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PRODUCTION AND PROPERTIES OF HEALTH-PROMOTING PROTEINS AND
PEPTIDES FROM BOVINE COLOSTRUM AND MILK
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MTT Agrifood Research Finland, Biotechnology and Food Research, FIN-31600 Jokioinen Finland

Abstract

The high nutritive value and diverse functional properties of milk proteins are well known. Beyond these qualities, milk
proteins have attracted growing scientific and commercial interest as a source of biologically active molecules. Such proteins
are found in abundance in colostrum which is the initial milk secreted by mammalian species during late pregnancy and
the first few days after birth of the offspring. The best characterized colostrum-based bioactive proteins include alpha-lact-
albumin, beta-lactoglobulin, immunoglobulins, lactoferrin, lactoperoxidase and growth factors. All of them can nowadays
be enriched and purified on an industrial scale from bovine colostral whey or cheese whey. These native proteins exhibit a
wide range of biological activities that are known to affect the digestive function, metabolic responses to absorbed nutrients,
growth and development of organs and disease resistance. Also, some of these proteins may prove beneficial in reduction
of the risks of chronic human diseases reflected by the metabolic syndrome. It is speculated that such potentially beneficial
effects are partially attributed to bioactive peptides derived from intact proteins. These peptides can be liberated during
gastrointestinal digestion or fermentation of milk by starter cultures. The efficacy of a few peptides has been established in
animal and human studies and the number of commercial products supplemented with specific milk peptides is envisaged to
increase on global markets. Bovine colostrum appears as a highly potential source of biologically active native proteins and
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peptide fractions for inclusion as health-promoting ingredients in various food applications.
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INTRODUCTION

Colostrum is the milk formed in the mammary gland
during late pregnancy and secreted after parturition for
the first 5-7 days after delivery of the offspring. The bio-
logical function of this early milk is to provide the new-
born at its most vulnerable phase of life with immune
protection against pathogens and to boost its physiologi-
cal performance, growth and development (88, 149). It
is, therefore, well understood that the composition of co-
lostrum is different from that of mature milk. Colostrum
contains plenty of physiologically active components.
These include immunoglobulins, lactoferrin, lysozyme,
cytokines, growth factors, hormones, oligosaccharides
and lipid components (56, 60, 109).

The advent of functional foods in the 1990’s has created
the demand for natural bioactive components as potential
ingredients for health-promoting foodstuffs and biophar-
maceuticals. In this context, bovine whey proteins de-
rived either from colostrum or cheese whey have gained
increasing interest owing to evidence accumulating from
scientific research about their potential health benefits
(29, 43, 52, 59, 99, 100, 155, 159). Animal model and
human studies suggest that bovine whey protein-based
formulations are beneficial in weight management and
regulation of other events related to the metabolic syn-
drome, e.g. cardiovascular disease and type two diabetes
which health disorders are of global concern (23, 68, 81,
83,96, 113,131, 132, 151). Animal model and epidemio-

logical studies also suggest that milk proteins may play
a role also in prevention of certain cancer types, e.g. co-
lon cancer (8, 112). As a result, commercial applications
of these proteins have rapidly increased and efforts have
been made to develop suitable technologies for large-
scale isolation of specific protein compounds. At pres-
ent, industrial-scale technologies are in place for major
protein components from cheese whey and some specific
components from colostral whey (25, 54, 65, 69).

In addition to bioactivities exerted by native protein
molecules, it is now well established that milk proteins
exert further physiological functions resulting from the
numerous bioactive peptides encrypted within the intact
protein molecules (64). The discovery of natural bioac-
tive peptides is now opening new opportunities for ex-
ploitation of such peptides in promotion of human health
through a regular diet and food supplements or even in
the form of biopharmaceuticals.

This review article attempts to summarize the cur-
rent scientific knowledge about the isolation of bovine
colostral and whey proteins and production of bioactive
peptides from these proteins. Also, current and potential
future applications of these proteins and peptides are
highlighted.

MAJOR PROTEINS IN MAMMARY SECRETIONS
DURING LACTATION

Whey proteins represent about 60-80 % of the total pro-
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tein in bovine colostrum, whereas in normal, mature milk
the caseins are the predominant protein fraction account-
ing for about 80 % (26-28 grams per litre) of total protein.
Also, the concentrations of different whey proteins in co-
lostrum differ greatly from those present in mature milk.
The foremost protein fraction in colostrum are the immu-
noglobulins (IgG, IgM, IgA) followed by lactoferrin (LF),
a-lactalbumin (a-la), B-lactoglobulin (-1g ) and enzymes
lactoperoxidase (LP), lysozyme (LZM) and other minor
components. Figure 1 depicts the average concentration
of major antimicrobial components in bovine lacteal se-
cretions over the lactation period (56). The Igs carry the
biological function of antibodies and are mainly derived
from blood serum while part of IgA antibodies are syn-
thesized locally in the mammary gland (13). The transport
of Igs from serum to milk is a selective process favour-
ing homologous IgG in most species. In the first milking,
the total Ig amount may vary between 20 and 200 g/L and
the IgG concentration post partum ranges from 15 to 180
g/L, the mean being approximately 60 g/L. Thereafter, the
IgG concentration falls sharply to the level below 1g/L in
mature milk. Also, the concentrations of a-la and B-lg are
highest (on average 3.0 and 8.0 g/L, respectively) in the
first milkings of colostrum and decrease sharply thereaf-
ter to the average levels of 1.2 g/L for a-la and 3.3 g/L
for B-lg, respectively. In parallel, the LF concentration in
colostrum varies from 1 to 5 g/L, decreasing soon after
parturition to the level of about 0.1 g/L in mature milk of
healthy cows. LP is the major enzyme in bovine mammary
secretions. Colostrum contains about 30 mg/L of LP, and
about the same amount is found in mature milk. In con-
trast to a relatively high concentration (0.36 g/L) in human
colostrum, the concentration of LZM enzyme is about a
thousand times less in cow’s colostrum, ranging from 0.3
to 0.8 mg/L, and declining to 0.1mg/L in mature milk (32,
89, 116).

Colostrum and milk contain many factors which influ-
ence cell growth and differentiation. At present, the fol-
lowing growth factors have been identified in bovine
mammary secretions: BTC (beta cellulin), EGF (epider-
mal growth factor), FGF1 and FGF2 (fibroblast growth
factor), IGF-I and IGF-II (insulin-like growth factor),
TGF-B1 and TGF-B2 (transforming growth factor) and
PDGF (platelet-derived growth factor). The concentra-
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Figure 1. Antimicrobial factors in milk during lactation period.

tions of all known growth factors are highest in colostrum
during the first hours after calving and decrease substan-
tially thereafter (109, 121). In cow’s colostrum, the EGF
concentration varies from 4 to 320 pg/L and that of ma-
ture milk from 2 to 155 pg/L. BTC is present in colostrum
(2.30 pg/L) and at the same level in cheese whey (2.59
pg/L). The IGF-I and IGF-II are single chain polypeptides
structurally resembling insulin. Bovine colostrum (32-800
ug/L) contains much higher concentrations of IGF-I than
does human colostrum (17-52 pg/L) but the concentra-
tion decreases in mature bovine milk (4-27 pg/L). IGF-1I
is present in bovine colostrum and milk at concentrations
of 150-600 pg/L and 2-100 pg/L, respectively. TGF-f1 is
detected in bovine colostrum and milk (12-43 pg/L and
0.8-4 pg/L, respectively) but TGF-B2 is the predominant
isoform present at high concentrations in bovine colostrum
and milk (150-1150 pg/L and 13-71pg/L, respectively (22,
36).

Recently, modern molecular biology methods have re-
vealed a great number of other chemically characterized
molecules in bovine colostrum. Their concentration in co-
lostrum and milk is marginal and their importance is scien-
tifically not well established, as yet (31, 140).

Table 1 summarizes the major bioactive whey proteins
found in bovine colostrum and milk and provides infor-
mation about their concentration and molecular weights.
Table 2 describes suggested or proven health benefits as-
sociated with these proteins.

FRACTIONATION AND ISOLATION OF WHEY
PROTEINS

Fractionation and isolation of bioactive, health-en-
hancing milk proteins have in recent years emerged as a
new lucrative sector for dairy industries and specialized
bio-industries. To this end, modern chromatographic and
membrane separation techniques have been applied suc-
cessfully and many components, e.g. Igs, LF, LP and some
growth factor fractions are now commercially available
(17, 40, 57, 70, 142). Products based on total whey pro-
teins isolated from cheese whey are widely applied in vari-
ous industries. Technologies employed in the manufacture
of these products include membrane separation processes,
such as ultrafiltration, reverse osmosis, diafiltration and
electrodialysis followed by a drying process which usually
is spray-drying. These techniques are applicable for ordi-
nary whey powder and whey protein concentrate (WPC)
with a protein content of 30-80%. Gel filtration and ion-
exchange chromatography techniques are employed in the
manufacture of whey protein isolates (WPI) with a protein
content of 90-95% (25, 144). The chemical composition
and functionality of whey protein preparations are largely
affected by the method used in the manufacturing process.
The biological properties of such preparations may also be
affected and are difficult to standardize due to the complex
nature of bioactivities exerted by different proteins (30,
57). For example, heat treatment may alter the nutritional
properties of a-la and B-lg by lactosylation of Lys residues.
On the other hand, heating can reveal new properties such
as the inhibition of the E. coli enterotoxin provoked diar-
rhea by lactosylated a-laand B-1g (136). Therefore, grow-
ing interest has been focused on development of specific
techniques for isolation of pure whey protein components.
Industrial or semi-industrial scale processing techniques
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Protein Concentration (mg/ml) Molecular weight
Colostrum Milk Daltons
Immunoglobulins 20-200 0.5-1.0 150.000-900.000
(IgG, IgM, IgA)
B-lactoglobulin 8.0 33 18.400
a-lactalbumin 3.0 1.2 14.200
Glycomacropeptide 2.5 1.2 8.000
Lactoferrin 1.5 0.1 80.000
Lactoperoxidase 0.02 0.03 78.000
Lysozyme 0.0004 0.0004 14.000
Growth factors 50 pg -40 mg/L <1 pg-2mg/L 6.400-30.000

Compiled from Marnila and Korhonen (88) and Pihlanto and Korhonen (116).

