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ABSTRACT

Forty-eight Holstein bull calves were assigned to a 2 ×
2 × 2 factorial arrangement in a completely randomized
block design. Main effects were colostrum versus a se-
rum-derived colostrum supplement, 0 versus 1 g of tryp-
sin inhibitor added at the initial 2 feedings, and milk
replacer containing 0 or 50% CP from whole egg. Calves
were bled at 0, 6, 12, 18, and 24 h after birth for determi-
nation of serum immunoglobulin (Ig). G. Serum IgG
concentrations were lower in calves consuming the co-
lostrum supplement compared with calves consuming
colostrum. Apparent efficiency of absorption of IgG was
similar. Trypsin inhibitor did not affect IgG concentra-
tions or absorption of IgG. Calves were fed either milk
replacer for 28 to 35 d (preweaning phase) and weaned
when they consumed 0.7 kg of starter grain for 2 consec-
utive days. The postweaning phase was from weaning
to d 56. Feeding colostrum supplement resulted in
higher fecal scores postweaning (1.90 vs. 1.58) and over-
all (1.85 vs. 1.65) and fewer days medicated preweaning
(5.1 vs. 2.2 d) and postweaning (3.9 vs. 1.9 d) and overall
(9.0 vs. 4.2 d). Calves were treated for upper respiratory
tract infections and diarrhea. Dry matter intake and
weaning age were not affected by treatment. Postwean-
ing (1.69 vs. 1.2 kg) and overall (1.22 vs. 1.0 kg), calves
that received colostrum and egg milk replacer con-
sumed more dry matter and starter. Postweaning,
calves fed colostrum and egg milk replacer had similar
or greater body weight and gains compared with calves
fed colostrum and milk protein milk replacer.

Preweaning, feed efficiency was greater for calves
fed colostrum (0.44 vs. 0.34), trypsin inhibitor (0.42 vs.
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0.36), and milk protein milk replacer (0.48 vs. 0.30)
compared with calves fed colostrum supplement, no
trypsin inhibitor, and egg milk replacer, respectively.
Trypsin inhibitor increased feed efficiency postwean-
ing. Calves fed trypsin inhibitor and milk protein milk
replacer were more efficient preweaning and overall
than calves fed trypsin inhibitor and egg milk replacer.
Results indicate that the blood derived colostrum sup-
plement did not provide as much IgG as colostrum (4.55
g/L vs. 14.6 g/L, respectively), that feeding 1.0 g of tryp-
sin inhibitor did not enhance serum IgG concentrations,
and that the egg milk replacer-fed calves fed colostrum
performed nearly as well as calves fed colostrum and
the milk protein milk replacer.
(Key words: calf, colostrum substitute, trypsin inhibi-
tor, egg milk replacer)

Abbreviation key: ADG = average daily gain, AEA =
apparent efficiency of IgG absorption, AMR = all milk
protein replacer, CS = colostrum supplement, EMR =
milk replacer containing spray-dried whole egg, MC =
maternal colostrum, MR = milk replacer, TI = tryp-
sin inhibitor.

INTRODUCTION

Immunoglobulins can be isolated from milk and other
animal tissues, such as blood, and recently have been
used in colostrum supplements (CS) for calves. How-
ever, CS do not provide the necessary energy and vita-
mins or contain the AA profile of maternal colostrum
(MC). Therefore, CS are typically used on the farm
in conjunction with MC as a means of increasing the
amount of IgG delivered to the newborn calf. Using Ig
from bovine serum as a CS, Quigley et al. (1998b) and
Arthington et al. (2000) observed no differences in dis-
ease incidence. Whereas Arthington et al. (2000) re-
ported that calves fed CS had increased efficiency of
absorption of IgG when compared to calves fed MC, the
serum IgG concentration of calves fed MC was higher
(12.1 g/L vs. 6.8 g/L). Quigley et al. (1998b) reported
that efficiency of IgG absorption was lower in calves
fed CS compared with calves fed MC.
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Trypsin secreted by the small intestine can degrade
colostral antibodies, and bovine IgG is susceptible to
tryspin degradation (Quigley et al., 1995a). Colostrum
from species dependent on passive transfer of immu-
nity, such as the bovine, contains more trypsin inhibitor
(TI) than milk. Bovine colostrum contains 100 times
the TI of milk (Sandholm and Hokanen-Byzalski, 1979).
Trypsin inhibitor is low in MC of species that do not
depend on colostral transmission of Ig (Quigley et al.,
1995b; Sandholm and Hokanen-Byzalski, 1979). Colos-
tral TI may help to protect IgG without preventing the
digestion of other milk proteins (Quigley et al., 1995b).
Adding soybean TI to MC resulted in higher serum
concentrations of IgG and IgM in the first 48 h of life
compared with calves fed MC (Quigley et al., 1995b).

