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Corn processing method in finishing diets containing wet corn gluten feed1

T. L. Scott2, C. T. Milton*, G. E. Erickson*, T. J. Klopfenstein*3, and R. A. Stock†

*University of Nebraska, Lincoln 68583-0908 and †Cargill Corn Milling, Blair, NE 68008-0530

ABSTRACT: Two trials were conducted to determine
the effect of corn processing method on performance
and carcass traits in steers fed finishing diets con-
taining wet corn gluten feed (WCGF). In Trial 1, 480
steer calves (303 kg initial BW) were fed eight finishing
diets: 1) dry-rolled corn (DRC) without; and 2) with 32%
(DM basis) WCGF; 3) steam-flaked corn (SFC) without;
and 4) with WCGF; 5) a combination of DRC and SFC
without WCGF; 6) finely-ground corn (FGC) with
WCGF; 7) high-moisture corn (HMC) with WCGF; and
8) whole corn (WC) with WCGF. Feeding WC + WCGF
increased (P < 0.10) DMI and decreased gain:feed com-
pared with all other treatments. Feeding DRC + WCGF
increased (P < 0.10) DMI and decreased (P < 0.10)
gain:feed compared with treatments other than WC
+ WCGF. Steers on treatments that included WCGF
gained similarly, regardless of corn processing method,
and at a rate 6% faster (P < 0.10) than steers fed diets
that did not include WCGF. Gain:feed did not differ
among steers fed SFC, SFC + WCGF, SFC + DRC, and
HMC + WCGF. Steers fed SFC or SFC + WCGF were
more efficient (P < 0.10) than steers fed DRC or FGC
+ WCGF. In Trial 2, 288 steer calves (382 kg initial

Key Words: Cattle Feeding, Feedlots, Maize Byproducts, Maize Gluten, Maize Starch

2003 American Society of Animal Science. All rights reserved. J. Anim. Sci. 2003. 81:3182–3190

Introduction

A substantial portion of the corn produced in the
United States is marketed through livestock. In cattle,
the price per unit of energy relative to forages makes
feeding grain attractive. Corn grain is approximately
72% starch (Huntington, 1997). Thus, the starch con-
tent of corn is primarily responsible for the ability of
corn to promote high levels of production. With starch
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BW) were fed six finishing diets: 1) DRC without; and
2) with 22% (DM basis) WCGF; 3) SFC without; and 4)
with WCGF; 5) finely rolled corn (FRC) with WCGF;
and 6) HMC corn with WCGF. Steers fed DRC + WCGF
or FRC + WCGF consumed more DM (P < 0.10) than
steers fed DRC, SFC, or SFC + WCGF. Feed intake did
not differ between steers fed SFC + WCGF and HMC
+ WCGF. All treatment groups receiving WCGF con-
sumed more DM (P < 0.10) feed than steers fed DRC
or SFC without WCGF. Steers fed SFC + WCGF gained
8% faster (P < 0.10), and steers fed DRC 9.5% slower
(P < 0.10) than steers receiving all other treatments.
Daily gains did not differ among other treatment
groups. Steers fed SFC or SFC + WCGF gained 10%
more (P < 0.10) efficiently than all other treatment
groups. Feed efficiency did not differ among steers fed
DRC, DRC + WCGF, FRC + WCGF, and HMC + WCGF.
Estimates for the NEg of WCGF calculated from animal
performance indicated that WCGF contained approxi-
mately 25.3% more energy when fed with SFC than
when fed with DRC. In general, more intensively pro-
cessing corn improved gain:feed in finishing diets con-
taining WCGF.

being the major energy component of corn, optimal
starch utilization is critical to improving the efficiency
of conversion of corn to animal product. Many methods
of processing corn have been employed in an attempt to
improve its utilization by livestock. Processing methods
exist that make use of various factors and/or combina-
tions of factors, including heat, moisture, time, and me-
chanical action (Huntington, 1997). The underlying
goal is to increase the amount of energy (starch) avail-
able to the animal, thereby, increasing gain efficiency.

Inclusion of wet corn gluten feed (WCGF) in place of
corn grain in finishing diets replaces dietary starch
with highly digestible fiber. The resultant effect can be
increased feed intake, daily gain, and feed efficiency
(Stock et al., 2000) as well as decreased incidence and
severity of acidosis in finishing cattle (Krehbiel et al.,
1995). Limited information is available about the effects
that different grain processing methods may have in
diets containing WCGF.
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Table 1. Composition of finishing diets in Trial 1 (DM basis)

Treatmenta

DRC SFC SFC FGC HMC WC
Item DRC WCGF SFC WCGF DRC WCGF WCGF WCGF

Ingredient, %
DRC 81.55 52.50 — — 30.99 — — —
FGC — — — — — 52.50 — —
HMC — — — — — — 52.50 —
SFC — — 81.55 52.50 50.56 — — —
WC — — — — — — — 52.50
WCGF — 32.00 — 32.00 — 32.00 32.00 32.00
Alfalfa hay 7.50 7.50 7.50 7.50 7.50 7.50 7.50 7.50
Molasses 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Dry supplement 7.95 5.00 7.95 5.00 7.95 5.00 5.00 5.00