Table 2. Health benefits of whey proteins.

Effect

Proteins involved

Reference (*)

Prevention of muscular atrophy,
improved physical performance,
faster recovery after exercise

Satiety and weight management

Reduction of blood pressure

Stimulation of insulin production and
reduction of postprandial glycemia

Prevention of oral and intestinal
microbial infections

Prevention of mucosal inflammation

Wound care and repair

Anti-cancer effects

Improved cognitive functions,

anti-stress effects

Hypoallergenic effects

Psoriasis symptoms relief

Total whey protein hydrolysates,
Immunoglobulins, Growth factors

Total whey protein concentrates,
Glycomacropeptide, Lactoferrin

a-lactalbumin and B-lactoglobulin
hydrolysates and peptides

Total whey protein concentrates

Immunoglobulins,
Glycomacropeptide,
Lactoferrin,

Lactoperoxidase system

Whey protein concentrates,

o-lactalbumin,
Lactoferrin

Growth factors

Total whey proteins and hydrolysates

Lactoferrin
o-lactalbumin

Whey protein hydrolysates

Whey protein extract

Buckley et al., 2002, (11)
Ha and Zemel, 2003, (43)
Krissansen, 2007, (68)
Shing et al., 2006, (137)

Schaafsma, 2006, (131,132)
Luhovyy et al., 2007, (81)
Royle et al., 2008, (126)
Pilvi et al., 2009, (118)

Murray and FitzGerald, 2007, (102)
Korhonen, 2009, (58)

Blouet et al., 2007, (5)
Frid et al., 2005, (33)

Korhonen and Marnila, 2009, (62)
Ochoa and Cleary, 2009, (105)
Seifu et al., 2005, (134)
Setarehnejad et al. 2010, (135)

Chatterton et al., 2006, (17)
Mezzaroba et al., 2006, (98)

Pouliot and Gauthier, 2006, (121)
Smithers, 2008, (141)

Bounous, 2000, (8)
Parodi, 2007, (112)
Zimecki and Kruzel, 2007, (162)

Markus et al., 2002, (87)
Scrutton et al., 2007, (133)

Ha and Zemel, 2003, (43)
Krissansen, 2007, (68)

Drouin et al., 2007 (21)

(*) Literature reference number in parentheses.
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are already available for purification of a-la, B-lg, Igs, LF,
LP, some growth factor fractions and glycomacropeptide
(GMP) from bovine colostral or cheese whey (65, 69). The
progress of proteomics has facilitated the use of modern
techniques, for example two-dimensional gel electropho-
resis, in identification and characterization of novel whey
protein molecules (76, 106). Using this technique, Fong et
al. (31) identified a large number of minor whey proteins
after first fractionating bovine whey by semi-coupled ani-
on and cation exchange chromatography. Among the iden-
tified minor proteins were several proteose peptone frac-
tions, e.g. PP3 (lactophorin) and PP5. Also, complement
C3, butyrophilin, fibrinogen, precursors of many major
proteins and a cluster of novel osteopontin peptides were
identified. Such proteomic display appears useful in the
future design of strategies for purification of selected milk
proteins or their fractions containing targeted bioactivities.

IMMUNOGLOBULINS

Immunoglobulins represent the biological function of
antibodies and are present in colostrum of all lactating
species to provide passive immunity against invading
pathogens (13, 89). Colostral Ig preparations designed
for farm animals are commercially available, and similar
products have found growing worldwide market as dietary
supplements for humans (130, 145, 149, 158). Some bo-
vine colostral preparations have in clinical trials shown
beneficial effects in recovery from long durance physical
exercises (11, 137) and upper respiratory tract infections
in adults (9), and in reduction of symptoms of endotox-
emia in surgery patients (14, 15), and symptoms of rota-
virus infections (6). More clinical studies are, however,
required to confirm the health-promoting benefits of these
preparations. The concentration of specific antibodies
against pathogenic microorganisms can be raised in colos-
trum and milk by immunizing cows with vaccines made
of pathogens or their antigens (67). These antibodies can
be enriched and purified using membrane separation and
chromatographic techniques and thus formulated to obtain
so-called immune milk preparations (93). Traditionally,
the globulin fraction was isolated from colostral whey by
precipitation with either ammonium sulphate or ethanol.
Chemical methods are, however, economically not suit-
able for large scale-production of Igs although they yield
rather pure Ig fractions. Other challenges in isolation of
active Igs from colostrum have been its complex composi-
tion and the sensitivity of Igs to heat treatments.

In high temperature / short time (HTST) pasteurization
(72°C / 15 sec) about 25-40% of the Ig activity is lost,
whereas ultra high temperature (UHT) treatment (138°C /
4 sec) and evaporation processing destroy most of the spe-
cific immune activity of milk due to Ig denaturation (75).
In contrast, other studies (84, 85) have reported that bovine
milk Igs could resist the HTST pasteurization treatment
without affecting their structure. Only 1% of IgG, 2% of
IgA, and 14% of IgM concentrations were denatured in
laboratory experiments. Also, the HTST pasteurization
had little effect on the activity of bovine colostral IgG as
the original rotavirus neutralising activity was reduced by
only 0.5%. McMartin et al. (92) demonstrated that a rapid
heat inactivation of IgG started at temperatures higher than
65°C, and at 81°C, as much as 90% of the virus neutraliza-
tion activity of Igs was lost in less than two minutes. On

the other hand, heating moderate or high quality colostrum
at 60°C for at least 120 min had no effect on mean IgG
concentration or titer of neutralizing antibodies against bo-
vine viral diarrhea virus type 1.

A great number of pilot- or industrial-scale methods have
been developed and patented for fractionation and isola-
tion of Igs from colostral or cheese whey (65). In these
methods, the recovery rate of Igs has varied from 40%
to 70% of the level present in the starting material (22).
Specific chromatographic techniques, such as immobi-
lised metal chelate affinity chromatography, immunoaffin-
ity chromatography and cation-exchange chromatography
have been applied to improve the yield and purity of im-
munoglobulin preparations further (3, 39). Microfiltration
(MF) combined with ultrafiltration (UF) of bovine, equine
and caprine colostrum has led to IgG/total solids purity of
more than 90% (119). Korhonen and Marnila (62) used
various MF methods, such as UF, MF and reverse osmo-
sis, and a cation-exchange resin as a molecular sieve to
concentrate Igs from colostral whey. The Ig level of the
final freeze-dried concentrates varied from 45% to 75%.
Expanded Bed Adsorption Chromatography (EBAC) is
a new technology which has been applied to isolate Igs
from cheese whey using adsorbent with tailored ligand
chemistry. EBAC provides significant advantages over
conventional packed bed column chromatography and an
Ig-purity from 50% to 70% can be achieved with this up-
scalable method.

Most of the current commercial Ig products are prepared
from colostrum of non-immunized cows by removing the
fat followed by microfiltration or pasteurization under
conditions that retain the biological activity of Igs. These
products include whole colostrum powder, fat-free colos-
trum powders, fat-free colostral protein concentrate and
colostral whey concentrates and are marketed as supple-
ments for humans or colostrum-deprived calves. Some of
these preparations have been tested clinically for certain
physiological functions or prevention/treatment of micro-
bial infections. Accordingly, a few products boast specific
health or nutrition function claims, but clinical evidence
related to these products is very limited or not proven, so
far.

The specificity of natural antibodies found in milk and
colostrum of different cows reflects the wide spectrum of
antigens the animals have encountered in the past in their
environment and ingested feedstuffs. In contrast, the im-
mune milk products have fundamentally different antimi-
crobial properties and efficacies against pathogens than
normal colostrum and these two concepts should, there-
fore, be differentiated from each others. Normal colostrum
preparations are in most countries regarded as food sup-
plements, whereas the products from immunized cows are
often regarded as pharmaceuticals, e.g. in EU and USA, or
their regulatory status is not defined (93).

Since 1980°s an increasing number of clinical studies
have demonstrated that immune milk preparations can
be effective in prevention of human and animal diseases
caused by different pathogenic microbes, e.g. rotavirus,
Escherichia coli, Candida albicans, Clostridium difficile,
Shigella flexneri, Streptococcus mutans, Cryptosporidium
parvum and Helicobacter pylori. On the other hand, the
therapeutic efficacy of these preparations has proven quite
limited (44, 61, 62, 67, 143, 158). Table 3 provides a list of
recent clinical studies on the efficacy of colostral prepara-
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tions made from immunized or non-immunized cows. A
few commercial immune milk products are on the mar-
ket in some countries but the unclear regulatory status in
many countries has emerged as a constraint for their global
commercialization. The globally increasing problem of
antibiotic-resistant strains, reflected by endemic hospital
infections, may offer a promising approach to develop ap-
propriate immune milk products to combat these serious
infections. In a recent study (160) an immune milk prepa-
ration was found safe for oral use.

