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Abstract Colostrum is the initial milk secreted by mammals following parturition, the
composition and physicochemical properties of which are highly dynamic and variable.
The composition and physicochemical properties of colostrum during the initial post-
partum period has not been systematically reviewed for many years, although the topic
remains of interest both to milk producers and processors. In this article, the current
understanding of the composition of colostrum, i.e. carbohydrates, proteins, growth
factors, enzymes, enzyme inhibitors, nucleotides and nucleosides, cytokines, fats,
vitamins and minerals, is reviewed. In addition, the physicochemical properties, i.e.
pH and buffering capacity, colour, density and specific gravity, osmotic pressure,
somatic cell count, properties of casein micelles, ethanol stability and rennet coagula-
tion properties are discussed, as well as the effects of heat-treating colostrum.
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1 Introduction

Milk is a fluid secreted by the female of all mammalian species, the primary function of
which is to meet the complete nutritional requirements of the neonate, while also
serving several physiological functions. Colostrum is the secretion produced by the
mammary gland immediately following parturition.

In the case of cows, the duration for which the mammary secretion is classified as
colostrum rather than milk varies considerably amongst different reports, i.e. immedi-
ately after parturition (Levieux and Ollier 1999; Nakamura et al. 2003; Godhia and
Patel 2013), 2 days (Playford et al. 2000; Playford 2001), 3 to 4 days (Foley and
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Otterby 1978; Gopal and Gill 2000; Davis et al. 2007; Zhang et al. 2011) or 5 to 7 days
post-partum (Marnila and Korohnen 2002; Georgiev 2008; Zarcula et al. 2010; Abd El-
Fattah et al. 2012). For the purposes of this review, colostrum, unless otherwise defined,
will refer to the early milkings from dairy cows, taken up to 3 days post-partum.

The composition and physical properties of colostrum are highly variable due to a
number of factors, including individuality, breed, parity, pre-partum nutrition, length of
the dry period of cows and time post-partum (Parrish et al. 1947, 1948, 1949; Moody
et al. 1951). In general, colostrum contains less lactose and more fat, protein, peptides,
non-protein nitrogen, ash, vitamins and minerals, hormones, growth factors, cytokines
and nucleotides than mature milk; except in the case of lactose, the levels of these
compounds decrease rapidly during the first 3 days of lactation (Blum and Hammon
2000a, b; Uruakpa et al. 2002). Colostrum is characterised by its very high concentra-
tion of immunoglobulin G (IgG), which is of particular importance to the neonate,
whose gut, immediately following parturition, allows the passage of large immuno-
globulins, thereby conferring passive immunity (Marnila and Korohnen 2002;
Tsioulpas et al. 2007; Stelwagen et al. 2009). It is essential that the newborn calf
receives an adequate supply of colostrum as both the concentration of immunoglobu-
lins and permeability of the gut decrease rapidly over the first 24 h following parturition
(Weaver et al. 2000; Moore et al. 2005). In addition, colostrum intake influences
metabolism, endocrine systems and the nutritional state of neonatal calves
(Guilloteau et al. 1997; Blum and Hammon 2000a, b) and stimulates the development
and function of the gastrointestinal tract (Hadorn et al. 1997; Guilloteau et al. 1997,
Buhler et al. 1998; Blum and Hammon 2000a, b). Up to 60% of colostrum produced on
US dairy farms does not meet the minimum immunological and bacteriological
standards, i.e. >50 g.L”' of IgG and a total plate count of <100,000 cfu.mL ",
respectively (Morrill et al. 2012). Limited work has been carried out investigating the
efficacy of heat-treating colostrum from an immunological and bacteriological
viewpoint.

Colostrum accounts for approximately 0.5% of a cow’s annual milk output
(Scammell 2001). Most healthy dairy cows produce colostrum far in excess of the
calf’s requirements (Oyeniyi and Hunter 1978), but, typically, milk collected during
the colostrum period is considered unmarketable (Foley and Otterby 1978) and
often is excluded from bulk milk collection (Marnila and Korohnen 2002). The high
protein content of colostrum leads to multiple problems in industrial processes, e.g.
poor heat stability, which interferes with pasteurisation (Marnila and Korohnen
2002; McMartin et al. 2006). Also, the high content of antimicrobial components in
colostrum may affect the fermentation process (Marnila and Korohnen 2002).
Despite this, colostrum has attracted considerable interest as a functional food
ingredient (Korohnen 1998).