Fifty percent of the dairy replacement heifers born
in the United States are fed a milk replacer (MR) at
some point before weaning (Heinrichs et al., 1995). Con-
temporary formulations result in growth rates similar
to calves fed whole milk with the benefit of lower cost
per unit gain (Davis and Drackley, 1998). However,
identifying a high-quality and low-cost protein source
has been challenging. There has been recent interest
in using waste eggs in MR. Cracked or damaged eggs
that are not usable for human consumption may be
spray dried and used as a MR protein source. However,
BW gains of calves fed MR containing spray-dried whole
egg (EMR) were less than calves fed all milk protein
replacer (AMR) (Scott et al., 1999; Quigley, 2002; Cath-
erman, 2002). In contrast, Kellogg et al. (2000) found
no differences in BW gains when EMR was substituted
for all milk replacer.

The objectives of this experiment were to determine
whether the quality of CS and MC could be enhanced
by the addition of 1 g of soybean TI, and to determine
whether an MR containing 50% of its protein from eggs
is an effective substitute for an AMR.

MATERIALS AND METHODS

Calves, Feeding, and Treatments

Forty-eight Holstein bull calves (initial BW of 47.1
± 4.7 kg) were assigned at birth to one of 8 dietary
treatments arranged in a 2 × 2 × 2 factorial arrangement
of treatments. Main effects were MC versus CS (Life-
line, APC, Inc., Ames, IA), 0 g versus 0.5 g TI added to
each feeding of MC or CS, and AMR (0% egg) versus
EMR (50% CP from egg) (APC, Inc.). Calves were
blocked in groups of 8 as calves were born. Randomiza-
tion of treatment occurred within block. The first 40
calves assigned to the experiment were born at the
University of New Hampshire Dairy Teaching and Re-
search Center. The last block of calves was purchased
from a local farm. All calves were separated from their
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dam at birth, navels dipped in tincture of iodine, and
placed in individual pens bedded with kiln-dried saw-
dust (university-born calves) or shavings (local farm).
Calves born at the local farm were transported 12 km
to the University of New Hampshire Dairy Teaching
and Research Center within 24 h of birth. This study
was approved by the Institutional Animal Care and
Use Committee at the University of New Hampshire
(IACUC #990502).

Calves remained in individual pens for the entire
experiment (56 d). Twenty-four calves were fed 2 L of
good quality pooled colostrum (7.3% IgG) ± TI, whereas
the other 24 calves were fed the CS (IgG = 10%) ± TI
(Type II-S; crude soluble powder; Sigma Chemical Co.,
St. Louis, MO) within 90 min of birth. Colostrum was
collected from cows immediately after parturition and
Ig content was estimated using a colostrometer. Only
colostrum that was estimated to be of good quality
based on colostrometer reading (>50 g/L of IgG) was
used. Colostrum was pooled from cows in our closed
herd, stored in 2-L plastic bottles, and frozen at −20°C
until thawed in lukewarm water (approximately 40°C).
Colostrum was pooled to reduce variation in IgG con-
centration. For calves not receiving MC, one packet
(454 g) of CS was suspended in 2 L of warm (50°C)
water. The TI was added to MC or CS at a rate of 0.5
g per feeding. Calves received a second feeding of MC
or CS ± TI 12 h (± 10 min) after birth. Both the CS and
the TI went into solution with gentle stirring. Calves
were fed twice daily. At each feeding on d 2 and 3, and
the first feeding on d 4, calves received 2.27 kg of whole
milk. Beginning with the second feeding on d 4, calves
were fed either AMR or EMR. The experimental MR
were formulated to contain 0 or approximately 50% of
CP as 15% spray-dried whole egg, which replaced whey
protein concentrate, whey, and fat. Spray-dried whole
egg was shipped to a mixing facility where it was dry
blended and 22.7 kg was placed in bags (Animix, Ju-
neau, WI). Milk replacer was prepared by mixing 0.23
kg of dry MR in 2 L of warm (60°C) water. Starter (Calf
BT, Blue Seal Feeds, Londonderry, NH) medicated with
lasalocid (110.25 mg/kg) and fresh water was available
continuously. The starter consisted of steam-flaked
corn, crimped oats, molasses, and pellets. Calves were
weaned when they consumed 0.7 kg of starter for 2
consecutive days or when they reached 35 d of age.
Minimum weaning age was 28 d regardless of starter
intake. Calves concluded the experiment on d 56. Pre-
weaning was defined as the period ≤28 to 35 d of age.
Postweaning was defined as the period ≥28 to 35 d
of age.

