. Feeding increasing amounts of AH also linearly
increased (P = 0.01) daily DMI. Steers responded simi-
larly to additions of 3.75 and 7.5% AH for DMI, ADG,
and HCW; however, both levels increased (linear, not
quadratic response) DMI, ADG, and HCW compared
with 0% AH inclusion. Marbling score was not affected
by dietary AH level. Level of AH had no effect on the
number of liver abscesses.

Replacing dry-rolled corn with 35% WCGF increased
DMI by 4.7% (P < 0.01), ADG by 3.4% (P = 0.10), and
HCW by 1.6% (P = 0.09) compared with no WCGF inclu-
sion. Loin muscle area and 12th-rib fat thickness were
also greater (P ≤ 0.01) for steers fed 35% WCGF than
those fed no WCGF as a result of greater ADG and
HCW. There was a tendency (P = 0.10) for an interaction
between AH and WCGF for LM area and 12th rib fat
thickness. The interaction was primarily caused by
steers fed 0% AH and 0% WCGF having lower ADG
and, therefore, lower LM area and less fat cover.

Efficiency of gain was similar (P > 0.15) across AH
inclusion levels when 0% WCGF was fed; however, effi-
ciency of gain improved linearly (P = 0.06) as AH was
removed in diets containing 35% WCGF. Steers fed 35%
WCGF and 0% AH had greater (P = 0.06) G:F than
steers fed 35% WCGF and 7.5% AH. This observation
suggests AH additions to diets containing 35% WCGF
reduced dietary energy, at least in terms of the effi-
ciency of gain. However, there was a linear increase in
DMI to maintain ADG, suggesting that AH had less
value in controlling acidosis in diets containing 35%
WCGF. Efficiency of steers fed 35% WCGF and 0% AH
were improved 4.4% (P = 0.10) compared with efficienc-
ies of steers fed 0% WCGF and 0% AH.
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Table 2. Growth performance and carcass characteristics of steers fed dry-rolled corn diets containing combinations
of alfalfa hay (AH) and wet corn gluten feed (WCGF; % of DM)

0% WCGF 35% WCGF

AH level, % AH level, %
Linear

Item 0 3.75 7.5 0 3.75 7.5 SEM AH*WCGF1 AH2 WCGF3

No. head (pens) 32 (4) 32 (4) 32 (4) 32 (4) 32 (4) 32 (4) — — — —
Initial wt, kg 351 351 351 352 351 351 0.8 0.86 0.35 0.57
Final wt,4 kg 571 591 591 588 595 596 6 0.52 0.04 0.09
DMI, kg/day 10.3 10.8 11.0 10.6 11.3 11.6 0.2 0.59 <0.01 <0.01
ADG, kg 1.67 1.82 1.82 1.79 1.85 1.85 0.04 0.56 0.03 0.10
G:F5 0.161 0.168 0.166 0.168 0.164 0.160 0.003 0.09 0.53 0.73
HCW, kg 360 372 372 371 375 375 4 0.52 0.04 0.09
Marbling score6 499 502 504 494 491 500 12 0.94 0.63 0.50
LM area,7 cm2 84.9 89.8 88.7 90.9 96.3 88.8 1.5 0.10 0.57 <0.01
12th rib fat depth, cm 1.14 1.31 1.25 1.34 1.29 1.46 0.06 0.10 0.05 0.01
Liver abscesses, steers 2/32 2/32 0/32 1/32 1/32 1/32

1P-value for the interaction between AH and WCGF.
2P-value for a linear effect of the AH main effect.
3P-value for the WCGF main effect.
4Calculated as HCW ÷ 63% (common dressing percent).
5ADG:DMI.
6450 = Slight50, 500 = Small0, 550 = Small50, etc.
7Quadratic effect of the AH main effect (P < 0.05).

