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ABSTRACT

In calves, neonatal mortality and disease susceptibil-
ity are greatly influenced by failure in passive immuni-
zation, normally provided by colostrum ingestion just
after birth. Formulations projected to replace natural
colostrum have not been successful, and one of the possi-
ble reasons for such failure is that orally administered
Ig are probably digested in the gastrointestinal tract,
so they are not absorbed as intact functional molecules.
With the aim of finding an adequate colostrum substi-
tute, we used columns of immobilized jacalin, a lectin
known by its ability to bind O-linked oligosaccharides,
to obtain a colostral Ig population putatively protected
against enzymatic cleavage by the presence of sugar
chains. Immunoglobulin G1 is a major constituent of
colostrum Ig bound to jacalin (JB-Ig). This preparation
contains 10% of the total colostral Ig and is typically 3
to 6 times more resistant to pepsin digestion than the
Ig contained in the fraction that is not bound to jacalin,
which presumably does not contain O-glycans. Mass
spectrometry analysis demonstrated that the tryptic
peptides obtained from JB-Ig and unbound Ig were sim-
ilar, indicating that their distinct susceptibility to en-
zyme hydrolysis was associated with differences in
their sugar chains. Therefore, the present research sug-
gests that the bovine colostrum JB-Ig has potential
application in the immunotherapy of neonatal calves
that have not been supplied with colostrum.
Key words: bovine colostrum, immunoglobulin, ja-
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INTRODUCTION

Colostrum ingestion is the natural process that most
significantly confers efficient immune protection to neo-
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natal calves during their initial life stage, when they
are agammaglobulinemic (Robison et al., 1988). This
condition is a consequence of the absence of Ig transpla-
cental passage, which is characteristic of the bovine
species. In fact, calves have immature innate defense
mechanisms and no specific immunity at birth. There-
fore, passive immunization is crucial and can be pro-
vided by ingestion of colostrum containing high levels
of Ig. Dairy cattle colostrum contains 3 Ig isotypes, G,
M, and A, which respectively account for about 85 to
90, 5, and 7% of the total Ig concentration (Devery-
Pocius and Larson, 1983). The colostrum volume and
its Ig concentration are largely dependent on the breed,
parity, and duration of the nonlactating period of cows
(Pritchett et al., 1991). Effective immunity transfer via
colostrum ingestion also depends on the ability of the
neonate to ingest and absorb the ingested Ig.

Absorption of intact large proteins by the intestine
of the newborn occurs only within the first 24 h of life
(Matte et al., 1982), when IgG becomes increasingly
detectable in the calf’s blood. Low IgG plasma concen-
trations are directly related to calf morbidity and mor-
tality (Besser and Gay, 1994), as well as to impairment
of the calf’s long-term performance (Wittum and Perino,
1995). Plasma IgG concentrations lower than 10 mg/
mL, extended for 24 to 48 h after birth, indicate failure
in passive transfer (Bovine Alliance on Management
and Nutrition, 1995; Arthington et al., 2000).

Colostrum supplement products have been developed
and used as a source of exogenous Ig for calves. Prepara-
tions alternative to natural colostrum have been the
object of several studies in which the use of concen-
trated milk whey (Mee et al., 1996), dried colostrum
(Morin et al., 1997), and an injectable Ig solution (Quig-
ley and Welborn, 1996) have been proposed. In general,
these preparations have not conferred passive immu-
nity to calves (Mee et al., 1996; Morin et al., 1997).

The major human colostrum Ig, IgA1, can be detected
or isolated on the basis of its binding to jacalin, a lectin
from Artocarpus integrifolia (Roque-Barreira and
Campos Neto, 1985). The IgA1-jacalin interaction is pos-
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sible because of the lectin recognition of O-glycans asso-
ciated with the IgA1 hinge region. The presence of ja-
calin-binding O-glycans accounts for the IgA1 resistance
to hydrolysis by the gastrointestinal tract proteases
(Kim et al., 1994; Van den Steen et al., 1998), whose
access to the peptide backbone is blocked (Jentoft,
1990). Several mammalian Ig have O-linked glycans,
and this is also true for an important part of the Ig
molecules present in the bovine colostrum. Therefore,
we have taken advantage of the binding of some Ig
molecules to jacalin to isolate such O-glycosylated Ig
and to demonstrate its increased resistance to pepsin
digestion, compared with the bovine colostrum Ig not
bound to jacalin.