Feed Samples

Samples of starter and MR (200 g) were taken from
each bag when opened and were composited monthly.
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Feed refusals were collected from each calf daily,
weighed, and composited weekly by calf. Subsamples
of composited starter, feed refusals, and MR were dried
for 6 h at 60°C in a forced-air convection oven (VWR
Scientific Products Corporation, Boston, MA), for deter-
mination of daily DMI each week. After weighing, dried
starter and feed refusal samples were allowed to air
equilibrate and then ground to pass through a 1-mm
screen (Wiley Mill, Thomas Scientific, Swedesboro, NJ).
Dry matter was determined using a vacuum oven at
100°C for 6 h. The dried, ground samples of starter and
MR (EMR and AMR) were analyzed for CP (AOAC,
1979), and the starter was analyzed for fat (AOAC,
1995). The total fatty acid content of the MR was deter-
mined by saponification of MR with KOH in ethyl alco-
hol. The fatty acids were liberated from the soaps with
HCl, followed by extraction with petroleum ether
(AOAC, 1995). The NDF and ADF contents of the
starter were determined using the method of Goering
and Van Soest (1970).

Blood Samples

Blood samples were taken from the jugular vein be-
fore the first feeding of MC or CS (within 90 min of
birth, referred to as 0 h hereafter) and at 6, 12, 18,
and 24 h after birth. Samples were collected in 7.5-ml
Vacutainer tubes containing no additive (Becton Dick-
inson Vacutainer Systems, Franklin Lakes, NJ). Sam-
ples were allowed to clot at room temperature for at
least 20 min and then centrifuged at 3300 × g at 25°C
for 20 min (International Equipment Co., Needham
Heights, MA). Serum was placed in 5-mL polypropylene
tubes and stored at −20°C and later analyzed for IgG
by turbidimetric immunoassay (APC, Inc., Ames, IA)
as described by Etzel et al. (1997).

Measurements

Within 24 h of birth, calves were weighed. Calves
were again weighed on Tuesday morning (before 1130
h) for calves born from Sunday to before noon on
Wednesday, whereas calves born after noon on Wednes-
day through Saturday, measurements were made on
Thursday mornings. Calves were weighed weekly on
these days thereafter. Feces were evaluated and scored
by 3 independent scorers each Monday, Wednesday,
and Friday over the entire study. With the exception
of the senior author, the other scorers were blinded to
treatment. A scale of 1 to 4 was used, where 1 = firm
and 4 = watery and devoid of any solid material. Days
medicated were recorded as any day that a calf received
a medication. Medication was given to calves that had
a fecal score greater than or equal to 3 or that had a
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rectal temperature greater than 39°C. Apparent effi-
ciency of IgG absorption (AEA) at 24 h of age was esti-
mated using the equation: (plasma IgG [g/L] × BW [kg]
× 0.09/IgG intake) × 100% (Quigley et al., 1998a).

Statistical Analysis

The ANOVA was conducted by using the MIXED pro-
cedure of SAS (SAS release 8.1, 2000) for a randomized
block design with a 2 × 2 × 2 factorial arrangement of
treatments; degrees of freedom were partitioned among
block, main effects of MC versus CS, 0 g versus 1 g TI,
EMR versus AMR, and covariate. Birth BW was used
as a covariate for DMI, average daily gain (ADG), and
feed efficiency.