o-LACTALBUMIN

a-la is the major whey protein in human milk and ac-
counts about 20 % of the proteins in bovine whey. a-la
is fully synthesized in the mammary gland where it acts
as coenzyme for biosynthesis of lactose. a-la can be en-
riched from cheese whey using membrane separation and
pH/ heat-treatment process (51). Recently, Konrad and
Kleinschmidt (55) described a novel method for isolation
of native a-la from sweet whey using membrane filtration
and treatment of permeate with trypsin. After a second UF
and diafiltration of the hydrolysate, the calculated over-
all recoveries were up to 15 % of a-la with a purity of
90-95%. The biological functions of a-la have long been
speculated but recent research suggests that this molecule
can provide many beneficial effects in the form of a) intact
whole protein, b) peptides of the partly hydrolysed protein
and c) amino acids of the fully digested protein (17). a-la
is a good source of the essential amino acids tryptophan
and cysteine which are precursors of serotonin and glu-
tathione, respectively. As these biomolecules are impor-
tant for the cognitive functions, it has been suggested that
the oral administration of a-la could improve the ability
to cope with stress. This hypothesis has been supported
by one study (87) whereas in another clinical study (133)
daily administration of 40 g of a-la to healthy women in-
creased plasma tryptophan levels and its ratio to neutral
amino acids but no changes in emotional processing was
observed. Furthermore, there is some evidence from ani-
mal model studies that a-la can provide protection against
induced gastric mucosal injury caused by intake of etha-
nol or non-steroid anti-inflammatory drugs (91, 98). a-la
is rich in cysteine and it has been shown that an intake
of cysteine-rich whey protein diet tends to improve gly-
caemic control and development of insulin resistance in
rats fed a high sucrose diet (5). Also, a-la may play a role
in regulation of appetite and weight management. In a re-
cent mouse model study, Pilvi et al. (118) investigated the
effect of different whey protein-containing high-Ca diets
on the weight loss and weight regain in a model of diet-
induced obesity. Weight loss by energy restriction was
performed on four different high-Ca diets (1.8 % CaCQO?)
containing different whey proteins (18 % of energy): a-la,
B-lg, LF and WPI. The results showed that the mice on
the LF diet lost significantly more weight than mice on
the WPI but only the a-la diet reduced fat accumulation
during weight regain. These animal studies are encourag-
ing in view of the potential use of a-la in dietary regimes
targeting at reducing the risk of development of diabetes
type two and obesity. To this end, intervention trials in hu-
mans are required. Bovine a-la has high degree of amino
acid homology to human a-la. This characteristic makes
bovine o-la and its hydrolysates a suitable source material

for development of infant formulae, in particular.
B-LACTOGLOBULIN

B-lg is the major whey protein in bovine milk account-
ing for about 50 % of the proteins in whey but is not found
in human milk. B-lg can be isolated in industrial scale
from cheese whey using chromatographic and membrane
separation techniques but the yield and purity have been
relatively poor. In a recently published method by Lozano
et al. (80) B-lg was isolated from bovine whey using dif-
ferential precipitation with ammonium sulphate followed
by cation-exchange chromatography. The overall yield
of purified B-lg was 14.3% and purity higher than 95%.
B-lg exhibits a variety of functional and nutritional char-
acteristics that have made this protein a multi-functional
ingredient material for many food and biochemical appli-
cations. B-lg has excellent heat-set gelation properties and
has found a wide range of applications in products which
require good water-binding and texturizing properties.
Regarding biological functions, B-lg has been associated
with antiviral, prevention of pathogen adhesion, anticarci-
nogenic and hypocholesterolemic effects (17). Also, p-1g
has the ability to bind hydrophobic components, including
retinol and long-chain fatty acids. It has been speculated
that this whey protein may play a role in the absorption
and subsequent metabolism of fatty acids. Furthermore, as
described earlier, B-lg has proven an excellent source of
peptides with a wide range of bioactivities, such as antihy-
pertensive, antimicrobial, antioxidative, anticarcinogenic,
immunomodulatory, opioid, hypocholesterolemic and oth-
er metabolic effects (47, 100).

LACTOFERRIN

LF is an iron-binding glycoprotein found in colostrum,
milk and other body secretions and cells of most mamma-
lian species. In comparison to bovine colostrum (1.5 g/L)
human colostrum is a very rich source (up to 5 g/L) of this
multifunctional compound (82). LF can be isolated from
colostral and cheese whey by various chromatography
and membrane separation techniques and is commercially
available from many companies. LF is known to confer
many biological activities, such as antimicrobial, anti-
oxidative, antiinflammatory, anticarcinogenic and immu-
nomodulatory properties (73, 111, 154, 157, 162). In ad-
dition, several antimicrobial peptides, such as lactoferricin
B f(18-36) and lactoferrampin f(268-284) can be cleaved
from LF by the action of digestive enzyme pepsin. The
biological properties of LF have been subject of scientific
research since the discovery of this “red protein” in the
early 1960’s (41). LF is considered to play an important
role in the body’s innate defence system against microbial
infections and degenerative processes induced, e.g. by free
oxygen radicals. Initially, the role was confined largely to
antimicrobial activity alone but now the multifunctionality
of LF has been well recognized. As reviewed by Pan ef al.
(111) the bactericidal effect of LF can be augmented by the
action of lysozyme or antibodies. LF can also increase sus-
ceptibility of bacteria to certain antibiotics, such as vanco-
mycin, penicillin and cephalosporins. The in vitro antimi-
crobial activity of LF and the derivatives has been demon-
strated against a wide range of pathogenic microbes, in-
cluding enteropathogenic E.coli, Clostridium perfringens,
Candida albicans, Haemophilus influenzae, Helicobacter
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pylori and Listeria monocytogenes and viruses, including
hepatitis C, HIV-1, cytomegalovirus, poliovirus, rotavirus
and herpes simplex virus (26, 48, 105). Furthermore, LF
has been studied intensively for its anticarcinogenic activ-
ity and several mechanisms have been suggested, e.g. iron-
chelation related antioxidative property, immunoregulato-
ry and anti-inflammatory functions (74, 154).

Many animal and human studies performed during the
last three decades have shown that oral administration of
LF can exert several beneficial effects on the health of hu-
mans and animals (90, 157). Animal studies have shown
that orally administered LF can suppress the overgrowth
and translocation of certain intestinal bacteria, but does not
affect intestinal bifidobacteria. Further, oral administra-
tion of LF and lactoferricin reduce the infection rate of H.
pylori, Toxoplasma gondii, candidiasis and tinea pedis as
well as prevent clinical symptoms of influenza virus infec-
tion. Animal studies have also demonstrated that orally in-
gested LF can improve nutritional status by reducing iron-
deficient anemia and drug induced intestinal inflammation,
colitis, arthritis, decrease mortality caused by endotoxin
shock, stimulate weight gain in pre-weaning calves and
regulate the bone cell activity as well as increase bone
formation in mice (90). An earlier clinical study (125) in
human infants demonstrated that oral administration of
bovine LF increases the number of bifidobacteria in fe-
cal flora and the serum ferritin level while the ratios of
Enterobacteriaceae, Streptococcus and Clostridium tend
to decrease. In a recent clinical study by King et al. (53)
it was shown that LF supplementation to healthy infants
for 12 months was associated with fewer lower respira-
tory tract illnesses and higher hematocrits as compared to
the control group which received regular infant formula. In
other human studies reviewed by Wakabayashi et al. (154)
LF has been shown to increase eradication rate of H. pylori
gastritis when administered in connection of triple therapy.
Also, LF ingestion decreased the incidence of bacteremia
and severity of infection in neutropenic patients. In further
human studies LF has been shown to alleviate symptoms
of hepatitis C virus infection, and to reduce small intestine
permeability in drug induced intestinal injury. Also, LF in-
gestion and topical application have proven beneficial in
the cure of tinea pedis. Another recent in vitro finding is
that LF effectively inhibits biofilm formation and reduces
the established biofilm of periodontopathic bacteria Por-
phyromonas gingivalis and Prevotella intermedia (153).

Owing to increasing experimental and clinical evidence
about the potential health benefits of LF, commercial pro-
duction of purified bovine LF has attracted considerable
interest in recent years. As a result, many products contain-
ing added LF have been launched on the market in Asian
countries, in particular. Current commercial applications
of LF include e.g. yoghurt products marketed in Japan and
Taiwan, baby foods and infant formulas marketed in South
Korea, Japan and China. In addition, LF has been applied
in different dietary supplements which combine LF and
bovine colostrum and/or probiotic bacteria. Due to poten-
tial synergistic actions LF has been incorporated together
with lysozyme and lactoperoxidase into human oral health
care products, such as toothpastes, mouth-rinses, moistur-
ising gels and chewing gums (154). U.S. Food and Drug
Administration (FDA) have approved the use of bovine LF
(at not more than 2% by weight) as a spray to reduce mi-
crobial contamination on the surface of raw beef carcasses.

Accordingly, FDA has granted to bovine LF a “Generally
Recognized As Safe” (GRAS, GRN 67) status for uses at
defined levels in beef carcasses, sub-primals, and finished
cuts (147). It can be envisaged that the usage of LF as an
ingredient in functional foods and pharmaceutical prepara-
tions will increase significantly in the near future.

LACTOPEROXIDASE

Lactoperoxidase (EC 1.11.1.7) is a peroxidase with broad
substrate specificity. LP represents the most abundant en-
zyme in bovine milk (approx. 30 mg/L) and can be recov-
ered in substantial quantities from whey using chromato-
graphic techniques. Bovine LP is relatively heat-resistant,
retaining about 50% of its original activity after the HTST
pasteurization (71). LP catalyzes an antimicrobial system
consisting of the thiocyanate anion (SCN-) and hydrogen
peroxide to generate short-lived oxidation products, pri-
marily hypothiocyanate (OSCN- ), which kill or inhibit the
growth of a wide range of microorganisms, including bac-
teria, viruses, fungi, molds and protozoa (134). Nowadays,
the LP system is considered to be an important part of the
natural host defence system in mammals and the protec-
tive function seems to be mediated by several mechanisms
(7). The LP system is known to provide a natural method
for preserving raw milk as it naturally contains all nec-
essary components to make the system functional. As the
natural concentrations in milk of thiocyanate and hydro-
gen peroxide can be below the required level, the system
usually requires activation by addition of a source of these
components. The effectiveness of the activated LP system
has been demonstrated in many field trials worldwide (3,
134). The LP system is approved by the Codex Alimenta-
rius Committee for preservation of raw milk under con-
ditions where facilities for milk cooling are insufficient.
For this purpose, the method is being employed nowadays
in a number of developing countries. The LP system has
also found applications in dental health care products and
animal feeds. Novel applications have been envisaged for
preservation of different easily perishable products, for ex-
ample meat, fish, vegetables, fruits and flowers (7).