Foley and Otterby (1978) reviewed the literature on the composition of colostrum,
but, to the best of the authors’ knowledge, no comprehensive review on the composi-
tion of colostrum has been published since. Changes in the composition and physical
properties of milk throughout lactation have been studied extensively (White and
Davies 1958a, b, c; Cerbulis and Farrell, 1976; Donnelly and Horne, 1986; Horne
et al., 1986; Rodriguez et al., 2001); however, little is known about the composition and
stability of colostrum. The objectives of this review are to discuss the composition and
properties of bovine colostrum.
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2 Chemical constituents of colostrum
2.1 Carbohydrate
2.1.1 Lactose

The concentration of lactose is low in colostrum and changes in an inverse manner to
other constituents such as fat, protein and ash (Parrish et al. 1950; Kehoe et al. 2007). A
low level of lactose in early post-partum milkings, followed by a steady increase
thereafter, until a normal level is reached, has been reported by several authors
(Parrish et al. 1948, 1950; Klimes et al. 1986; Madsen et al. 2004; Kehoe et al.
2007; Tsioulpas et al. 2007; Georgiev 2008; El-Fatah et al. 2012; Morrill et al.
2012). Lactose concentrations as low as 1.2% have been reported in colostrum
(Kehoe et al. 2007; Morrill et al. 2012). In general, lactose concentration reaches a
normal concentration within 7 days post-partum. Tsioulpas et al. (2007) reported that
the lactose content of milk did not reach normal levels until 60 days post-partum;
however, in this particular study, no samples were collected between 30 and 60 days
post-partum.

Lactose is responsible for about 50% of the osmotic pressure of milk (Fox 2009a, b);
its production causes the movement of water from the cytoplasm of mammary epithe-
lial cells into the secretory vesicles and subsequently into milk. This influx of water into
milk regulates the volume of milk produced and the concentration of casein in milk
(Jenness and Holt 1987). A low level of lactose results in the production of milk that is
extremely viscous and contains little water due to the absence of the osmoregulator
lactose (Bleck et al. 2009).

Madsen et al. (2004) reported the density of the first milk post-partum to be
1.048 g.mL™', which is significantly higher than the average density of milk
(1.029 g.mL™'; Walstra et al. 2006). This value decreased over the first six milkings
until a normal level was reached, while in parallel the lactose concentration increased
from 2.6 to 4.4% (Madsen et al. 2004). Similarly, Strekozov et al. (2008) reported that
the density of first milk post-partum from 62 cows ranged from 1.054 to 1.072 g.mL ™.
In order to maintain osmotic pressure, milk with a low level of lactose has an elevated
level of inorganic salts (Holt and Jenness 1984).

2.1.2 Oligosaccharides

In addition to lactose, milk contains trace amounts of other sugars, including glucose,
fructose, glucosamine, galactosamine, N-acetylneuraminic acid and oligosaccharides,
defined as carbohydrates that contain 3 to 10 monosaccharides covalently linked
through glycosidic bonds. Oligosaccharides are divided into two broad classes, i.e.
neutral and acidic. Neutral oligosaccharides, or galacto-oligosaccharides (GOS), con-
tain no charged carbohydrate residues, whereas acidic oligosaccharides contain one or
more negatively charged residues of N-acetylneuraminic acid (sialic acid) (Gopal and
Gill 2000).

The concentration of oligosaccharides in colostrum is approximately 0.7 to
1.2 gmL™" (Nakamura et al. 2003), the majority of which are acidic, whereas mature
milk contains only trace amounts (Gopal and Gill 2000). To date, 40 oligosaccharides
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have been identified in bovine colostrum (Tao et al. 2008, 2009; Barile et al. 2010). The
total number of oligosaccharides in colostrum varies between individual cows due to
unique genetic variability (Ninonuevo et al. 2006). In one study, the total number of
oligosaccharides in colostrum from individual cows ranged between 14 and 32 (Barile
et al. 2010). 3’ Sialylactose (3'SL), 6’ sialylactose (6'SL), 6’ sialylactosamine (6'SLN)
and disialyllactose (DSL) are the predominant oligosaccharides in colostrum, with 3'SL
accounting for 70% of the total oligosaccharide content (Martin-Sosa et al. 2003;
Nakamura et al. 2003; McJarrow and van Amelsfort-Schoonbeek 2004; Tao et al.
2009; Urashima et al. 2009). Nakamura et al. (2003) reported that levels of 3'SL, 6'SL
and 6'SLN in colostrum were highest immediately following parturition and decreased
rapidly by 48 h post-partum, whereas levels of neutral oligosaccharides increased.
McJarrow and van Amelsfort-Schoonbeek (2004) found the concentrations of 3'SL, 6
SL, 6'SLN and DSL to be 681, 243, 239 and 201 mg.mL ™", respectively, in Holstein
colostrum and 867, 136, 220 and 283 mg.mL ™', respectively, in Jersey colostrum
immediately after parturition.

