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ABSTRACT

The objective of the experiment was to evaluate ef-
fects of increased milk replacer feeding on growth, in-
take, feed efficiency, and health parameters in stressed
calves. Holstein bull calves (n = 120; approximately 3
to 8 d of age) were purchased from sale barns and dairy
farms and housed in fiberglass hutches. In addition,
wood shavings contaminated with coronavirus were
mixed with clean shavings and added to each hutch
before the start of the experiment. Calves were fed ei-
ther a fixed amount (454 g/d) of a 20% crude protein
(CP), 20% fat milk replacer to weaning at 28 d or a
variable amount (454, 681, 908, and 454 g/d on d 0 to
7, 8 to 14, 15 to 31, and 32 to 41, respectively) of a milk
replacer containing 28% CP and 17% fat without or
with added dietary supplement containing bovine se-
rum. Calves were also fed commercial calf starter and
water ad libitum. Plasma IgG concentration in most
calves on arrival at the facility was <10 g/L. Intake,
change in body weight, feed efficiency, morbidity and
mortality, and selected plasma metabolites were deter-
mined. Body weight at 28 d, 56 d, daily body weight
gain, intake of milk replacer, fecal scores, days with
diarrhea, and days treated with antibiotics were in-
creased with feeding variable amount of milk replacer
over the 56-d study. Starter intake from d 1 to 56 was
reduced from 919 to 717 g/d in calves fed fixed and
variable amounts of milk replacer, respectively. Mor-
bidity, measured as the number of days that calves
had diarrhea, was increased by 53% when a variable
amount of milk replacer was fed. Calves fed variable
milk replacer were treated with antibiotics for 3.1 d
compared with 1.9 d for calves fed 454 g of milk replacer/
d. Concentrations of plasma glucose, urea N, and insu-
lin-like growth factor-I were increased when calves
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were fed variable amount of milk replacer. Dietary sup-
plement containing bovine serum had no effect on any
parameter measured. There was no effect of milk re-
placer feeding on concentrations of nonesterified fatty
acids, total protein, or growth hormone concentrations.
Plasma tumor necrosis factor-α was highest in calves
with the highest plasma IgG concentrations on the day
of arrival and might be related to the calf’s ability to
identify pathogens in the environment. Under condi-
tions of this study, calves fed variable amount of milk
replacer and exposed to immunological challenge before
weaning had greater BW gain, but also increased inci-
dence of diarrhea that required added veterinary
treatments.
Key words: calf, milk replacer, growth, health

INTRODUCTION

Efficient growth of young dairy calves is important
to profitability of the dairy enterprise. Before weaning,
intake of nutrients from liquid feeds is usually limited
to stimulate early dry feed intake and allow develop-
ment of ruminal function and early weaning (Bush and
Nicholson, 1986). Effects of feeding additional liquid
milk or milk replacer to calves have been evaluated.
Generally, increased intake of nutrients consumed in
liquid causes less starter and forage intake (Jasper and
Weary, 2002), increased BW gain (Brown et al., 2005),
and greater deposition of fat and protein (Diaz et al.,
2001).

Neonatal calves are susceptible to many environmen-
tal pathogens; consequently, morbidity and mortality
can be high (NAHMS, 1993). Pathogenic infections can
initiate an immune response, with concomitant produc-
tion of cytokines such as tumor necrosis factor-α (TNF-
α), IL-6, and IL-1β (Elsasser et al., 1998; Escobar et al.,
2002), although increased concentration of peripheral
cytokines has not always been reported (Balaji et al.,
2002). Proinflammatory cytokines may reduce intake
(Johnson, 1998; Jenkins et al., 2004) and growth rate
and reduce circulating concentrations of IGF-I in pigs
(Turner et al., 2002; Jenkins et al., 2004) and cattle
(Elsasser et al., 1995).
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Table 1. Ingredient composition of experimental milk replacers

Milk replacer1

Ingredient, % as fed CON VAR

Whey protein concentrate, 34% 49.27 63.49
Dry fat, 7/60 33.45 25.00
Dried whey 12.23 0.00
Vitamin/mineral/AA premix2 2.50 2.50
Salt 0.36 0.31
Whey protein concentrate, 75% 0.00 6.40
Dicalcium phosphate, 18.5% 2.19 2.30

1Ingredients on an air-dry basis. CON = milk replacer fed at 454
g/d; VAR = milk replacer fed at 454, 681, 908, and 454 g/d on d 0 to
7, 8 to 14, 15 to 31, and 32 to 41, respectively.

