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in the Diet of Lactating Dairy Cows

J. W. Schroeder

Department of Animal and Range Sciences,
North Dakota State University, Fargo 58105-5053

ABSTRACT

Twenty-four multiparous Holstein cows averaging
566 + 43 kg of body weight and 83 + 49 d in lactation
were assigned to treatments stratified by age, days in
milk, and milk yield to evaluate the effects of feeding
increasing levels of wet corn gluten feed (WCGF) on
lactational performance and milk composition. Com-
plete diets containing 0, 15, 30, or 45% of the total
ration dry matter (DM) as WCGF were formulated to
be 17.2% crude protein and 1.72 Mcal of NE1, per kilo-
gram of DM, and fed twice daily to individual cows in
Calan gates for 15 wk. All diets had a positive metabo-
lizable protein balance. WCGF did not alter DM intake,
but feed intake variance tended to be more consistent
among cows fed 15 and 30% WCGF (DM basis). Weight
gain was numerically greatest for those cows receiving
45% WCGF. Efficiency of energy and protein utilization
was not different among treatments. Milk components
of fat, protein, and casein were not different among
treatments. Milk urea nitrogen was greater for cows
on WCGF. Serum urea nitrogen was greatest in cows
fed diets containing 15 and 45% WCGF. Serum insulin
was lowest in the groups receiving 30 and 45% WCGF,
but serum glucose and total protein were unaffected.
The concentration of the ruminal volatile fatty acid,
valerate, was greater in cows on the WCGF diet and
highest in cows fed 30% WCGF. Ruminal ammonia was
greatest in cows receiving 30% WCGF. It was estimated
that 18.6% of the dietary DM fed as WCGF as a replace-
ment for both portions of the concentrate and the forage
in similar diets would have maximized milk yield with-
out negatively affecting milk composition or feed effi-
ciency.

(Key words: wet corn gluten feed, ruminant, milk yield
and composition, dairy cow)
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= milk urea nitrogen, WCGF = wet corn gluten feed.
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INTRODUCTION

Wet corn gluten feed (WCGF) is a relatively high-
fiber, medium-energy, medium-CP byproduct of the
corn wet milling industry. This milling of corn results
in byproducts that are excellent feedstuffs for dairy
cattle (corn gluten meal, corn gluten feed, corn steep
liquor, and corn bran). After the initial wet milling
process, the bran is typically mixed with the steep liquor
(condensed via centrifugation) in a ratio of about two
parts bran plus one part condensed liquor to yield
WCGF. This product contains about 40 to 45% DM and
is often flash-dried to about 90% DM for dry corn gluten
feed. Although WCGF has a nutritional advantage over
the dried form, handling limits its appeal to many pro-
ducers due to its limited shelf life (Droppo et al., 1985;
Schroeder et al., 1998), thus offering a cost benefit to
producers near a wet milling plant. The energy value
of WCGF is 92 to 95% of the energy value of whole
shelled corn (Firkins et al., 1985). However, variation
in nutrient content of WCGF must be recognized. In a
Tennessee study (Bernard and McNeill, 1991), consid-
erable variation from a sole supplier was noted, requir-
ing users to monitor WCGF composition.

With greater availability of WCGF to the Northern
Great Plains area, questions from regional dairy pro-
ducers regarding utilization of this byproduct have in-
creased. The objectives of this research were to evaluate
the effects of increasing levels of WCGF, when used to
replace a portion of forage and barley grain on lactation
performance, milk composition, blood metabolites, and
rumen fermentation of multiparous, lactating Hol-
stein cows.

MATERIALS AND METHODS
Experimental Design

Twenty-four multiparous Holstein cows averaging
566 + 43 kg of BW and 83 + 49 DIM were assigned to
a completely randomized design for 15 wk at the North
Dakota State University Dairy Research Center. Cows
were stratified across treatments by age, DIM, and milk
yield. TMR containing 0, 15, 30, or 45% of the total
dietary DM as WCGF (estimated to contain 1.92 Mcal
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Table 1. Ingredients and chemical composition of experimental rations to provide increasing levels of wet
corn gluten feed (WCGF) to multiparous lactating Holstein cows.