2.2 Protein

The concentration of casein is higher in colostrum than in milk (Cerbulis and Farrell
1975; Madsen et al. 2004) and decreases at each milking post-partum (Parrish et al.
1948). Sobczuk-Szul et al. (2013) reported that early post-partum milk contained
reduced proportions of g-casein, which increased with time post-partum, and elevated
proportions of k-casein, which decreased with time post-partum, while the proportion
of [3-casein remained constant throughout.

The immunoglobulins, of which there are three major classes in milk, i.e. IgG,
IgM and IgA, account for about 1% of the total milk protein or about 6% of the total
whey protein (Farrell et al. 2004). Colostrum contains elevated levels of IgG, IgA
and IgM (Smolenski et al. 2007), and immunoglobulins make up 70-80% of the
total protein in colostrum (Larson 1992), which is of particular importance to the
neonate, as transfer of passive immunity to the calf occurs through colostrum and
not via the placenta (Zhang et al. 2011). Changes in the level and relative propor-
tions of the immunoglobulins in colostrum compared with milk have been reported
by several authors (Quigley et al. 1994; Levieux and Ollier 1999; Korohnen et al.
2000; Elfstrand et al. 2002; Zhao et al. 2010). The concentration of immunoglob-
ulins in the first milk post-partum can vary considerably, from 30 to 200 mg.mL ™"
(Larson 1992; Korohnen et al. 1995; Gapper et al. 2007). IgG1 comprises over 75%
of the Igs in colostrum, followed by IgM, IgA and IgG2 (Butler 1974). It should be
noted that different IgG subclasses differ in their biological activities (Akita and
Li-Chan 1998). The concentration of immunoglobulins in milk declines rapidly fol-
lowing parturition (Korohnen et al. 2000).

The concentrations of beta-lactoglobulin ((3-lg) and alpha-lactalbumin («-la) are
higher in colostrum than in mature milk (Marnila and Korohnen 2002; Georgiev 2008).
Marnila and Korohnen (2002) reported that the initial concentration of 3-lg in colos-
trum ranges from 7.9 to 30 mg.mL ", the average being 14 mg.mL " in the first milking
and falling sharply thereafter to 8 mg.mL ™" in the second to fourth milkings; the
decrease is more gradual until the 16th milking, when the average is 5 mg.mL™".
These results agree with those reported by Levieux and Ollier (1999) and Sobczuk-Szul
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et al. (2013). Marnila and Korohnen (2002) reported that the level of «-la in colostrum
decreases more gradually from 2 mg.mL ™" in the first milking to 1.4 mg.mL™" in the
16th milking, which was also reported by Levieux and Ollier (1999). However,
Sobczuk-Szul et al. (2013) reported that the initial concentrations of «-la in colostrum
from Jersey and Polish Holstein-Friesian cows were 13.82 and 7.91 mg.mL™’,
respectively. In this particular study, colostrum samples were collected from eight
cows, which is a relatively small number and may explain the unusually high levels
observed. The ratio of (3-lg/x-la is four times greater in colostrum than in mature milk,
suggesting that (3-lg may play a specific role during the early post-partum period
(Perez et al. 1990).

The concentration of bovine serum albumin in colostrum is higher than in milk
(Zhang et al. 2011). Perez et al. (1989) reported that the first milk post-partum contains
2.63 mg.mL ™' BSA. This value decreases substantially within 24 h and reaches normal
levels by the second week post-partum (0.2 mg.mL ™). A similar trend was observed by
Levieux and Ollier (1999). The increased concentration of BSA in colostrum is a result
of increased leakage from the circulating blood (Zhang et al. 2011), which may play a
role in the transport of small molecules, i.c. free fatty acids released from adipocytes
(Evans 2002).

Lactoferrin is a cationic iron-binding glycoprotein of mammary origin that plays a
key role in the defence of the mammary gland (Farrell et al. 2004). The concentration of
lactoferrin in milk ranges from 0.02 to 0.75 mg.mL™" (Hahn et al. 1998; Fox and Kelly
2003). Several authors have reported an increased concentration of lactoferrin in
colostrum (Pakkanen and Aalto 1997; Hahn et al. 1998; Zhang et al. 2002, 2011;
Sobczuk-Szul et al. 2013). Reiter (1978) reported that the concentration of lactoferrin in
colostrum is 30-fold higher than that in milk, while Indyk and Filonzi (2005) observed
a 100-fold higher concentration of lactoferrin in colostrum than in milk. It should be
noted that, in addition to stage of lactation, lactoferrin concentration is significantly
correlated with SCC, level of BSA and volume of milk produced (Cheng et al. 2008).
Typically, the concentration of lactoferrin in colostrum ranges from 1.5 to 5 mg.mL "
(Korohnen 1977; Hahn et al. 1998).

