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Colostrum is the initial milk secreted by bovine during parturition and the first few
days after birth. Colostrum is a gift of nature used to protect the newborn’s immune
system and provides passive immunity against pathogens. The presence of bioactive
components such as insulin-like growth factor I and 1l (IGF-1 and IGF-II), lactoferrin,
lysozyme, lactoperoxidase, and immunoglobulin make the colostrum active against
pathogens such as Escherichia coli, Salmonella typhimurium, Shigella dysenteria,
Listeria monocytogens, Streptococcus mutans, Bacillus stearothermophilus, and Bacil-
lus subtilis. It is also active against Herpes simple virus type-I (HSV-I1), Human
Immuno-deficiency virus-1 (HIV-1), and human cytomegalovirus. Lysozyme is an anti-
bacterial and lytic enzyme; whereas lactoperoxidase is a major antibacterial found in
colostrum; it is toxic to gram-positive and gram-negative bacteria. Lactoperoxidase
inactivates the polio virus, vaccinia, and human immunodeficiency virus type-I in-
vitro. Immunoglobulins are considered an important bioactive component in colos-
trum, and it contains high levels of immunoglobulin G (Ig G). Immunosupplementation
with bovine milk antibodies has been shown to provide local protection to the gas-
trointestinal tract against disease. The restricted technical and hygienic problems,
along with the unstable physio-chemical nature of colostrum, has resulted in minimal
utilization of colostrum on Industrial scale.
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Introduction

Bovine colostrum is the initial milk secreted by cows during parturition and the first few
days after birth. Postparturition colostrum is designed by nature as a substance that pro-
tects a newborn’s immune system and provides passive immunity against a host of micro-
organisms. It also assists the body with protein synthesis, muscle building, and tissue
growth. Colostrum is a rich source of bioactive proteins, which could account for its pre-
scribed actions. Although colostrum might contain proteins with anabolic actions that
have not yet been described, a possible mechanism of actions could come from insulin-
like growth factor-I (IGF-I). It is the most abundant and well-described growth factor in
colostrum and has the same amino acid structure in bovine as well as humans. The growth
factors promote the growth and development of newborn calves. These include insulin-
like growth factor I and IT (IGF-I and IGF-II). IGF-I and IGF-II are heat stable, acid stable
and are widely distributed mediators of cellular growth, development, and differentiation.

Colostrum is rich in antimicrobial components such as lactoferrin, lysozyme, lactop-
eroxidase, and immunoglobulins. Lactoferrin exhibits antagonistic properties against
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pathogens such as Escherichia coli, Salmonella typhimurium, Shigella dysenteria, Listeria
monocytogens, Streptococcus mutans, Bacillus stearothermophilus, and Bacillus subtilis.
It is also active against Herpes simple virus type-I (HSV- I), Human Immuno-deficiency
virus -I (HIV-I) and human cytomegalovirus. Lysozyme is antibacterial and a lytic
enzyme, whereas lactoperoxidase is a major antibacterial found in colostrum that is toxic
to gram-positive and gram- negative bacteria. In addition, lactoperoxidase inactivates
polio virus, vaccinia and human immunodeficiency virus type-I in-vitro. Immunoglobu-
lins are considered an important bioactive component in colostrum, and colostrum con-
tains high levels of immunoglobulin G (Ig G). Immunosupplementation with bovine milk
antibodies has been shown to provide local protection to the gastrointestinal tract against
disease.

The utilization of colostrum is, however, restricted, mainly due to technical and
hygienic problems. The low clotting temperature and high protein content leads to prob-
lems in industrial processes, whereas high antimicrobial activity decrease the chances of
fermentation. This article considers an overview of the bioactive components of colostrum
and its effective utilization.

Antimicrobial Components

Lactoferrin

Lactoferrin is an 80kDa iron-binding glycoprotein present in colostrum, milk, and to a
lesser extent in other exocrine fluids such as tears. In addition to its antimicrobial activity,
it has been proposed that lactoferrin plays an important role in iron uptake in the intestine
and the activation of phagocytes and immune responses. Receptors for lactoferrin are
found on intestinal tissues, monocytes, macrophages, neutrophiles, lymphocytes, platelets
and on some bacteria.!~?

The ¢cDNA for bovine lactoferrin has been isolated, and the deduced amino acid
sequence (708 amino acids) is homologous with human lactoferrin (68%) and human
transferrin (60%), another iron-binding protein predominantly present in serum. The con-
centration of lactoferrin in bovine colostrum and mature milk is about 1.5-5 mg/mL and
0.1 mg/mL, respectively.*

Lactoferrin has been shown to inhibit the growth of several microbes, including
Escherichia coli®" Salmonella typhimurium, Shigella dysenteria,® Listeria monocytoge-
nes,”) Streptococcus mutans 'Y Bacillus stearothermophilus, and Bacillus subtilis. 'V In a
recent study, it was shown that human and bovine lactoferrin and their N-terminal pep-
tides were giardicidal against Giardia lamblia in vitro.'? It has been proposed that the
antimicrobial effect of lactoferrin is based on its capacity to bind iron, which is essential
for the growth of bacteria. However, recent studies have shown that in addition to iron
chelation, other mechanisms are also involved. In fact, an antibacterial domain of bovine
and human lactoferrin distinct from the iron-binding region of the molecule has been char-
acterized.1?