Nutrient composition, %
CP 14.6 14.3 14.6 14.3 14.6 14.3 14.7 14.3
Ca 0.73 0.75 0.73 0.75 0.73 0.75 0.77 0.75
P 0.32 0.50 0.32 0.50 0.32 0.50 0.48 0.50
K 0.75 0.99 0.75 0.99 0.75 0.99 1.09 0.99
S 0.18 0.27 0.18 0.27 0.18 0.27 0.28 0.27

aDRC = dry-rolled corn; FGC = finely ground corn; HMC = high-moisture corn; SFC = steam-flaked corn;
WC = whole corn; WCGF = wet corn gluten feed.

Our hypothesis is that diets containing WCGF may
be enhanced when corn is processed more intensely
due to lower incidence and severity of acidosis in diets
containing WCGF. The objective of this research was
to evaluate different corn processing methods with or
without wet corn gluten feed on performance and car-
cass characteristics of finishing beef cattle.

Materials and Methods

Trial 1

Four hundred eighty English × Continental steer
calves (303 ± 23 kg initial BW) of mixed origin and
purchased through sale barns were stratified by weight
and assigned randomly to 1 of 32 pens (15 steers/pen).
To minimize pen-to-pen variation, steers were divided
into 15 weight strata with 32 steers each. Each pen
(four pens/treatment) was assigned randomly to one of
eight dietary treatments. Treatments were finishing
diets (Table 1) that contained the following: 1) dry-
rolled corn (DRC) without; or 2) with wet corn gluten
feed (WCGF; Sweet Bran 60, Cargill Corn Milling,
Blair, NE); 3) steam-flaked corn (SFC) without; or 4)
with WCGF; 5) a combination of DRC and SFC without
WCGF; 6) finely-ground corn (FGC) with WCGF; 7)
high-moisture corn (HMC) with WCGF; and 8) whole
corn (WC) with WCGF.

Steam-flaked corn was processed to a flake density
of 0.37 kg/L (29 pounds/bushel) at a commercial feedlot
(Hi-Gain Feedlot, Inc., Cozad, NE) and delivered to the
research feedlot on a weekly basis. Dry-rolled corn was
coarsely rolled with approximately 95% of kernels
cracked and kernels split into thirds. In the treatment
containing a combination of DRC and SFC without
WCGF, DRC replaced WCGF in an equal proportion to

the substitution of SFC with WCGF in the SFC with
WCGF treatment. Finely ground corn was processed
through a hammer mill (6.4-mm screen) at the Univer-
sity of Nebraska research feed mill (Mead, NE). High-
moisture corn was harvested at approximately 29%
moisture, processed through a roller mill (coarse roll
with kernels cracked), and stored in a covered concrete
bunker. In finishing diets containing WCGF, the WCGF
was included at 32% of the dietary DM and replaced
corn grain and dry supplement. The supplement (Table
2) in diets not containing WCGF included 5% soybean
meal (DM basis) as a source of ruminally degradable
natural protein to ensure sufficient metabolizable pro-
tein. Because of bunk management problems related
to the accumulation of fines, the molasses level in the
FGC diet was increased to 6% (DM basis) on d 87 with
the additional molasses replacing FGC.

Steers were weighed initially on two consecutive days
after being limit-fed a 50% alfalfa hay:50% wet corn
gluten feed diet at 2% (DM basis) of BW for 5 d to
minimize gut fill differences. Steers were implanted
with Synovex-S (20 mg of estradiol benzoate and 200
mg of progesterone; Ft. Dodge Animal Health, Overland
Park, KS) on d 1 and reimplanted with Synovex-Plus
(28 mg of estradiol benzoate and 200 mg of trenbolone
acetate; Ft. Dodge Animal Health) on d 87. Hot carcass
weights were collected at the time of slaughter, whereas
other carcass traits were collected following a 24-h chill.
Marbling scores and yield grades were determined by
a USDA grader, whereas 12th-rib fat thickness and
longissimus muscle area were recorded by university
personnel. Final weights were calculated using hot car-
cass weights adjusted to a common dressing percent
(63%).