MATERIALS AND METHODS

Bovine Colostrum

Bovine colostrum was obtained from 10 different mul-
tiparous cows, 3 to 6 yr old, raised on a local dairy farm,
fed with an adequate ration and corn silage. A pool of
these samples was delipidated following centrifugation
at 490 × g, at 4°C, for 1 h. After being diluted (vol/vol)
in 0.15 M NaCl, the material was acidified with glacial
acetic acid to adjust the pH to 4.6, and the solution was
centrifuged at 17,400 × g for 15 min to remove CN.
Finally, the pH of the obtained colostral whey was
raised to 7.2 with 10 mM PBS.

To separate the γ-globulin fraction, colostral whey
was precipitated with 50% (vol/vol) saturated ammo-
nium sulfate and centrifuged at 12,000 × g, at 4°C, for
10 min. The resulting whey was then dissolved in PBS.
This procedure was repeated twice. Ammonium sulfate
was removed using an ultradiafiltration system (Ami-
con Division, W.R. Grace & Co., Beverly, MA). The pro-
tein concentration of the final preparation was deter-
mined (Lowry et al., 1951).

Fractionation of Colostral Whey Through Affinity
to Immobilized Jacalin

The Ig-enriched colostral whey was affinity chro-
matographed on a jacalin-agarose column operated at
4°C, according to a previously described protocol
(Roque-Barreira and Campos Neto, 1985). Briefly, the
starting material (2 mL containing 18 mg of protein)
was loaded onto the column (5-mL bed) and the un-
bound material, eluted with PBS, constituted a prepa-
ration termed jacalin-not bound Ig (NB-Ig). Following
exhaustive washing of the column with PBS, the bound
fraction, termed jacalin-bound Ig (JB-Ig), was eluted
with 0.4 M D-galactose and dialyzed against PBS. Pro-
tein concentrations of both preparations were deter-
mined (Lowry et al., 1951) using BSA as the standard.
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JB-Ig Isotyping

The IgG1, IgG2, IgM, and IgA concentrations in JB-
Ig were determined by using a bovine ELISA quantita-
tion kit (Bethyl Laboratories Inc., Montgomery, TX),
according to the manufacturer’s instructions.

Pepsin Digestion

The JB-Ig and NB-Ig (15 �g of dried protein) were
individually resuspended in 10 �L of 0.1 M sodium
acetate, pH 4.0. Pepsin (1 mg/mL; Sigma Chemical Co.,
St. Louis, MO), diluted in 0.1 M acetate buffer, pH
4.0, was then added to the sample, providing a pepsin-
substrate ratio of 1:30. The reaction was incubated at
37°C and stopped by raising the pH to 8.6 through
addition of 10 �L of 3 M Tris-HCl. All samples were
kept at the same final volume (20 �L).

SDS-PAGE and Western Blot

Sodium dodecyl sulfate-PAGE was performed by the
method of Laemmli (1970) under nonreducing (10%
polyacrylamide gel) or reducing conditions (12.5% poly-
acrylamide gel) using a Mini-Protean 3 electrophoresis
cell (Bio-Rad Laboratories, Inc., Richmond, CA), ac-
cording to the manufacturer’s instructions. Samples
were prepared in 63 mM Tris-HCl sample buffer, pH
6.8, containing 2% SDS and 10% glycerol, either in the
presence or in the absence of 2% 2-mercaptoethanol.
All the runs were performed at 200 V and protein bands
were stained with Coomassie brilliant blue R-250 (Am-
ersham Biosciences Corp., Piscataway, NJ). Prestained
standards (Bio-Rad Laboratories, Inc.) were used to es-
timate the molecular weight of the sample proteins. The
intensity of the protein band staining was measured by
using SigmaGel image analysis software (Sigma Chem-
ical Co.).