2Vitamin and mineral premix provided per kilogram: lysine, 62 g;
methionine, 52 g; choline chloride, 19.8 g; vitamin A, 4,408 kIU;
vitamin D3, 882 kIU; vitamin E, 13.2 kIU; vitamin K, 264 mg; vitamin
C, 4.4 g; thiamin, 176 mg; riboflavin, 441 mg; pantothenic acid, 1437
mg; niacin, 1322 mg; pyridoxine, 441 mg; biotin, 4.4 mg; folic acid,
33 mg; vitamin B12, 3.5 mg; magnesium, 12.8 g; manganese, 2,204
mg; iron, 4,281 mg; copper, 970 mg; cobalt, 44.1 mg; zinc, 3.8 g; iodine,
176 mg; selenium, 11.9 mg.

Because neonatal calves are often exposed to signifi-
cant environmental and immunological stressors, pro-
vision of additional nutrients may exacerbate health
problems and cause anorexia. Johnson (1998) suggested
that anorexia associated with immunological challenge
may be an adaptive response and force-feeding of an-
orexic animals may increase mortality. Therefore, the
objective of this study was to determine effects of in-
creased liquid feeding in stressed calves on growth,
intake, efficiency, and health parameters.

MATERIALS AND METHODS

Holstein bull calves (n = 120) were purchased from
local area dairies or sale barns and were shipped to
the APC Calf Research Unit in Ames, IA. Calves were
received in 2 groups of 60 calves on May 19 and May
26, 2002, with their use on the study initiated the next
day. Calves were approximately 3 to 8 d of age; however,
age of calves on arrival was not determined.

On arrival, calves were unloaded from the truck,
moved to individual fiberglass hutches, and assigned
randomly to receive 1 of 3 experimental treatments (n =
40 per treatment). Treatments were nonmedicated calf
milk replacer (CMR; Table 1) formulated to contain
20% CP and 20% fat (CON) offered at 454 g/d of CMR
divided into 2 daily feedings; a CMR containing 28%
CP and 16% fat offered at 454, 681, 908, and 454 g/d
during d 0 to 7, 8 to 14, 15 to 31, and 32 to 41, respec-
tively (VAR); or VAR with the addition of Gammulin
(APC, Inc., Ankeny, IA) at a rate of 60, 45, and 30 g/d
during d 1 to 5, 6 to 10, and 11 to 15 (GAM) mixed into
the CMR immediately before each feeding.
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Calves were fed CMR twice daily at approximately
0700 and 1600 h using nipple bottles. The CMR were
mixed in hot water (approximately 50°C) to disperse
fat. Cool water was then added to bring temperature
to approximately 39°C and appropriate DM prior to
feeding. Amount of liquid used was 3.8 L/d (CON) and
3.8, 5.6, 7.2, and 3.8 L/d (VAR and GAM) during the 4
periods. Calves fed CON, VAR, and GAM treatments
were weaned on d 28, 42, and 42, respectively. Any CMR
refused by calves was weighed and then administered
using an esophageal feeder.

Commercial textured calf starter (CS; Cargill Herd
Builder, Cargill, Inc., Minnetonka, MN) was offered
once daily for ad libitum consumption, and feed refusals
were measured daily. Water was offered once daily for
ad libitum consumption. Refusals of water were mea-
sured, and water intake was assumed to equal water
offered minus water refused. No hay was fed. Hutches
were bedded with clean shavings throughout the study.
A small amount (approximately 2 kg) of bedding from
a previous study was added to each hutch. The previous
study included a coronavirus challenge for all calves;
therefore, we anticipated that all calves in this study
were exposed to coronavirus during the study.

Jugular blood was collected from each calf on arrival
into evacuated tubes containing EDTA and a subsample
was collected for measurement of hematocrit by micro-
hematocrit centrifuge. Tubes were then centrifuged and
plasma was separated and tested for total protein using
a refractometer; the remaining plasma was frozen
(−20°C) until analyzed for IgG by turbidimetric immu-
noassay (Etzel et al., 1997). Calves were blocked by Ig
status, based on plasma IgG concentration on arrival
(adequate = plasma IgG >10.0 g/L; marginal = 5.0 to
10.0 g/L; and deficient = <5.0 g/L).

Samples of CMR and CS were collected weekly and
stored (−20°C) prior to analysis for DM, CP, ether ex-
tract (Mojonnier assay), ADF (CS only), ash, and Ca,
P, K, and Mg (AOAC, 1990). Calves were weighed once
weekly starting on d 0. Fecal consistency was qualita-
tively scored once daily using a scale of 1 = normal
fecal consistency (solid appearance), 2 = slightly liquid
consistency, 3 = moderately liquid consistency, and 4 =
primarily liquid consistency (severe scours). When fecal
material was unavailable for scoring, calves were as-
signed a missing value. A scour day was defined when
calves had a fecal score >2. Rectal temperatures were
determined on calves with fecal score >2. Treatment
with antibiotics was initiated when an animal had a
rectal temperature >39.4°C. Electrolyte therapy was
initiated when calves had fecal score >2, or were visibly
dehydrated and continued until signs of disease abated.
Daily mean high and low ambient temperature, relative
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Table 2. Chemical composition of experimental diets1