There are few reports in the literature on the occurrence of minor proteins in
colostrum because detection and identification of minor proteins is difficult due to
the high concentration of the principal proteins, which reduce the detection
sensitivity of mass spectrometry. Yamada et al. (2002) used immunoabsorption to
remove major proteins from colostrum and milk prior to 2D-PAGE, which enabled
the detection of several otherwise undetectable minor proteins; a total of 29 minor
proteins were identified in colostrum and milk, of which several were observed only
in colostrum, i.e. fibrinogen 3-chain, chitinase 3-like 1, cc-antitrypsin, complement
C3 «-chain, gelsolin and apolipoprotein H. Smolenski et al. (2007), using a
combination of liquid chromatography-mass spectrometry/mass spectrometry
(LC-MS/MS) and two-dimensional gel electrophoresis (2-DE) followed by
matrix-assisted laser desorption/ionisation time-of-flight mass spectrometry
(MALDI-TOF/MS), and D’ Amato et al. (2009), using combinatorial peptide ligand
libraries, identified 53 and 149 minor proteins in whey from colostrum or milk,
respectively, some of which were identified only in colostrum. Using ion-exchange
chromatography, Le et al. (2011) identified a total of 293 whey proteins in
colostrum and milk, of which 36 were identified exclusively in colostrum. Nissen
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et al. (2012) identified 403 minor proteins in colostrum using 2D-LC-MS/MS,
which, to the authors’ knowledge, is the most comprehensive characterisation to
date of whey proteins in colostrum. In a follow-on study, Nissen et al. (2013), also
using 2D-LC-MS/MS, identified a total of 742 minor proteins in milk; however,
366 of these proteins were identified only in one replicate and are therefore
regarded as tentative results.

To date, over 120 proteins have been identified in the milk fat globule membrane
(MFGM), and changes in the MFGM proteome during the transition from colostrum to
milk have been described (Reinhardt and Lippolis 2006). Mucin, butyrophilin, fatty
acid-binding protein and xanthine dehydrogenase were up-regulated 2.6-fold to 7.7-
fold in MFGM from milk compared with colostrum MFGM. Apolipoprotein 1 and
clusterin were down-regulated 2.6-fold to 3.6-fold in milk MFGM compared with
colostrum MFGM while no changes in the concentrations of polymeric immunoglob-
ulin receptor, peptidylprolyl isomerase A, 71 kDa heat-shock cognate protein, cluster of
differentiation 36, actin and lactadherin were noted.

2.3 Growth factors

The main growth factors in colostrum and milk are epidermal growth factor (EGF)
(Yagi et al. 1986; lacopetta et al. 1992), betacellulin (BTC) (Bastian et al. 2001),
insulin-like growth factor I (IGF-I) (Collier et al. 1991), IGF-II (Schams 1994),
transforming growth factor-31 (TGF-31) (Ginjala and Pakkanen 1998), TGF-32
(Cox and Burk 1991), fibroblast growth factor 1 and 2 (FGF1 and FGF2)
(Kirihara and Ohishi 1995) and platelet-derived growth factor (PGDF) (Belford
et al. 1997).

In general, the concentrations of growth factors in colostrum are highest during
the initial hours post-partum and decline significantly in a time-dependant manner
(Collier et al. 1991; Ginjala and Pakkanen 1998; Bastian et al. 2001). The most
abundant growth factors in colostrum are IGF-1 and IGF-II (Marnila and Korohnen
2002). Pakkanen and Aalto (1997) reported that the concentrations of IGF-I and
IGF-II in colostrum range from 50 to 2000 ug.L™' and 200-600 ng.L™',
respectively, whereas mature milk contains <10 ug.L71 of each. Yagi et al. (1986)
found that the concentration of EGF in colostrum and milk was 324 and
155 pg.L ™", respectively; however, Iacopetta et al. (1992) reported the concentra-
tion of EGF in colostrum and milk to be 4-8 and <2 pg.L™", respectively. It should
be noted that reported levels of growth factors vary significantly depending on the
method of quantitation used. The concentration of TGF-31 in colostrum ranges
from 12 to 43 pg.Lfl, compared with 0.8 to 3.5 ug.L7l in milk (Ginjala and
Pakkanen 1998). The concentration of TGF-32 is also higher in colostrum than
that in milk (Pakkanen 1998).