To perform Western blot analyses, proteins separated
by SDS-PAGE were electroblotted onto nitrocellulose
membranes (Hybond-C Extra; Amersham Biosciences)
by means of a Minigel system (Bio-Rad), according to
the manufacturer’s instructions. After transfer, the ni-
trocellulose sheets were blocked with PBS containing
3% gelatin and 0.05% Tween 20 at room temperature,
for 1 h. After being washed 3 times with PBS supple-
mented with 0.05% Tween 20, the membranes were
incubated with biotinylated antibovine IgG (Pierce
Chemical Co., Rockford, IL) or biotinylated jacalin for 1
h. After a new cycle of washings with PBS, the reacting
bands were developed with streptavidin-alkaline phos-
phatase conjugate (Calbiochem-Novabiochem Co., La
Jolla, CA) and nitroblue tetrazolium chloride-5-bromo-
4-chloro-3-indolyl phosphate (NBT/BCIP; Sigma). Pre-
cision prestained standards (Bio-Rad) were used to esti-
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mate the molecular weight of the antibody and the lec-
tin-recognized bands.

Mass Spectrometry Analysis of the IgG Peptides

Peptides obtained via trypsin and pepsin hydrolysis
of the JB-Ig and NB-Ig were desalted in a microTip
filled with POROS R2 (PerSeptive Biosystems, Foster
City, CA) and eluted in 60% methanol and 5% formic
acid for mass spectrometry (MS) analysis, carried out
in a Quattro II electrospray triple-quadrupole mass
spectrometer (Micromass, Manchester, UK) by direct
infusion (300 nL/min) under the following conditions:
capillary voltage maintained at 2.8 kV, cone voltage at
40 V, and cone temperature set to 100°C. The parame-
ters for MS scanning were optimized with synthetic
peptide for the highest signal-to-noise ratio, and the
mass was calibrated with polyethylene glycol. Spectra
were collected as the average of 10 to 30 scans (2 to 5
s/scan) and processed using MassLynx v. 3.3 software
(Micromass).

RESULTS

Isolation and Characterization of JB-Ig

Bovine colostrum was delipidated, decaseinated, and
precipitated with ammonium sulfate to obtain an Ig-
enriched colostral whey preparation. Fractionation of
the colostral whey proteins was performed by affinity
chromatography on an immobilized jacalin column. By
loading the jacalin-agarose column (5-mL bed) with 18
mg of whey proteins, 1.5 mg of the bound protein was
eluted with a 0.4 M D-galactose solution. This yield was
subsequently reproducible in several similar proce-
dures and yielded homogeneous Ig preparations (JB-
Ig), according to the criteria of the SDS-PAGE analysis,
carried out in both reducing and nonreducing condi-
tions (Figure 1). Nonreduced samples exhibited a
largely prominent 180-kDa protein band (Figure 1A)
coincident with that of bovine IgG (Tizard, 1998). Re-
duced samples provided bands of apparent molecular
mass of about 60 and about 30 kDa (Figure 1B), a profile
compatible with heavy and light Ig chains. This inter-
pretation was reinforced by the observation that, in a
Western blot assay, the 60- and 30-kDa bands were
developed by goat antibodies specific to bovine IgG (Fig-
ure 1C). The Western blot analysis of the reduced sam-
ples also showed that biotinylated jacalin developed the
60-kDa band only, suggesting that O-glycans recog-
nized by jacalin are associated with the heavy chain of
the isolated bovine IgG (Figure 1D). This indicated that
O-glycosylation was predominantly associated with the
heavy chain of the bovine colostral antibodies.
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Figure 1. Characterization of the jacalin-bound Ig (JB-Ig) by SDS-
PAGE and Western blot. Samples of JB-Ig were submitted to SDS-
PAGE under nonreducing (A) and reducing (B) conditions to evaluate
the homogeneity of the JB-Ig fraction. The JB-Ig under reducing
conditions was blotted onto nitrocellulose membrane and revealed
with antibovine IgG or jacalin. The heavy and light chains reacted
with antibovine IgG (C), whereas only the heavy chain was recognized
by jacalin (D).

Isotyping of JB-Ig (Table 1) showed that more than
80% of the total Ig corresponded to IgG1, whereas the
other Ig were distributed into the M (9.6 %), A (6%),
and G2 (0.9%) isotypes.

Ig Characterization by MS Analysis
of Tryptic Peptides

The peptide mass fingerprints, determined by electro-
spray ionization-MS, resulting after the tryptic diges-

Table 1. Jacalin-bound colostral Ig isotyping

Concentration
Isotype of Ig, �g/mL % of total Ig

IgG1 342.0 83.4
IgG2 3.7 0.9
IgM 39.5 9.7
IgA 24.9 6.0
Total 410.1 100
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tion of JB-Ig and NB-Ig, were compared. The coincident
peptide mass fingerprints of the 2 preparations indicate
that distinctions between JB-Ig and NB-Ig did not con-
cern their peptide backbone (data not shown).