GLYCOMACROPEPTIDE

GMP is a C-terminal glycopeptide f (106-169) released
from the x-casein molecule by the action of chymosin.
GMP is hydrophilic and remains in the whey fraction in
the cheese manufacturing process. GMP contains a sig-
nificant (50-60 % of total GMP) carbohydrate fraction
which is composed of galactose, N-acetyl-galactosamine
and N-neuraminic acid. Pure GMP can be recovered in
large quantities from cheese whey by chromatographic
or ultrafiltration techniques (148). GMP is suggested to
possess many biological properties but clinical evidence
about potential health benefits is still rather limited. In in
vitro studies GMP has been shown to inactivate microbial
toxins of E.coli and V. cholerae, inhibit adhesion of cario-
genic bacteria and influenza virus, modulate immune sys-
tem responses, promote growth of bifidobacteria, suppress
gastric hormone activities and regulate blood circulation
through antihypertensive and antithrombotic activity (10,
86, 124). Owing to its glycoprotein nature GMP has in-
teresting nutritional and physico-chemical properties.
GMP is rich  in branched —chain amino acids and low
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in methionin, which makes it a useful ingredient in diets
for patients suffering from hepatic diseases. GMP contains
no phenylalanin making it suitable for patients suffering
from phenylketonuria. Animal model studies have sug-
gested that the high sialic acid content of GMP may deliver
beneficial effects for brain development and improvement
of learning ability (156). GMP is speculated to regulate
appetite and this potential effect has been investigated in
a number of studies, as reviewed by Recio et al. (124).
Animal model and in vitro studies have shown that GMP
inhibits gastric secretions and slows down stomach motil-
ity by means of stimulating the release of cholecystokinin
(CCK)(12, 42, 161). This hormone is involved in control-
ling food intake and digestion in the duodenum of animals
and humans. A recent study (135) using hydroxyapatite as
a model system suggested that caseinomacropeptide and
its fractions have a protective effect against dental erosion,
for example when applied in acidic drinks.

Inrecent years, GMP containing products or supplements
have been launched on the market in many countries for
the purpose of appetite control and weight management.
The efficacy of these products remains, however, to be es-
tablished in clinical studies. An animal model study (126)
demonstrated that both GMP and WPI decreased weight
gain and altered body composition in male Wistar rats.
GMP had a significant additional effect on fat accumula-
tion when combined with WPI. The mechanism of this ef-
fect was not suggested by the authors. On the other hand,
GMP may have a beneficial role in modulation of gut mi-
croflora, as this macropeptide has been shown to promote
the growth of bifidobacteria (86). There is some indication
from mouse model and human studies that bifidobacteria
residing in the gut may affect the weight gain (124). To
this end, further research in human subjects is needed to
confirm these findings.

GROWTH FACTORS

Itisnow well documented that mammalian colostrum and
milk contain many compounds with growth-promoting or
growth-inhibitory activity for different cell types (121). At
least some of these growth factors seem to withstand rela-
tively well pasteurization and even UHT heat treatment of
milk (36). Chemically the growth factors are polypeptides
and their molecular masses range between 6000 and 30000
Daltons. In recent years, several pilot or semi-industrial
methods have been developed for extraction of different
growth factors from bovine colostrum and cheese whey (1,
119). The growth factors have been associated with many
physiological functions affecting e.g. skin, intestinal tract
and bone health (121, 149). Contradictory results are re-
ported from studies concerning the stability of growth fac-
tors in the gastrointestinal tract. Many animal model stud-
ies have shown that EGF, IGF-I, and both TGF forms can
provoke various local effects on the gastrointestinal tract
and can be absorbed intact or partially from intestine into
blood circulation. Increasing evidence supports the view
that orally administered growth factors would retain their
biological activity and exhibit in the body a variety of local
and systemic functions. A number of health-related appli-
cations have been suggested for the growth factors derived
from bovine colostral or cheese whey but just a few have
been commercialized until now. The main health targets
have been skin disorders, gut health and bone health. Play-

ford et al. (120) suggested that colostrum based growth
factors could be applied to prevent the side-effects of non-
steroid anti-inflammatory drugs (NSAIDs) and symptoms
of arthritis. An acid casein extract rich in TGF-f32 has been
tested successfully in children suffering from Crohn’s dis-
ease. Another growth factor extract from cheese whey has
shown promising results in animal models and humans in
treatment of oral mucositis and wound healing, for exam-
ple leg ulcers (141). Other potential applications could be
treatment of psoriasis, induction of oral tolerance in the
newborn children against allergies and protection against
intestinal damages caused by chemotherapy.

PRODUCTION AND FUNCTIONALITY OF BIOAC-
TIVE PEPTIDES

Bioactive peptides have been defined as specific protein
fragments that have a positive impact on body functions or
conditions and may ultimately influence health (54). The
activity of peptides is based on their inherent amino acid
composition and sequence. The size of active sequences
may vary from two to twenty amino acid residues, and
many peptides exhibit multi-functional properties. At
present, milk proteins are considered the most important
source of bioactive peptides and during the last two de-
cades a great number of peptide sequences with different
bioactivities have been identified in different milk pro-
teins. The best characterized peptides have been shown to
exert e.g. antihypertensive, antithrombotic, antimicrobial,
antioxidative, immunomodulatory, mineral-binding and
opioid activities. The properties of these peptides have
been reviewed in many recent review articles (45, 58, 63,
66, 94, 103). Milk-derived bioactive peptides may deliver
many physiological effects in vivo on the gastrointestinal,
cardiovascular, endocrine, immune, central nervous and
other body systems. Recent studies suggest that bioactive
milk peptides may be beneficial also in reducing the risk of
metabolic syndrome as well as targeting obesity and type
two diabetes (24, 46, 100, 103). Casein hydrolysates are
known as an abundant source of bioactive peptides. Their
formation and properties have been reviewed in many re-
cent articles (50, 77, 79, 102, 114, 129, 139) and will not
be discussed here further. Also, the whey proteins, a-la and
B-lg, in particular, have proven rich precursor proteins of
bioactive peptides with a wide range of bioactivities, as
referred to in recent study reports and review articles (47,
51, 128).

Bioactive peptides are inactive within the sequence of
the parent protein molecule and can be released from pre-
cursor proteins using the following means: (a) hydrolysis
by digestive enzymes (b) fermentation of milk with pro-
teolytic starter cultures, and (c) proteolysis by enzymes
derived from microorganisms or plants. In many studies,
the above methods have been combined successfully. As
for digestive enzymes, pepsin, trypsin and chymotrypsin
and also other proteolytic enzymes, such as alcalase, ther-
molysin and subtilisin have been shown to liberate from
whey proteins a great number of peptide sequences which
exert different bioactivities under in vitro conditions (19,
37,78, 108, 115).

The release of different bioactive peptides from milk pro-
teins through fermentation by lactic acid bacteria (LAB) is
now well documented (27, 39). Many studies have dem-
onstrated that Lactobacillus helveticus strains are capable

19



H. J. KORHONEN / Bioactive proteins and peptides from colostrum.

of releasing antihypertensive peptides, the best known of
which are ACE-inhibitory tripeptides Val-Pro-Pro and Ile-
Pro-Pro. The antihypertensive capacity of these peptides
has been demonstrated in many in vitro and rat model
studies (50, 102, 129). Also yoghurt bacteria, cheese start-
er bacteria and commercial probiotic bacteria have been
shown to produce different bioactive peptides in milk or
cheese during fermentation (16, 18, 20, 34, 117, 129).
Bovine colostrum is a rich source of whey proteins and
could be a preferred source of bioactive peptides. In order
to obtain a suitable whey protein fraction from colostrum,
it is advisable to remove first the casein fraction. For this
purpose, the use of anionic polysaccharides, k-carrageenan
and pectin, have been tested successfully recently (72).

APPLICATIONS OF BIOACTIVE PEPTIDES

A great variety of naturally formed bioactive peptides
have been found in fermented dairy products, such as yo-
ghurt, sour milk, dahi, kefir, quark and different types of
cheese ( 39, 110, 123, 138). The occurrence, specific activ-
ity and amount of bioactive peptides in fermented dairy
products depend on many factors, such as type of start-
ers used, type of product, time of fermentation and storage
conditions (107, 138). It is noteworthy that in these prod-
ucts peptides with different bioactivities, e.g. calcium-
binding, antihypertensive, antioxidative, immunomodula-
tory and antimicrobial, can be found at the same time. The
formation of peptides can be regulated to some extent by
starter cultures used but the stability of desired peptides
during storage seems difficult to control (16, 127).

Over the last decade, large-scale technologies, based on
membrane separation techniques, have been developed for
the purpose of enrichment and isolation of peptides with
a specific molecular weight range and bioactivity (122,
152). In particular, nanofiltration and ultrafiltration tech-
niques are being employed to produce specific bioactive
peptides derived from casein or whey protein hydroly-
sates. Such preparations are now commercially available
and are being used as ingredients in different consumer
products, such as dairy and fruit based drinks, confection-
ery, chewing gum, pastilles and capsules. Table 4 enlists

examples of commercial whey protein-derived bioactive
fractions and peptides which have shown to confer e.g. an-
tihypertensive or anticariogenic activity or acne, psoriasis
or stress-relieving properties (21, 58, 66, 95).

CONCLUSIONS

The current global interest in developing functional
foods provides a timely opportunity to exploit the great
arsenal of native bioactive milk components for promotion
of human health and wellbeing. This approach has been
facilitated by rapidly increasing knowledge about the fun-
damental biological properties and mechanism of action
of major milk proteins, bioactive peptides and growth fac-
tors. It is evident that more minor molecules with specific
bioactivities will be exploited in coming years and also
new bioactive molecules are discovered with the help of
modern analytical and biomolecular methods. Examples
of such molecules are butyrophilin, colostrinin, cytokines,
hormones, osteopontin, oligosaccharides, milk basic pro-
tein, mucin cytokines and lipids of the fat globule mem-
brane (49, 97, 124). Commercial applications based on
these components can be developed now more easily us-
ing advanced industrial or semi-industrial scale processing
techniques available for fractionation and isolation of spe-
cific molecules from colostrum, milk and whey. Modern
non-thermal, clean and green technology based methods
are well suited for manufacturing heat-sensitive ingredi-
ents from these sources. Fractionation and marketing of
bioactive milk ingredients is now emerging as a new lucra-
tive business for the dairy industries and specialized bio-
industries. Much as a result of this development the dairy
industry has already achieved a leading role in the devel-
opment of functional foods and has commercialized many
milk protein and peptide-based products which can be
consumed as part of a regular healthy diet. It can be envis-
aged that in the near future more similar products will be
launched on worldwide markets. They could be targeted to
infants, elderly and immune-compromised people as well
as to maintain good health status and prevent diet-related
chronic diseases. In view of the current increasing preva-
lence of obesity and related diseases, type two diabetes, in

Table 4. Examples of commercial milk protein products with specific functionality.