Lactoferrin is active at neutral pH, and in the presence of bicarbonate ions.!*!> Since
bicarbonate is secreted into the lumen of the intestine, the conditions should be favorable
for the antimicrobial activity of lactoferrin.’ Lactoferrin has been shown to bind lipid A
of polysaccharides (LPS)!'® and cause the release of LPS from cell walls of bacteria.!”:'¥
In addition, lactoferrin binds to porin molecules in the outer membrane of Escherichia
coli" and Salmonella typhimurium,*® resulting probably in permeability changes.
Lactoferricin, a peptide derived from pepsin digestion of bovine lactoferrin, has antimicrobial
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activities against various bacteria and Candida albicans***'*» and the interaction of
lactoferrin with the cell surface is necessary for antimicrobial activity. These results
suggest that lactoferrin exerts its antimicrobial activity by modifying bacterial cell mem-
branes. In addition to its antibacterial activity, lactoferrin has antiviral effects against her-
pes simplex virus type-1 (HSV- 1),* (HIV-1) and human cytomegalovirus in vitro.??

Lysozyme

Lysozyme [EC.3.2.1.17] is a well-known antibacterial and lytic enzyme discovered by
Fleming.®® Lysozyme can be found in many mammalian body fluids, including colos-
trum. Especially rich sources of lysozyme include egg albumen and human milk. The nat-
ural substrate of the enzyme is the peptidoglycan layer of bacterial cell wall and its
degradation results in lysis of the bacteria. Some recent results indicate that the antibacte-
rial activity of lysozyme is due not only to its enzymatic activity, but also to its cationic
and hydrophobic properties.?® The concentration of lysozyme in colostrum and normal
milk is about 0.14-0.7 and 0.07-0.6 mg/mL, respectively. Milk lysozyme is active against
a number of gram-positive and gram-negative bacteria, which are completely resistant to
egg white lysozyme.?” The presence of lactoferrin enhances the antibacterial activity of
lysozyme against E. coli,'® which also supports the hypothesis that lactoferrin damages
the outer membrane of gram-negative bacteria. Several genes encoding lysozymes®®2”
have been found in cow, and the purified lysozymes from cow kidney and stomach are dif-
ferent from cow’s milk lysozyme.®*" In addition, cow’s milk lysozyme is strikingly dif-
ferent in amino acid content from human milk lysozyme.®? Further studies are required
to define the exact functions of different types of lysozymes expressed even in a single
animal.

Lactoperoxidase

Lactoperoxidase [EC 1.11.1.7] is a major antibacterial enzyme in colostrum. It is a basic
glycoprotein containing a heme-group with Fe®* and catalyzes the oxidation of thiocyan-
ate (SCN") in the presence of hydrogen peroxide (H,0,), producing a toxic intermediary
oxidation product. This product inhibits bacterial metabolism via the oxidation of essential
sulfhydryl groups in proteins.®?

The lactoperoxidase system protects the lactating mammary gland from infections
caused by, for example, pathogenic Streptococcus spp.***> The lactoperoxidase system is
also toxic to other gram-positive and gram-negative bacteria such as Pseudomonas aerug-
inosa, Salmonella typhimurium,V Listeria monocytogenes *%37 Streptococcus mutans,
Staphylococcus aureus,®” and psychrotrophic bacteria in milk.®® In addition, the lactop-
eroxidase system inactivates polio virus, vaccinia,®® and HIV- 1“9 jn vitro.

Bovine colostrum and milk contain about 11-45 mg/L and 13-30 mg/L lactoperoxi-
dase, respectively.”Y The gene encoding lactoperoxidase is expressed in epithelial cells of
the lactating mammary gland, indicating that these cells secrete lactoperoxidase into
milk.“" The deduced amino acid sequence of the bovine lactoperoxidase gene is homolo-
gous to human myelo-, thyro-, and eosinophil-peroxidases. The single peptide chain (612
amino acids) includes 15 half-cystines and 4 to 5 potential N-glycosylation sites, and the
heme group is suggested to bind to the peptide chain via a disulfide linkage *" The bovine
lactoperoxidase also contains a site with high affinity for calcium. A lactoperoxidase-
related enzyme devoid of the heme prosthetic group and enzyme activity has been purified
from bovine milk, but its function is unknown.“? The lactoperoxidase is partly activated
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by forming a complex with lysozyme and this interaction appears to be quite specific.*?
The lactoperoxidase system and lactoferrin have been known to have an additive, but not
synergistic, antibacterial effect against Streptococcus mutans. 4

Immunoglobulins

Maternal immunoglobulins are not transferred across the placenta to the fetus in cattle,
and calves are born with very low concentrations of serum immunoglobulins. Bovine
colostrum is a very rich source of immunoglobulins, and their absorption is essential to
provide passive immunity after birth. These antibodies protect newborn calves against
infectious enteric and respiratory diseases, which are principal reasons for mortality of
calves. Calves with high serum immunoglobulin concentrations have lower mortality rates
than calves with serum IgG < 10 g/1.4>

IgG, is the principal immunoglobulin type in colostrum, whereas IgM, IgA, and IgG,
are present at considerably lower concentrations. The concentrations of immunoglobulins
in colostrum are almost a hundred-fold higher than in milk. Two processes are involved in
the transfer of immunoglobulins from the cow to its calf *36 First, maternal immunoglo-
bulins are absorbed from circulation and concentrated in the colostrum. Next, the colostral
immunoglobulins are transferred from the lumen of the intestine into the circulation of the
newborn calf. IgG is transported from blood into colostrum by an active receptor-
mediated transfer across the mammary gland secretory epithelium in the dam. IgG dif-
fuses across the vascular endothelium and binds to specific IgG-F, receptors on the basal
membrane of the mammary receptors on the basal membrane of the secretory epithelium.
Pinocytotic vesicles transfer the immunoglobulin molecules through the epithelial cells,
which secrete the molecules into colostrum. The transfer of IgG, to colostrum begins sev-
eral weeks before birth and continues until the time of calving. This process results in a
concentration of IgG, in colostrum that is 5- to 10-fold higher than in maternal
serum.®#%*7) In a newborn calf, the immunoglobulins are absorbed from colostrum into
circulation via a nonselective macromolecular transport system across the small intestine
epithelium. No specific Ig receptors have been found to be associated with this process,
which probably also transfer other macromolecules. This nonselective absorption occurs,
however, only within about 24 to 36 hours of birth and provides the transmission of pas-
sive immunity from the cow to its calf.4>#®