The statistical model was:

Yijkl = µ + bi + Ij + Tk + Ml + Kcijkl + ITjk

+ IMjl + TMkl + ITMjkl + Eijkl

where

Yijkl = the dependent variable,
µ = the overall mean,
bi = the effect of block i (i = 1, ..., 6),
Ij = the effect of Ig source (colostrums or colos-

trums supplement, j = 1,2).
Tk = the effect of trypsin inhibitor (k = 1,2),
Ml = the effect of milk replacer type (1 = 1,2),
K = the regression coefficient of the covariate,

cijkl = the value of the covariate variables for the
mth calf, in the ith block, of the jth, Ig
source, of the kth level of trypsin inhibitor,
of the lth milk replacer type (m = 1,...8),

Eijkl = the random error associated with calf m,
in block i, that received jth Ig source, at
the kth level of trypsin inhibitor, receiving
the lth type of milk replacer. ITjk, IMjl,
TMkl, and

ITMjkl = fixed effects due to the interactions of the
main effects.

Model-fitting statistics using the Repeated State-
ment of Mixed Procedure of SAS (Version 8.1) were
performed to determine which covariant structure best
fit the data. The Schwarz-Babesian criteria were used
to determine the model covariance structure (SAS,
2000). It was determined that unstructured covariance
best fit the data. Block did not have an effect and was
removed from the model to provide additional degrees
of freedom.
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Table 1. Serum IgG concentrations and apparent efficiency of absorption of IgG of calves during the first
24 h after birth fed colostrum or colostrum supplement with or without trypsin inhibitor (TI).

Treatment1

Contrast2 (P = )
Colostrum

Colostrum supplement
Hours
from birth No TI TI No TI TI SEM MC vs. CS No TI vs. 1 g TI Interaction

(g/L)
0 0.0 0.01 0.0 0.0
6 5.6 5.90 2.0 2.4 0.74 0.0001 NS3 NS

12 9.9 9.50 3.6 3.8 0.63 0.0001 NS NS
18 15.5 12.10 4.3 4.7 0.85 0.0001 NS 0.03
24 15.7 13.50 4.5 4.6 0.75 0.0001 NS NS
Apparent efficiency
of absorption of IgG % 21.0 21.4 22.7 19.6 1.70 NS NS NS

1Calves were fed either colostrum or colostrum supplement with either 0 or 0.5 g of trypsin inhibitor in
each of the first two feedings after birth.

2Contrasts: MC vs. CS = colostrum vs. colostrum supplement; No TI vs. 1 g TI = trypsin inhibitor vs. no
trypsin inhibitor.

3NS = Not significant (P ≤ 0.10).

RESULTS

Immunity and Health

Three calves died during the experiment for reasons
unrelated to the experiment. Data from deceased calves
were used in the statistical analysis up to the time they
died. At 0 h, serum IgG concentrations were 0 mg/mL
except for calves fed 1 g TI in MC (0.01 mg/mL) (Table
1). This was due to a single calf in this group having
trace amounts of IgG in the initial blood sample. Calves
fed CS had lower IgG concentrations than calves fed
MC over all the sampling times except 0 h. There was
no effect of TI on serum IgG concentrations. However,
a significant colostrum × TI interaction for serum IgG
was observed at 18 h; a result of TI causing lower IgG
concentrations in MC-fed calves (12.1 vs. 15.5 g/L) but
higher IgG concentrations in CS-fed calves (4.3 vs. 4.7
g/L). All calves that received CS failed to attain passive
transfer of IgG by 24 h (<10 g of IgG/L). Of the 24 calves
fed MC, one attained passive transfer of IgG by 6 h, 10
attained passive transfer by 12 h, 10 attained passive
transfer by 18 h, 2 attained passive transfer by 24 h,
and 1 calf failed to attain passive transfer. Calves fed
MC and CS had approximately 20% AEA of IgG (Ta-
ble 1).

Thirty-one of the 48 calves had at least one case of
diarrhea (fecal score ≥3). Fecal scores were higher after
weaning and during the entire experiment for calves
fed the CS (Table 2). Days medicated during the pre-
weaning (5.1 vs. 2.2 d) and postweaning (3.9 vs. 1.9 d)
periods and for the overall (9.0 vs. 4.2 d) study were
higher (P < 0.05) for calves that received CS compared
to calves fed MC. Upper respiratory tract infection ac-
counted for 58.3%, diarrhea accounted for 31.3%, diges-
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tive upsets accounted for 7.4%, and feet and leg prob-
lems accounted for 3.1% of the days medicated.