Determination by SDS-PAGE and Western Blot
of JB-Ig Resistance to Pepsin Digestion

To evaluate whether O-glycosylation of the bovine Ig
would provide resistance to peptic digestion, the JB-Ig
and NB-Ig preparations were reacted with pepsin at
pH 4.0, at an enzyme-to-antibody ratio of 1:30. The
electrophoretic profile of the resulting digest was kinet-
ically analyzed, and NB-Ig was clearly demonstrated
to undergo a faster and more drastic digestion com-
pared with JB-Ig. The SDS-PAGE of the digested JB-
Ig in nonreducing conditions showed that the detection
of a 180-kDa band corresponding to intact IgG still
persisted after 120 min of reaction, whereas in the case
of NB-Ig, fading away of the intact IgG occurred after
20 min of reaction (Figure 2A). Figure 2B makes the
faster NB-Ig digestion even more evident. The heavy
chain (60 kDa) of NB-Ig was extensively digested by
pepsin in 20 min, in contrast with the persistence of
this band in the case of JB-Ig. A densitometry analysis
of the gel containing the reduced samples showed that
89.3% of NB-Ig was digested in the first 30 min of reac-
tion, whereas only 45.5% of JB-Ig was digested during
this same period (data not shown).

Western blot analysis developed with antibody spe-
cific to bovine IgG showed that all the NB-Ig heavy
chain was digested within 30 min of enzymatic reaction,
in contrast with the persistent detection of the 60-kDa
band in the case of the JB-Ig samples, even after 120
min of reaction (Figure 3). This result reinforced the
idea that JB-Ig is resistant to peptic digestion.

Determination of JB-Ig Resistance to Pepsin
Digestion by Electrospray Ionization-MS

The optimal conditions for peptic hydrolysis were de-
termined by enzymatic reaction with native and heat-
denaturated horse myoglobin. Analysis by MS (data
not shown), using an enzyme-to-substrate ratio of 1:30,
revealed an adequate profile when the reaction was
developed for 4 h at 37°C in 0.1 M sodium acetate buffer
at pH 4.0. Mass spectral data obtained for horse myoglo-
bin hydrolysis demonstrated a sequence covering of
49% (10 peptic peptide ions representing 75 of 153 resi-
dues). There was no significant difference between the
peptic peptides obtained from the native or the denatur-
ated myoglobin (data not shown). These results vali-
dated the pepsin protease activity and the optimal ex-
perimental conditions for Ig peptic digestion.
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Figure 2. Time course hydrolysis of jacalin-bound (JB-) and not
bound (NB-) Ig. Samples of JB-Ig and NB-Ig were treated with pepsin
for different periods of time to compare the kinetics of protein degra-
dation. The materials derived from the reaction were examined by
SDS-PAGE in nonreducing (panel A) or reducing (panel B) conditions.

The JB-Ig and NB-Ig preparations were submitted
to 4, 8, and 24 h of hydrolysis with pepsin, and the
peptic peptides were detected by MS. Figures 4A and
4B show the MS results provided by samples after 4 h
of hydrolysis. In the mass spectra, the intensity of 4
peptide ions at m/z 523, 578, 629, and 728 was used to
estimate Ig resistance to pepsin hydrolysis (Figure 4C).
To circumvent the possible differences in the proton
transfer ionization of these peptide ions that were effec-
tively transferred into the gas phase, the intensity of
the peaks at m/z 523, 578, 629, and 728 obtained after
4, 8, and 24 h of hydrolysis provided a direct compari-
son. On the basis of the intensity ratio obtained for the
peptide ions of both the JB-Ig and NB-Ig samples, we
estimated that JB-Ig was at least 6 times more resistant
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Figure 3. Time course hydrolysis of jacalin-bound (JB-) and not
bound (NB-) Ig. Samples of NB-Ig and JB-Ig were treated with pepsin
at several time points, separated by SDS-PAGE in reducing condi-
tions, and electroblotted onto nitrocellulose. Western blot was re-
vealed with antibovine IgG. Observe that the NB-Ig fraction (left) is
less resistant to digestion than the JB-Ig fraction (right).

to pepsin hydrolysis than was NB-Ig. Mass measure-
ment of the ions generated by pepsin digestion of JB-
Ig, including the 4 mentioned above, demonstrated that
they matched the peptides from the bovine IgG mole-
cule, as detailed in Table 2.