Weekly samples of DRC, SFC, FGC, HMC, WC,
WCGF, and alfalfa hay were composited, analyzed for
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Table 2. Composition of supplements used in Trials 1 and 2 (DM basis)

Trial 1 Trial 2

Ingredient Corna WCGFb Corna WCGFc

Soybean meal 62.90 — 49.99 21.20
Fine ground corn — 58.64 2.87 33.18
Limestone 17.19 29.06 19.39 27.92
Urea 11.27 — 16.64 5.40
Salt 3.77 6.00 4.29 6.00
Ammonium chloride 3.14 5.00 3.57 5.00
Dicalcium phosphate 0.92 — 1.63 —
Potassium chloride — — — 0.69
Trace mineral premixd 0.25 0.40 0.29 0.40
Rumensin premixe 0.21 0.34 0.24 0.34
Vitamin premixf 0.19 0.30 0.21 0.30
Tylan premixg 0.16 0.26 0.19 0.26

aCorn = diets containing only corn grain.
bWCGF = diets containing corn grain and 32% wet corn gluten feed.
cWCGF = diets containing corn grain and 22% wet corn gluten feed.
dContained 10% Mg, 6% Zn, 4.5% Fe, 2% Mn, 0.5% Cu, 0.3% I, and 0.05% Co.
eContained 176 g of monensin per kg of premix (Elanco Animal Health, Greenfield, IN).
fContained 15,000 IU of vitamin A, 3,000 IU of vitamin D, and 3.75 IU of vitamin E/g of premix.
gContained 88 g of tylosin/kg of premix (Elanco Animal Health).

DM by drying in a 60°C oven for 48 h, ground to pass
a 0.85-mm screen, and analyzed for N using a combus-
tion N analyzer (Perkin-Elmer, model PE 2410 Series
II, Norwalk, CT). Crude protein values for other dietary
ingredients were based on NRC (1996) tabular values.
Values for Ca, P, K, and S were based on NRC (1996)
tabular values. Net energy for gain of each diet was
calculated from performance using the iterative proce-
dure outlined by Zinn (1987). In DRC and SFC diets
without WCGF, NEgvalues were calculated from perfor-
mance by difference for DRC and SFC, with tabular
NEg values (NRC, 1996) assumed for ingredients other
than DRC and SFC. The following formula was used:
NEg [DRC or SFC] = (NEg [Diet] − NEg [dietary ingredi-
ents other than DRC or SFC])/% DRC or SFC in the
diet. The calculated NEg values for DRC and SFC then
were used to allow calculation of the NEg value for
WCGF when fed in combination with either DRC or
SFC. The following formula was used: NEg [WCGF]
= (NEg [Diet] − NEg [dietary ingredients other than
WCGF])/% WCGF in the diet.

On d 170, two fecal grab samples were taken from
fresh feces available on the pen surface from two pens
receiving each treatment for fecal starch analysis. Fecal
samples were analyzed for DM by drying in a 60°C oven
for 48 h and analyzed in triplicate for starch content
using enzymatic hydrolysis and glucose oxidase (Mur-
phy et al., 1994). Laboratory DM of fecal samples was
determined by drying in a 100°C oven for 12 h.

Trial 2

Two hundred eighty-eight English × Continental
yearling steers (382 ± 26 kg initial BW) of mixed origin
and purchased through sale barns were stratified by
weight and assigned randomly to 1 of 24 pens (12 steers/
pen) similar to Trial 1. Each pen (four pens/treatment)

was assigned randomly to one of six dietary treatments.
Treatments were finishing diets (Table 3) that con-
tained the following: 1) DRC without; or 2) with WCGF;
3) SFC without; or 4) with WCGF; 5) finely rolled corn
with WCGF; and 6) high-moisture corn with WCGF.

Processing procedures and sources of both SFC and
HMC were the same as in Trial 1. Finely rolled corn
was processed through a roller mill, with rolls set as
close as possible. The WCGF used in Trial 2 was from
the same source as that used in Trial 1 and was included
at 22% of the dietary DM, replacing corn grain and dry
supplement. The level of WCGF was reduced in Trial
2 because it was believed that the lower level more
closely approximated the level being utilized in the com-
mercial cattle feeding industry. Supplemental protein
(Table 2) in all finishing diets was supplied with urea
and soybean meal in a 60:40 ratio (CP basis). Steers
were implanted with Synovex-Plus on d 28. Weighing
and slaughter procedures and calculations of final
weights, CP, Ca, P, K, and S concentrations and NEg

of each diet were the same as in Trial 1.

Particle Size Analysis

Samples of corn grain from each of the processing
methods used in Trials 1 and 2 were taken weekly,
dried in a 60°C oven and composited for particle size
analysis (ASAE, 1969). Samples were measured in trip-
licate to determine corn particle size distribution, geo-
metric mean diameter, and geometric standard devia-
tion for each processing method.