WCGF

Item 0 15 30 45

Ingredients! % DM
WCGF 0.0 15.0 30.0 45.0
Corn silage 28.3 25.0 21.9 18.7
Alfalfa haylage 16.5 14.7 12.8 10.9
Sunflower seed 8.4 6.4 4.4 2.3
Barley? 15.5 12.6 9.8 6.9
Soybean meal? 15.7 12.0 8.1 4.4
Beet pulp, dried? 11.3 10.0 8.7 7.5
Dicalcium phosphate? 1.2 0.9 0.6 0.2
Limestone? 0.5 0.8 1.1 1.5
Micronutrients and additives? 2.6 2.6 2.6 2.6

Chemical analysis
DM, % 58.7 56.4 53.2 51.6
CP 16.7 18.1 18.1 18.7
Lipid 3.4 3.6 3.4 3.6
ADF 27.5 25.6 20.9 21.0
NDF 45.2 44.6 42.8 42.2
Calcium 1.03 0.93 1.15 1.04
Phosphorus 0.53 0.66 0.70 0.77
Ash 9.51 9.36 10.59 10.82

Forage-to-concentrate ratio = 40:60. Calculated NE, values were 1.64, 1.59, 1.59, 1.57 Mcal/Kg for 0, 15,

30, 45% DM WCGF diets, respectively.

?Barley, soybean meal, dried beet pulp, dicalcium phosphate, limestone, micronutrients, and additives
were premixed and pelleted for each diet. Micronutrients and additives consisted of 1% trace mineralized
salt, 1% sodium bicarbonate, 0.29% magnesium oxide, 0.02% zinc methionine (Zinpro Corp., Eden Prairie,
MN), and 0.29% vitamin A (8,818,400 IU/kg), D (1,763,680 IU/kg), and E (2205 IU/kg) premix.

NE per kg of DM) were formulated to be isonitrogenous
(17.2% CP) and isocaloric (1.72 Mcal NE;, per kg of DM),
with 25% NDF, 0.86% Ca, and 0.55% P. The TMR were
fed twice daily in amounts to ensure a 5 to 10% weigh
back, with intake recorded daily using an electronic
feeding gate system (American Calan, Northwood, NH).
Samples from each load of WCGF were analyzed for
nutrient and DM content upon arrival and, when neces-
sary, ration adjustments were made based on composi-
tional changes. Individual feeds were sampled and ana-
lyzed before the experiment, and diets were formulated
as listed in Table 1. Cows were housed and handled
under conditions described in animal and use protocols
approved by the Institutional Animal and Care and
Use Committee.

Feed Processing

Barley, soybean meal, beet pulp, and premixed ingre-
dients (vitamins and minerals) were incorporated into
a 9.5-mm pellet processed in a California Pellet Mill,
Hy-Flow Model (Crawfordsville, IN). Meal was condi-
tioned using low-pressure steam (103 kPa) to achieve
68 to 71°C before pellet pressing. Retention time for
meal conditioning was approximately 9 to 10 s at an
estimated 16 to 17% moisture.

Sample Collection and Analyses

Milk, blood, and ruminal fluid samples were collected
during a 2-wk initialization period before the onset of
the experiment. Daily production measures were as-
sessed by monitoring total dietary DMI and milk yield
of each cow. Cows were weighed for 3 consecutive days,
and the weights were averaged. A BCS (Wildman et
al., 1982) was assigned at the beginning and at the end
of the 15-wk experiment. The diets were sampled before
the beginning of the feeding trial and every 5 wk. Indi-
vidual feed refusals, weighing approximately 1 kg/d per
cow, were also sampled during a consecutive 3-d period
of wk 5. The 3-d composite was subsampled for each of
the experimental units (cow) for analysis. Individual
feed components, TMR, and feed refusals were analyzed
for DM, CP, ether extract, ash, Ca, and P according
AOAC (1990) procedures. The ADF and NDF were de-
termined by methods of Van Soest et al. (1991).