Feed Intake and Weaning Age

The chemical composition of the MR and starter is
presented in Table 3. Calves consumed all the MC, CS,
and MR provided during the preweaning phase. Dry
matter intake was not different among treatments in
any phase of the experiment (Table 4). A significant (P
< 0.05) colostrum × MR interaction for DMI postwean-
ing was observed, a result of EMR causing a lower DMI
in CS fed calves compared with calves fed CS and AMR
(1.20 vs. 1.69 kg, respectively), but a higher DMI in
MC- and EMR-fed calves compared with calves fed MC
and AMR (1.68 vs. 1.50 kg, respectively). Likewise, a
similar (P < 0.05) colostrum × MR interaction was ob-
served overall; a result of EMR causing a lower DMI
in CS-fed calves compared with calves fed CS and AMR
(0.98 vs. 1.19 kg, respectively), but a higher DMI in
MC- and EMR-fed calves compared with calves fed MC
and AMR (1.22 vs. 1.10 kg, respectively).

Starter intake was similar across all treatments and
during all phases (Table 4). As would be expected from
the DMI data, a significant (P < 0.05) colostrum × MR
interaction for starter intake postweaning was ob-
served; a result of EMR causing a lower starter intake
in CS fed calves compared with calves fed CS and AMR
(1.16 vs. 1.63 kg, respectively) but a higher starter in-
take in MC- and EMR-fed calves compared with calves
fed MC and AMR (1.61 vs. 1.44 kg, respectively). Like-
wise, a similar (P < 0.05) colostrum × MR interaction
was observed overall; a result of EMR causing a lower
starter intake in CS-fed calves compared with calves
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Table 2. Fecal scores and days medicated of calves fed colostrum with (TI) or without trypsin inhibitor (No TI), colostrum supplement
with or without trypsin inhibitor, followed by either an all milk protein milk replacer (AMR) or 50% egg-protein based milk replacer (EMR).

Colostrum Colostrum supplement

Contrasts (P = )No TI TI No TI TI

Periods AMR EMR AMR EMR AMR EMR AMR EMR SE1 MC vs. CS2 No TI vs. 1 g TI3 AMR vs. EMR4

Fecal scores
Preweaning 1.8 1.6 1.7 1.9 1.9 1.8 2.0 1.7 0.15 NS5 NS NS
Postweaning 1.7 1.5 1.4 1.7 1.9 1.8 2.0 1.9 0.14 0.003 NS NS
Overall 1.7 1.6 1.5 1.8 1.9 1.7 2.0 1.8 0.10 0.009 NS NS

Days medicated
Preweaning 3.9 1.4 3.1 0.4 5.8 5.4 5.3 3.8 1.76 0.004 NS NS
Postweaning 1.8 3.2 1.1 1.3 5.1 2.3 4.1 4.3 0.85 0.005 NS NS
Total 5.8 4.3 4.9 1.9 10.8 7.7 9.4 8.0 1.74 0.003 NS 0.09

1Mean standard error.
2Maternal colostrum vs. colostrum supplement.
3No trypsin inhibitor vs. 1 g trypsin inhibitor.
4All milk protein milk replacer vs. 50% egg-protein milk replacer.
5Not significant (P ≤ 0.10).

fed CS and AMR (0.63 vs. 0.83 kg, respectively) and
a higher starter intake in MC- and EMR-fed calves
compared with calves fed MC and AMR (0.86 vs. 0.75
kg, respectively). Weaning age (34.25 d ± 1.05 SE) did
not differ among treatments.

Growth Parameters

Colostrum feeding had no effect on BW (Table 4).
A significant (P < 0.05) colostrum × MR interaction
occurred postweaning. Calves fed CS and EMR had
lower BW than calves fed CS and AMR (60.4 vs. 69.5
kg, respectively), but higher BW in MC- and EMR-fed
calves compared with calves fed MC and AMR (66.8 vs.
65.6 kg, respectively).

Preweaning ADG was decreased (P = 0.003) by feed-
ing EMR vs. AMR (0.28 vs. 0.40 kg, respectively). Nei-
ther TI nor colostrum had any effect on ADG. However,
during the preweaning period, a significant (P < 0.05)
TI × MR interaction was observed. Calves fed TI and
EMR had lower ADG than calves fed TI and AMR (0.23
vs. 0.44 kg/d, respectively). Whereas calves not fed TI
had similar ADG regardless of MR treatment (0.32 vs.