2.4 Enzymes

Approximately 70 indigenous enzymes have been reported in milk and originate from
four principal sources, i.e. blood plasma, secretory cell cytoplasm, milk fat globule
membrane (MFGM) and somatic cells (Fox et al. 2003; Fox and Kelly 2006a, b). In
general, the enzyme content of colostrum is higher than in milk (Shahani et al. 1973).
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2.4.1 Antioxidant enzymes

Lactoperoxidase (LPO) is a member of the peroxidase family whose primary function,
in the presence of hydrogen peroxide, is to catalyse the oxidation of thiocynates,
leading to the generation of intermediate compounds with a wide range of antimicrobial
activities (Fox and Kelly 2006a). Hahn et al. (1998) reported that the concentration of
LPO in colostrum is 13 to 30 mg.L ™", compared to 11-45 mg.L™" in milk. Korohnen
(1977) observed that the concentration of LPO in colostrum is low initially but
increases rapidly to reach a maximum after 3—5 days post-partum, followed by a slow
decrease until a plateau is reached after about 2 weeks. Catalase activity is also higher
in colostrum than in milk and decreases throughout lactation (Farkye 2002).

2.4.2 Proteinases

Plasmin, a serine protease derived from plasminogen, is the principal indigenous
proteinase in milk (Fox and Kelly 2006a, b). Dupont et al. (1998) reported that the
concentration of plasmin in colostrum is about 10 times higher than that in milk while
Madsen et al. (2004) observed a 2-fold greater plasmin activity in colostrum compared
with milk. Pyorala and Kaartinen (1988) found a decrease in plasmin activity during the
transition from colostrum to milk. Larsen et al. (2006) reported that the activity of the
acid milk protease, cathepsin D, is significantly lower in colostrum than in milk.

2.4.3 Lipases and esterases

Lipoprotein lipase (LPL) is the principal indigenous lipase in milk (Olivecrona et al.
1992). Mammary LPL activity increases markedly prior to parturition and remains high
throughout lactation (Liesman et al. 1988). Saito and Kim (1995) observed that LPL
activity in colostrum is low initially but increases rapidly during the first few days of
lactation and, thereafter, remains constant for the remainder of lactation. Anderson
(1982) reported LPL activity in colostrum, 45% of which was associated with the
serum phase of the first milking post-partum. This value decreased to 34% during the
first 24 h following parturition. It should be noted that these figures are not represen-
tative of total LPL activity in milk as, in milk, more than 90% of LPL is associated with
the casein micelles (see Fox and McSweeney 1998). In addition to LPL, milk contains
several other carboxyl ester hydrolases, collectively referred to as esterases (Deeth and
Fitz-Gerald 2006). Marquardt and Forster (1965) reported that the concentration of
arylesterase in colostrum is higher than in milk, while the carboxylesterase activity has
been reported to be higher in colostrum than in milk (Fitz-Gerald et al. 1981).

2.4.4 Other enzymes

Milk contains several phosphatases, the principal ones being alkaline phosphatase and
acid phosphatase (Fox and Kelly 2006a, b). The concentration of alkaline phosphatase
is very high in colostrum and decreases to a minimum within 1-2 weeks of parturition,
before increasing and reaching a constant level after approximately 25 weeks (Shakeel
Ur-Rehman and Farkye 2002; Fox and Kelly 2006b). The concentration of acid
phosphatase is low in colostrum initially, increases to a maximum over 5-6 days
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post-partum, and then decreases and remains low until the end of lactation (Shakeel ur-
Rehman and Farkye 2002). The activity of acid phosphatase in milk is much lower
(about 2%) than that of alkaline phosphatase (Shakeel ur-Rehman and Farkye 2002).

Ribonucleases cleave RNA into smaller components; five ribonucleases, A, B, C, D
and II-1, have been detected in milk (Bingham and Zittle 1964). Meyer et al. (1987)
reported that colostrum contains 10 to 15 times more ribonuclease II-1 than milk and
three times more total ribonuclease activity. Roman et al. (1990) reported that the
concentration of ribonuclease in colostrum is highest in the third milk post-partum,
followed by an abrupt decrease in concentration until normal levels were reached
1 month after parturition.

Lysozyme catalyses the cleavage of (31,4-linkages between muramic acid and
N-acetylglucosamine in bacterial cell walls (Fox and McSweeney 1998). Generally,
lysozyme activity is higher in colostrum than in milk (Korohnen 1977; Farkye 2002).

v-Glutamyl transferase (y-GT), localised on the outer surface of the alveolar cell
membrane, catalyses the transport of amino acids across the membrane into the cell
(Baumrucker and Pocius 1978). Vacher and Blum (1993) reported 2.5-fold to 3-fold
higher y-GT activity in colostrum than in milk, which was confirmed by Hadorn et al.
(1997) and Ontsouka et al. (2003).