Milk, blood, and ruminal fluid samples were collected
on the same 5-wk schedule. Milk samples were taken
from four consecutive milkings and composited; milk
was analyzed for CP (Kjeldahl), CN, fat (Babcock), and
TS using standard AOAC (1990) procedures. Milk urea
nitrogen (MUN) was determined using procedures de-
scribed by Roseler et al. (1993) and a commercial kit
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(procedure 535; Sigma, St. Louis, MO). Cows were
milked twice daily, and milk weights were recorded
daily. Blood samples were withdrawn via coccygeal vein
3 h postfeeding, centrifuged (1500 x g) at 4°C for 20
min, and serum was decanted and stored at —20°C until
subsequent analysis. Serum was analyzed for glucose
(procedure 510; Sigma), insulin (CAC radioimmunoas-
say kit; Diagnostic Products Corporation, Los Angeles,
CA), total protein (Biuret method [Oser, 1965]), and
urea N (procedure 640; Sigma). Ruminal fluid was ex-
tracted 3 h postfeeding via stomach pump, and samples
were transported to the laboratory on ice. After de-
termining pH, ruminal fluid was acidified using meta-
phosphoric acid (25%, wt/vol) according to Erwin et al.
(1961) and frozen until further analysis. Ammonia was
determined by a colorimetric procedure (modified proce-
dure 640; Sigma), and ruminal fluid was analyzed by
GLC (Shimadzu Scientific Instruments, Columbia, MD)
for VFA (Goetsch and Galyean, 1983) using 2-ethyl bu-
tyric acid as an internal standard. Analysis was per-
formed on a 30 m x 0.32 mm x 0.3 Fm Superox-FA
column (Alltech Assoc., Deerfield, IL) and under the
following conditions: injector temperature = 180°C,
oven temperature = 145°C, and carrier gas = N at
103 kPa.

Statistical Methods

ANOVA was conducted using SAS (1991) as a com-
pletely randomized design (Damon and Harvey, 1987).
The MIXED procedure (Littell et al., 1996) was used
for analysis of data. Means were separated when the
F-test indicated significant treatment effects (P < 0.05).
To compensate for unequal subclass numbers, least
squares means and associated standard errors of the
means were conducted using least significant difference
(SAS, 1991). Pretrial data for each measure was ini-
tially used as a covariant, but not warranted (P > 0.30),
and therefore was removed from the model. Cow was
the experimental unit which was tested using the fixed
effect terms of treatment, period, and treatment by pe-
riod, where n = 5 for treatment 0 and n = 6 for treat-
ments 15, 30, and 45. The random effects error term of
cow (treatment) was used for all data except feed intake
variance. This variable was computed for individual
cows across days (Bauer et al., 1995) using treatment
as the error term for the model. Orthogonal polynomials
were used to test linear and quadratic responses for
increasing levels of WCGF. Regression procedure of
SAS (1991) was used to predict milk yield based on
level of WCGF'. Energetic efficiency (NRC, 2001) is ex-
pressed as Mcal/100 Mcal: energy = ((0.0929 x % milk
fat) + (0.0563 x % milk protein) + 0.192 (constant for
lactose)) x milk yield (kg/d) ) DMI (kg/d) x dietary NE,

Journal of Dairy Science Vol. 86, No. 3, 2003

J. W. Schroeder

Table 2. Chemical composition of wet corn gluten feed used in experi-
mental rations for multiparous lactating Holstein cows.

Composition % of DM*
DM 484 + 3.2
CP 219 £ 1.3
Lipid 31 +0.1
ADF 9.8 £ 0.3
NDF 277 £ 1.9
Calcium 0.04 + 0.002
Phosphorus 1.16 = 0.10
Potassium 1.83 £ 0.11
Ash 8.12 + 0.16

TAverage + SD, n = 4, where samples were from separate loads
delivered at 4-wk intervals.

(Mcal/kg), and efficiency of protein utilization = milk
protein (kg) x 100/feed CP (kg).

RESULTS AND DISCUSSION
Ration Composition

The nutrient composition of WCGF may vary greatly
among batches, 23.8 + 5.7% CP and 35.5 + 6.8% NDF
(NRC, 2001). These variations in nutrient composition,
especially CP and fiber, must be considered in diet for-
mulation. Chemical analysis of each load of WCGF or
purchasing WCGF with a guaranteed analysis may be
required, and despite a guaranteed composition, fur-
ther analysis is often warranted to accurately deter-
mine its contribution to the diets of high-producing
dairy cows. Dietary formulation and nutrient analysis
are shown in Table 1. All WCGF used in this experiment
was received from the same source and found to have
consistent composition (Table 2), even though each load
was received at 4-wk intervals. Although similar among
treatments, diets did have a higher-than-expected NDF
due to the high NDF content of corn silage (55% NDF;
Table 1). Both Ca and P were adjusted for each diet.