Table 3. Chemical analysis of milk replacers and calf starter.

Milk Egg milk Calf
Item replacer replacer starter

DM, % 94.5 95.3 94.3
CP (% DM) 21.9 22.7 23.9
NDF (% DM) ... ... 25.9
ADF (% DM) ... ... 9.1
Fat (% DM) ... ... 3.5
Fatty acids (% DM) 19.7 20.4 ...
Ca (% DM) 0.9 0.9 0.9
P (% DM) 1.4 0.9 0.8
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0.36 kg, respectively). A significant postweaning colos-
trum × MR interaction (P < 0.05) was observed. Calves
fed CS and EMR had a lower ADG than calves fed CS
and AMR (0.56 vs. 0.74 kg/d, respectively). However,
calves fed MC and EMR had similar ADG to calves fed
MC and AMR (0.69 vs. 0.68 kg/d, respectively).

Calves fed MC were more efficient (P < 0.01) in the
conversion of feed DM to BW gain preweaning than
calves fed CS (0.44 vs. 0.34 kg, respectively). Calves fed
TI had higher (P < 0.05) feed efficiencies preweaning
than calves not fed TI (0.42 vs. 0.36 kg, respectively).
Preweaning, calves fed EMR were less efficient (P <
0.0001) than calves fed AMR (0.30 vs. 0.48 kg, respec-
tively). Overall, calves fed AMR were more efficient (P
< 0.01) than calves fed EMR (0.47 vs. 0.40 kg, respec-
tively). Likewise, calves fed TI were more efficient (P
< 0.05) than calves not fed TI (0.46 vs. 0.40 kg, respec-
tively).

A significant (P < 0.0001) preweaning TI × MR inter-
action was observed. Calves not fed TI and fed EMR
were less efficient than calves not fed TI and fed AMR
(0.34 vs. 0.38 kg, respectively). However, calves fed TI
and EMR were much less efficient than calves fed TI
and AMR (0.26 vs. 0.58 kg, respectively). Likewise, a
significant (P < 0.001) TI × MR interaction was observed
overall. Calves not fed TI and fed EMR were more effi-
cient than calves not fed TI and fed AMR (0.42 vs. 0.39
kg, respectively). However, calves fed TI and EMR were
less efficient than calves fed TI and AMR (0.38 vs. 0.54
kg, respectively).

DISCUSSION

Absorption of IgG in calves fed MC and CS and re-
sulting plasma IgG concentrations were consistent with
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Table 4. Least square means of DMI, starter DMI, weaning age, and BW of calves fed colostrum with (TI) or without trypsin inhibitor (No
TI), colostrum supplement with or without trypsin inhibitor, followed by either all milk protein milk replacer (AMR) or 50% egg-protein
based milk replacer (EMR).

Colostrum Colostrum supplement

Contrasts (P = )No TI TI No TI TI
Item and
period AMR EMR AMR EMR AMR EMR AMR EMR SE1 MC vs. CS2 No TI vs. 1 g TI3 AMR vs. EMR4

(kg/d)
DMI
Preweaning 0.79 0.89 0.83 0.86 0.93 0.88 0.83 0.78 0.05 NS5 NS NS
Postweaning 1.36 1.76 1.64 1.61 1.73 1.30 1.64 1.00 0.19 NS NS NS
Overall 1.03 1.26 1.18 1.17 1.22 1.05 1.15 0.92 0.10 NS NS NS

Starter DMI
Preweaning 0.26 0.33 0.30 0.29 0.40 0.32 0.29 0.23 0.05 NS NS NS
Postweaning 1.32 1.66 1.57 1.57 1.69 1.27 1.57 1.04 0.20 NS NS NS
Overall 0.67 0.90 0.84 0.82 0.87 0.70 0.80 0.56 0.10 NS NS NS

Weaning age, d 36 34 34 33 35 34 34 34 1.05 NS NS NS
BW
Preweaning 49.6 50.8 52.8 51.5 52.9 50.0 53.8 46.3 2.3 NS NS NS
Postweaning 61.1 68.4 70.1 65.4 68.7 63.0 70.3 57.8 4.3 NS NS NS
Overall 54.2 58.2 60.1 57.4 58.7 55.1 60.2 50.8 3.0 NS NS NS