Brand name Type of product Functional bioactive Suggested or proven Reference /manufacturer (*)
proteins /peptides health/function claim
BioZate Hydrolysed whey B-lactoglobulin Reduction of blood pressure  Davisco, USA
protein isolate fragments
BioPURE-GMP  Whey protein isolate k-casein f(106-169) Satiety regulation Burton-Freeman, 2008, (12)/
(Glycomacropeptide) through CCK, Davisco, USA
anticariogenic
Vivinal Alpha Ingredient o-lactalbumin rich whey Aids relaxation and sleep Korhonen and Pihlanto, 2006, (65)/
protein hydrolysateBorculo Domo Ingredients (BDI),
the Netherlands
Praventin Food supplement/ Lactoferrin enriched Helps reduce acne Korhonen and Pihlanto, 2006 (65)/
capsule Whey protein hydrolysate DMV International, the Netherlands
Dermylex Food supplement/ Whey protein extract Helps reduce symptoms of ~ Drouin et al., 2007 ( 21) /

tablet XP-828L

mild to moderate psoriasis ~ Advitech Inc., Canada

(*) lierature reference number in parentheses.
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particular, more experimental research should be focused
on bioactive milk peptides which can regulate appetite, re-
duce inflammation signals and manage blood glucose bal-
ance. Also, the potential benefits of bioactive milk proteins
and peptides should be studied in relation to impairment
of cognitive functions, memory-related diseases and mood
control. In development of food supplements containing
milk bioactives technological challenges are anticipated in
formulation of products that can withstand the harsh envi-
ronment of the gastrointestinal tract. To this end, potential
solutions may be found in micro- or nanoencapsulation
techniques which have developed rapidly in recent years.

An emerging research field is the effect of milk proteins
on the expression of animal and human genome. Research
in this field may in future open new opportunities for opti-
mal exploitation of bovine milk proteins for human nutri-
tion and health, when compared in analogy with human
milk components (38, 99).

REFERENCES

1. Akbache, A., Lamiot, E., Moroni, O., Turgeon, S., Gauthier, S. F.
and Pouliot, Y. Use of membrane processing to concentrate TGF-B2
and IGF-I from bovine milk and whey. J. Membrane Sci. 2009, 20:
435-440.

2. Akita, E. M., and Li-Chan, E. C. Y. Isolation of bovine immunoglob-
ulin G subclasses from milk, colostrum, and whey using immobilised
egg yolk antibodies. J.Dairy Sci. 1998, 81: 54-63.

3. Anonymous. Benefits and potential risks of the lactoperoxidase sys-
tem of raw milk preservation. Report of an FAO/WHO technical mee-
ting. FAO Headquarters, Rome, 28 November -2 December, 2005.

4. Ashraf, H., Mahalanabis, D., Mitra, A. K., Tzipori, S., and Fuchs,
G. J. Hyperimmune bovine colostrum in the treatment of shigellosis in
children: a double-blind, randomized, controlled trial. Acta Paediatr.
2001, 90: 1373-1378.

5. Blouet, C., Mariotti, F., Mikogami, T., Tome, D., Huneau and J. Meal
cysteine improves postprandial glucose control in rats fed a high-su-
crose meal. J. Nutr. Biochem. 2007, 18: 519-24.

6. Bojsen, A., Buesa, J., Montava, R., Kvistgaard, A. S., Kongsbak, M.
B., Petersen, T. E., Heegaard, C. W. and Rasmussen, J. T. Inhibitory ac-
tivities of bovine macromolecular whey proteins on rotavirus infections
in vitro and in vivo. J. Dairy Sci. 2007, 90: 66-74.

7. Boots, J-W. and Floris, R. Lactoperoxidase: From catalytic mecha-
nism to proactical applications. Int. Dairy J. 2006, 16: 1272-1276.

8. Bounous, G. Whey protein concentrate (WPC) and glutathione mod-
ulation in cancer treatment, Anticancer Res, 2000, 20: 4785-4792.

9. Brinkworth, G. D., and Buckley, J. D. Concentrated bovine colos-
trum protein supplementation reduces the incidence of self-reported
symptoms of upper respiratory tract infection in adult males, Eur. J.
Nutr. 2003, 42: 228-232.

10. Brody, E.P. Biological activities of bovine glycomacropeptide. Br.
J. Nutr. 2000, 84: S39-S46.

11. Buckley, J. D., Abbott, M. J., Brinkworth, G. D. and Whyte P. B.
Bovine colostrum supplementation during endurance running training
improves recovery, but not performance. J. Sci. Med. Sport. 2002,
5:65-79.

12. Burton-Freeman,B.M. Glycomacropeptide (GMP) is not critical
to whey-induced satiety, but may have a unique role in energy intake
regulation through cholecystokinin (CCK). Phys.Behavior, 2008, 93:
379-387.

13. Butler, J.E. Immunoglobulin diversity, B-cell and antibody reper-
toire development in large farm animals. Rev. Sci,Tech. 1998, 17: 43-
70.

14. Bolke, E., Jehle, P. M., Hausmann, F., Ddubler, A., Wiedeck,

H., Steinbach, G., Storck, M. and Orth, K. Preoperative oral ap-
plication of immunoglobulin-enriched colostrum milk and me-
diator response during abdominal surgery. Shock, 2002, 17: 9-12.
15. Bolke, E., Orth, K., Jehle, P. M., Schwarz, A., Steinbach, G.,
Schleich, S., Ulmer, C., Storck, M. and Hannekum, A. Enteral appli-
cation of an immunoglobulin-enriched colostrum milk preparation for
reducing endotoxin translocation and acute phase response in patients
undergoing coronary bypass surgery--a randomized placebo-controlled
pilot trial. Wiener Klin. Wochenschr. 2002, 114: 923-928.

16. Biitikofer, U., Meyer, J., Sieber, R. and Wechsler, D. Quantification
of the angiotensin-converting enzyme-inhibiting tripeptides Val-Pro-
Pro and Ile-Pro-Pro in hard, semi-hard and soft cheeses. Int. Dairy J.
2007, 17: 968-975.

17. Chatterton, D.E.W., Smithers, G., Roupas, P. and Brodkorb, A. Bio-
activity of B-lactoglobulin and a-lactalbumin- technological implica-
tions for processing. Int. Dairy J. 2006, 16: 1290-1240.

18. Chen, G-W., Tsai, J-S. and Sun Pan, B. Purification of angiotensin
I-converting enzyme inhibitory peptides and antihypertensive effect of
milk produced by protease-facilitated lactic fermentation. Int. Dairy J.
2007, 17: 641-647.

19. Costa, E.L., Rocha Montijo, J.A. and Netto, F.M. Effect of heat and
enzymatic treatment on the antihypertensive activity of whey protein
hydrolysates. Int. Dairy J. 2007, 17: 632-640.

20. Donkor, O., Henriksson, A., Vasiljevic, T. and Shah, N.P. Proteo-
lytic activity of dairy lactic acid bacteria and probiotics as determinant
of growth and in vitro angiotensin-converting enzyme inhibitory activ-
ity in fermented milk. Lait. 2007, 86: 21-38.

21. Drouin, R., Lamiot, E., Cantin, K., Gauthier, S.F., Pouliot, Y.,
Poubelle, PE., and Juneau, C. XP-828L (Dermylex), a new whey pro-
tein extract with potential benefit for mild or moderate psoriasis. Can.
J. Physiol. Pharmacol. 2007, 85: 943-951.

22. Elfstrand, L., Lindmark-Mansson, H., Paulsson, M., Nyberg, L.,
and Akesson, B. Immunoglobulins, growth factors and growth hor-
mone in bovine colostrums and the effects of processing. Int. Dairy J.
2002, 12, 879-887.

23. Elwood, P. C., Givens, D. 1., Beswick, A. D., Fehily, A. M., Picker-
ing, J. E. and Gallacher, J. The survival advantage of milk and dairy
consumption: an overview of evidence from cohort studies of vascular
diseases, diabetes and cancer. J. Am. Coll. Nutr. 2008, 27: 723S-734S.
24. Erdman, K., Cheung, B. W.Y. and Schréder, H. The possible role of
food-derived bioactive peptides in reducing the risk of cardiovascular
disease. J. Nutr. Biochem. 2008, 19: 643-654.

25. Etzel, M.R. Manufacture and use of dairy protein fractions. J.Nutr.
2004, 134: 996S-1002S.

26. Fernaud, S. and Evans, R.W.Lactoferrin-a multifunctional protein
with antimicrobial properties. Mol. Immunol. 2003, 40: 395-405.

27. FitzGerald, R. J. and Murray, B. A. Bioactive peptides and lactic
fermentations. Int. J.Dairy Technol. 2006, 59: 118-125.

28. Florén, C. H., Chinenye, S., Elfstrand, L., Hagman, C. and Ihse, 1.
ColoPlus, a new product based on bovine colostrum, alleviates HIV-
associated diarrhoea. Scand. J. Gastroenterol. 2006, 41: 682-686.

29. Floris, R., Recio, 1., Berkhout, B. and Visser, S.. Antibacterial and
antiviral effects of milk proteins and derivatives there of. Curr.Pharm.
Des. 2003, 9: 1257-1275.