Typically, finishing diets are formulated to include a
small amount of roughage to minimize digestive distur-
bances (i.e., ruminal acidosis). Dilution of concentrate
(starch) intake is one mechanism in which roughages
may reduce digestive disturbances. Galyean and Gleg-
horn (2001) surveyed nutritionists in the major cattle
feeding areas of the United States and reported an aver-
age roughage inclusion of 8.9% diet DM (range 4.5 to
13.5% diet DM). Cattle may be finished on all-concen-
trate diets; however, adding low levels of roughage in-
creases DMI and ADG (Stock et al., 1990; Huffman et
al., 1992; Shain et al., 1999). Huffman et al. (1992)
observed a 17% increase in DMI and a 14% increase in
ADG with 7.5% forage addition to feedlot diets com-
pared with an all-concentrate diet. Stock et al. (1990)
observed a quadratic increase in DMI and ADG with
increasing roughage level from 0 to 9% diet DM. They
found that 9% roughage produced maximal intake,
whereas 6% roughage produced maximal gains. Our
results would agree with the observation of greater DMI
and ADG with a small amount of roughage inclusion
into grain-based finishing diets.

Roughage addition to concentrate diets has also
shown mixed results on efficiency of gain. Efficiency of
gain has been shown to improve (Woods et al., 1969;
Brandt et al., 1987; Stock et al., 1990), not change (Huff-
man et al., 1992; Shain et al., 1996), or be reduced
(Stock et al., 1987; Huffman et al., 1992; Van Schaack
et al., 1993) with roughage addition to finishing diets.
However, the benefit from roughage addition to finish-
ing diets may depend on grain type, grain processing,
or both. Stock et al. (1990) reported a decrease in effi-
ciency of gain when roughage was added to diets con-
taining dry-rolled corn or dry-rolled grain sorghum but
not to diets containing dry-rolled wheat. Our results

suggest only a tendency (P = 0.15) for low AH inclusion
in dry-rolled corn-based diets to improve efficiency of
gain; cattle fed 3.75% AH and 0% WCGF were 4% more
efficient than those fed the all-concentrate diet (0% AH,
0% WCGF). When roughage levels are evaluated, a com-
bination of both efficiency of gain and ADG need to
be evaluated.

The addition of WCGF has produced variable changes
in efficiency of gain when fed to cattle consuming high
concentrate diets. The factors that may affect the ob-
served efficiency responses include the inclusion level
of WCGF (Hussein and Berger, 1995; Sindt et al., 2002)
and composition (bran:steep liquor ratio) of the WCGF
produced by different wet milling plants (Stock et al.,
2000). Richards et al. (1998) observed improved feed
efficiencies when WCGF replaced up to 50% of dry-
rolled corn. Sindt et al. (2002) observed improved effi-
ciencies when WCGF was fed at 30% but reduced feed
efficiencies when WCGF was fed at 60%. Hussein and
Berger (1995) observed a similar quadratic response in
gain efficiency with WCGF addition to finishing diets.
However, Ham et al. (1995) reported no change in effi-
ciency of gain when WCGF was fed at up to 87.5%
diet DM.

The beneficial response to WCGF in finishing diets
is likely a reduction in ruminal acidosis. Likely, the
response to WCGF is greater in diets or feeding situa-
tions where acidosis is a greater challenge. Presumably,
high levels (i.e., >50% diet DM) of WCGF reduce dietary
energy to an extent that overrides the beneficial effects
of highly digestible fiber addition to finishing diets.
Krehbiel et al. (1995) and Sindt et al. (2002) observed
a reduction in ruminal VFA concentration and an in-
crease in ruminal pH as WCGF replaced corn grain,
indicative of reduced acidosis insult with WCGF inclu-
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sion. Few studies have evaluated reducing roughage
levels in finishing diets containing WCGF. Sindt et al.
(2001) fed steam-flaked corn-based diets with 3 levels
of WCGF (25, 35, or 45% DM-basis) and 2 levels of AH
(2 or 6% diet DM). They reported that reducing AH
level had no effect on intake, gain, or efficiency of gain
across WCGF levels and concluded that AH could be
reduced to at least 2% (DM-basis) for SFC-based diets
containing at least 25% WCGF.