Feed Intake and Efficiency

Table 3 shows DMI, feed intake variance, BCS, BW
gain, and efficiency of cows fed increasing levels of
WCGF. Increasing the level of WCGF up to 45% (DM
basis) did not change DMI or intake as a percentage of
BW; however, feed intake variance (kg?d) among cows
within treatment resulted in a quadratic response (P <
0.07), where 0 and 45% WCGF-fed cows tended to have
more variable daily feed intakes. Since erratic con-
sumption at higher levels of WCGF inclusion is com-
mon, it remains important for managers to closely ex-
amine diet composition, especially for the fiber source
and its particle size (Allen and Grant, 2000). Even with
the tendency for increased daily variation, average
daily DMI was not different among treatments.
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Table 3. Least squares means for feed intake, feed efficiency, BW, and condition of multiparous lactating
Holstein cows fed increasing levels of wet corn gluten feed (WCGF).

WCGF, % DM Contrast

Item 0 15 30 45 SEM! P Linear  Quadratic
DMI

kg/d 21.9 24.4 22.4 21.9 1.3 0.40 0.71 0.22

% of BW 3.65 3.97 3.77 3.51 0.26 0.57 0.59 0.24
Intake variance, kg%d 14.7 6.1 8.8 124 3.3 0.27 0.76 0.07
Efficiency?

Energy, Mcal/100 Mcal 50.9 52.9 49.7 474 3.5 0.68 0.38 0.52

Protein, kg/100 kg 23.2 22.4 22.0 20.6 14 0.57 0.18 0.82
BCS, (1 to 5) 2.7 2.5 2.7 2.9 0.19 0.58 0.30 0.44
BW gain, kg* 29.6 46.2 45.5 62.6 10.16 0.16 0.04 0.98

Where n = 5 for 0; n = 6 for 15, 30, and 45.

2Energy (NRC, 2001) = ((0.0929 x % milk fat) + (0.0563 x % milk protein) + 0.192) x milk yield (kg/d) )
DMI (kg/d) x NEj, (Mcal/kg); protein = milk CP (kg) x 100/feed protein (kg).

31 = emaciated and 5 = obese (after 15 wk).
“BW gain (15 wk).

Cows receiving the highest level of WCGF (45% DM
basis) appeared to be gaining more BW (Table 3) as
evidenced by a positive linear (P < 0.04) relationship,
but differences were not significant. BCS was also simi-
lar among treatments over the 15-wk feeding period.
While cows fed 45% WCGF had acceptable BCS, the
added BW during late lactation could be a concern for
cows with a tendency for excess fat deposition, predis-
posing high-producing dairy cows to related metabolic
disorders. Conversely, the use of WCGF could improve
the BCS of thin cows.

Measures used to calculate energy and protein utili-
zation were not different among treatments. In con-
trast, Staples et al. (1984) and Droppo et al. (1985)
noted that greater levels of WCGF reduced energetic
efficiency. They attributed the reduction to depressed
NE, in combination with increased DMI. Efficiency of
feed utilization appeared to be at the expense of BW
gains when dried corn gluten feed was used to replace
barley as the nonfiber carbohydrate source (Schroeder
and Park, 1995). Our earlier work suggested that corn
gluten feed in the dried form may be limited to approxi-
mately 30% of the total DMI for high-producing cows.
In the present experiment, dietary NE;, calculations
(NRC, 2001) of 1.64, 1.59. 1.59, and 1.57 Mcal/kg DM
for treatments 0, 15, 30, and 45%, respectively, do not
reflect an energetic deficiency, given the similarity of
energy supplied in these diets. Energy efficiency, a func-
tion of both DMI (Table 3) and milk yield (Table 4) and
as described in NRC (2001) was not different among
treatments. Efficiency of protein utilization also was
not altered by treatment.

Milk Yield and Composition

Even though intake variation was less among cows
fed 15 and 30% WCGF, the actual milk yield, 3.5%