Bovine colostrum contains relatively high amounts of Ig in general, and Ig G specifi-
cally constitutes the largest contribution to protein content in colostrum. Mach and
Pahud® estimated Ig concentrations from bovine mammary secretions with ranges for Ig
G, of 52-87 g/L, Ig G, of 1.6-2.1 g/L,Ig M of 3.7-6.1 g/L, and Ig A of 3.2-6.2 g/L. Ig
contribution, however, declines substantially in any colostrum collected more than 24
hours post-parturition, and the amount of lactalbumin and casein increases proportion-
ately. Several uncontrolled intervention trials have been conducted using colostrum during
the first 10 hours post-parturition. Table 1 provides a breakdown of Ig content for colos-
trum collected during the first 10 hours post-parturition.

Growth Factors

Both normal milk and colostrum contain several peptide growth factors that stimulate the
growth and differentiation of mammalian cells. The first indirect evidence of this was the
finding that human milk®" and bovine colostrum®? stimulated the growth of cultured
mouse fibroblasts. Several reports confirmed these results and showed that bovine colostrum
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Table 1
Immunoglobulin composition of Bovine colostrum collected during the first 10 hours
post-parturition

Constituent Concentration (g/1)
IgG 304
IgA 35
IgM 9.6

Adapted from: Stephan, et al.>?

and its fractions stimulate the growth of many other types of mammalian cells in
vitro 53> Normal bovine milk shows much less stimulation, probably due to its lower
content of growth factors 5>

Insulin-like Growth Factors (IGF-I and IGF-II)

The most abundant and best-characterized growth factors in bovine colostrum are insulin-
like growth factors (IGF-I and IGF-II). Insulin, IGF-I (also known as somatomedin C),
IGF-II and Relaxin constitute the insulin family of growth factors. IGF-I and IGF-II are
acid- and heat- stable and are widely distributed mediators of cellular growth, develop-
ment and differentiation. IGFs are single-chain polypeptides of approximately 7.6 kDa.
The polypeptide chain is composed of four polypeptide domains, denoted, A, B, C, and D,
whereas insulin has no D domain, and the C domain is cleaved post-translationally. Each
IGF molecule contains three disulfide bridges.®>%

The biological effects of IGF-I and IGF-II are mediated primarily by a specific IGF
receptor, type I IGF receptor, which is structurally homologous to insulin receptor.
Another IGF receptor, type II IGF receptor (a cation-independent mannose-6-phosphate
receptor), has a slightly higher affinity for IGF-II than for IGF-I. Both receptors co-exist
in many cells. IGFs, like insulin, stimulate glucose uptake, the synthesis of glycogen, pro-
tein, RNA, DNA and lipids and cell proliferation at nanomolar concentrations in vitro. In
vivo, IGF-I and IGF-II are proposed to act both as endocrine hormones via the blood and
locally as paracrine and autocrine growth factors. Six structurally related insulin-like
growth factor binding proteins (IGFBPs) are known in rats and humans, and they bind
IGFs with high affinity and specificity. IGFBPs are probably involved in the regulation of
the biological activity of IGFs and two of them, IGFBP-2 and IGFBP-3, have been found
in bovine milk.®°>7°¥ In a study conducted by Gibson et al.,®® milk samples from lactat-
ing cows atday 1 and 1,2, 3,4, and 5 months postpartum were analyzed and characterized
with Western Ligand Blot procedures for specific IGFBP. Electrophoresis and '*[1] IGF-I
ligand blot analyses of the samples indicated that milk required removal of casein in order
to disclose all IGFBP. Immuno-precipitation studies identified IGFBP-2, -3, -4, and -5 in
blood, milk and primary cell culture conditioned media. The IGFBP were present at
higher concentrations in serum than in milk and milk concentrations were greater than that
shown in conditioned media from primary cultures of bovine mammary cells.>”

IGF-I and IGF-II, together with a truncated form of IGF-I, -3N:IGF-I, have been puri-
fied to homogeneity from bovine colostrum. The amino acid sequence of the purified
bovine IGF-T is identical to that of human IGF-1,%°¢") and IGF-II was found to differ in the
three amino acid residues from human IGF-II. -3N:IGF-I lacks the N-terminal tripeptide,
Gly-Pro-Glu.®” The IGF content of colostrum has been determined in several studies:
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~200 pg/L IGF-I and ~200 pg/L IGF-II, 100-450 pg/L IGF-I, 2000 pg/L IGF m, 50-150
ug/L IGF-1, and 100600 pg/L IGF-II, 450-500 ug/L IGF-1? whereas less than 10 ug/L
IGF-1 and IGF-1I®® has been found in normal bulk milk. Pasteurization of bovine milk
(79°C, 45 s) does not alter the concentration of IGF-I, but the required treatment for infant
formula, 121°C for 5 minutes, destroys the protein. IGFs in colostrum and milk are sup-
posed to originate from circulation and are not due to local synthesis in mammary tissues,
although the exact mechanism of their appearance in mammary secretions is unknown.>