The energy value of WCGF was calculated based
upon steer performance and dietary ingredient compo-
sition (NRC, 1996; Owens et al., 2002). Similar to effi-
ciency of gain, increasing AH level decreased the di-
etary NEg value with 35% WCGF inclusion (1.45, 1.35
and 1.30 Mcal/kg for diets containing 0, 3.75, and 7.5%
AH, respectively). These data suggest that reducing or
completely removing AH improves efficiency of gain and
maintains ADG of feedlot steers fed dry-rolled corn-
based diets containing 35% WCGF. Presumably,
greater levels of WCGF (i.e., 35% diet DM) are needed
to provide equivalent benefit as AH inclusion (i.e., 3.75
or 7.5% diet DM). Although the WCGF used in the
current study contained similar NDF as the AH (ap-
proximately 50% of DM for both WCGF and AH), the
effective NDF is much greater in AH than WCGF (92
vs. 36% NDF; NRC, 1996); therefore, greater levels of
WCGF may be needed to substitute AH in finishing
cattle diets. Grain-processing methods that increase
ruminal starch digestibility (i.e., high-moisture or
steam-flaked corn) may influence the optimum amount
of roughage to include in finishing diets containing
WCGF. Presumably, more intensely processed corn
may require additional or different combinations of
roughage or WCGF for optimal performance compared
with dry-rolled corn diets. Few data are available evalu-
ating different corn processing methods in diets con-
taining WCGF and interactions with roughage level.

Nitrogen Balance

Interactions between AH and WCGF were not ob-
served for feedlot N mass balance; therefore, only main
effects of AH and WCGF are presented. As level of
AH increased in diets, N intake, N retention and N
excretion increased linearly (P < 0.05; Table 3). Greater
N intake and retention were a result of greater DMI
and ADG with increasing levels of AH. Based upon
modeled growth, N retention was approximately 15%
of N intake across all levels of AH. The percentage N
in manure increased with increasing levels of AH (P =
0.09). Total N in manure was numerically increased by
the same proportion but was not statistically different
between dietary levels of AH due to variation in manure
removal amounts. The amount of as-is (wet weight) and
DM manure removed from the pen surface was similar
among AH levels (Table 4). However, the percentage
OM in manure increased linearly (P < 0.06) with in-
creasing dietary AH level, and as a result more OM
was removed from the pen surface when cattle were

Table 3. Effect of alfalfa hay (AH) level on N mass balance
(except where noted, values are expressed as kilograms
per steer over the entire feeding period)

0% 3.75% 7.5%
Item AH AH AH SEM Linear1

N intake 29.8 31.4 31.9 0.3 <0.01
N retention2 4.3 4.6 4.6 0.08 <0.05
N excretion3 25.4 26.8 27.3 0.3 <0.01
Fecal N 6.2 7.2 8.1 0.16 <0.01
Manure N 3.65 4.36 4.41 0.47 0.27
Soil N −0.18 0.11 0.82 0.64 0.28
Manure + soil N4 3.47 4.47 5.23 0.85 0.16
Runoff N 1.18 0.96 1.11 0.10 0.65
N lost5 20.8 21.4 21.0 0.8 0.88
N loss,6 % 81.9 79.8 76.6 3.0 0.23
% N manure 1.13 1.23 1.30 0.07 0.09

1P-value for the linear effect of AH level.
2Calculated using NRC (1996) net protein and net energy equations.
3Calculated as N intake − N retention.
4Corrected for soil N concentration before and after trial.
5Calculated as N excretion − (manure N + runoff N).
6Calculated as N lost ÷ N excretion.

fed AH (P < 0.10) compared with the all-concentrate
diet. As a result of more OM removal with AH inclusion,
the C:N ratio of manure increased linearly (P = 0.05)
with increasing AH.

Steers fed WCGF had greater N intake (P < 0.01;
Table 5) than those fed no WCGF, as a result of slightly
greater dietary N concentration and greater DMI. Di-
etary N concentration was greater in WCGF containing
diets due to slight underestimation of CP in the WCGF
product before the beginning of the experiment. Crude
protein was estimated because WCGF was delivered to
the feedlot 2 to 3 times weekly throughout the experi-
ment. Due to greater ADG and final weights, steers fed
WCGF had greater N retention (P = 0.10) based on
modeled growth; however, the increase in N retention
did not compensate for the increase in N intake, re-
sulting in a 9% increase in N (P < 0.01) excretion when
cattle were fed WCGF. Nitrogen retention was 14.9 and
14.3% of N intake in the 0 and 35% WCGF fed steers,
respectively. Kilograms of N lost from the pen surface
were greater when pens housed steers fed WCGF (P =