FCM, and SCM (Table 4) were not different for cows
fed increasing levels of WCGF. However, a quadratic
response for actual, 3.5% FCM, and SCM yield was seen
(P < 0.15, P < 0.10, and P < 0.10, respectively) with
increasing levels of WCGF. Using REG procedures of
SAS (1991), the optimum level of WCGF inclusion for
maximum milk yield from these diets was estimated
(Figure 1). The curvilinear determination predicts that
under these conditions, 18.6% of this diet as WCGF
would result in maximum milk yield (actual) of 32.4
kg/cow per day for cows of similar DIM. This agrees
with Staples et al. (1984), who fed diets containing 0,
20, 30, and 40% of DM as WCGF. They reported a
decrease in DMI and milk yield when greater than 20%
WCGTF replaced portions of the corn grain and soybean
meal in diets that contained 50% corn silage. Droppo
et al. (1985) also replaced a portion of the grain and
soybean meal with WCGF and reported decreases in
DMI and milk yield when WCGF is increased from 18.6
to 37.1% of the diet DM. However, VanBaale et al.
(2001) concluded that when WCGF is substituted for
both a portion of the forage and grain (corn) in the diet,
primiparous and multiparous cows will have increased
yield of FCM and increased DMI. Although not signifi-
cant, the present study suggests a similar pattern of
intake and milk yield when adding 15 to 30% WCGF
(DM basis) to the diet.

Milk fat and TS increased linearly (P < 0.05 and P <
0.03, respectively) with increasing levels of WCGF but
were not different among treatments (Table 4). Total
milk protein and CN were not altered. Staples et al.
(1984) found that cows fed 20% WCGF yield more milk,
with a higher fat content than that of cows fed a 0%
WCGF diet. Macleod et al. (1985) found that milk fat
increased only during late lactation, while milk protein
decreased when cows are fed high levels of WCGF
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Table 4. Least squares means for milk yield and composition of multiparous lactating Holstein cows fed

increasing levels of wet corn gluten feed (WCGF).

WCGF, % DM Contrast
Ttem 0 15 30 45 SEM! P Linear  Quadratic
Actual milk, kg/d 28.8 33.7 29.7 26.7 2.79 0.31 0.41 0.15
3.5% FCM, kg/d 26.1 31.6 29.5 26.9 2.64 0.39 0.97 0.10
SCM, kg/d 28.8 35.3 32.6 30.3 2.81 0.36 0.88 0.10
Milk fat, % 2.93 3.12 3.44 3.48 0.20 0.16 0.03 0.67
CP, % 2.93 2.99 3.00 3.13 0.10 0.53 0.19 0.68
CN, % 1.89 2.02 1.86 2.04 0.10 0.40 0.47 0.80
TS, % 11.34 11.64 11.80 12.12 0.29 0.27 0.05 0.97
Milk urea N (mg/dl) 15.37° 16.25% 16.83% 17.34* 0.44 0.02 0.01 0.66

"Where n = 5 for 0; n = 6 for 15, 30, and 45.

abeMeans within a row without common superscripts differ (P < 0.05).

(37.1%, DM basis). Boddugari et al. (1999) observed
reductions in DMI and milk protein percentage, but not
differences in milk yield and efficiency of FCM produc-
tion when WCGF replaced 50, 75, or 100% of the grain
mix in diets containing 54.3% forage. Gunderson et al.
(1988) fed 0, 10, 20, and 30% WCGF (DM basis) and
found no difference in milk yield or milk composition.
Similarly, Armentano and Dentine (1988) substituted
2.6, 5.3, or 7.9 kg of WCGF (DM basis) for 2.4, 4.7,
and 7.2 kg of concentrate DM, respectively, in diets for
lactating cows and reported no differences in milk yield
or composition among these diets. According to Allen
and Grant (2000) fiber digestion is sustained when suf-
ficient amounts of WCGF are fed, explaining why milk

Predicted Milk Yield (kg/cow per d)

0 15 30 45
Wet corn gluten feed (% DMI)

Figure 1. Predicted milk yield of multiparous lactating Holstein
cows fed increasing levels of wet corn gluten feed (WCGF). Values
are expressed as kilograms of actual milk yield least squares means
for a quadratic response, where n = 5 for 0 and n = 6 for 15, 30, and
45. Treatment r? = 0.15; Y = 29.35 + 1.352 + 0.32 + 0.139 x + (-0.009
+0.003)x2. The optimum level of dietary WCGF was calculated to be
18.6% of the DMI for a maximum milk yield of 32.3 kg/cow per d,
where x = level of WCGF (DM basis).
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fat improves. Diets formulated to complement the char-
acteristics in WCGF, rather than a single substitution
for components of either forage or grain, will increase
the likelihood of optimizing its use in a lactation regi-
men (VanBaale et al., 2001). VanBaale et al. (2001)
concluded that milk protein, fat, and SNF percentage
are unaffected by dietary level of WCGF in primiparous
cows, but milk fat is depressed in multiparous cows,
likely the result of dilution of milk fat by increased
milk yield.