Milk replacer
Calf

Nutrient2 CON VAR GAM starter

DM, % 96.72 96.61 94.56 87.47
CP, % 20.58 28.02 64.28 21.61
Fat, % 20.92 16.72 4.16 4.62
Ash, % 7.64 6.10 8.33 5.34
Calcium, % 1.56 1.26 0.73 0.83
Phosphorus, % 0.83 0.80 0.44 0.75
Potassium, % 0.75 0.63 0.26 0.82
Magnesium, % 0.14 0.13 0.30 0.23
ADF, % — — — 4.82
Lactose3 50.86 49.16 — —
ME, Mcal/kg4 4.755 4.728 3.289 3.712

1CON = Milk replacer fed at 454 g/d; VAR = milk replacer fed at
454, 681, 908, and 454 g/d on d 0 to 7, 8 to 14, 15 to 31, and 32 to
41, respectively; GAM = dietary supplement containing bovine serum.

2Data are on an air-dry basis.
3Calculated as 100 − protein − fat − ash.
4Metabolizable energy, calculated from NRC (2001) as: (0.057 × CP

% + 0.092 × fat % + 0.0395 × lactose %) × 0.97 × 0.96 for calf milk
replacer (CMR) and (0.057 × CP % + 0.094 × fat % + 0.0415 × carbohy-
drate %) × 0.82 to calculate DE. ME = (1.01 × DE − 0.45) + [0.0046
× (fat % − 3)] for starter and additive. Carbohydrate = 100 − protein
− fat − ash.

humidity, and solar radiation were obtained from ISU
Campbell Network, Iowa State University (Ames).

On d 7, 14, 28, 42, and 56, blood samples were col-
lected by jugular venipuncture and plasma collected
and stored (−20°C). Plasma was analyzed for concentra-
tions of TNF-α, IGF-I, and growth hormone (GH) as
described in Elsasser et al. (1998) and total protein,
plasma urea N (PUN), glucose, and NEFA using colori-
metric kits (Roche Diagnostic Systems, Inc., Branch-
burg, NJ) and a clinical analyzer (Cobas Mira, Roche
Analytical Instruments, Montclaire, NJ).

Data were analyzed by ANOVA using SAS (SAS Insti-
tute, 1990). Health and growth data were summarized
over the 56-d study and analyzed using a randomized
complete block experimental design. Daily intake of CS,
CMR, water, and weekly BW and feed efficiency were
analyzed as repeated measures ANOVA using the
Mixed procedure of SAS. Covariance structures were
modeled as described in Littell et al. (1998). Orthogonal
contrasts were used to evaluate differences due to level
of CMR feeding (CON vs. VAR and GAM) and effect of
supplement (VAR vs. GAM). Mortality and proportion
of calves that required veterinary treatments or devel-
oped diarrhea were analyzed by χ2 analysis using the
Mixed procedure of SAS. Significance was declared at
P < 0.05 unless otherwise noted.

RESULTS AND DISCUSSION

Chemical composition of experimental diets is in Ta-
ble 2. Experimental CMR were similar to formulated
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values and amount of CP and fat varied between prod-
ucts fed. Gammulin and calf starter had higher CP than
label values.

Environmental temperatures during the trial were
generally within the thermoneutral range for young
calves, except for the first week of the study, when mean
daily low temperatures were less than 10°C. Mean daily
high temperatures were >20°C, except on d 1, 2, 5, 6,
and 15.

Four calves died within 3 d of arrival at the research
facility (n = 3 in CON, n = 1 in VAR). All of these
animals showed clinical signs of disease within 1 d of
arrival; therefore, all data from these calves were de-
leted from the data set before analysis. Data from other
calves that died during the study were included until
time of death.

Overall mortality of calves during the study was 17
calves (12.3%, excluding calves that died within 3 d of
arrival). There was no difference among treatments (P =
0.21) over the entire 56-d study (Table 3); however,
preweaning mortality tended (P < 0.10) to be greater
in calves fed additional CMR (VAR and GAM) compared
with CON. Addition of the dietary supplement had no
effect on preweaning or total mortality. Fourteen calves
fed additional CMR died at an average of 12.6 d; and
3 calves on CON treatment died at an average of 14.0
d. Because calves were of varying ages and backgrounds
prior to arrival at the research facility, it is possible
that previous pathogenic exposure was responsible for
observed mortality, particularly in the first week.
Therefore, it is difficult to determine precisely the con-
tribution to mortality from previous pathogen exposure
and that caused by imposition of dietary treatments.
We concluded that after 3 d of the study, it was likely
that dietary treatments (particularly intake of energy
and protein from CMR) would affect clinical outcome.
Of calves fed additional CMR, 1, 10, and 2 calves died
during wk 1, 2, and 4, respectively. Of calves fed CON,
2 and 1 calves died during wk 1 and 5, respectively.
The second week of the study was the week of highest
fecal scores and greatest number of veterinary treat-
ments for both groups of calves. The increase in amount
of CMR offered to calves fed additional CMR from 454
to 681 g/d on d 8 constituted a 50% increase in feeding
rate at the time when calves were dealing with enteric
challenges. It is possible that the abrupt change in feed-
ing rate may have contributed to increased morbidity
and mortality; however, further research is needed to
confirm this observation.