Table 4. Effect of alfalfa hay (AH) level on manure re-
moved from the pen surface (values are expressed as
kilograms per steer over the entire feeding period)

0% 3.75% 7.5%
Item AH AH AH SEM Linear1

As-is removal, kg 470 530 494 79 0.84
% DM 70.9 70.0 70.8 0.62 0.91
DM removal, kg 334 369 350 56 0.83
% OM 20.2 23.2 24.9 1.6 0.06
OM removal, kg 65 81 83 7 0.10
Manure C:N ratio2 9.9 10.4 10.5 0.2 0.05

1P-value for the linear effect of alfalfa hay level.
2Carbon to nitrogen ratio of manure removed at cleaning, in which

C = (100 − % ash) / 1.8.
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Table 5. Effect of 0 or 35% wet corn gluten feed (WCGF)
inclusion on N mass balance (except where noted, values
are expressed as kilograms per steer over the entire feed-
ing period)

0% 3.75%
Item WCGF WCGF SEM P-value

N intake 29.9 32.2 0.3 <0.01
N retention1 4.4 4.6 0.06 0.10
N excretion2 25.4 27.6 0.2 <0.01
Fecal N 6.1 8.2 0.13 <0.01
Manure N 3.37 4.90 0.39 0.01
Soil N 0.526 −0.025 0.522 0.46
Manure + soil N3 3.90 4.88 0.69 0.33
Runoff N 1.34 0.78 0.08 <0.01
N lost4 20.2 21.9 0.7 0.08
N loss,5 % 79.2 79.6 2.5 0.92
% N manure 1.17 1.28 0.06 0.17

1Calculated using NRC (1996) net protein and net energy equations.
2Calculated as N intake − N retention.
3Corrected for soil N concentration before and after trial.
4Calculated as N excretion − (manure N + runoff N).
5Calculated as N lost ÷ N excretion.

0.08); however, because WCGF fed steers excreted more
N, there was no difference in the percentage N loss
from pens. When expressed as a percentage of N excre-
tion, losses of N from pens where steers were fed 0
and 35% WCGF were not different, averaging 79.2 and
79.6%, respectively.

The percentage N in manure was 1.17 and 1.28%
(P = 0.17) for 0 and 35% WCGF fed steers, respectively.
However, manure N (unadjusted for soil N) was 45%
greater (P = 0.01) when cattle were fed WCGF. This is
likely a result of greater OM excretion, because amount
of N in manure is directly correlated to OM in manure
(Bierman et al., 1999; Erickson and Klopfenstein,
2001a). When manure N was adjusted for soil N before
and after the trial, treatments were not different due
to variation in samples. However, the trend for greater
manure N when steers were fed WCGF was still evident
(3.9 vs. 4.9 kg/steer for 0 and 35% WCGF diets, respec-
tively).

Feeding 35% WCGF resulted in a 40% increase in
manure removal at the end of the feeding period (P =
0.08) compared with pens in which cattle were fed no
WCGF (Table 6). The percentage moisture was greater
in manure removed from pens housing steers fed
WCGF, and more manure DM tended (P = 0.11) to be
removed from these pens. Similar to AH, feeding WCGF
resulted in a greater percentage OM in manure (P =
0.07) and more total OM removed from the pen surface
at pen cleaning (P < 0.01). The greater OM in manure
from steers fed 35% WCGF translated into an elevated
manure C:N ratio (P = 0.02) as compared with steers
fed no WCGF.

Bierman et al. (1999) reported a linear relationship
between N and OM in manure. They fed an all-concen-
trate diet to minimize fecal output and compared it to
a diet containing 7.5% roughage to increase fecal output

Table 6. Effect of 0 or 35% wet corn gluten feed (WCGF)
inclusion on manure (pen scrapings) removed from the
pen surface (values expressed as kilograms per steer over
the entire feeding period)

0% 3.75%
Item WCGF WCGF SEM P-value

As-is removal, kg 414 581 64 0.08
% DM 71.7 69.5 0.5 0.01
DM removal, kg 297 405 46 0.11
% OM 20.9 24.6 1.3 0.07
OM removal, kg 60 92 6 <0.01
Manure C:N ratio1 9.9 10.6 0.2 0.02