DISCUSSION

Colostrum is vital for the health and survival of neo-
natal calves, and 18% of dairy cows provide colostrum
yields containing less than 100 g of IgG, the most com-
monly recommended amount to prevent failure in pas-
sive transfer (Levieux and Ollier, 1999). Failure in pas-
sive transfer is correlated with disease susceptibility,
economic loss, a negative impact on future production,
and mortality among dairy cows. To enhance the poor
protection provided by ingestion of colostrum in low
volumes or of colostrum containing low Ig levels, the use
of colostrum replacement products has been proposed.
However, results have been mediocre, a fact essentially
attributed to the poor absorption of intact Ig by the
calves’ intestines (Mee et al., 1996; Morin et al., 1997).
A number of studies have highlighted the putative re-
quirement of a colostrum factor able to enhance Ig ab-
sorption, which has been preliminarily characterized
as a low molecular weight protein (Bush and Staley,
1980) absent from the milk (Michanek et al., 1990).
Devenport et al. (2000) observed that the addition of
other proteins had little effect on the absorption of IgG
in neonatal calves. Quigley et al. (2001) suggested that
the fractionation of bovine plasma to manufacture a
colostrum supplement influenced the absorption of Ig.

Immunoglobulin A is the only protein of human colos-
trum that is able to bind to jacalin (Roque-Barreira and
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Campos Neto, 1985). This is because the lectin is able
to recognize O-glycans associated with the hinge region
of the IgA α1 chain (Skea et al., 1988). This binding
property has made jacalin a useful tool for isolating
several O-glycosylated proteins, such as human C-1
inhibitor, human plasminogen, human chorionic gonad-
otropin, and bovine coagulation factor X (Hortin and
Trimpe, 1990). In the case of human IgA, the presence
of O-glycans is associated with resistance to enzymatic
digestion, a very suitable property for a protein that is
released in the gastrointestinal tract lumen. We have
therefore hypothesized that other mammalian secre-
tory Ig could contain glyco-structures similar to those
presented by human IgA, and that such Ig glycoforms
could share the human IgA functional property of resis-
tance to enzyme digestion. For practical reasons dis-
cussed above, we focused the investigation of our hy-
pothesis on bovine colostrum Ig.

This study showed that IgG binds to jacalin in bovine
colostrum. Indeed, preferential binding occurs with
IgG1, which is the predominant Ig class in colostrum,
representing 85% of the total Ig (Larson et al., 1980).
Jaster (2005) has already highlighted the importance
of colostral IgG1 intake and absorption by neonates.

The Western blot analysis of reduced JB-Ig showed
that biotinylated jacalin detected the 60-kDa band only.
This suggests that, as in the case of human IgA (Baen-
ziger and Kornfeld, 1974; Yoo and Morrison, 2005), O-
glycans are associated with the heavy chain in bovine
IgG.

The ability of newborn calf intestinal cells to endocy-
tose macromolecules, including Ig, and to transport
these intact molecules across the epithelium into the
bloodstream ceases within the first day after birth
through a process known as “intestinal closure.” In ad-
dition to the maturation of the intestinal cells, the secre-
tion of digestive enzymes may also contribute to de-
termining lower levels of plasma Ig in calves, because
Ig degradation may occur before its absorption (Quigley
and Drewry, 1998). At birth and for a limited period
thereafter, the secretion of digestive enzymes remains
limited, allowing macromolecules such as IgG to escape
digestion. However, some studies have demonstrated
that the presence of relatively high levels of pepsin in
the stomach of the neonate (Guilloteau et al., 1983),
which reaches its highest levels 12 h after birth, contri-
butes to reduced absorption of IgG in its native form.
Concerning this fact, we understand that for a formula-
tion to confer efficient passive protection, it must con-
tain Ig resistant to the action of the digestive enzyme,
thus maximizing the absorption of these antibodies by
newborn calves.