Necropsies were conducted on most calves that died
(Veterinary Diagnostic Laboratory, Iowa State Univer-
sity). Clinical signs and necropsy results were consis-
tent with enteric infections and Salmonella, Crypt-
osporidium parvum, coronavirus, and Escherichia coli
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Table 3. Least squares means of animal performance in calves1 fed experimental diets

Treatments2 Contrasts3

CON SEM VAR SEM GAM SEM 1 2

Number of calves
Begin 37 — 39 — 40 — — —
End 34 — 30 — 35 — — —
Mortality, % 8.6 6.0 22.3 5.7 12.6 5.7 NS NS
Mortality, d 14.0 — 13.0 — 12.0 — — —
IgG, g/L 8.3 0.5 9.0 0.5 8.4 0.5 NS NS
Hematocrit, % 34.0 1.1 34.2 1.0 35.1 1.0 NS NS
Total protein, g/L 58.1 0.9 57.6 0.9 57.3 0.9 NS NS
Fecal scores 1.44 0.05 1.60 0.05 1.56 0.05 0.02 NS
Fever, % of calves 26.6 7.6 27.5 7.2 33.5 7.2 NS NS
Fever, d 0.4 0.2 0.5 0.2 0.7 0.2 NS NS
Scours, % of calves 72.8 6.8 84.8 6.4 82.9 6.4 NS NS
Scours, d 1.7 0.3 2.7 0.3 2.5 0.3 0.03 NS
Electrolytes, % of calves 27.2 8.0 32.9 7.5 48.8 7.5 NS NS
Electrolytes, d 0.3 0.1 0.5 0.1 0.7 0.1 0.11 NS
Antibiotics, % of calves 48.7 8.0 61.4 7.5 72.5 7.5 0.05 NS
Antibiotics, d 1.9 0.5 3.0 0.5 3.2 0.5 0.05 NS

1Data exclude calves that died within 3 d of arrival.
2Treatments: CON = calves fed 454 g/d of calf milk replacer (CMR) to 28 d; VAR = calves fed 454, 681,

908, and 454 g/d of CMR on d 0 to 7, 8 to 14, 15 to 31, and 32 to 41d, respectively; GAM = calves fed CMR
as VAR with dietary supplement added at 60, 45, and 30 g/d on d 1 to 5, 6 to 10 and 11 to 15, respectively.

3Contrasts: 1 = CON vs. (VAR + GAM)/2; 2 = VAR vs. GAM.

were identified as sources of mortality. Pneumonia was
also diagnosed as a cause of mortality in 2 calves.
Plasma IgG, total protein, and hematocrit on arrival at
the facility did not differ by treatment. Seventy-one
calves (63%) had plasma IgG concentrations <10 g/L,
indicating failure of passive transfer; 32 calves had <6 g
of IgG/L, indicating complete failure of colostral intake.

Indices of animal health (Table 3) suggested that
additional CMR feeding resulted in greater health prob-
lems under the conditions of this study. Fecal scores,
days with scours, proportion of calves treated with anti-
biotics, and number of days calves were treated with
antibiotics were greater when additional CMR was fed.
Moreover, the number of days that calves were treated
with electrolytes tended (P < 0.11) to be greater when
calves were fed additional CMR. That antibiotic ther-
apy was greater in calves fed additional CMR was of
interest because therapy was initiated only when calves
had a rectal temperature >39.4°C. Rectal temperatures
were measured when calves had clinical signs of disease
(anorexia, diarrhea, etc.). It is possible that calves on
CON treatment also had elevated rectal temperatures
but fewer clinical signs of disease (e.g., diarrhea) than
calves fed additional CMR. However, there was no dif-
ference in the percentage of calves that exhibited one
or more days with fever or number of days that calves
had fever (Table 3). Feeding additional CMR may in-
crease fecal scores in preweaned calves, particularly
within the first 2 wk (Diaz et al., 2001; Brown et al.,
2005), and increased days treated for illness (Ballard
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et al., 2004). Conversely, Jasper and Weary (2002) re-
ported no significant effect of CMR feeding method on
fecal scores when whole milk was fed to calves. Foote
et al. (2004) reported little effect of feeding 1.14 kg/d
of CMR (28% CP, 20% fat) compared with calves fed
0.57 kg/d of CMR (22% CP, 20% fat) on antigen-specific
responses of vaccinated dairy calves, suggesting that
amount of CMR feeding may have limited influence on
immune response.