1Carbon to nitrogen ratio of manure removed at cleaning, in which
C = (100 − % ash) / 1.8.

and a diet with 41.5% WCGF to further increase fecal
output. Pens housing steers fed 41.5% WCGF resulted
in greater OM and N removal in manure at pen cleaning
compared with an all concentrate or 7.5% roughage
diet. Erickson and Klopfenstein (2001a) also reported
a linear relationship between OM in manure and N
retention in manure. Similar to Bierman et al. (1999),
low level of roughage addition (i.e., 7.5% AH) did not
influence manure N as much as 35% WCGF inclusion.
This was likely a result of lower fecal output by steers
fed AH compared with those fed WCGF.

If manure N is increased, volatilization of N into the
atmosphere can be reduced. One method to retain N in
manure is increasing the OM content or C:N ratio of
manure. Direct (i.e., sawdust, straw bedding, and other
high OM sources) and indirect (reducing diet digestibil-
ity) methods of OM application have been evaluated.
Carbon additions have been observed to reduce N losses
from cattle manure (Dewes, 1996) and pig slurry (An-
dersson, 1996; Subair et al., 1999). Erickson and Klop-
fenstein (2001b) fed diets to reduce diet digestibility,
thereby increasing OM excretion to the pen surface.
Nitrogen volatilization was reduced by 15 and 21% in
open feedlots when 15 and 30% corn bran replaced corn
in finishing diets, respectively. However, the reduction
in N volatilization by reducing dietary digestibility was
only achieved during the fall and spring feeding
months. Identical dietary treatments had no effect on N
losses when steers were fed during the warmer summer
months. Adams et al. (2004) compared N losses by add-
ing OM via 2 separate methods. Sawdust was applied
to pens or corn bran was fed (30% diet DM) to increase
OM on the pen surface. Losses of N were evaluated in
2 separate trials during separate times of the year.
Feeding corn bran and applying sawdust reduced N
losses by 41 and 46%, respectively, compared with a
corn-based diet when steers were fed from November
to May; however, similar to Erickson and Klopfenstein
(2001b), N losses were not influenced when additional
OM was applied to pens housing steers fed from May
to September. Bierman et al. (1999) observed an in-
crease in manure N by feeding 41.5% WCGF (reduced
DM digestibility). However, N volatilization from pen
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surfaces was greater than that of an all-concentrate
diet as a result of WCGF fed steers consuming and
excreting more N. Furthermore, steers were fed during
the summer months when OM addition to the pen sur-
face has limitations at reducing N losses from the feed-
lot pen surface. Our results agree with Bierman et al.
(1999). Manure N was increased by increasing OM ex-
cretion and the C:N ratio of manure. However, this
increase in manure N did not relate to a reduction in
volatilization losses, likely because of the time of year
steers were fed or N intake. Presumably, not enough
OM was added to the pen surface or N volatilized before
it could be immobilized by microbial activity due to
warm summer temperatures. Moreover, steers fed
WCGF excreted more N as a result of greater N intake,
resulting in more N available for volatilization.

Evaluating the mass balance approach to N losses in
open feedlots, Klopfenstein and Erickson (2002) re-
ported that N volatilization losses are approximately
20 to 30% greater during the summer months than
those of the winter/spring (November to May) feeding
months. Duysen et al. (2003) observed a positive corre-
lation between NH3 flux and surface or soil temperature
on a beef feedlot using a wind tunnel placed on the
pen surface. The authors observed NH3 flux to be the
greatest during August (10.4 �g*m−2*s−1) and lowest
during February (1.2 �g*m−2*s−1). Hutchinson et al.
(1982) also observed greater NH3 flux during warmer
sampling periods (July) as compared with cooler sam-
pling periods (April). Our data indicate that losses of N
from open feedlots are high during the summer months.
Approximately 80% of N excretion was volatilized from
the pen surface, regardless of dietary treatment. Al-
though previous research has demonstrated the ability
of additional OM on the pen surface to reduce N losses,
this method may only be beneficial during cooler times
of the year. Additional OM from feeding WCGF may
not reduce N loss during the summer feeding months,
but testing during the winter/spring months is war-
ranted. Regardless of time of year, feeding WCGF will
most likely increase the amount of manure needing to
be removed from pens.