2.5 Enzyme inhibitors

Colostrum and milk contain a number of enzyme inhibitors, the concentrations of
which are highest initially and decrease rapidly with time post-partum (Georgiev
2008). It is thought that these inhibitors play an important role in the mechanism of
absorption of immune components by the calf, i.e. protecting Igs from proteolytic
cleavage (Carlson et al. 1980). Christensen et al. (1995) reported the presence of
seven plasma-derived protease inhibitors in colostrum, i.e. «2-macroglobulin,
«2-antiplasmin, antithrombin III, Cl-inhibitor, inter-a-trypsin inhibitor, bovine
plasma elastase inhibitor and bovine plasma trypsin inhibitor. The concentration
of these inhibitors was highest in colostrum initially and decreased dramatically
during the first 3 days post-partum, at which point stable levels were reached
(Christensen et al. 1995).

Several authors have reported the presence of trypsin inhibitors in colostrum
(Cechova et al. 1971; Pineiro et al. 1978), the concentrations of which are nearly 100
times higher than in milk (Honkanen-Buzalski 1981). Quigley et al. (1995) found that
colostrum contains approximately 560 mg trypsin inhibitor.L"" and reported a positive
correlation with IgG, in agreement with the study of Pineiro et al. (1978).

Hirado et al. (1984, 1985) reported the presence of two types of cysteine protease
inhibitors in colostrum, belonging to the kininogen and cystatin subfamilies; Kirihara
et al. (1995) purified a third type of cysteine protease inhibitor from colostrum, but
information relating to its taxonomy is not available.

The concentration of o2-macroglobulin in colostrum is higher than that in milk
(Honkanen-Buzalski and Sandholm 1981); this is a large plasma glycoprotein
(718 kDa) with broad-spectrum proteinase inhibitory activity (Barrett et al. 1973).
Perez et al. (1989) reported that the first milk post-partum contains the highest
concentration of «2-macroglobulin, which decreases very rapidly until a plateau is
reached during the second week post-partum.
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2.6 Nucleotides and nucleosides

Nucleotides and nucleosides comprise part of the non-protein-nitrogen (NPN) fraction
of milk and are present in the sub-milligram range per litre (Schlimme et al. 2000); they
have important roles in biochemical synthesis, i.e. nucleic acid synthesis, enhancement
of immune response (Schaller et al. 2004), influence the metabolism of fatty acids,
contribute to iron absorption in the gut and improve gastrointestinal tract repair after
damage (Sanchez-Pozo and Gill 2002).

The concentration of nucleotides in colostrum is higher than in milk (Schlimme et al.
2002). Initially, the concentration of nucleotides in colostrum is very low, but reaches a
maximum 24-48 h after parturition, followed by a gradual decrease as lactation
continues, up to the third week, when levels stabilise (Gill and Indyk, 2007a). This
pattern is seen for nucleoside-5'-monophosphates; 5'-AMP, 5’'CMP and 5'UMP, as well
as nucleoside-5'-, di- and tri-phosphates, UDP galactose and UDP glucose (Gill and
Sanchez-Medina 1981). Generally, the concentrations of nucleotides in milk are one or
two orders of magnitude higher than the concentrations of nucleosides (Gill and
Sanchez-Medina 1981; Schlimme et al. 1991).

Nucleosides are N-glycosides of pyrimidines and purines (Schlimme et al. 2002).
The concentration of nucleosides is higher in colostrum than in milk; however, unlike
nucleotides, no distinct maximum is observed during the first 2 days after parturition
(Schlimme et al. 1991). The nucleoside concentration decreases during the colostral
phase and reaches a constant level approximately 3 weeks post-partum (Schlimme et al.
2000). The levels of pyrimidine nucleosides in milk are higher than for purine
nucleosides. The concentration of uridine is relatively high in early colostrum but
decreases by approximately two orders of magnitude during the first few hours post-
partum, whereas the concentration of cytidine reaches a maximum on the second day of
lactation (Gill and Indyk 2007b).