1Mean standard error.
2Maternal colostrum vs. colostrum supplement.
3No trypsin inhibitor vs. 1 g of trypsin inhibitor.
4All milk protein milk replacer vs. 50% egg-protein milk replacer.
5Not significant (P ≤ 0.10).

other reports. The proportion of calves fed MC with the
failure of passive transfer was 4.2%. Conversely, all
calves fed CS had failure of passive transfer. Passive
transfer is defined as a calf having a serum IgG concen-
tration of 10 g/L by 48 h after birth (Bovine Alliance
on Management and Nutrition, 1995). Mean serum IgG
concentration of calves fed CS at 24 h of age was 4.5 g/
L and was lower than in calves in which this product
completely replaced MC (Quigley et al., 1998b, 2000;
Arthington et al., 2000; Quigley, 2002). However, AEA
was similar among treatments, suggesting that feeding
more CS might have resulted in adequate serum IgG.

Calves fed the CS had increased postweaning fecal
scores and increased overall fecal scores than calves
fed MC. Other researchers found no differences in fecal
scores between calves fed CS and MC (Nousiainen et
al., 1994; Seymour et al., 1995; Mee et al., 1996). Like-
wise, days medicated were increased for calves fed CS.
This was likely due to reduced IgG intake in the calves
fed CS, which are inconsistent with the results of Scott
et al. (1999) and Kellogg et al. (2000), who observed no
differences in disease incidence or fecal consistency in
calves fed MR containing spray-dried egg.

There were no effects of treatment on feed intake in
our experiment (Table 4). Kellogg et al. (2000) found
no differences in DMI between calves fed an MR con-
taining 30% spray-dried whole egg and calves fed an
AMR, whereas Scott et al. (1999), who fed an EMR
similar to the one fed in our study, and Quigley (2002),
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who fed an MR containing either 10 or 20% spray-dried
whole egg, observed reductions in DMI compared to
AMR. Hill et al. (2001) observed a reduction in starter
intake when egg provided 30% of the CP in their MR.
Moreover, these same researchers observed no differ-
ences in performance in calves fed an MR containing
15% CP from eggs. However, the egg used in these
experiments was from a different source, suggesting
that source of egg affects performance. Catherman
(2002) observed reduced starter intake when calves
were fed an EMR similar to the one used in the present
study or one containing 9% albumin. In our experiment,
calves consuming MC and EMR performed better in
regards to DMI and starter intake as compared with
calves consuming MC and AMR.

Soybean TI addition had no effect on DMI. This con-
curs with the previous work of Quigley et al. (1995b),
which showed no effect of feeding TI on DMI. The addi-
tion of TI to the CS had no effect on BW or ADG (Tables
4 and 5). Feeding TI reduced ADG in calves fed EMR.
There is no explanation for this interaction.

Calves fed EMR had a 32% lower ADG than calves
fed AMR preweaning (Table 5). Quigley (2002) also ob-
served a 32% reduction in ADG in calves fed EMR,
possibly, avidin from the egg-bound biotin. Calves in
the present study and in that of Kellogg et al. (2000)
and Catherman (2002) were fed starter. Calves in the
experiments of Scott et al. (1999) and Quigley (2002)
were not fed starter until later. Rumen microorgan-
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Table 5. Least square means of average daily gain and feed efficiency of calves fed colostrum with or without trypsin inhibitor, colostrum
supplement with (TI) or without trypsin inhibitor (No TI), followed by either all milk protein milk placer (AMR) or 50% egg-protein based
milk replacer (EMR).