Type I and II IGF receptors have been found in bovine mammary tissue and on intesti-
nal epithelial cells ®*%> raising a question about the biological effects of IGFs in colostrum
and milk. IGF-I has been shown to be a potent stimulator of mitogenesis and galactopoesis
of bovine mammary cells,®® suggesting that IGFs may also have effects on mammary tis-
sue itself. On the other hand, dietary IGFs may have direct effects on epithelial cells of the
GI tract or be absorbed into circulation and cause systemic effects. In the two latter cases,
IGFs have to survive in the GI tract, where they are exposed to low pH and proteolytic
enzymes. Dietary IGF-I has indeed been demonstrated to stimulate cell proliferation in the
GI tract of newborn piglets and calves> and enhance D-xylose adsorption in newborn
calves. Dietary cow colostrum has also been shown to promote the growth of small intes-
tine of newborn piglets >>”) It was found that orally administered '*I-IGF-I was trans-
ported into the circulation indicating that systemic effects are also possible. In fact, dietary
IGF-I has been shown to suppress erratic insulin secretion, stimulate prolactin secretion and
cause a latent (4 days’ delay after administration) increase in the concentration of IGF-I in
calf blood.®” Xu and Wang®® showed that total and trichloroacetic acid (TCA) precipita-
ble radioactivity rose significantly in plasma in newborn and 3-day-old piglets one hour
after oral gastric administration of '>’I-IGF-I. According to chromatographic analysis,
I25.IGF-I represented about 20% of the total plasma radioactivity in the newborn and 10%
in the 3-day-old piglets. Radioactivity of different tissues was analysed, with highest con-
centrations of TCA precipitate radioactivity found in the stomach wall.

The truncated form of IGF-I, -3N:IGF-I, is especially potent in vivo and in vitro, pos-
sibly due to its reduced affinity for several IGFBPs.%” In bioassays, -3N: IGF-I has usu-
ally several-fold higher biological activity (depending on target cell type) than IGF-I1.7?
The relative abundance (activity) of the three forms, IGF-I, IGF-II and -3N:IGF-I, was
estimated to be about 1:0.05:2, respectively, in bovine colostrum, indicating that most of
the IGF activity in colostrum is due to the presence of -3N:IGF-I.

It has been speculated that a bovine colostrum-based diet would provide natural growth
stimulants such as IGFs in food. Some in vivo and in vitro studies support this idea. A dietary
sterile-filtered colostrum-based food supplement has been demonstrated to increase serum IGF-
I in male athletes during a short-term strength and speed training period’" and dietary colos-
trum has been shown to increase the concentration of blood IGF-I in neonatal calves " Infused
IGF-I enhances muscle protein anabolism in human subjects”’® and in rats. Purified IGF-I acts
as a survival factor in the protection of cultured Balb/c mouse fibroblasts against death” and
stimulates amino acid uptake by cultured human placental trophoblasts. Colostrum also signifi-
cantly inhibits protein degradation in different cultured mammalian cell lines!>

In 1997, a peer-reviewed scientific publication reported that 8 days of supplementa-
tion with a colostrum product (Bioenervie™) increased serum IGF-I levels in an athletic
population.”’® Antonio, et al.’” determined the effect of 8 weeks of bovine colostrum
supplementation on body composition and exercise performance in active men and
women. Subjects were randomly assigned to a placebo (whey protein) and colostrum
group (20 g/day in possible form). Each subject participated in aerobic and heavy-resistance
training at least three times per week. The whey protein group experienced a significant
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increase (P < 0.05) in body weight (mean increase of 2.11 kg), whereas the colostrum
group experienced a significant (P < 0.05) increase in bone-free lean body mass (mean
increase of 1.49 kg). Daily supplementation with 60 g of bovine colostrum for 4 weeks did
not change blood IGF-I and IGF-binding protein 3 levels.’® Another study has reported a
17% increase in serum IGF-I following 2 weeks supplementation by athletes with 20 g/
day of colostrum from yet another colostrum product (Dynamic ™). In this investiga-
tion, a separate absorption study indicated that most of the IGF-I in the supplement was
degraded in the gastrointestinal tract rather than being absorbed, suggesting that the source
of the increase in plasma IGF-I following oral intake of colostrum was enhanced stimulus
of human IGF-I synthesis. Colostrum is not on the banned substances of the IOC/World
Anti-Doping Agency, and one study has reported that 4 weeks of colostrum supplementa-
tion (60 g/day) was not seen to cause a positive doping outcome based on urine testing.’®

Insulin

In addition to IGFs, varying amounts of insulin have been detected in normal bovine colos-
trum and milk, from 10-50 pg/L, 85-327 ug/L, and 20-25 ug/L depending on post-partum
time. The highest concentration (327 pg/L) was found in the first milking, and it fell to
about 50% of its initial value 24 hours post-partum. A stable concentration at about 14% of
its initial value was reached 7 days post-partum.®? Insulin is taken up from the maternal
circulation by the mammary gland, from which it is probably released into colostrum "
Orally administered insulin results in hypoglycemia in calves®® and newborn pigs, indicat-
ing that insulin is absorbed and retains its biological activity in the GI tract. In addition, a
colostrum diet increased the level of serum insulin in neonatal piglets and calves ®*

Transforming Growth Factor Beta (TGF-f1 and TGF-/2)