Statistical Analyses and Animal Care

Animal care and procedures used in Trial 1 and Trial
2 were approved by the University of Nebraska Insti-
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Table 3. Composition of finishing diets in Trial 2 (DM basis)

Treatmenta

DRC SFC FRC HMC
Item DRC WCGF SFCb WCGF WCGF WCGF

Ingredient, %
DRC 82.50 62.50 — — — —
FRC — — — — 62.50 —
HMC — — — — — 62.50
SFC — — 84.50 62.50 — —
WCGF — 22.00 — 22.00 22.00 22.00
Alfalfa hay 7.50 7.50 7.50 7.50 7.50 7.50
Molasses 3.00 3.00 3.00 3.00 3.00 3.00
Dry supplement 7.00 5.00 5.00 5.00 5.00 5.00

Nutrient composition, %
CP 14.6 14.1 13.3 14.2 14.1 14.7
Ca 0.73 0.72 0.57 0.72 0.72 0.75
P 0.32 0.44 0.32 0.44 0.44 0.41
K 0.71 0.90 0.70 0.90 0.90 1.03
S 0.18 0.24 0.17 0.24 0.24 0.25

aDRC = dry-rolled corn; FRC = finely rolled corn; HMC = high-moisture corn; SFC = steam-flaked corn;
WCGF = wet corn gluten feed.

bA feed delivery error resulted in only 5% supplement being fed. The amount should have been 7%;
therefore, vitamins, minerals, feed additives, and supplemental protein were underfed by 28.6%.

tute for Animal Care and Use Committee (IACUC #98-
04-021).

Trial 1 and Trial 2. Performance, carcass, and fecal
starch data from Trial 1 were analyzed as a completely
randomized design experiment with the MIXED proce-
dure of SAS (SAS Inst. Inc., Cary, NC). Treatment
means were separated using a Bonferroni t-test and
the LSMEANS statement and PDIFF option of SAS
when protected by an F-value of P < 0.05. In both analy-
ses of variance for performance and carcass data, pen
was the experimental unit and treatment was included
as the model effect. For fecal starch data in Trial 1,
sample was the experimental unit and treatment was
included as the model effect. Percentage of carcasses
grading USDA Choice or higher was analyzed using
chi-squared analysis and FREQ procedures of SAS. In-
dividual carcass was used as the experimental unit for
USDA quality grade with carcasses assigned quality
grade based on marbling score.

Particle Size Analyses. Particle size data were ana-
lyzed using the MIXED procedure of SAS for a com-
pletely randomized design. Treatment means were sep-
arated using the LSMEANS statement and PDIFF op-
tion of SAS when protected by an F-value of P < 0.05.
Laboratory replicate was the experimental unit and
treatment was included as the model effect.

Results

Particle Size Analysis

Corn particle size distribution, geometric mean diam-
eter, and geometric standard deviation for each pro-
cessing method are presented in Table 4. The geometric
mean diameter of WC was higher (P < 0.001) than all
other treatments. Likewise, the geometric mean diame-

ter of FGC was lower (P < 0.001) than all other treat-
ments. The geometric mean diameter of DRC was
higher (P < 0.001) than SFC, FRC, and HMC, whereas
the geometric mean diameter of SFC was similar to
FRC and higher (P < 0.09) than HMC. The geometric
mean diameter of FRC and HMC were similar. The
geometric standard deviation for FGC was higher (P <
0.001) than all other treatments. The geometric stan-
dard deviation for SFC and HMC were intermediate
and higher (P < 0.001) than FRC, DRC, and WC. The
geometric standard deviation for FRC and DRC were
similar and higher (P < 0.001) than WC.

Trial 1

Steers fed WC + WCGF consumed 14% more (P <
0.10) feed daily than the average of all other treatments
(Table 5). Similarly, steers fed DRC + WCGF consumed
9% more (P < 0.10) feed daily than steers receiving
treatments other than WC + WCGF. Steers fed SFC +
WCGF, FGC + WCGF, and HMC + WCGF consumed
quantities of DM similar to each other but greater (P
< 0.10) than steers fed DRC, SFC, and SFC + DRC.

Daily gains of steers fed DRC were reduced (P < 0.10)
9.3%, on average, compared with all other treatments
(Table 5). Daily gains among steers fed DRC + WCGF,
SFC + WCGF, FGC + WCGF, HMC + WCGF, and WC
+ WCGF were similar and averaged 1.89 kg/d. Steers
fed SFC or SFC + DRC gained similarly but at a slower
(P < 0.10) rate than steers fed SFC + WCGF. On aver-
age, steers fed WCGF with DRC or SFC gained 8%
faster than steers SFC or DRC alone.

Feed efficiency was 11% poorer (P < 0.10) in steers
fed WC + WCGF compared with the average of all other
treatments (Table 5). Similarly, feed efficiency was 9%
poorer (P < 0.10) in steers fed DRC + WCGF compared
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Table 4. Particle size distribution, geometric mean diameter, and geometric mean
diameter standard deviation of processed corn grain fed in Trials 1 and 2

Grain sourcea

Item WC DRC SFC FRC HMC FGC SEM

Particle size distribution, %b

Screen size, �m
4,750 99.4e 53.5g 60.5f 27.9h 49.4g 0.0i 2.3
3,350 0.5i 40.7f 18.3h 54.1e 27.2g 1.3i 1.2
1,700 0.1i 5.0h 13.2fg 15.9e 14.4ef 12.7g 0.6
1,410 0.0h 0.3h 1.5f 0.9g 1.4f 6.3e 0.2
1,180 0.0h 0.1h 1.0f 0.4g 1.2f 8.0e 0.1
850 0.0g 0.1g 1.4f 0.3g 1.5f 15.7e 0.4
600 0.0g 0.1g 1.0f 0.0g 1.1f 14.2e 0.3
<600 0.0g 0.1g 3.1f 0.4g 3.7f 41.7e 0.4