Administration of GAM did not affect any parameter
measured in the study. Previous research (Quigley et
al., 2002) indicated that administration of GAM, which
contained bovine serum as a source of IgG, reduced the
number of days that calves scoured and reduced the
use of electrolytes and antibiotics. Oral administration
of Ig to calves after cessation of macromolecular trans-
port can reduce the incidence or severity of enteric infec-
tions in calves (Nollet et al., 1999; Quigley and Drew,
2000; Hunt et al., 2002). Conditions in the current study
due to the types of pathogens and specificity of IgG used
or the high level of exposure due to introduction of
coronavirus-infected bedding during the study might
have overwhelmed any potential benefit provided by
feeding GAM.

Least squares means of BW on d 0 were similar
among treatments and mean initial BW was 45.4 kg.
On d 28 and 56, BW was higher in calves fed additional
CMR (Table 4). Least squares means of weekly BW
(Figure 1) show clearly the effect of feeding additional
nutrients. By 2 wk of age, calves fed VAR and GAM
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Table 4. Least squares means of BW, BW gain, and intake in calves1 fed experimental diets

Treatments2 Contrasts3

CON SEM VAR SEM GAM SEM 1 2

BW, kg
d 0 45.3 0.7 45.4 0.6 45.9 0.7 NS NS
d 28 51.4 1.0 58.8 1.1 58.0 1.0 0.001 NS
d 56 71.7 1.8 79.2 1.9 78.6 1.8 0.002 NS

Average daily gain, g/d
d 0 to 28 211 35 468 37 425 35 0.001 NS
d 29 to 56 713 42 728 44 735 41 NS NS
d 0 to 56 466 32 598 33 580 32 0.002 NS

DMI, g/d
CMR4 218 1 473 1 475 1 0.001 NS
Starter4 919 43 743 41 693 41 0.001 NS
Total4 1136 43 1215 41 1179 41 NS NS

Protein intake, g/d4 217 8 275 8 275 8 0.001 NS
Fat intake, g/d4 92 2 118 2 116 2 0.001 NS
ME intake, Mcal/d4 4.28 1.65 4.53 1.56 4.40 1.56 NS NS
Water intake, L/d4 4.0 0.2 3.7 0.2 3.5 0.2 0.09 NS
Average daily gain:DMI, g/kg4 332 27 425 27 449 26 0.001 NS
Plasma
Glucose,4,5 mmol/L 3.62 0.10 4.31 0.09 4.16 0.09 0.001 NS
NEFA,4 mmol/L 182.8 24.3 145.5 24.9 164.6 23.2 NS NS
Urea N,4,5 mmol/L 3.75 0.48 4.98 0.45 4.79 0.45 0.05 NS
Protein,4,5 g/L 63.5 0.9 63.2 0.9 62.6 0.9 NS NS
Tumor necrosis factor-α,4,6 pg/mL 136.8 2.8 133.3 2.8 135.9 2.7 NS NS
Growth hormone,4 ng/mL 3.90 0.20 3.62 0.20 3.46 0.19 NS NS
IGF-I,4 ng/mL 144.5 6.5 169.8 6.4 160.3 6.2 0.001 NS

1Data exclude calves that died within 3 d of arrival.
2Treatments: CON = calves fed 454 g/d of calf milk replacer (CMR) to d 28; VAR = calves fed 454, 681,

908, and 454 g/d of CMR on d 0 to 7, 8 to 14, 15 to 31, and 32 to 41, respectively; GAM = calves fed CMR
as VAR with supplement added at 60, 45, and 30 g/d on d 1 to 5, 6 to 10, and 11 to 15, respectively.

3Contrasts: 1 = CON vs. (VAR + GAM)/2; 2 = VAR vs. GAM.
4Significant effect of day (P < 0.01).
5Significant day × additive interaction (P < 0.01).
6Significant effect of status (P < 0.004) and day × status interaction (P < 0.003).

were heavier. Following weaning at 28 d (CON) and 42
d (VAR and GAM), there was little change in BW curves
(Figure 1), suggesting that calves were able to obtain
nutrients from CS at either age.

Figure 1. Weekly BW of calves fed calf milk replacer (CMR) at
454 g/d (▲) to 28 d or 454 to 908 g/d of CMR to 42 d without (�) or
with added dietary supplement (◆).
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Increased BW in response to added CMR feeding is
similar to data of Brown et al. (2005) who reported that
calves fed CMR (30% CP, 16% fat) at 2% of BW weighed
12 kg more at 8 wk of age than calves fed a CMR
containing 21% CP and 21% fat and fed at 1% of BW.