A very interesting growth factor found in bovine colostrum is transforming growth factor-
B (TGF-B). TGF-B is a highly pleiotropic growth factor with several different types of
function. It stimulates proliferation of some cells, especially in connective tissue, whereas
it acts as a growth inhibitor of some other cells, such as lymphocytes and epithelial cells.
TGF-f plays an important role in embryogenesis, tissue repair, formation of bone carti-
lage, and in the control of the immune system. Three isoforms of TGF- (TGF-B1, TGF-
B2, and TGF-B3) are known in humans and they are members of the TGF-B superfamily
of peptide growth factors, including, for example, a family of bone morphogenic factors
and a family containing activins and inhibins. Two high-affinity receptors and several
other soluble and cell surface TGF-P binding proteins are known to be involved in mediat-
ing the numerous effects of TGF-pB.848%

The TGF-B2 gene, like other TGF-f3s, encodes a large precursor polypeptide chain.
This polypeptide contains a large N-terminal domain and a C-terminal domain, which is
the mature form of TGF-B2.%9 After proteolytic processing, the N-terminal domain
remains non-covalently bound to the C-terminal domain and this complex is known as an
inactive latent TGF-B2.%” Activation of the latent form by removal of the N-terminal
domain is induced by changes in ionic strength, acidification or proteolytic enzymes.®®
Most forms of TGF- are homodimers containing two identical polypeptide chains,
although heterodimers such as TGF-B1, 2 and TGF-B2, 3 have also been found. The sub-
units of the active form of TGF-P are linked by a disulfide bond.®”

TGF-B1? and TGF-B2°" have been purified from bovine milk. One of the TGF-p-
related growth factors detected in colostrum® is probably identical to TGF-B2. It was
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also found that colostrum contains a much higher level of TGF- activity than normal
milk. TGF-B2 is probably the predominant form in milk and in colostrum.®?

It was proposed®" that TGF-Bs may act as mediators of mucosal immunity and/or gut
epithelial differentiation in the neonate. The first suggestion is supported by findings that
TGF-B increases the production of IgG®** and especially of IgA®® of lipopolysaccha-
ride (LPS)-stimulated murine B-lymphocytes. It has also been demonstrated that TGF-3
enhances expression of secretory component in rat epithelial cells, which is responsible
for the transport of polymeric IgA into the intestinal lumen.®> Since it is well known that
IgA plays a major role in immunological protection of mucous membranes,*® it would be
interesting to define the role of TGF-B in milk/colostrum in modulation of the immuno-
logical defence systems against pathogenic microorganisms in the gut. It should also be
noted that intestinal epithelial cells produce TGF-B by themselves.®” The suggestion that
TGF-f is involved in the development of gut epithelium is supported by a finding that
TGF-B1 induces terminal differentiation of intestinal epithelial cells in vitro.

Epidermal Growth Factor (EGF)

The EGF family of growth factors includes, for example, EGF transforming growth factor-ou
(TGF-0) and amphiregulin. The most important members of this family are EGF and TGF-,
which can modulate the development of epidemmis, mammary gland and gut, and act as angio-
genic factors. EGF and TGF-o bind to the same receptor, i.e. a cell surface glycoprotein
(molecular weight: 175 kDa) with tyrosine kinase activity >*® There are contradictory results,
however, about the presence of EGF in bovine colostrum. It was found that the PDGF (plate-
let-derived growth factor)-like growth factor from mammary secretions of goats, sheep and
cows inhibited the bonding of 1251 Jabelled mouse EGF to mouse 3T3 fibroblasts, but stimu-
lated cell proliferation. This activity was significantly higher in colostrum than in normal milk.
Shing and Klagsburn® purified growth factors from both human and bovine milk and found
that the major growth factor of human milk, human milk growth factor III (HMGF III), was
similar to EGF, but it was not present in bovine milk. Instead of EGF, the major growth factor
detected in bovine colostrum, colostrum-derived growth factor (BCGF), was shown to be
structurally related to human platelet-derived growth factor (PDGF)®”)

Immune Factors

The natural environment contains a large variety of infectious microbial agents—bacteria,
viruses, and fungi. If left unchecked and allowed to multiply, pathogenic species will
eventually kill the host. In normal healthy animals most infections are of limited duration
and cause little, if any, permanent damage. This is due to the immune system—a natural
defence mechanism that helps ward off or combat infectious agents. The immunoglobu-
lins have an integral role in this defence system in that they form antibodies. The most
prevalent immunoglobulin in all species of animals is IgG. In human trials, it has been
demonstrated that specific antibodies exist in bovine milk that are effective against both
enteropathogenic and enterogenic organisms.

Passive Immunity

During embryonic development, the unborn animal immune system is not sufficiently
developed to ward off potentially harmful microbes. Fortunately, the fetus is protected
from harmful environmental factors by its position in the womb; normally potentially
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harmful agents will not pass the placental barrier. At birth, the newborn without a comple-
ment of antibodies would find its environment very hostile, being quite susceptible to
infection from invading organisms. To alleviate this potentially lethal situation, a very
interesting phenomenon, known as passive immunization, has evolved. The maternal
blood contains a full complement of antibodies to various antigens to which the mother
has been exposed to during her lifetime. In humans and apes, the mother passively immu-
nizes her young in utero by passage of antibodies through the placenta. In animals where
the maternal antibodies do not pass the placental barrier (cattle, pigs, and sheep), the
young are passively immunized immediately after birth by way of colostrum. In these spe-
cies, the maternal antibodies present in the colostrum are absorbed directly through the gut
in the first few days after birth.(190-104)

IgG is the form in which antibodies occur most abundantly. In all species of mammals,
IgG is passed from the mother to its young, although the actual mechanism of transmission
varies from species to species. In humans and apes, it has been shown that IgG and its com-
pliment of antibodies pass across the placental barrier from mother to fetus during the sec-
ond two-thirds of gestation. This passage appears to be selective in that IgG is transferred but
not the other immunoglobulins (IgA, IgM, IgE, IgD). Albumin is also transferred, but to a
lesser degree. Other plasma proteins are not transferred across the placental barrier. In cattle,
it appears that the same type of selection occurs in absorption of antibody through the gut in
that there is a preferential passage of IgG and not IgA, IgM, IgD, or IgE.