30. Foegeding, E.A., Davis, J.P., Doucet, D. and McGuffey, M.K. Ad-
vances in modifying and understanding whey protein functionality.
Trends Food Sci. Technol. 2002, 13: 151-159.

31. Fong, B.Y., Norris, C.S. and Palmano, K.M. Fractionation of bo-
vine whey proteins and characterization by proteomic characteristics.
Int.Dairy J.2008, 18: 23-46.

32. Fox, P. F. and Kelly, A. L. Indigenous enzymes in milk: Overview
and historical aspects-Part 1. Int. Dairy J. 2006, 16: 500-516.

33. Frid, A. H., Nilsson, M., Holst, J. J. and Bjorck, I. M. Effect of
whey on blood glucose and insulin responses to composite breakfast

21



H. J. KORHONEN / Bioactive proteins and peptides from colostrum.

and lunch meals in type 2 diabetic subjects. Am. J. Clin. Nutr. 2005,
82: 69-75.

34. Fuglsang, A., Rattray, F. P., Nilsson, D. and Nyborg, N. C. B. Lactic
acid bacteria: inhibition of angiotensin converting enzyme in vitro and
in vivo. Antonie van Leeuwenhoek. 2003, 83: 27-34.

35. Fukumoto, L. R,, Li-Chan, E., Kwan, L., and Nakai, S. Isolation of
immunoglobulins from cheese whey using ultrafiltration and immobi-
lized metal affinity chromatography. Food Res. Int. 1994, 27:335-348.

36. Gauthier, S.F., Pouliot, Y. and Maubois, J-L. Growth factors from
bovine milk and colostrum :composition, extraction and biological ac-
tivities. Lait, 2006, 86: 99-126.

37. Gauthier, S.F., Pouliot, Y. and Saint-Sauveur, D. Immunomodula-
tory peptides obtained by the enzymatic hydrolysis of whey proteins.
Int. Dairy J. 2006, 16: 1315-1323.

38. German,B. Genomics and milk. Aust. J. Dairy Technol. 2009, 64:
94-101.

39. Gobbetti, M., Minervini, F. and Rizzello, C.G., Bioactive peptides
in dairy products. In: Handbook of Food Products Manufacturing:
health, meat, milk, poultry, seafood, and vegetables, Hui, Y.H., (ed.),
John Wiley & Sons, Inc., Hoboken, NJ, 2007, pp. 489-517.

40. Gokawi, S. New technologies for isolation and analysis of bioac-
tive compounds. In: Bioactive Components in Milk and Dairy Products,
Park, Y. (ed.), Wiley-Blackwell, Iowa, 2009, pp. 329-345.

41. Groves, M. L.The isolation of a red protein from milk. J. Am. Chem.
Soc. 1960, 82: 3345-3350.

42. Guilloteau, P., Romé, V., Delaby, L.,Mendy, F., Roger, L., Chayvi-
alle, J.A. A new role of phosphopeptides as bioactive peptides released
during milk casein digestion in the young mammal: Regulation of gas-
tric secretion. Peptides. 2009, 30: 2221-2227.

43. Ha, E. and Zemel, M. B. Functional properties of whey, whey com-
ponents, and essential amino acids: mechanisms underlying health ben-
efits for active people. J. Nutr, Biochem. 2003, 14: 251-258.

44. Hammarstrom, L. and Kriiger-Weiner, C. 2008. Targeted antibodies
in dairy-based products. Adv. Exp. Med.Biol. 2008, 606: 321-344.

45. Hartmann, R. and Meisel, H. Food-derived peptides with biologi-
cal activity: from research to food applications. Curr. Opin, Biotechnol.
2007, 18: 1-7.

46. Haque, E. and Chand, R. Antihypertensive and antimicrobial bioac-
tive peptides from milk proteins. Eur. Food Res. Technol. 2008, 22:
7-15.

47. Hernandez-Ledesma, B., Recio, I. and Amigo, L. B-lactoglobulin as
a source of bioactive peptides. Aminoacids, 2008, 35: 257-265.

48. Jenssen, H. and Hancock, R. E. W. Antimicrobial properties of lac-
toferrin. Biochimie, 2009, 91: 19-29.

49. Jouan, P-N., Pouliot, Y., Gauthier, S. F. and Laforest, J-P. Hormones
in milk and milk products: A survey. Int. Dairy J. 2006, 16: 1408-1414.
50. Jakala, P. and Vapaatalo, H. Antihypertensive peptides from milk
proteins. Pharmaceutic. 2010, 3: 251-272.

51. Kamau, S.M., Cheison, S.C., Chen, W., Liu, X-M. and Lu, R-R. Al-
pha-Lactalbumin: Its Production Technologies and Bioactive Peptides.
Comp. Revs Food Sci. Food Safety. 2010, 9: 197-212.

52. Kanwar. J.R., Kanwar, R.K., Sun, X., Punj, V., Matta, H.,
Morley.S.M., Parratt, A., Puri, M., Sehgal, R. Molecular and biotech-
nological advances in milk proteins in relation to human health. Curr.
Protein Pept. Sci. 2009, 10: 308-338.

53. King, Jr., J.C., Cummings, G.E., Guo, N., Trivedi, L., Readmond,
B.X., Keane, V., Feigelman, S. and de Waard, R. 2007. A double-blind,
placebo-controlled, pilot study of bovine lactoferrin supplementation in
bottle-fed infants. J. Ped. Gastroenterol. Nutr. 2007, 44: 245-251.

54. Kitts, D. D. and Weiler, K. Bioactive proteins and peptides from
food sources. Applications of bioprocesses used in isolation and recov-
ery. Curr. Pharm. Des. 2003, 9: 1309-1323.

55. Konrad, G. and Kleinschmidt, T. A new method for isolation of na-
tive a-lactalbumin from sweet whey. Int. Dairy J. 2008, 18: 23-46.

56. Korhonen, H. Antimicrobial factors in bovine colostrum. J. Sci. Ag-
ric. Soc.Finland. 1977, 49: 434-447.

57. Korhonen, H. Technology options for new nutritional concepts. Int.
J. Dairy Technol. 2002, 55: 79-88.

58. Korhonen, H. Milk-derived bioactive peptides: From science to ap-
plications. J. Func. Foods. 2009, 1: 177-187.

59. Korhonen, H. Bioactive whey proteins and peptides. Functional so-
lutions for health-promotion. Nutrafoods. 2009, 8: 9-22.

60. Korhonen, H. Bioactive components in bovine milk. In: Bioactive
Components in Milk and Dairy Products, Park, Y. (ed.), Wiley-Black-
well, lowa, 2009, pp. 15-42.

61. Korhonen, H. and Marnila, P. Bovine milk antibodies for protec-
tion against microbial human diseases. In: Nutraceutical Proteins and
Peptides in Health and Disease, Mine, Y. and Shahidi, S. (eds.), Taylor
& Francis Group, Boca Raton, FL, 2006, pp. 137-159.

62. Korhonen, H., and Marnila, P. Bovine milk immunoglobulins
against microbial human diseases. In: Dairy-derived Ingredients-Food
and Nutraceutical Uses, Corredig, M. (ed.), Woodhead, Cambridge,
2009, pp. 269-289.

63. Korhonen, H. and Pihlanto, A. Food-derived bioactive peptides -
opportunities for designing future foods. Curr. Pharm. Des. 2003, 9:
1297-1308.

64. Korhonen, H. and Pihlanto, A. Bioactive peptides: Production and
functionality. /nt. Dairy J. 2006: 16: 945-960.

65. Korhonen, H. and Pihlanto, A. Technological options for the pro-
duction of health-promoting proteins and peptides derived from milk
and colostrum. Curr. Pharm. Des. 2007, 13: 829-843.

66. Korhonen, H. and Pihlanto, A. Bioactive peptides from food pro-
teins. In: Handbook of food products manufacturing: health, meat, milk,
poultry, seafood, and vegetables, Hui, Y.H. (ed.), John Wiley & Sons,
Inc. Hoboken, NJ, 2007, pp. 5-38.

67. Korhonen, H., Marnila, P. and Gill, H. Bovine milk antibodies for
health: a review. Br. J. Nutr. 2000, 84(Suppl.1): S135-S146.

68. Krissansen, G.W. Emerging health properties of whey proteins and
their clinical implications. J. Am. Coll. Nutr. 2007, 26: 713S-723S.

69. Kulozik, U . Novel approaches for the separation of dairy com-
ponents and manufacture of dairy ingredients In: Dairy-derived Ingre-
dients-Food and Nutraceutical Uses, Corredig, M. (ed.), Woodhead,
Cambridge, 2009, pp. 3-23.

70. Kulozik, U., Tolkach, A., Bulca, S. and Hinrichs, J. The role of pro-
cessing and matrix design in development and control of microstruc-
tures in dairy food production- a survey. /nt. Dairy J. 2003, 13: 621-630.
71. Kussendrager, K.D. and van Hooijdonk, A.C.M. Lactoperoxidase:
physico-chemical properties, occurrence, mechanism of action and ap-
plications. Br. J. Nutr. 2000, 84(Suppl.1): 19-25.

72. Lachkar, D.P., Lamiot, E., Turgeon, S.L., Gauthier, S.F., Paquin, P.
and Pouliot, Y. An experimental approach for removing caseins from
bovine colostrum using anionic polysaccharides. /nt. J. Dairy Technol.
2008, 61: 43-50.

73. Legrand, D., Pierce, A., Elass, E., Carpenter, M., Mariller, C. and
Mazurier, J. Lactoferrin structure and functions. Adv. Exp. Med. Biol.
2008, 163-94.

74. Legrand, D. and Mazurier, J. A critical review of the roles of host
lactoferrin in immunity. Biometals, 2010, 23: 365-376.

75. Li-Chan, E., Kummer, A., Losso, J. N., Kitts, D. D., and Makai, S.
Stability of bovine immunoglobulins to thermal treatment and proces-
sing. Food Res. Int.1995, 28: 9-16.

76. Lindmark-Mansson, H., Timgren, A., Aden, G. and Paulsson, M.
Two-dimensional gel electrophoresis of proteins and peptides in bovine
milk. Int.Dairy J. 2005, 15: 111-121.