Similar to BW, gain in BW was greater in calves fed
VAR from d 0 to 29 and 0 to 56 (Table 4). However,
gain in BW did not vary during the last 28 d of the
study, when calves fed CON were weaned and calves fed
additional CMR received decreasing amount of CMR.

Efficiency of feed use was 26% greater in calves fed
additional CMR (Table 4). Feed efficiency in this study
was less than that reported by Brown et al. (2005), who
reported 439 and 550 g of BW gain/kg of DM intake in
calves fed CMR at 1 and 2% of BW, respectively, from
2 to 8 wk of age. However, those authors removed from
their data set calves that died during the study (18 of
74 calves), which would skew the data upward, because
calves that die are usually least efficient. Our data in-
cluded calves that died except those that died within
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Figure 2. Total DM intake of calves fed calf milk replacer (CMR)
at 454 g/d (▲) to 28 d or 454 to 908 g/d of CMR to 42 d without (�)
or with added dietary supplement (◆).

the first 3 d of the study. Further, calves in the study
of Brown et al. (2005) were assigned to treatment only
after a 7-d adaptation period, which is usually when
calves are least efficient. In our study, calves lost ap-
proximately 300 g of BW/d in the first 7 d after arrival
and therefore had negative gain to feed ratios.

Intake of CMR and CS were affected by type of CMR
fed and a day × treatment interaction (Table 4). Overall
CMR intake was more than 2-fold greater when calves
were offered additional CMR. However, intake of CS
was 22% lower. Although intake of CMR and CS dif-
fered between treatments, overall intake of DM and
ME were similar among treatments. Intake of CMR
and consumption of CP and fat were greater when
calves were fed additional CMR.

Least squares means of total DM and CS intake were
affected by a day × treatment interaction (P < 0.0001).
Total DM (Figure 2) and CS (Figure 3) intakes increased
in a curvilinear fashion to 48 d in calves fed CON;
thereafter, DM intake was essentially constant to 56
d. Intake of total DM in calves fed VAR or GAM was

Figure 3. Calf starter (CS) intake of calves fed calf milk replacer
(CMR) at 454 g/d (▲) to 28 d or 454 to 908 g/d of CMR to 42 d without
(�) or with added dietary supplement (◆).
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Figure 4. Calf water intake of calves fed calf milk replacer (CMR)
at 454 g/d (▲) to 28 d or 454 to 908 g/d of CMR to 42 d without (�)
or with added dietary supplement (◆).

high until amount of CMR offered was reduced on d
32. However, CS intake was low in calves fed additional
CMR until d 32. Thereafter, total DM intake increased
linearly to weaning on d 42. Weaning caused a reduction
in total DM intake for 3 d; thereafter, the rate of in-
crease in DM intake was similar to that from d 31.

Intake of ME for the entire experiment did not vary
by treatment (Table 4), although a day × treatment
interaction was significant (data not shown). Intake of
both CP and fat were greater in calves fed VAR and
GAM compared with CON (data not shown), due to
greater consumption of CMR, which contained more CP
and fat compared with CS.

Water disappearance was similar between treat-
ments (Table 4), and was highly correlated with CS
intake (r = 0.85; n = 5,745). This is consistent with
previous research (Kertz et al., 1984) that indicates a
high correlation between water intake and CS intake.
Daily water intake (Figure 4) was <2 L/d for all calves
until d 28. When calves fed CON were weaned, intake
of water immediately increased from <2 to approxi-
mately 4 L/d and then increased to the end of the study.
The ratio of water intake to total DM was approxi-
mately 2 L/kg of DM before weaning and 4 L/kg of DM
after weaning (Figure 5). Ratio of water to DM intake
increased dramatically in calves fed CON for the 4 d
following weaning as intake of water increased faster
than intake of CS. Intake of water in calves fed VAR
and GAM began to increase when amount of CMR of-
fered was reduced from 3.8 to 1.8 L/d. From d 28 to 31,
mean daily low temperatures increased from approxi-
mately 10 to 20°C and remained at approximately 20°C
to the end of the study. Mean daily high temperatures
increased from approximately 25°C on d 28 to approxi-
mately 30°C on d 32; thereafter, daily high tempera-
tures were approximately 30°C to the end of the study.
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Figure 5. Ratio of water to total DM intake of calves fed calf milk
replacer (CMR) at 454 g/d (▲) to 28 d or 454 to 908 g/d of CMR to
42 d without (�) or with added dietary supplement (◆).