2.7 Cytokines

Cytokines are a diverse group of proteins, peptides or glycoproteins which have
profound biological effects at minute concentrations (10 to 1000 pg.mL ") (Gauthier
et al. 2006). These molecules are principally responsible for modulating the immune
system (Biswas et al. 2007) and include the interleukins (IL), tumour necrosis factors
(TNF) and interferons (INF). Sacerdote et al. (2013) reported the presence of a wide
range of cytokines in colostrum, but the concentrations in milk were not measured.
Hagiwara et al. (2000) reported that the concentrations of IL-1f3, IL-6, TNF-, INF-y
and IL-1ra are significantly higher in colostrum than in milk. These results are in
agreement with those of Goto et al. (1997) and Sobczuk-Szul et al. (2013), who
observed higher levels of IL-1f3, IL-6 and TNF-« in colostrum compared with milk.

2.8 Lipids

The composition and structure of milk fat has been reviewed extensively
(MacGibbon and Taylor 2006; Palmquist 2006), but relatively little work has been
done on changes in the composition and structure of milk fat during the transition
from colostrum to milk.
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Generally, but not always, the fat content of colostrum is higher than that of milk
(Parrish et al. 1950; Foley and Otterby 1978; Marnila and Korohnen 2002). Kehoe et al.
(2007) and Morrill et al. (2012) reported a very wide range of average fat content of
colostrum; Abd El-fattah et al. (2012) reported a decrease in the fat content of
colostrum from Holstein cows from 8.04% at parturition to 3.9% after 5 days.

In terms of the profile of individual fatty acids, Laakso et al. (1996) reported that
during the first week post-partum, the proportions of stearic acid, oleic acid and short-
chain fatty acids (C4—C10) in colostrum were low and increased thereafter. Similarly,
Palmquist et al. (1993) observed that the proportions of short-chain fatty acids, with the
exception of C4, are low in colostrum, but that these fatty acids increase, reaching
>90% of maximum levels by 8 weeks of lactation. Laakso et al. (1996) also reported
that the relative amounts of C12—C16 in colostrum, in particular myristic and palmitic
acids, were high initially and decreased with time post-partum. Several authors have
reported that colostrum contains high levels of C18:0 and C18:1 (Lynch et al. 1992;
Palmquist et al. 1993). High levels of long-chain fatty acids are present in colostrum
because, at parturition, cows are in a negative energy balance, resulting in the
mobilisation of adipose tissue fatty acids which are incorporated into milk fat
(Belyea and Adams 1990). Concomitantly, high levels of long-chain fatty acids inhibit
de novo synthesis of short-chain fatty acids (Bauman and Davis 1974). Laakso et al.
(1996) observed changes in the TAG distribution during the colostral period, i.e. the
proportion of molecules with an acyl carbon number (ACN) 38-40 increased and those
with ACN 44-48 decreased. Paszczyk et al. (2005) reported that colostrum contains a
lower content of trans fatty acids and cis-9 trans-11 C18:2 (CLA) than milk.

Bitman and Wood (1990) reported that all five major subclasses of phospholipids are
present at significantly lower concentrations in colostrum than in milk and that the total
phospholipid content of milk increases from the third to seventh day of lactation.

Sterols are minor components of milk lipids, at approximately 0.3% of total lipids, of
which cholesterol accounts for approximately 95% (MacGibbon and Taylor 2006).
Small amounts of other sterols have been identified in milk, namely campesterol,
stigmasterol and {3-sitosterol (Minicione et al. 1977). Precht (2001) observed that the
cholesterol content of colostrum is significantly higher than that of milk, i.e. 327 and
285 mg.100 g ' fat, respectively.

2.9 Minerals

The mineral components, or milk salts, include citrates, phosphates and chlorides of
H', K", Na", Mg2+ and Ca?*, which are present either as ions in solution or as colloidal
species complexed with the caseins (Lucey and Horne 2009).

Milk is saturated with respect to calcium and phosphate ions, which exist in a
dynamic equilibrium between serum and colloidal forms (Lucey and Horne 2009).
Several authors have reported high concentrations of calcium and phosphate in
colostrum; Tsioulpas et al. (2007) reported that the concentrations of calcium and
phosphate decreased from 2168 and 1635 mgkg ', respectively, at parturition, to
1342 and 929 mgkg ', respectively, after 15 days. A similar trend was observed by
Jeong et al. (2009). Abd El-Fattah et al. (2012) observed a similar trend for the calcium
concentration during the transition from colostrum to milk, but the concentration of
phosphate in colostrum and milk was significantly lower than that reported in previous
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studies. On the other hand, Kehoe et al. (2007) reported mean concentrations of
calcium and phosphate in colostrum which were approximately 4-fold and 5-fold
higher than the concentrations found in milk. White and Davies (1958a) reported that
the average concentrations of colloidal inorganic calcium and colloidal phosphate were
lower in colostrum than in milk. CCP is associated predominantly with casein and is
present at higher concentrations in colostrum than in milk (Cerbulis and Farrell 1975).
However, during the colostral period, casein micelles are not as mineralised as later in
lactation, and so the concentrations of colloidal calcium and colloidal phosphate are not
as high as expected.