Passive Local Protection

In humans, passive transmission of maternal antibodies occurs prior to birth and is in
utero. After birth, the antibodies present in human milk function in local passive protec-
tion. In cattle, pigs, and sheep, passive transmission of maternal antibodies occurs in the
first 20 to 48 hours after birth by way of the colostrum. During this time, they absorb
intact antibodies via the newborn’s digestive tract. After these first few days, the direct
absorption of intact antibodies ceases and any antibodies present in the colostrum and
milk then function in local passive protection of the gastrointestinal (GI) tract.

The importance of this passive local protection is evidenced in the newborn calf
where diarrhea and other enteric infections (scours) can prove fatal.1® It has been
reported that the best source of nourishment for the infant mammal is mother’s milk.1%®
This has largely been attributed to not only the nutritional benefits of milk but also to the
presence of milk immunoglobulins providing local passive protection to the GI tract.

Immuno-Supplementation

Local protection in the form of immuno-supplementation with bovine milk antibodies has
been shown to be an effective means of providing local protection to the GI tract against
disease. Bovine immunoglobulin in the form of specific antibody has been shown to be
effective against various enteric diseases. Although bovine colostrum contains Ig to neu-
tralize enteric pathogens, the titer of Ig present is considered by some researchers too low
to afford protection against specific infectious organisms. This limitation is overcome by
using one of three methods: collection of bovine colostrum during a more narrow time
period post-parturition; concentration of Ig; or, production of hyperimmune bovine colos-
trum (HBC).

The use of bovine colostrum as prophylaxis or treatment of infectious disease relates to
the historical concept of “immune milk™ being capable of transferring passive immunity.
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With the advances in research relating to the understanding of chemical structure and
functions of Ig, the role of bovine colostrum as treatment for enteropathogenic
microbes has come into focus. The majority of research trials have been conducted
using hyper-immune bovine colostrum products created to have higher antibody titers
against the specific microbe. In trials, it has been successfully shown that specific
antibodies in bovine milk are effective against both enteropathogenic and enterotoxi-
genic Escherichia coli, Cryptosporidium, Helicobacter pylori, Rotavirus, and Shigella
flexneri 107113

Cryptosporidiosis. HBC collected from cows immunized with cryptosporidia antigens
has been reported to be an effective treatment for cryptosporidia-induced diarrhea result-
ing in elimination of stool oocysts. In most cases, patients were immune-compromised
and had not responded to conventional treatment with HBC preparations. Resolution
of diarrhea occurred within 3 to 10 days and stools were no longer positive for
oocysts. 11118 Bovine colostrum from non-immunized cows has also appeared to be ben-
eficial in eliminating oocysts and altering the clinical course of infection.

Helicobacter pylori. Preliminary evidence suggests that total eradication of H.pylori
through colostrum supplementation is unlikely. However, reports relating to decrease in
severity of gastric inflammation and symptoms give encouraging observations. Daily
doses of 12 g HBC concentrated for anti-H pylori bovine Ig were given to 20 children pos-
itive for H.pylori for 3 to 4 weeks. While the severity of symptoms and rate of coloniza-
tion were decreased, the organism was not eradicated from any of the children.!!” In a
study, daily doses of 20 g HBC concentrated for anti-H pylori bovine Ig were given to
nine adults with gastritis for 3 to 4 weeks. While treatment reduced the severity of symp-
toms and inflammation, the organism was eradicated in only one subject.1??

Rotavirus. Evidence suggests specific HBC preparations might be effective for both pre-
vention and treatment of rotavirus. In existing trials, HBC were produced to have high
neutralizing titers of rotavirus Ig against the four human rotavirus serotypes. It is proposed
that this type of HBC preparation might offer prophylaxis against infection and promote
more rapid recovery in persons already infected with rotavirus. In one study, 120 children
aged 3-15 months who had previously been admitted to a hospital for a range of health
challenges received either HBC or infant formula as placebo. The dose administered was
50 ml daily for 10 days with a follow-up period of 14 days. Complete protection against
rotavirus infection occurred in the children consuming HBC; the rate of infection in chil-
dren receiving placebo was 13.8%.5% In another study, 80 children age 4-24 months with
acute diarrhea secondary to rotavirus infection were randomly assigned to receive either
10 g HBC (containing 3.6 g of antirotavirus Ig) daily in four divided doses or milk powder
as placebo for four days. By the fourth day, diarrhea had completely resolved in 33 chil-
dren receiving HBC compared with 21 in the placebo group. While 50% of children who
received placebo continued to have rotavirus in their stools on the fourth day, rotavirus
was no longer detectable in the stool of 95% of those receiving the active treatment. Clear-
ance of rotavirus from the stool was also earlier in the HBC group compared with the pla-
cebo group (mean day, 1.5 versus 2.9, respectively).12D