Colostrum Colostrum supplement

Contrasts (P = )No TI TI No TI TI
Item and
period AMR EMR AMR EMR AMR EMR AMR EMR SE1 MC vs. CS2 No TI vs. 1 g TI3 AMR vs. EMR4

(kg/d)
Average daily gain
Preweaning 0.39 0.34 0.43 0.28 0.34 0.31 0.46 0.17 0.06 NS5 NS 0.003
Postweaning 0.59 0.94 0.77 0.73 0.75 0.59 0.73 0.54 0.10 NS NS NS
Overall 0.44 0.62 0.59 0.50 0.50 0.44 0.57 0.38 0.08 NS NS NS

(gain/DMI)
Feed efficiency
Preweaning 0.47 0.36 0.59 0.32 0.28 0.31 0.57 0.20 0.05 0.01 0.05 0.0001
Postweaning 0.40 0.58 0.55 0.45 0.50 0.45 0.45 0.60 0.03 NS5 NS 0.06
Overall 0.41 0.46 0.57 0.39 0.37 0.37 0.51 0.38 0.04 0.10 0.02 0.01

1Mean standard error.
2Maternal colostrum vs. colostrum supplement.
3No trypsin inhibitor vs. 1 g of trypsin inhibitor.
4All milk protein milk replacer vs. 50% egg-protein milk replacer.
5Not significant (P ≤ 0.10).

isms, which multiply in the rumen of calves that are
fed solid feed, synthesize biotin and may have produced
enough to compensate for any biotin binding by avidin
in these calves. These results may be due to an antinu-
tritional factor in the EMR. However, the study of Quig-
ley (2002) and our experiment used EMR that had sup-
plemental biotin added, which suggests that another
antinutritional factor is present or a nutrient was miss-
ing. Quigley (2002) stated that there is a lack of infor-
mation on the digestibility of egg lipid, which is primar-
ily located in the yolk. Catherman (2002) fed an EMR,
similar to our study, along with diets containing 9% egg
albumin and 6% egg yolk. He observed no differences in
gain between calves fed an AMR and calves fed a milk
replacer containing egg yolk, suggesting that the anti-
nutritional factor is not contained within the egg yolk
but must be found in the egg albumin fraction. A post-
weaning interaction for colostrum × MR suggests that
calves fed MC and EMR experienced compensatory
gain.

Feeding MC compared with CS improved feed effi-
ciency preweaning. This result was inconsistent with
the results of Seymour et al. (1995), who observed that
calves fed a whey protein concentrate CS had as high
a feed efficiency as calves fed MC. Nevertheless, it is
possible that MC-fed calves had better feed efficiency
because they suffered fewer medical problems com-
pared with calves fed the CS. This lack of stress may
have allowed more nutrients to be directed for growth.
While not significantly different, calves fed MC had a
greater ADG (40 g/d) and a lower DMI (15 g/d) than
calves fed CS during the preweaning phase. The im-
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provement in feed efficiency from feeding TI (Table 5)
agrees with Quigley et al. (1995b). Reasons for this
result are unknown.

Calves fed the EMR had lower feed efficiency due to
poor growth rates preweaning (Table 5). Feed efficiency
was 37.5% lower for calves fed EMR. The preweaning
data agree with that of Quigley (2002) and Scott et al.
(1999), who observed a 38% reduction in feed efficiency
in calves fed an EMR. Based on DMI, starter intake,
BW, and ADG calves fed CS and EMR responded poorly
compared with calves fed CS and AMR. However, when
MC was fed, calves fed EMR responded at equivalent
or better than calves fed MC and AMR. Milk replacer
containing spray-dried whole egg when fed to calves
receiving good quality colostrum performs like calves
fed conventional AMR.

Calves fed the EMR in the study conducted by Quig-
ley (2002) tended to have lower initial IgG than control
calves (7.7 g/L vs. 10.4 g/L, respectively). Based on the
colostrum × MR interaction in our study, the results of
the experiment conducted by Quigley (2002) may have
been different if the IgG concentration in the calves fed
EMR was higher (>10 g/L).

Calves fed TI and EMR reacted poorly in regards to
BW, ADG, and feed efficiency compared with calves fed
TI and AMR. However, when EMR was fed and TI was
not fed, calves reacted in a similar fashion to calves not
fed TI and AMR. We do not have an explanation for
these results.

CONCLUSION

Calves fed CS had lower serum IgG concentration
compared with calves fed MC but had similar AEA. The
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addition of soybean TI was not beneficial to either MC
or CS, as determined by serum IgG concentration over
the first 24 h of life. Results also indicate that calves
fed EMR performed as well as calves fed AMR if they
are fed MC. When EMR is fed to calves previously fed
CS, these calves do not perform as well as calves fed
AMR and previously fed CS. Therefore, EMR can be
fed to calves if MC is fed to these calves during the first
24 h of life.
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