GMD, �mc 5,511e 4,619f 3,991g 3,977g 3,760h 715i 90
GSDd 1.0h 1.7g 2.7f 1.7g 2.7f 5.8e 0.1

aWC = whole corn; DRC = dry-rolled corn; SFC = steam-flaked corn; FRC = finely-rolled corn; HMC =
high-moisture corn; FGC = finely ground corn.

bPercentage of sample (DM basis) remaining on screen.
cGMD = geometric mean diameter.
dGSD = geometric standard deviation.
e,f,g,h,iMeans within a row without a common superscript letter differ (P < 0.10).

with the average of treatments other than WC + WCGF.
Gain:feed was greater (P < 0.10) in steers fed SFC and
SFC + WCGF than in steers fed DRC, DRC + WCGF,
and FGC + WCGF. Gain:feed was similar in steers fed
SFC, SFC + WCGF, SFC + DRC, and HMC + WCGF
and in steers fed DRC, SFC + DRC, FGC + WCGF, and
HMC + WCGF.

Dietary NEg was 12% lower (P < 0.10) in steers fed
WC + WCGF compared with the average of all other
treatments (Table 5). Likewise, dietary NEg was 9%
lower (P < 0.10) in steers fed DRC + WCGF compared

Table 5. Effects of grain processing method and wet corn gluten feed inclusion in finishing diets
on performance, carcass characteristics, and fecal starch (Trial 1)

Treatmenta

DRC SFC SFC FGC HMC WC
Item DRC WCGF SFC WCGF DRC WCGF WCGF WCGF SEM

Number of pens 4 4 4 4 4 4 4 4 —
Days on feed 170 170 170 170 170 170 170 170 —
Initial wt, kg 303 302 302 304 303 303 303 303 1
Final wt, kg 599d 626c 607de 629c 609d 622c 620c 624c 4
DMI, kg/d 9.4f 10.6d 9.3f 10.0e 9.5f 10.1e 9.9e 11.2c 0.1
ADG, kg 1.74e 1.91c 1.80d 1.92c 1.80d 1.88c 1.87c 1.89c 0.02
Gain:feed 0.186d 0.180e 0.194c 0.192c 0.190cd 0.187d 0.189cd 0.168f 0.002
Diet NEg, Mcal/kg 1.52e 1.45f 1.58c 1.56cd 1.55cde 1.52e 1.54de 1.35g 0.02

Hot carcass wt, kg 377e 395c 383d 396c 383d 392c 391c 393c 2
Marbling scoreb 525 559 528 552 519 532 537 549 12
Choice, % 74.7 70.0 67.5 80.0 61.7 71.7 68.1 68.3 9.0
Yield grade 2.7 2.9 2.9 2.9 2.8 2.8 3.0 2.8 0.1
Fat thickness, cm 1.47 1.49 1.48 1.52 1.45 1.50 1.61 1.54 0.05
Longissimus area, cm2 85.8 86.0 85.7 86.9 85.9 87.4 86.8 87.0 1.1
Fecal starch, % 16.3d 14.5de 5.0f 3.3f 15.1de 7.1ef 5.9f 30.5c 3.6

aDRC = dry-rolled corn; FGC = finely ground corn; HMC = high-moisture corn; SFC = steam-flaked corn; WC = whole corn; WCGF = wet
corn gluten feed.

bMarbling score: 500 = small; 600 = modest.
c,d,e,f,gMeans within a row without a common superscript letter differ (P < 0.10).

with the average of steers receiving treatments other
than WC + WCGF. Dietary NEg in steers fed SFC was
similar to that of steers fed SFC + WCGF and SFC +
DRC and greater (P < 0.10) than that of steers fed DRC,
FGC + WCGF, and HMC + WCGF. Dietary NEg was
similar among steers fed SFC + WCGF, SFC + DRC,
and HMC + WCGF and among steers fed DRC, SFC +
DRC, FGC + WCGF, HMC + WCGF.