Shigellosis. Recent research suggests that HBC produced to contain a high neutralizing
titer against Shigella sp. might have a role in prevention of infection. Two different lots of
HBC concentrated for Ig were produced by immunizing pregnant cows against S. flexneri.
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Ten participants were given a higher antibody titer (1:40, 960) against S. flexneri 2a
lipopolysaccharide (LPS), 11 participants were given a lower antibody titer (1:2, 560)
while the 11 participants of the control group were given a bovine colostrum (BC) prepa-
ration containing an antibody titer of 1:40 against this organism. Participants ingested 10 g
three times daily of the concentrates for seven days and were then given an oral challenge
consisting of S. flexneri 2a strain 2457T followed by an additional 10 g dose of the prepa-
rations. None of the 10 participants receiving the high antibody titer HBC developed
symptoms of acute illness, while three of the 11 participants receiving low antibody titer
HBC and five of 11 subjects receiving the control BC preparation developed symptoms of
acute illness. The results strongly suggest a dose-response effect of HBC with respect to
specific Ig for prevention of S. flexneri infection.!1?

Multiple Sclerosis. Preliminary evidence suggests a benefit of HBC from cows immu-
nized with the Schwarz strain of measles virus in persons with multiple sclerosis (MS).
Currently, no available evidence supports a role for BC collected from cows not previ-
ously immunized with this virus. Three different oral preparations (two of which would be
considered HBC) were administered to 20 patients with MS for 30 days at a dose of 100 ml.
The preparations were classified based on antibody neutralization (NT) titer to the measles
virus as high (512-5120), low (8-32), or negative (< 8). Changes in disability scores
from baseline to the end of the treatment were assessed. It was observed that the improve-
ments in participants receiving the high and low NT HBC preparations were statistically
significant.11?

Industrial Utilization of Colostrum

Colostrum is normally produced in amounts that exceed the need of the newborn. Techni-
cal and hygienic problems related to collection and processing of bovine colostrum have
as yet restricted its utilization by the dairy and food industries at a large scale. In many
countries, colostrum must be excluded from the bulk milk collection during the first five
days post partum. The low clotting temperatures of colostrum interfere with pasteurization
and the high protein content leads to problems in industrial processes. Further, the high
content of antimicrobial components in colostrum may slow down or inhibit fermentation
processes. This fact also affects the antibiotic residue tests based on microbial growth,
causing false positive results.1??

Bovine colostrum is utilized on minor industrial scale and in households in many
countries, e.g. in Scandinavia, in form of cheese baked in an oven. Also, the casein frac-
tion of renneted colostrum is baked and used as fresh cheese. Cheese-whey and colostral
whey-based antibody preparations are commercially available in many countries as feed
supplements or colostrum substitutes for farm animals. Increasing interest is focused on
the development of so-called “immune milk” preparations made from the colostrum of
hyper-immunized cows. The research carried out as yet on HBC has established colostrum
as a dietary supplement with immune enhancing attributes and positive effects on athletic
performance and body building. Success has been gained in some Asian markets by tar-
geting infants and elderly consumers most at risk of infections. Retail products include
100% colostrum powders in tins, sachets, and capsules, flavored powders, products with
colostrum and one or more other immune or performance enhancing components (e.g.,
Immunizen™ capsules, Rexall products), flavored chewable tablets and liquid colostrum
whey. A few preparations (e.g., against rotavirus and E. coli), are already on the
market.(%
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The pharmaceutical and biotechnological industries have recently shown interest in
bovine colostrum as a source of growth factors and other specific bioactive components.
Colostrum-based growth media have been developed for culturing cells. Also, a multitude
of health products and foods made from various colostrum fractions (e.g., drinks and
chewing gums for athletes) have been launched on the market. Currently, there is increas-
ing pharmaceutical research under way to examine the potential related to the use of
colostrum-derived preparations for a wide range of gastroenterological conditions.!?%
GASTROGARD-R™ is indicated and sold for prevention of rotavirus diarrhea in infants
and children to 4 years of age at 5 g/day. 1212 Dose response data is limited to studies of
antibody activity in faeces of children taking antirotavirus colostrum.'*® PR,O IMMU-
NE™ 99 (Gala Gen Inc., Minnesota, USA) is a product used on young calves to prevent
scours caused by E.coli. Biotest Pharma GmBh (Frankfurt, Germany) produces Lactim-
munoglobulin Biotest, a product for human subjects that contains immunoglobulins from
colostrum of nonimmunized cows. It has been tested, for example, in the treatment of
severe diarrhea in AIDS patients.?

Spray and freeze-dried colostrum powders and filtered colostrum whey liquids are
already being produced. Newer techniques are being employed to get sterile long-life
colostrum products. According to Jalonen,'>” microfiltration of ultrafiltered colostrum
whey permeate leads to a sterile liquid whey fraction. Fractionation of minor components
like Lactoferrin and Glycomacropeptides (GMP) from colostral whey may result in profit-
able returns and hence, more research into effects of fractions or individual components
compared to whole colostrum is being undertaken. Individual components may also be
cloned and produced as pharmaceuticals.!?®)

Safety Concern

Research has shown that bovine colostrum is easily assimilable by humans and is up to 40
times richer in immune factors than human colostrum, and only cows’ colostrum contains
special glyco-proteins and protease inhibitors, which are extremely effective at protecting
the destruction of colostrum’s active components by adult human digestive enzymes and
stomach acids. The corollary to all this is that bovine colostrum is safe for consumption by
humans. According to the Center for Nutritional Research, “Colostrum is so safe, it has
been prepared by nature as the first food for infants. It would be hard to imagine any nutri-
tional substance more natural or beneficial”.('*® There have been no contraindications,
side effects or allergies reported through thousands of years of human use of bovine colos-
trum and there are no problems for those with lactose intolerance. Also, colostrum is a
whole, completely natural substance that has been minimally processed.