77. Lépez-Fandino, R., Otte, J. and Van Camp, J. Physiological, chemi-
cal and technological aspects of milk-protein-derived peptides with
antihypertensive and ACE-inhibitory activity. Int.Dairy J. 2006, 16:
1277-1293.

22



H. J. KORHONEN / Bioactive proteins and peptides from colostrum.

78. Lopez-Expdsito, 1. and Recio, 1. Antibacterial activity of peptides
and folding variants from milk proteins. Int. Dairy J. 2006, 16: 1294-
1305.

79. Lépez-Exposito, 1., Quiros, A., Amigo, L. and Recio, 1. Casein hy-
drolysates as a source of antimicrobial, antioxydant and antihyperten-
sive peptides. Lait 2007, 87: 241-249.

80. Lozano, J.M., Giraldo, G.I. and Romero, C.M. An improved method
for isolation of B-lactoglobulin. /nt. Dairy J. 2008, 18: 55-63.

81. Luhovyy, B.L., Akhavan, T. and Anderson, G.H. Whey proteins in
the regulation of food intake and satiety. J. Am. Coll. Nutr. 2007, 26:
704S-7128S.

82. Lonnerdal, B. 2003. Nutritional and physiologic significance of hu-
man milk proteins. Am. J. Clin. Nutr. 2003, 77: 1537S-1543S.

83. Madureira, A.R, Pereira, C.I., Gomes, A.M.P., Pintado, M.E., and
Malcata, F.X. Bovine whey proteins- Overview on their main biological
properties. Food Res. Int. 2007, 40: 1197-1211.

84. Mainer, G., Sanchez, L., Ena, J. M., and Calvo, M. Kinetic and
thermodynamic parameters for heat denaturation of bovine milk IgG,
IgA and IgM. J. Food Sci.1997, 62: 1034-1038.

85. Mainer, G., Dominguez, E., Randrup, M., Sanchez, L., and Calvo,
M. Effect of heat treatment on anti-rotavirus activity of bovine colos-
trum. J. Dairy Res. 1999, 66: 131-137.

86. Manso, M. A. and Lopez-Fandino, R. K-Casein macropeptides from
cheese whey: Physicochemical, biological, nutritional, and technologi-
cal features for possible uses. Food Res. Int. 2004, 20: 329-355.

87. Markus, C.R., Olivier, B. and de Haan, E.H. Whey protein rich in
a-lactalbumin increases the ratio of plasma tryptophan to the sum of the
large neutral amino acids and improves cognitive performance in stress-
vulnerable subjects. Am. J. Clin. Nutr. 2002, 75: 1051-1056.

88. Marnila, P. and Korhonen, H. Colostrum. In: Encyclopedia of Dairy
Sciences, Roginski, H., Fuquay, J.W. and Fox, P.F. (eds). Academic
Press, London, 2002, pp. 473-478.

89. Marnila, P. and Korhonen, H. Immunoglobulins. In:. Encyclopedia
of Dairy Sciences, Roginski, H., Fuquay, J.W., and Fox, P. F. (eds), Aca-
demic Press, London. 2002, pp. 1950-1956.

90. Marnila, P., and Korhonen, H. Lactoferrin for human health, In:
Dairy-derived Ingredients-Food and Nutraceutical Uses, Crredig, M.
(ed.), Woodhead, Cambridge. 2009, pp. 290-307.

91. Matsumoto, H., Shimokawa, Y., Ushida, Y., Toida, T. and Haya-
sawa, H. New biological function of bovine a-lactalbumin: Protective
effect against ethanol- and stress-induced gastric mucosal injury in rats.
Biosc. Biotechnol. Biochem. 2001, 65: 1104-1111.

92. McMartin, S., Godden, S., Metzger, L., Feirtag, J., Bey, R., Stabel,
J., Goyal, S., Fetrow, J., Wells, S., and Chester-Jones, H. Heat treatment
of bovine colostrum. I: effects of temperature on viscosity and immu-
noglobulin G level. J. Dairy Sci. 2006, 89: 2110-2118.

93. Mehra, R., Marnila, P. and Korhonen, H. Milk immunoglobulins for
health promotion. /nt. Dairy J. 2006, 16: 1262-1271.

94. Meisel, H. Biochemical properties of peptides encrypted in bovine
milk proteins. Curr. Med. Chem. 2005, 12: 1905-1919.

95. Meisel, H. Functional milk-protein-derived peptides. Eur. Dairy
Mag. 2009, 21: 12-18.

96. Mensink, R.P.Dairy products and the risk to develop type 2 diabetes
or cardiovascular disease. Int. Dairy J. 2006, 16: 1001-1004.

97. Mezouari, S. and Pouliot, Y. Lipids from the milk fat globule mem-
brane as a health ingredient: Composition, properties and technological
aspects. In: Dairy-derived Ingredients-Food and Nutraceutical Uses,
Corredig, M. (ed.), Woodhead, Cambridge, 2009, pp. 344-367.

98. Mezzaroba, L. F. H., Carvalho, J. E., Ponezi, A. N., Antonio, M.
A., Monteiro, K. M., Possenti, A. and Sgarbieri, V. C. Antiulcerative
properties of bovine a-lactalbumin. Int. Dairy J. 2006, 16: 943-1118.
99. Mills, S., Ross, R.P., Hill, C., Fitgerald, G.F. and Stanton, C. Milk
intelligence: Mining milk for bioactive substances associated with hu-
man health. Int. Dairy J. 2011, 21: 377-401.

100. Morris, P.E. and FitzGerald, R.J. Whey proteins and peptides in
human health. In: Whey Processing, Functionality and Health Benefits.
Onwulata, C. and Huth, P. (eds). John Wiley & Sons, Inc., lowa, 2008,
pp. 285-343.

101. Mulvihill, D.M. and Ennis, M.P. Functional milk proteins: produc-
tion and utilization. In: Advances. in Dairy Chemistry, Vol 1: Proteins,
Fox, P.F. and McSweeney, P.L.H. (eds.), Kluwer Academic/Plenum
Publishers, New York, 2003, pp. 1175-1228.

102. Murray, B.A. and FitzGerald, R.J. Angiotensin converting enzyme
inhibitory peptides derived from food proteins: biochemistry, bioactiv-
ity and production. Curr. Pharm. Des. 2007, 13: 773-791.

103. Nagpal, R., Behare, P., Rana, R., Kumar, A., Kumar, M., Arora,
S., Morotta, F., Jain, S., and Yadav, H. Bioactive peptides derived from
milk proteins and their health beneficial potentials: an update. Food
Funct. 2011, 2: 18-27.

104. Numan, S.C., Veldkamp, P., Kuijper, E.J., van den Berg, R.J. and
van Dissel, J.T. Clostridium difficile-associated diarrhoea: bovine anti-
Clostridium difficile whey protein to help aid the prevention of relaps-
es. Gut, 2007, 56: 888-889.

105. Ochoa, T. J. and Cleary, T. G. Effect of lactoferrin on enteric patho-
gens. Biochimie, 2009, 91: 30-34.

106. O'Donnell, R., Holland, J. W., Deeth, H.C. and Alewood, P. Milk
proteomics. /nt.Dairy J. 2004, 14: 1013-1023.

107. Ong, L., Henriksson, A. and Shah, N.P.. Angotensin converting
enzyme-inhibitory activity in Cheddar cheeses made with the addition
of probiotic Lactobacillus casei sp. Lait, 2007, 87: 149-165.

108. Otte, J., Shalaby, S.M., Zakora, M., Pripp, A.H. and El-Shabrawy,
S.A. Angiotensin-converting enzyme inhibitory activity of milk protein
hydrolysates: Effect of substrate, enzyme and time of hydrolysis. /nt.
Dairy J. 2007, 17: 488-503.

109. Pakkanen, R. and Aalto, J.Growth factors and antimicrobial factors
of bovine colostrum. Int. Dairy J. 1997, 7: 285-297.

110. Pan, D. and Guo, Y. Optimization of sour milkfermentation for
the production of ACE-inhibitory peptides and purification of a novel
peptide from whey protein hydrolysate. Int. Dairy J. 2010, 20: 472-479.
111. Pan, Y., Rowney, M., Guo, P. and Hobman, P. Biological properties
of lactoferrin: an overview. Aust. J. Dairy Technol. 2007, 62: 31-42.
112. Parodi, P.W. A role for milk proteins and their peptides in cancer
prevention.Curr. Pharm.Des. 2007, 13: 813-828.

113. Pfeuffer, M. and Schrezenmeir, J. Milk and the metabolic syn-
drome. Obesity revs. 2006, 8: 109-118.

114. Phelan, M., Aherne, A., Fitzgerald, R. J. and O’Brien, N. M.
Casein-derived bioactive peptides: Biological effects, industrial uses,
safety aspects and regulatory status. Int. Dairy J. 2009, 19: 643-654.
115. Pihlanto, A. Antioxidative peptides derived from milk proteins.
Int. Dairy J. 2006, 16: 1306-1314.

116. Pihlanto, A. and Korhonen, H. Bioactive peptides and proteins In:
Advances in Food and Nutrition Research,Taylor, S.L. (ed.). Elsevier
Inc., San Diego, 2003, pp. 175-276.

117. Pihlanto, A. Virtanen, T., and Korhonen, H. 2010. Angiotensin I
converting enzyme (ACE) inhibitory activity and antihypertensive ef-
fect of fermented milk. /nt. Dairy J. 2010, 20: 3-10.

118. Pilvi, T. K., Harala, S., Korpela, R., Mervaala, E. M. Effects of
high-calcium diets with different whey proteins on weight loss and
weight regain in high-fat-fed C57BL/6] mice. Br. J. Nutr. 2009, 102:
337-341.

119. Piot, M., Fauquant, J., Madec, M-N., and Maubois, J-L. Prepa-
ration of serocolostrum by membrane microfiltration. Lait, 2004, 84:
333-341.