Feed costs were calculated, assuming that CMR used
in CON and VAR/GAM treatments cost $2.09 and $1.67/
kg, respectively, and CS cost $0.44/kg. Least squares
mean costs of CMR consumed were $20.99 (SE = 2.36),
$48.21 (SE = 2.16), and $53.42 (SE = 2.19) for calves
fed CON, VAR, and GAM, respectively (P < 0.001). Costs
of CS intake were $25.67 (SE = 1.75), $16.75 (SE =
1.60), and $17.85 (SE = 1.63), respectively, and were
higher in calves fed additional CMR (P < 0.001). Least
squares means of total cost, including feed, labor ($10/
hr), antibiotics ($1.56/dose), electrolytes ($0.90/dose),
value of calf ($100/calf), and carcass disposal ($10/calf)
were higher (P < 0.0001) for calves fed variable amount
of CMR and were $83.23 (SE = 3.78), $128.63 (SE =
3.46), and $131.38 (SE = 3.51) for calves fed CON, VAR,
and GAM, respectively. Additionally, feed cost per kilo-
gram of BW gain was higher (P < 0.05) for calves fed
additional CMR and were $1.77, $1.92, and $2.31 for
calves fed CON, VAR, and GAM, respectively. These
costs are lower than those reported by Brown et al.
(2005) for calves during the first 8 wk of life due to
lower cost assigned to CMR and greater BW gain in
calves fed CON in this study.

Concentrations of IGF-I were affected by amount of
CMR fed (Table 4) and were consistently higher in
calves fed additional CMR. Least squares means of IGF-
I concentrations on d 7, 14, 28, 42, and 56 (Figure 6)
were affected by day and a day × treatment interaction.
Concentrations increased to 28 d in all calves, then
declined to d 42. It is noteworthy that calves fed addi-
tional CMR maintained higher concentrations of IGF-
I on d 56 than calves fed CON, even though both groups
of calves had been weaned for at least 2 wk. Concentra-
tions of IGF-I were higher in the current study than in
some reports (Smith et al., 2002; Brown et al., 2005)
but similar to others (Hammon et al., 2002).

Concentrations of GH were unaffected by treatment
(Table 4). Least squares means of GH concentration on
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Figure 6. Plasma IGF-1 concentration of calves fed calf milk re-
placer (CMR) at 454 g/d (▲) to 28 d or 454 to 908 g/d of CMR to 42
d without (�) or with added dietary supplement (◆).

d 7, 14, 28, 42, and 56 (Figure 7) generally declined
from approximately 4.3 to 3.3 ng/mL by 56 d but without
effect of treatment. Concentrations of GH were signifi-
cantly correlated with gain to feed ratio (r = −0.17; P <
0.002) and fecal score (r = 0.14; P < 0.002). Concentra-
tions of GH were higher early in the study when calves
were exposed to greater enteric pathogens (contributing
to diarrhea) and stress due to shipment (resulting in
poor feed efficiency). Others (Hammon and Blum, 1997;
Hammon et al., 2002) have reported changes in circulat-
ing GH concentrations with increasing age, but little
effect of feeding rate on GH concentrations.

Plasma glucose and urea N concentrations were
higher in calves fed additional CMR (Table 4) and both
metabolites were affected by a day × treatment interac-
tion. Weekly least squares means of urea N (Figure 8)
were higher in calves fed additional CMR on d 7, 14,
and 28, when calves were still consuming CMR. Plasma
urea N concentration in calves fed additional CMR on
d 7 was 5.9 mmol/L, which suggests that a portion of
the added CP in the CMR consumed by calves was used

Figure 7. Growth hormone concentration of calves fed calf milk
replacer (CMR) at 454 g/d (▲) to 28 d or 454 to 908 g/d of CMR to
42 d without (�) or with added dietary supplement (◆).
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Figure 8. Plasma urea N concentration of calves fed calf milk
replacer (CMR) at 454 g/d (▲) to 28 d or 454 to 908 g/d of CMR to
42 d without (�) or with added dietary supplement (◆).

for energy with subsequent deamination and increased
urea N concentration. Calves on all treatments also lost
BW during the first 7 d of the study. Others (Smith
et al., 2002; Blome et al., 2003) reported lower PUN
concentrations in calves fed CMR containing 16 to 30%
CP at 7 d after initiation of feeding. However, those
data support the observed decline in PUN concentration
with increasing age in our study. Increasing PUN con-
centrations after weaning in both groups was likely due
to ruminal fermentation of dietary protein and absorp-
tion of ammonia from the rumen.

Weekly least squares means of plasma glucose (Fig-
ure 9) generally followed changes in nutrient source.
Plasma glucose decreased at 28 d in calves fed CON
treatment and on d 42 in calves fed additional CMR.
Thereafter, glucose concentrations were generally con-
stant or increased slightly to d 56 at approximately 3.6
mM/L.