Hot carcass weights for steers fed DRC were 13 kg
lighter (P < 0.10) compared with the average of all other
treatments (Table 5). Averaging 393 kg, steers fed DRC

  

http://jas.fass.org


Wet corn gluten feed and corn processing method 3187

Table 6. Effects of grain processing method and wet corn gluten feed inclusion in
finishing diets on performance and carcass characteristics (Trial 2)

Treatmenta

DRC SFC FRC HMC
Item DRC WCGF SFC WCGF WCGF WCGF SEM

Number of pens 4 4 4 4 4 4 —
Days on feed, d 117 117 117 117 117 117 —
Initial wt, kg 379 383 383 384 382 385 2
Final wt, kg 573e 594d 597d 608c 591d 598d 4

DMI, kg/d 10.0e 11.0c 10.1e 10.6d 11.0c 10.9cd 0.1
ADG, kg 1.66e 1.81d 1.83d 1.92c 1.79d 1.82d 0.03
Gain:feed 0.166d 0.164d 0.180c 0.181c 0.162d 0.167d 0.002
Diet NEg, Mcal/kg 1.42d 1.39de 1.53c 1.53c 1.37e 1.42d 0.02

Hot carcass wt, kg 361e 375d 376d 383c 373d 377cd 2
Marbling scoreb 488 513 496 516 503 516 9
Choice, % 47.5 55.8 54.9 60.4 61.4 60.4 7.3
Yield grade 2.0e 2.4cd 2.3d 2.6c 2.3d 2.4cd 0.1
Fat thickness, cm 1.10e 1.22de 1.28d 1.41c 1.26d 1.33cd 0.05
Longissimus area, cm2 89.2 90.1 93.0 91.1 90.8 90.7 1.0

aDRC = dry-rolled corn; FRC = finely rolled corn; HMC = high-moisture corn; SFC = steam-flaked corn;
WCGF = wet corn gluten feed.

bMarbling score: 500 = small; 600 = modest.
c,d,eMeans within a row without a common superscript letter differ (P < 0.10).

+ WCGF, SFC + WCGF, FGC + WCGF, HMC + WCGF,
and WC + WCGF had hot carcass weights that were
similar to each other but heavier than steers fed SFC or
SFC + WCGF. No statistical differences were observed
among treatments for marbling score, USDA yield
grade, 12th-rib fat thickness, or longissimus muscle
area. The averages across treatments were a marbling
score of 538, a USDA yield grade of 2.9, with 1.51 cm
of 12th-rib fat, and an 86.4-cm2 longissimus muscle
area. Based on chi-squared analysis, no differences (P
> 0.50) were detected in carcasses grading USDA Choice
across treatments, averaging 69%.

Fecal starch values were greater (P < 0.10) in steers
fed WC + WCGF compared with all other treatments.
Steers fed DRC had greater (P < 0.10) fecal starch val-
ues than steers fed SFC, SFC + WCGF, FGC + WCGF,
or HMC + WCGF. Fecal starch values were similar
among steers fed DRC, DRC + WCGF, and SFC + DRC.
Steers fed DRC + WCGF and SFC + DRC had greater
(P < 0.10) fecal starch values than steers fed SFC, SFC
+ WCGF, or HMC + WCGF. Fecal starch values were
similar among steers fed SFC, SFC + WCGF, FGC +
WCGF and HMC + WCGF.

Trial 2

Steers fed DRC + WCGF, FRC + WCGF, and HMC
+ WCGF consumed similar amounts of feed and aver-
aged 11 kg/d (Table 6). Steers fed DRC + WCGF or FRC
+ WCGF consumed 10, 9, or 4% more (P < 0.10) DM,
respectively, than steers fed DRC, SFC, or SFC +
WCGF. On average, steers fed SFC + WCGF or HMC
+ WCGF consumed 7% more (P < 0.10) DM than steers
fed DRC or SFC. Steers fed DRC or SFC consumed
similar quantities of DM.

Daily gains were increased (P < 0.10) 8% in steers
fed SFC + WCGF compared with the average of all other
treatments (Table 6). Daily gains among steers fed DRC
+ WCGF, SFC, FRC + WCGF, and HMC + WCGF were
similar. Daily gains were decreased (P < 0.10) 9.5%
in steers fed DRC compared with the average of all
other treatments.

Feed efficiency was greater (P < 0.10) in steers fed
SFC or SFC + WCGF compared with each of the other
treatments (Table 6). The improvement in feed effi-
ciency in steers fed SFC or SFC + WCGF was approxi-
mately 10% compared with the average of the other
treatments. Steers fed DRC, DRC + WCGF, FRC +
WCGF, and HMC + WCGF exhibited similar feed effi-
ciency.

Dietary NEg was 9% greater (P < 0.10) in steers fed
SFC or SFC + WCGF compared with all other treat-
ments (Table 6). Dietary NEg in steers fed DRC or HMC
+ WCGF was similar to that of steers fed DRC + WCGF
and greater (P < 0.10) than that of steers fed FRC +
WCGF. Steers fed DRC + WCGF or FRC + WCGF had
similar dietary NEg.