Recent research has shown that the body’s ability to assimilate Colostrum is greatly
enhanced if it is water-soluble. If it is not readily water-soluble, Colostrum would not dis-
perse well in the human bowel, and thus would be minimally effective. Colostrum does
not seem to cause any significant side effects. However, comprehensive safety studies
have not been performed. '3 Safety in young children or women who are pregnant or
nursing is yet to be established.

Future Prospects

Our current knowledge about the in vivo efficacy of immune bovine colostral or milk Ig
concentrates suggests that these preparations could be effective in the prevention, and to a
lesser extent also in the treatment, of specific microbial gastrointestinal diseases. Such
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preparations would be of particular importance for those microbial diseases that cannot be
cured or are difficult to treat using current chemotherapy, such as rotaviruses, antibiotic-
resistant enteropathogens and Cryprosporidium. Future aims to utilize bovine antibodies
as intervention agents in the prevention or treatment of infection should determine, at an
early stage of product development, the specific target for which the intervention product
is intended. For example, antibodies that block the H antigen on fimbriae of enteropatho-
genic E. coli strains have proven useful as a prophylactic measure.*") In many cases there
is scope for improvement of the immunization regimes, such that the ensuing bovine
response produces high titers of strong binding-affinity antibodies with polyclonal activity
against a range of important pathogen determinants. In a related context, regulatory and
ethical considerations for the immunization regime should be taken into account, particu-
larly with respect to the use of ‘acceptable’ immunopotentiating adjuvants and in relation
to the frequency of immunization doses.

The immunosupplementation of clinical diets and special infant formulas with spe-
cific antibodies appears, therefore, a challenging future approach. Also, the worldwide
trend towards the development of health-promoting functional foods offers interesting
opportunities for applications that contain specific antibody ingredients derived from
hyperimmunised cows. However, the optimization of the dietary regime still needs to be
determined in many cases, from the viewpoint of dose, frequency, duration of use and (in
the case of prophylactics) time of use prior to likely exposure to the pathogen. It is
expected that such detailed information will only come from clinical trials.

The form in which bovine-derived antibodies are delivered to patients is also an area worth
further consideration with respect to product development. Bovine IgG I (the predominant
colostral Ig) is relatively resistant to the conditions of the human gut and is thought to remain
efficacious throughout the GI tract when delivered in colostrum. Contrary to this, it should be
borne in mind that colostral proteins can act asimmunogens in their own right, and in rare cases
patients can present atopic reactions to milk proteins, including sensitivity to bovine IgG13?
Accordingly, intact colostrum-containing IgG may not be the appropriate treatment or prophy-
lactic vehicle in these patients, and in cases where sensitivity to milk protein has been detected,
it may be necessary to develop a purified productbased on pepsin-cleaved Ig, comprising two F
(ab)’, fragments, which are less allergenic than the parent molecule!*®

There is increasing interest within the food and pharmaceutical industries to develop
products that are targeted towards the manipulation of oral and intestinal microflora. Apart
from specific antibodies, the possible benefits obtained from the application in the diet of
specific antibodies together with probiotic bacteria should, therefore, be investigated. In
the past, the commercial development of hyperimmune bovine colostral or milk-based
preparations has been constrained by technological limitations. Recent developments in
membrane separation techniques enable the concentration and isolation of antibodies from
bovine colostrum and milk in an active form. There is, however, an obvious need to
upgrade the technological processes so as to improve the economics related to the manu-
facture of hyperimmune colostral or milk preparations or ingredients. From a commercial
viewpoint, the profitable exploitation of lacteal products from immunized cows may be
limited to early colostrum, which contains the greatest concentration of Ig. A standardized
approach to the production of commercial health-intervening bovine Ig products should be
undertaken to ensure high product quality and consistency. It is therefore suggested that
batch production be monitored by established in vitro testing of product efficacy (e.g., by
in vitro neutralization tests against enteric viruses and bacteria).!?*!* Humanized infant
formula has a lot of scope for the use of colostrum because of the presence of lactoferrin,
and it can be successfully used in geriatric foods, as well.
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The colostrum after ultrafiltration can be converted into colostrum powder and used
in low acid products like beverages because of its suitability at low pH. The presence of
branched chain amino acids in colostrum can be used to develop a food or beverage for
immunochallanged persons.!3¥

Conclusions

Bovine colostrum has been known to provide essential food for newborn calves as it is a
rich source of immunoglobulins, growth factors, and related molecules. Since it is rela-
tively easy to collect large amounts of bovine colostrum, it has also been used as a raw
material for industrial applications. Recent research has proven that colostrum exerts ben-
eficial physiological effects in infants, children, and adults. Several clinical trials have
been conducted that prove the role of colostrum in prevention and treatment of gas-
trointestinal infections with hyperimmune colostrum and improved athletic recovery and
performance with concentrated colostrum protein. Laboratory and clinical research con-
tinues to explore the efficacy of colostrum and its components in various medical indica-
tions and to determine mechanisms of action. A range of colostrum products are already
available in the market today, and more of them are expected to become available in near
future. Since the safety of immune colostrum preparation has not been studied in the same
manner as required for pharmaceuticals, however, further research is needed to assess the
potential allergenic, toxic, and hormonal effects of immune milk preparations. A mini-
mum effective dose for all applications needs to be determined as well.
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