Nitrogen in runoff was greater from pens where cattle
were fed no WCGF (P < 0.01) as compared with those
pens fed 35% WCGF with pond replicated across main
effect of WCGF treatment. However, expressed as a
percentage of N excretion, N in runoff was relatively low
for both dietary treatments, averaging approximately 5
and 3% for 0 and 35% WCGF pens, respectively. This
observation agrees with Bierman et al. (1999), who ob-
served greater N in runoff from pens housing cattle
consuming an all-concentrate diet. Furthermore, these
data affirm that regardless of diet, N in runoff is not a
large contributor to N losses from open feedlots and
agrees with previous findings (Gilbertson et al., 1971;
Erickson and Klopfenstein, 2001a; Adams et al., 2004).

Organic Matter Balance

Organic matter intake increased linearly with in-
creasing AH inclusion into diets (P < 0.01; Table 7), and

Table 7. Effect of alfalfa hay (AH) level on OM balance
(except for % loss, values expressed as kilograms per steer
over the entire feeding period; DM basis)

0% 3.75% 7.5%
Item AH AH AH SEM Linear1

OM intake 1,302 1,377 1,401 14 <0.01
OM excretion2 208 255 280 5 <0.01
Manure OM 65 81 83 7 <0.10
Soil OM3 −3.3 4.5 0.7 13.5 0.83
Manure + soil OM4 61.4 85.6 83.6 16.2 0.34
Runoff OM5 5.6 10.1 8.0 0.3 0.01
OM lost6 141 159 189 15 0.03
OM loss,7 % 68.8 62.9 66.8 6.2 0.82

1P-value for linear effect of alfalfa hay level.
2Calculated as DMI × (DM indigestibility of the diet × OM concen-

tration in feces).
3Soil OM balance based on cores collected before and after trial.
4Manure OM corrected for soil OM concentration before and after

trial.
5Quadratic (P < 0.05).
6Calculated as OM excretion − (manure OM [corrected for soil] +

runoff OM).
7Calculated as OM lost ÷ OM excretion.

when WCGF was fed (P < 0.01; Table 8). This was a
result of greater DMI when steers were fed AH or
WCGF. Based upon DMI and indigestibility of diets,
OM excretion was calculated. Organic matter excretion
followed a similar trend as OM intake and increased
linearly (P < 0.01) with increasing dietary AH levels.
Steers fed 35% WCGF excreted approximately 34%
more (P < 0.01) OM than those fed no WCGF. Greater
OM excretion was a result of replacing part of the di-
etary corn with less digestible ingredients (AH or
WCGF). Bierman et al. (1999) also observed an increase
OM excretion when cattle were fed 7.5% roughage or
41.5% WCGF compared with cattle fed an all-concen-
trate diet. More OM (kg/steer) ended up in runoff when

Table 8. Effect of 0 or 35% wet corn gluten feed (WCGF)
inclusion on OM balance (except for % loss, values ex-
pressed as kilograms per steer over the entire feeding
period; DM basis)

0% 3.75%
Item WCGF WCGF SEM P-value

OM intake 1,328 1,392 12 <0.01
OM excretion1 212 283 4 <0.01
Manure OM 60 92 6 <0.01
Soil OM2 6 -5 11 0.48
Manure + soil OM3 66 87 13 0.27
Runoff OM 6.7 9.1 0.2 <0.01
OM lost4 139 187 12 0.01
OM loss,5 % 66.3 66.0 5.0 0.96

1Calculated as DMI × (DM indigestibility of the diet × OM concen-
tration in feces).

2Soil OM balance based on cores collected before and after trial.
3Manure OM corrected for soil OM concentration before and after

trial.
4Calculated as OM excretion − (manure OM [corrected for soil] +

runoff OM).
5Calculated as OM lost ÷ OM excretion.
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cattle were fed 35% WCGF compared with no WCGF
(P < 0.01), mimicking OM excretion. However, OM run-
off, as a percent of OM excretion was similar for 0 and
35% WCGF diets (3.2% of OM excretion). The runoff
percentages are in agreement with others (Gilbertson et
al., 1971; Erickson and Klopfenstein, 2001a), indicating
little OM leaves the pen surface in liquid runoff.