Hot carcass weights in steers fed SFC + WCGF were
similar to those of steers fed HMC + WCGF and were
approximately 12 kg heavier (P < 0.10) than the average
of steers fed DRC, DRC + WCGF, SFC, and FRC +
WCGF. Hot carcass weights among steers fed DRC +
WCGF, SFC, FRC + WCGF, and HMC + WCGF were
similar. Hot carcass weights of steers fed DRC were
approximately 16 kg lighter (P < 0.10) compared with
hot carcass weights of all other treatments. Steers fed
SFC + WCGF had higher (P < 0.10) yield grades than
steers fed DRC, SFC, or FRC + WCGF. Steers fed DRC
+ WCGF, SFC, FRC + WCGF, and HMC + WCGF had
similar yield grades. Steers fed DRC had lower (P <
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0.10) yield grades than all other treatments. Steers
fed SFC + WCGF had greater (P < 0.10) 12th-rib fat
thickness compared with all other treatments except
HMC + WCGF. Steers fed DRC + WCGF, SFC, FRC +
WCGF, and HMC + WCGF had similar fat thickness.
Steers fed DRC had lower (P < 0.10) 12th-rib fat thick-
ness compared with all other treatments except DRC
+ WCGF. Marbling scores and longissimus muscle area
were not statistically different among treatments. The
averages across treatments were 505 and 90.8 cm2 for
marbling score and longissimus muscle area, respec-
tively. Based on chi-squared analysis, no differences
were observed across treatments (P > 0.74) with an
average of 56.9% grading USDA Choice or better.

Discussion

The geometric mean diameter of WC fed in Trial 1
is comparable to that of WC fed by Secrist et al. (1996a)
and Turgeon et al. (1983), who reported geometric mean
diameters for WC of 5,700 and 5,977 �m, respectively.
The geometric mean diameter of FGC fed in Trial 1
was similar to Turgeon et al. (1983), who reported a
geometric mean diameter for FGC of 734 �m. The geo-
metric mean diameter of both FRC (Trial 2) and HMC
(Trials 1 and 2) fed to steers was greater than that fed
by Secrist et al. (1996a,b), who reported values of 1,550
�m and 2,120 �m for FRC and coarsely rolled HMC,
respectively. However, the FRC and HMC fed in the
experiments of Secrist et al. (1996a,b) were processed
through a double-roller mill, whereas the corn in Trials
1 and 2 was processed through a single-roller mill.

Theurer (1999) and Owens et al. (1997) reported that
cattle fed SFC finishing diets could be expected to con-
sume 8 and 11.6% less feed, respectively, than cattle
fed DRC finishing diets. In contrast, feeding SFC re-
sulted in similar DMI compared with feeding DRC in
both Trials 1 and 2. In fact, DMI was numerically in-
creased by feeding SFC compared with DRC in Trial 2.
In both Trials 1 and 2, steers fed SFC gained signifi-
cantly faster than steers fed DRC. Theurer (1999) re-
ported that cattle fed SFC finishing diets could be ex-
pected to have numerically greater ADG (2%) than cat-
tle fed DRC finishing diets. In contrast, Owens et al.
(1997) suggested that feeding SFC resulted in a 1.4%
decrease in ADG. Both Theurer (1999) and Owens et
al. (1997) reported that feeding SFC-based finishing
diets improved feed conversion, which is in agreement
with the results of both Trials 1 and 2.

Addition of WCGF to diets containing DRC or SFC
increased DMI in both Trials 1 and 2 compared with
diets containing DRC or SFC without WCGF. Likewise,
addition of WCGF to diets containing DRC or SFC in-
creased ADG when compared with feeding DRC or SFC
alone. Increased DMI and improved ADG are consistent
with previously observed performance responses when
feeding WCGF (Stock et al., 2000).

In Trial 1, feed efficiency was 3.2% poorer for steers
fed DRC + WCGF than for steers fed DRC without

WCGF, whereas in Trial 2 feed efficiency was similar in
steers fed DRC with or without WCGF. Feed efficiency
among steers fed SFC with or without WCGF was simi-
lar in both Trials 1 and 2. In contrast, Stock et al. (2000)
summarized five finishing trials and suggested that
finishing diets that contained an average of 34.8%
WCGF resulted in a 5.1% improvement in feed effi-
ciency. However, in support of the decreased feed effi-
ciency response observed in this study, Scott et al.
(2001) observed a 4.8% improvement in feed efficiency
with DRC control diet vs. a DRC diet containing 35%
WCGF.

A portion of the improvement in feed efficiency when
feeding WCGF in DRC finishing diets has been attrib-
uted to a reduction in subacute acidosis (Krehbiel et
al., 1995). Our hypothesis was that when subacute aci-
dosis is controlled, increased processing of corn grain
would increase starch availability and feed efficiency.
However, if acidosis occurs, the improvement in feed
efficiency response to increased processing of corn grain
would not be expected to be as great. Thus, corn-based
finishing diets that contain WCGF might allow corn
grain to be more extensively processed without increas-
ing the risk of acidosis.