WCGF is relatively low in starch (18 to 22% of DM)
and high in NDF (42% of DM), with a CP fraction that
is very degradable (65%) in the rumen (Firkins et al.,
1984). However, large proportions (40 to 60% of DM)
of WCGF appear to limit intake of lactating cows (Fel-
Iner and Belyea, 1991). Yet, in corn silage-based diets,
WCGF is equal to corn in supporting animal gains
(Kampman and Loerch, 1989). In the present experi-
ment, when substituting WCGF for portions of both
grain (barley and soybean) and forages (alfalfa and corn
silage), the differences in production responses were
less apparent.

Blood Parameters and Ruminal VFA

Serum glucose and total protein were similar among
treatments, but insulin was lower (P < 0.01) in cows
fed diets containing WCGF (Table 5). The lowest serum
insulin levels were in the cows fed 15 and 30% WCGF.
These levels responded in a quadratic fashion, first de-
creasing and then increasing (P < 0.01).

Cows on diets containing WCGF had greater (P <
0.02) concentrations of MUN (Table 4). Similarly, se-
rum urea nitrogen (Table 5) was also higher in cows
on diets containing WCGF, with the 30%-WCGF group
having the greatest (P < 0.02) levels. Both MUN and
serum urea nitrogen levels of cows from the 15%-WCGF
treatment were not different from the 0%-treatment,
and both measures increased (P < 0.01) linearly in re-
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Table 5. Least squares means for serum metabolites and ruminal VFA percentages, pH, and ammonia of multiparous lactating Holstein

cows fed increasing levels of wet corn gluten feed (WCGF).

WCGF, % DM Contrast
Ttem 0 15 30 45 SEM! P Linear Quadratic
Serum
Urea N (mg/dl) 17.53¢ 17.88b¢ 19.36% 18.882P 0.45 0.02 0.01 0.33
Insulin (xIU/ml) 19.602 12.05° 15.37° 18.042> 1.62 0.01 0.84 0.01
Glucose (mg/dl) 66.68 65.17 62.91 65.93 2.09 0.57 0.62 0.26
Total protein (g/dl) 7.72 7.60 7.33 7.33 0.21 0.43 0.13 0.77
Rumen VFA (mol/100 mol)
Acetate (A) 58.74 57.59 57.18 59.61 1.01 0.27 0.61 0.07
Propionate (P) 20.52 20.96 20.82 20.30 0.93 0.94 0.84 0.58
Butyrate 14.32 13.99 13.98 12.51 0.53 0.08 0.03 0.27
Isobutyrate 1.35 1.43 1.50 1.64 0.11 0.27 0.06 0.77
Valerate 2.79° 3.45% 4.092 3.38P 0.25 0.01 0.03 0.01
Isovalerate 2.29 2.58 2.43 2.57 0.27 0.85 0.57 0.77
Total VFA (mM) 112.522b 113.18% 127.462 93.85P 8.59 0.05 0.27 0.05
A:P ratio 2.92 2.76 2.75 2.98 0.17 0.66 0.81 0.24
pH 6.51 6.56 6.38 6.86 0.14 0.09 0.17 0.12
Ammonia (mg/dl) 10.91¢ 17.74%0 20.802 13.41%° 1.72 0.01 0.17 0.01

"Where n = 5 for 0; n = 6 for 15, 30, and 45.

ab.cMeans within a row without common superscripts differ (P < 0.05).

sponse to increasing levels (30 and 45%) of WCGF.
These results are similar to those of VanBaale et al.
(2001), who found that plasma urea N was greater in
cows fed WCGF, and the greatest (P <0.01) MUN levels
were in cows fed 27.5 and 35% WCGF.

Both MUN and blood urea N levels tend to vary
greatly, and normal values are not well established.
Although MUN target values have changed (September
1998) from 12 to 16 mg/dl to a range of 8 to 12 mg/
dl, these data were collected before that adjustment of
calibration standards for MUN analysis reported by the
National Dairy Herd Improvement Association (Kohn
et al., 2001) Using references current to data collection,
cows with MUN levels less than 10 to 12 mg/dl or more
than 16 to 18 mg/dl are reported to be losing nutrients,
which results in higher feed costs, reduced health and
reproductive performance, and lower milk production
(Linn and Olson, 1995). Given the formerly accepted
range for lactating cows, the MUN in this study in-
creased as WCGF level increased, indicative of an exces-
sive supply of RDP. Such results would support increas-
ing microbial incorporation of RDP into microbial pro-
tein, or supplementing WCGF with RUP when it is
limiting to balance protein needs. The balance for RDP,
metabolizable protein (MP), and essential AA were cal-
culated by using the NRC (2001) Computer Model Pro-
gram for Predicting Nutrient Requirements. The esti-
mates were determined using treatment averages for
actual milk yield, milk fat, and milk protein along with
the chemical analysis reported in Table 1 for each diet.
All diets had a positive RDP balance (502, 585, 556,
and 567 g/d for 0, 15, 30, and 45% WCGTF, respectively).
The MP balance was 246, 173, 159, and 181 g/d, for