An apparent universal consequence of O-glycosyla-
tion is the relative resistance of the O-glycosylated
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Figure 4. Pepsin hydrolysis characterization of jacalin-bound (JB-) and not bound (NB-) Ig by mass spectrometry (MS). (A) Mass
spectrometry analysis of JB-Ig after 4 h of enzymatic reaction; (B) MS analysis of NB-Ig after 4 h of enzymatic reaction; and (C) comparison
of peptic ions m/z 523, 578, 629, and 728 after 4, 8, and 24 h of enzymatic reaction. The NB-Ig generated more peptides than the JB-Ig.
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Table 2. Peptic peptide mass mapping of native bovine jacalin-bound Ig1

m/z Mr Delta2 Residues Sequence

480.4 [M + 3H+] 1,436.74 0.75 887–900 (F)CLVMGVLFAVDTGL
523.3 [M + 3H+] 1,565.79 0.80 457–470 (F)KMIDNMGIPSFLAF
534.7 [M + 3H+] 1,601.78 0.70 1269–1282 (L)TCSAFSFYPPELKL
578.4 [M + 2H+] 1,155.64 0.65 1249–1258 (W)KEPPSMRLKA
628.9 [M + 2H+] 1,254.61 −0.18 868–878 (A)PETLQTVSSFF
654.9 [M + 2H+] 1,307.72 0.93 519–529 (W)INVLREDHVTL
702.4 [M + 2H+] 1,402.77 0.98 1041–1053 (W)GQGLRVTVSSMRL
728.4 [M + 2H+] 1,453.70 −0.09 726–738 (A)ARTEAENTVTYSL
784.4 [M + 2H+] 1,565.79 0.80 457–470 (F)KNIDNMGIPSFLAF
864.9 [M + 2H+] 1,727.93 −0.06 770–786 (L)LLSADTQTADPSKAVVL
971.5 [M + 2H+] 1,939.96 0.77 442–459 (L)DSLDSGHGKEVPPTFKNI
1,283.2 [M + 3H+] 3,847.37 −0.11 205–238 (L)SDPVQLEIHSDWLLLQVTSRVFTEGDPLALRCHA
1,425.6 [M + 3H+] 4,275.08 0.70 474–510 (A)RRNRAHCTPWHPWGHMLLWTALLFLAPVSGKPDLPKA

1The site cleavage specificity of pepsin was defined as a peptide with the C-terminal portion containing the following AA: L, I, F, A, and
W (source: www.proteinprospector.ucsf.edu).

2Difference of the theoretical molecular mass and experimental molecular mass determined by mass spectrometry.

regions of glycoproteins to proteases (Jentoft, 1990). It
is well known, for example, that the heavy chain of
mouse IgG2b is resistant to the attack of a variety of
proteases including pepsin, papain, and elastase (De-
mignot et al., 1989; Kim et al., 1994), a fact that has
been associated with the asymmetric O-glycosylation
of the hinge region. Our observations demonstrate a
significant difference between the resistance of JB-Ig
and NB-Ig to peptic digestion. Evaluation of pepsin
hydrolysis of the intact and separated chains of IgG by
gel electrophoresis is consistent with the analysis of
peptic peptides by MS. These data strongly suggest that
the O-glycosylated forms of Ig are more resistant to
enzymatic hydrolysis, even when submitted to long ex-
posure to protease action.

A number of methods have been proposed for IgG
isolation from colostrum and milk (Al-Mashikhi and
Nakai, 1988; Hahn et al., 1998; Su and Chiang, 2003).
However, contrary to our protocol, none of them pro-
vides the selection of more resistant Ig to gastric en-
zyme action. Jacalin, the substance that was the basis
for the Ig separation procedure presented here, is the
major protein in jackfruit seeds and is very easy to
isolate. This could contribute to obtaining it inexpen-
sively. One medium-sized jackfruit, collected from a
plant that grows naturally in tropical climates, provides
25 to 30 g of jacalin. In addition, jacalin is a very stable
lectin. By preventing contamination, we can store a
dry preparation of jacalin for months, even at room
temperature, with no detectable activity loss (Roque-
Barreira and Campos Neto, 1985).

The goal of this work was to show that the use of
affinity chromatography on a jacalin-agarose column
could provide preparations rich in bovine colostrum
type 1 IgG. Moreover, we demonstrated that these IgG1
preparations were highly resistant to peptic hydrolysis.
We thus postulate that the ingestion of such a prepara-
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tion by calves should favor whole antibody absorption,
as well as the transfer of adequate passive immunity
to neonates.
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