Least squares means of plasma NEFA and total pro-
tein were unaffected by dietary treatment (Table 4).
Concentration of NEFA declined from d 7 to 56 (data
not shown) and total protein concentration declined to
d 14, then gradually increased to d 56 (data not shown).

Figure 9. Plasma glucose concentration of calves fed calf milk
replacer (CMR) at 454 g/d (▲) to 28 d or 454 to 908 g/d of CMR to
42 d (�).
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Figure 10. Plasma tumor necrosis factor-α concentration of calves
with plasma IgG concentration >10 g/L (�), 5 to 10 g/L (◆), and <5
g/L (▲).

Least squares means of plasma concentrations of
TNF-α were unaffected by dietary treatment (Table 4)
and averaged 135 pg/mL. However, passive immunity
status and a status × day interaction were significant
(P < 0.004). Plasma TNF-α concentration was highest
in calves with higher IgG concentrations (adequate
group) on d 7 and 14 and was lowest in calves with
least plasma IgG concentration (deficient group), par-
ticularly on d 14 (Figure 10). Plasma TNF-α concentra-
tion of calves with marginal plasma IgG concentration
was intermediate between the other groups on d 14. By
d 28, differences among groups became less marked
and were similar to the end of the study. Generally,
plasma TNF-α concentrations were highest on d 28,
and then decreased to d 56.

Differences among passive immunity groups may be
related to the calf’s ability to recognize pathogens and
elicit an immune response by stimulation of peripheral
macrophages and subsequent production of TNF-α.
Presumably, calves with least amounts of circulating
IgG concentrations were least able to recognize patho-
gens and, therefore, mounted a weaker immune re-
sponse (including production of TNF-α). Moreover,
plasma IgG concentration measured in the first week
of life is indicative of the degree of colostrum consump-
tion; it is possible that some colostral component other
than IgG could be responsible for observed differences
in plasma TNF-α concentrations.

Elsasser et al. (1998) reported that plasma TNF-α
concentrations in Holstein calves increased during
acute phase responses following oral challenge with
Sarcocystis cruzi at 4 mo of age. However, other studies
have shown variable relationships between pathogenic
challenge and plasma TNF-α concentration (Bieniek et
al., 1998). In the study of Elsasser et al. (1998), mean
plasma TNF-α concentrations ranged from 72 to 109
pg/mL, which is somewhat lower than mean TNF-α
concentrations observed in calves in the present study.
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Calves in our study were exposed to significant stress
as evidenced by incidence of morbidity and mortality.
Additionally, plasma TNF-α concentrations in response
to low-level endotoxin challenge may be affected by pro-
tein intake (Kahl et al., 1997) although no effects of
milk replacer feeding were observed in this study.

Johnson (1998) stated that decreased food intake in
sick or immune-challenged animals is a response or-
chestrated by cytokines released by activated leuko-
cytes. We hypothesized that neonatal calves exposed to
shipping stress followed by exposure to environmental
pathogens would be more susceptible to anorexia
caused by increase production of cytokines. Although
we recorded temporal changes in TNF-α concentrations
in blood, these changes were unrelated to dietary treat-
ment. In addition, we estimated anorexia by determin-
ing the proportion of calves that refused any part of a
CMR feeding and the number of CMR refusals, recog-
nizing that the number of opportunities for calves to
refuse CMR was greater in calves fed VAR and GAM,
because they were weaned 14 d later than calves fed
CON. There were no differences in proportion of calves
refusing CMR or in the number of refusals recorded.
Additionally, there were no effects of feeding regimen
on concentrations of plasma TNF-α, suggesting that
feeding method per se had no effect on anorexia or the
calf’s ability to use ingested nutrients. Increased growth
rates were consistent with increased intake of nutri-
ents. However, when conducted under the conditions
of this study, feeding additional CMR increased inci-
dence of disease and caused a trend for greater pre-
weaning mortality in calves fed additional CMR. These
data suggest that increasing CMR feeding should be
done with caution in highly stressed calves.

CONCLUSIONS

Calves fed additional CMR consumed more CMR, less
CS, had greater BW, BW gain, feed efficiency, incidence
of diarrhea, and required more veterinary treatments
than calves fed CON. Preweaning mortality tended to
be greater when calves were fed additional CMR com-
pared with CON. Feed costs and cost per kilogram of
BW gain were also greater. Profiles of plasma metabo-
lites were generally consistent with source and intake of
nutrients. Differences in plasma TNF-α concentration
associated with plasma IgG concentration suggest that
calves with failure of passive transfer are less able to
mount immune responses and, therefore, adaptive re-
sponses to inflammatory cytokine expression were less
well developed. However, dietary treatment did not sig-
nificantly affect plasma TNF-α concentration.
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