The amount of OM removed in manure increased
linearly for increasing levels of AH (P < 0.10). Inclusion
of both 3.75 and 7.5% AH resulted in 26% more OM
removal in manure at pen cleaning. Inclusion of 35%
WCGF into diets resulted in 53% more (P < 0.01) OM
removal in manure when compared with no WCGF in-
clusion. This was a result of greater OM intake and
reduced dietary digestibility with AH or WCGF inclu-
sion into diets and agrees with Erickson and Klop-
fenstein (2001a). Bierman et al. (1999) also reported
an increase in the amount of OM removed in manure
when similar levels of AH or WCGF were included into
diets compared with an all concentrate diet. Likewise,
Erickson and Klopfenstein (2001a,b) and Adams et al.
(2004) reported greater OM removal in manure by re-
ducing diet digestibility (corn bran inclusion).

Amount of OM lost from pen surfaces followed a trend
similar to OM excretion. More OM was lost (kg/steer)
from pens when steers were fed 35% WCGF (P = 0.01)
and with increasing levels of AH (P = 0.03). Organic
matter loss averaged approximately 66% across AH lev-
els and with either level of WCGF inclusion. Organic
matter is more volatile during the warm summer
months as compared with winter-spring feeding
months (Erickson and Klopfenstein, 2001a; Adams et
al., 2004). Our results agree with Erickson and Klop-
fenstein (2001a), who reported upwards of 62% OM loss
during the summer feeding months. However, Bierman
et al. (1999) reported lower volatilization of OM with
similar diets fed to steers during similar times of the
year. The authors reported 27, 9, and 7% OM volatiliza-
tion losses with diets containing 41.5% WCGF, 7.5%
roughage, or an all-concentrate diet.

Compost Nutrient Recovery

Manure from pens assigned to the same dietary treat-
ments was composted in 1 windrow (4 pens/compost
windrow; 6 compost windrows total). Nutrient recover-
ies are based upon manure removed at pen cleaning
and finished compost samples. Manure N was 45%
greater and compost N was 66% greater when steers
were fed 35% WCGF compared with 0% WCGF inclu-
sion. Percentage N recovery was 39.7 and 45.4% for 0
and 35% WCGF diets, respectively. Percentage N recov-
ery was 41 to 45% for compost from cattle fed different
AH levels. These data agree with Adams et al. (2004)
who observed greater N recovery in finished compost
when steers were fed corn bran to increase OM excre-
tion. Presumably, greater N recovery in compost with
WCGF or AH inclusion into diets, or both, was a result
of greater OM excretion. Organic matter followed a

trend similar to N and was greater in manure and in
finished compost when steers were fed 35% WCGF com-
pared with 0% WCGF. Percentage OM recovery was
47.6% for 0 and 35% WCGF inclusion; however, manure
OM was greater in initial manure with steers fed 35%
WCGF compared with no WCGF inclusion, resulting
in 55% more OM in finished compost with 35% WCGF
inclusion into diets. Addition of AH to diets also in-
creased OM in manure and subsequently in compost but
not to the extent of feeding WCGF. Average recovery of
OM was 47.6% for AH treatments as well.

IMPLICATIONS

Incorporation of wet corn gluten feed or alfalfa hay
into finishing diets increases intake and gain. Results
indicate that 35% wet corn gluten feed inclusion into
feedlot diets containing dry-rolled corn allows for less
roughage to be fed. Additions of alfalfa hay to dry-rolled
corn-based diets containing wet corn gluten feed may
reduce efficiency of gain and the apparent energy value
of diets. The fibrous characteristics of wet corn gluten
feed may replace the roughage requirement in finishing
diets, albeit greater amounts of wet corn gluten feed
than roughage seem needed. Addition of 35% wet corn
gluten feed increased manure nitrogen removal and
nitrogen in finished compost, likely as a result of greater
organic matter on the pen surface. Nitrogen losses from
pen surfaces are high during the summer feeding
months, and additional organic matter excretion may
not reduce losses during these times of the year.
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