120. Playford, R.J., MacDonald, C.E. and Johnson, W.S. Colostrum and
milk-derived peptide growth factors for the treatment of gastrointestinal
disorders. Am. J. Clin. Nutr. 2000, 72: 5-14.

121. Pouliot, Y. and Gauthier, S.F. Milk growth factors as health prod-
ucts: Some technological aspects. Int. Dairy J. 2006, 16: 1415-1420.

23



H. J. KORHONEN / Bioactive proteins and peptides from colostrum.

122. Pouliot, Y., Gauthier, S.F. and Groleau, P.E. Membrane-based frac-
tionation and purification strategies for bioactive peptides. In: Nutra-
ceutical Proteins and Peptides in Health and Disease, Mine, Y. and
Shahidi, F.(eds.), CRC, Taylor & Francis Group, Boca Raton, FL, 2006,
pp. 639-658.

123. Quiros, A., Hernandez-Ledesma, B., Ramos, M., Amigo, L. and
Recio, 1. Angiotensin-converting enzyme inhibitory activity of pep-
tides derived from caprine kefir. J. Dairy Sci. 2005, 88: 3480-3487.
124. Recio, 1., Moreno, E. J, and Lopez-Fandino, R. Glycosylated dairy
components: Their roles in nature and ways to make use of their func-
tionality in dairy products. In: Dairy-derived Ingredients-Food and
Nutraceutical Uses, Corredig, M. (ed.), Woodhead, Cambridge, 2009,
pp.170-211.

125. Roberts, A. K., Chierici, R., Sawatzki, G., Hill, M. J., Volpato, S.
and Vigi, V. Supplementation of an adapted formula with bovine lacto-
ferrin: 1. Effect on the infant faecal flora. Acta Paediatr. 1992: 81:
119-124.

126. Royle, P. J., McIntosh, G. H., Clifton, P. M. Whey protein isolate
and glycomacropeptide decreases weight gain and alters body composi-
tion in male Wistar rats. Br. J. Nutr. 2008, 100: 88-93.

127. Ryhénen, E. L., Pihlanto-Leppild, A. and Pahkala, E. A new type
of ripened; low-fat cheese with bioactive properties. Int. Dairy J. 2001,
11: 441-447.

128. Sadat, L., Cakir-Kiefer, C., N’Negue, M-A., Gaillard, J-L., Girar-
det, J-M. and Miclo, L. Isolation and identification antioxidative pep-
tides from bovine o-lactalbumin. Int. Dairy J. 2011, 21: 214-221.

129. Saito, T. Antihypertensive peptides derived from bovine casein
and whey proteins. Adv. Exp. Med. Biol. 2008, 606: 295-317.

130. Scammel, A.W.Production and uses of colostrum. Aust. J.Dairy
Technol. 2001, 56: 74-82.

131. Schaafsma, G. Health issues of whey proteins: 1. Protection of
lean body mass. Curr. Topics Nutrac. Res. 2006, 4: 113-122.

132. Schaafsma, G. 2006. Health issues of whey proteins: 2. Weight
management. Curr. Topics Nutrac. Res. 2006, 4: 123-126.

133, Scrutton, H., Carbonnier, A., Cowen, P.J. and Harmer, C. Effects
of (alpha)-lactalbumin on emotional processing in healthy women.
J.Psychopharmacol. 2007, 21: 519-524.

134. Seifu, E., Buys, E.M. and Donkin E.F. Significance of the lacto-
peroxidase system in the dairy industry and its potential applications: a
review. Trends Food Sci. Technol. 2005, 16: 137-154.

135. Setarechnejad, A., Kanekanian, A., Tatham, A., and Abedi, A.H.
The protective effect of

caseinomacropeptide against dental erosion using hydroxyapatite as a
model system. Int. Dairy J. 2010, 20: 652-656.

136. Shida, K., Takamizawa, K., Nagaoka, M., Kushiro, A., Osawa, T.
and Tsuji, T. Enterotoxin-binding glycoproteins in a proteose-peptone
fraction of heated bovine milk. J. Dairy Sci. 1994, 77: 930-939.

137. Shing, C.M., Jenkins, D.G., Stevenson, L. and Coombes, J.S. The
influence of bovine colostrum supplementation on exercise perfor-
mance in highly trained cyclists. Br. J. Sports Med. 2006, 40: 797- 801.
138. Sieber, R., Biitikofer, U., Egger, C., Portmann, R., Walther, B. and
Wechsler, D. ACE-inhibitory activity and ACE-inhibiting peptides in
different cheese varieties. Dairy Sci. Technol. 2010, 90: 47-73.

139. Silva, S.V. and Malcata, F.X. Caseins as source of bioactive pep-
tides. Int.Dairy J. 2005, 15: 1-15.

140. Smilowitz, J.T., Dillard, C.J. and German, J.B. Milk beyond es-
sential nutrients: the metabolic food. Aust. J. Dairy Technol. 2005, 60:
77-83.

141. Smithers, G.W. Whey and whey proteins — from ‘gutter-to-gold’.
Int. Dairy J. 2008, 18: 695-704.

142. Smithers, G.W., Ballard, F.J., Copeland, A.D., De Silva, K.J., Dio-
nysius, D.A., Francis, G.L., Goddard, C., Grieve, P.A., McIntosh, G.H.,
Mitchell, I.R., Pearce, R.J. and Regester, G.O. New opportunities from
the isolation and utilization of whey proteins. J. Dairy Sci. 1996, 79:

1454-1459.

143. Stelwagen, K., Carpenter, E., Haigh, B., Hodgkinson, A. and
Wheeler, T. T. Immune components of bovine colostrum and milk. J.
Anim. Sci. 2009, 87: 3-9.

144. Strohmaier, W. Chromatographic fractionation of whey proteins.
Int. Dairy Fed. Bull. 2004, 389: 29-35.

145. Struff, W.G. and Sprotte, G. Bovine colostrum as a biologic in
clinical medicine: a review. Int. J. Clin. Pharmacol. Therap., 2007, 45:
193-202.

146. Tawfeek, H. 1., Najim, N. H. and Al-Mashikhi, S. Efficacy of an in-
fant formula containing anti-Escherichia coli colostral antibodies from
hyperimmunized cows in preventing diarrhea in infants and children: a
field trial. Int. J. Infect. Dis. 2001, 7: 120-128.

147. Taylor, S., Brock, J., Kruger, C., Berner, T. and Murphy, M. Safety
determination for the use of bovine milk-derived lactoferrin as a com-
ponent of an antimicrobial beef carcass spray. Regul. Toxicol. Pharma-
col. 2004, 39: 12-24.

148. Thomd-Worringer, C., Sorensen, J. and Lopez-Fandino, R. Health
effects and technological features of caseinomacropeptide. Int. Dairy J.
2006, 16: 1324-1333.

149. Tripathi, V. and Vashishtha, B. Bioactive compounds of colostrum
and its application. Food Revs Int. 2006, 22: 225-244.

150. Van Dissel, J. T., de Groot, N., Hensgens, C. M., Numan, S., Kui-
jper, E. J., Veldkamp, P. and van ‘t Wout, J. Bovine antibody-enriched
whey to aid in the prevention of a relapse of Clostridium difficile-as-
sociated diarrhoea: preclinical and preliminary clinical data. J. Med.
Microbiol. 2005, 54: 197-205.

151. Van Meijl, L., E.C., Vrolix, R. , and Mensink, R.P. Dairy product
consumption and the metabolic syndrome. Nutr: Res. Revs. 2008, 21:
148-157.

152. Vercruysse, L., Van Camp, J., Dewettinck, K. and Smagghe, G.
Production and enrichment of bioactive peptides derived from milk
proteins. In: Dairy-derived Ingredients-Food and Nutraceutical Uses,
Corredig, M. (ed.), Woodhead, Cambridge, 2009, pp. 51-67.

153. Wakabayashi, H., Kondo, 1., Kobayashi, T., Yamauchi, K., Toida,
T., Iwatsuki, K. and Yoshie, H. Periodontitis, periodontopathic bacteria
and lactoferrin. Biometals. 2010, 23: 419-424.

154. Wakabayashi, H., Yamauchi, K., and Takase, M. Lactoferrin re-
search, technology and applications. /nt. Dairy J. 2006, 16: 1241-1251.
155. Walzem, R.L., Dillard, C.J. and German. J.B. Whey components:
millennia of evolution create functionalities for mammalian nutrition:
what we know and what we may be overlooking. Crit. Revs Food Sci.
Nutr. 2002, 42: 353-375.

156. Wang. B., Yu, B., Karim, M., Hu, H.H., Sun , Y., McGreevy, P.,
Petocz, P., Held, S. and Brandmiller, J. Dietary sialic acid supplementa-
tion improves learning and memory in piglets. Am. J. Clin. Nutr. 2007,
85: 561-569.

157. Weinberg, E. D. Antibiotic properties and applications of lactofer-
rin. Curr. Pharm.Des. 2007, 13: 801-811.

158. Wheeler, T.T., Hodgkinson, A.J., Prosser, C.G. and Davis, S.R.
Immunen components of colostrum and milk- a historical perspective.
J. Mammary Gland Biol. Neoplasia. 2008, 12: 237-247.

159. Yalcin, A.S. Emerging therapeutic potential of whey proteins and
peptides. Curr.Pharm. Des. 2006, 12: 1637-1643.

160. Young, K.W., Munro, I. C., Taylor, S. L., Veldkamp, P. and van
Dissel, J. T. The safety of whey protein concentrate d.erived from the
milk of cows immunized against Clostridium difficile. Reg. Toxicol.
Pharmacol. 2007, 47: 317-326.

161. Yvon, M., Beucher, S., Guilloteau, P., Le Huerou-Luron, I. and
Corring, T. Effects of caseinomacropeptide (CMP) on digestion regula-
tion. Reprod. Nutr.Dev. 1994, 34: 527-537.

162. Zimecki, M. and Kruzel, M.L. Milk-derived proteins and peptides
of potential therapeutic and nutritive value. J. Exp. Ther. Oncol. 2007,
6: 89-106.

24