diets of 0, 15, 30, and 45% WCGF, respectively, and the
estimated duodenal supply of essential AA was 43.96,
43.32, 43.25, and 42.99% of MP for the respective diets.

Both serum urea nitrogen and MUN concentrations
increased linearly (P < 0.01), while milk yield only
tended to decrease with increasing levels of WCGF. It
is possible that the reduction in actual milk yield, FCM,
and SCM in cows fed 30 and 45% WCGF was the result
of costs associated with metabolic energy being ex-
pended to convert and excrete urea. The scenario that
much of the urea is derived from ruminal ammonia
suggests that whole-body energetic costs are reflected
in decreased adjusted milk yield (Huntington and Ar-
chibeque, 1999). However, the dietary sources of ammo-
nia en route to the liver are many and varied (Reynolds,
1992; Meijer et al., 1999). The positive energy (NEp)
balance of the experimental diets (NRC, 2001) suggests
that it is unlikely that the energetically expensive urea
cycle was responsible for the tendency towards decreas-
ing milk yield in the diets containing the greatest levels
of WCGF. Furthermore, the positive RDP balance of
the treatment diets suggests that MP and essential AA
were adequate. In another experiment, Schroeder and
Park (1998) adjusted RUP and RDP of diets with 19%
WCGF (DM basis). They found that lowering CP degra-
dability in the diet increases milk CN level, but milk
yield was not affected.

The VFA data are presented in Table 5. Butyrate
decreased linearly (P < 0.03) with increasing amounts of
WCGF and was lowest in cows fed 45% WCGF. Valerate
was lowest (P < 0.01) in the control group, followed by
the 45%-WCGF group, and exhibited both linear (P <
0.03) and quadratic (P < 0.01) relationships to increas-
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ing amounts of WCGF. The levels of dietary WCGF did
not affect the other ruminal VFA but did result in lower
(P < 0.05) total VFA concentrations for cows fed 45%
WCGF. The acetate-to-propionate ratio was not
changed, but ruminal pH differences among WCGF lev-
els were evident (P < 0.09). Ruminal ammonia concen-
trations responded quadratically (P < 0.01) to increas-
ing levels of WCGF and were greatest (P < 0.01) for the
30%-WCGF treatment. In general, the ruminal mea-
surements were not markedly different, which agrees
with the observation of Firkins et al. (1985). The differ-
ences in butyrate and valerate, along with the lower (P
< 0.05) total ruminal VFA concentrations for cows fed
45% WCGF may suggest reduced fermentation or
greater absorption.

CONCLUSIONS

When WCGF is substituted for both a portion of di-
etary concentrate and forage DM, apparent utilization
of nutrients is similar. These results indicate that based
on milk yield, simple substitution of WCGF can replace
from 15 to 30% of dietary DM. Up to 45% WCGF (DM
basis) appears acceptable when diets are adjusted for
both fiber and energy. However, feeding up to 45%
WCGF may not be advisable for producers, given estab-
lished requirements for P. The P concentration of the
diets was increased further with added WCGF, an in-
herent challenge for nutritionists using this ingredient.
Although this is not the focus of the research, the impli-
cations of feeding extremely high rates of WCGF on
dietary P balance must be considered from a practical
standpoint. The optimum level of WCGF inclusion for
maximum milk yield in dairy cows fed these diets was
18.6% of the diet DM. Diet formulation should account
for variations in CP, MP, and RDP when feeding WCGF
and may explain some of the decline in feed efficiency
reported in the literature. As greater levels of WCGF
are included in the diet, variation of daily DMI may
become a factor. In spite of its special considerations
when transporting, handling, and storing, WCGF is
an excellent byproduct feedstuff for dairy cattle when
economics are favorable and limitations are taken
into account.
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