In finishing diets containing WCGF, the data from
these trials indicate that, in general, efficiency was im-
proved as the degree of processing was increased. Pro-
cessing methods such as steam-flaking, high-moisture
ensiling, and fine-grinding improved feed efficiency
compared with either minimal processing methods (i.e.,
rolling) or no processing. Feeding SFC has been shown
to improve feed efficiency compared with feeding DRC
(Zinn, 1987; Barajas and Zinn, 1998; Zinn et al., 1998)
or WC (Lee et al., 1982). Feeding HMC has generally
resulted in feed efficiency similar to that observed when
feeding DRC (Owens, et al., 1997; Stock et al., 1987b)
or WC (Stock et al., 1987a). In contrast, feed efficiency
was improved in steers fed HMC + WCGF in Trial 1
when compared with steers fed DRC + WCGF or WC
+ WCGF.

Although rate of gain was not affected, feeding WC
+ WCGF increased DMI and decreased feed efficiency
compared with each of the other processing methods in
Trial 1. In contrast, Owens et al. (1997) indicated that
feeding WC resulted in DMI and feed efficiency similar
to that of steers fed SFC and reduced DMI and improved
feed efficiency compared with steers fed DRC or HMC.

In Trial 2, steers fed FRC + WCGF had feed efficiency
similar to that observed in steers fed DRC + WCGF,
which is consistent with the data of Secrist et al.
(1996a), who reported similar feed conversion between
steers fed coarsely or finely rolled corn having a geomet-
ric mean diameter of 3,100 and 1,550 �m, respectively.
In Trial 1, steers fed FGC + WCGF were more efficient
than steers fed DRC + WCGF or WC + WCGF, which
is in contrast to Turgeon et al. (1983), who reported
similar feed efficiency among steers fed DRC, FGC, or
WC. Therefore, feeding FGC may be possible in diets
containing WCGF due to more uniform diets in the
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Table 7. Net energy for gain (NEg) calculations for DRC, SFC,
and WCGF in Trials 1 and 2

Ingredienta

Item DRC WCGFb SFC WCGFc

Trial 1
NEg, Mcal/kgd 1.66 1.38 1.74 1.61
% Differencee 7.3 6.4 7.2 23.6

Trial 2
NEg, Mcal/kgd 1.55 1.33 1.66 1.65
% Differencec 0.0 2.5 2.3 27.0

aDRC = dry-rolled corn; SFC = steam-flaked corn; WCGF = wet corn gluten feed.
bFed in DRC-based finishing diet.
cFed in SFC-based finishing diet.
dNEg of ingredient calculated from animal performance by difference.
ePercent difference from NRC (1996) tabular value for DRC, SFC, or SCGF, respectively.

bunk (i.e., preventing small particles from accumulat-
ing) and a reduction of subacute acidosis associated
with faster rates of starch digestion with FGC.

During Trials 1 and 2, we observed more whole corn
kernels in the feces of steers fed WC and more whole
and large broken kernels in the feces of steers fed DRC
than those fed SFC, HMC, or finely processed corn.
Fecal starch analysis indicated that feeding SFC de-
creased fecal starch compared with feeding WC or DRC.
These results are consistent with previous research re-
sults in which fecal starch values were decreased with
SFC vs. DRC (Barajas and Zinn, 1998) and SFC vs. WC
(Lee, et al., 1982). Also, fecal starch tended (P < 0.11)
to be reduced in steers fed FGC + WCGF and was re-
duced (P < 0.08) in steers fed HMC + WCGF compared
with DRC + WCGF The differences in fecal starch when
feeding DRC + WCGF compared with FGC + WCGF
and HMC + WCGF indicate that fecal starch could be
reduced by finely grinding or high-moisture ensiling
corn when compared with dry-rolling. Because fine
grinding and high-moisture ensiling increase the rate
of starch digestion (Huntington, 1997), inclusion of
WCGF in these diets may minimize challenges associ-
ated with more rapid rates of starch digestion. Passage
rate has been shown to increase with the addition of
WCGF to corn-based finishing diets (Montgomery et al.,
2001). Thus, when corn is less extensively processed,
feeding WCGF may increase rate of passage such that
starch digestion of the large grain particles is reduced.
A reduction in starch digestion would presumably de-
crease feed efficiency despite similar ADG. Based on
animal performance, the NEg calculated for WCGF (Ta-
ble 7) was 16.7 and 24.1% greater in steers fed SFC-
based finishing diets than in steers fed DRC-based fin-
ishing diets in Trials 1 and 2, respectively. The greater
NEg estimates for WCGF in SFC- vs. DRC-based finish-
ing diets supports the hypothesis that more extensively
processing corn can serve to further improve feed effi-
ciency in corn-based finishing diets that contain
WCGF.

Implications

These results indicate that feeding steam-flaked corn
results in improved feed efficiency with or without the
inclusion of wet corn gluten feed compared with feeding
dry-rolled corn. These data also indicate that grain pro-
cessing methods that are more intensive than dry-roll-
ing can be used to further improve feed efficiency and
dietary net energy available for gain in finishing diets
containing wet corn gluten feed.
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