Several authors have reported increased concentrations of magnesium and sodium in
colostrum (Jeong et al. 2009; Tsioulpas et al. 2007; Abd El-Fattah et al. 2012). Unlike
for calcium, phosphate, magnesium and sodium, there are variable reports in the
literature regarding the concentration of potassium in colostrum. Toshiyoshi et al.
(1982) and Klimes et al. (1986) reported low levels of potassium in colostrum at
parturition but a gradual increase thereafter. Abd El-Fattah et al. (2012) reported that the
concentration of potassium in colostrum decreased from 1795 mg.kg ' at parturition to
650 mg.kg ' after 14 days, which is significantly lower than that typically found in
milk. No particular trends were observed for potassium concentration by Ontsouka
et al. (2003), Tsioulpas et al. (2007) and Jeong et al. (2009). Kehoe et al. (2007)
reported that the concentration of potassium in colostrum ranges from 983 to
5511 mgkg ', with a mean value of 2845 mgkg ', which is significantly higher
than other reports in the literature. The precise reason for variations in the level of
potassium in colostrum is unknown, but may be related to the nutritional status of the
animal and environmental and genetic factors (Cashman 2002).

In addition to the macro-elements mentioned above, approximately 20 other ele-
ments are found in milk in trace amounts, including copper, iron, zinc and manganese;
relatively little work has been done on their concentrations in colostrum and milk
during the early post-partum period. Kehoe et al. (2007) reported that the average
concentrations of copper, iron, zinc and manganese in colostrum were 1.7-, 10.7-, 10.9-
and 3.3-fold higher than values for normal milk. Jeong et al. (2009) observed no
particular trends for the concentrations of copper and iron in colostrum over the first
108 h post-partum; the concentration of zinc was highest in the first milking, but
decreased sharply thereafter, while no manganese was detected in colostrum. Abd EI-
Fattah et al. (2012) reported a general decrease in the levels of copper, iron and zinc in
colostrum over the first 336 h post-partum. The concentration of copper fluctuated
during the first 24 h, but then decreased gradually; similarly, the concentrations of iron
and zinc decreased post-partum.

2.10 Vitamins
2.10.1 Fat-soluble vitamins

Vitamin A is present in milk in a variety of forms including retinol, retinal, retinoic
acid, retinyl esters as well as provitamin A carotenoids such as (3-carotene (Morrissey
and Hill 2009). Several authors have reported increased concentrations of vitamin A in
colostrum (Jensen et al. 1999; Debier et al. 2005); the concentrations of vitamin A and
carotenoids decrease drastically during the first few days of lactation and stabilise after
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approximately day 5 (Parrish et al. 1948; Calderon et al. 2007; Abd El-fattah et al.
2012).

Vitamin E includes two main groups of compounds: tocopherols (-, (3-, y- and 0-)
and tocotrienols (-, 3-, Y- and 6-) (Morrissey and Hill 2009). The transfer of vitamin
E into colostrum does not appear to occur via a passive mechanism associated with the
transfer of lipids (Debier et al. 2005) but rather by a mechanism involving low-density
lipoproteins (Schweigert 1990). The concentration of vitamin E in milk is approxi-
mately 90 pug.100 g (Fox and McSweeney 1998), and its concentration in colostrum
is much higher (Debier et al. 2005; Calderon et al. 2007). Kehoe et al. (2007) reported
that the concentration of vitamin E in colostrum ranges from 60 to 1040 ug.100 g,
with a mean value of 292 pg.100 g_l. Parrish et al. (1949) reported that the concen-
tration of vitamin E decreased over the course of the first six milkings post-partum, and
Hidiroglou et al. (1995) reported that the concentration of «-tocopherol in colostrum
decreased from 1.9 to 0.3 mg.L™" over the first 4 days post-partum. y-Tocopherol and
a-tocotrienol have also been detected in trace amounts in colostrum and milk
(Barrefors et al. 1995).

The two major forms of vitamin D are cholecalciferol (vitamin D;), which is
synthesised by the skin of the cow on exposure to ultraviolet radiation, and
ergocalciferol (vitamin D;), which is produced by plants on exposure to UV radiation
(Bulgari et al. 2013). Henry and Kon (1937) reported a decrease in the vitamin D
content of colostrum from 1.2 to 0.36 TU.g' fat during the first 5 days post-partum,
compared with an average vitamin D content of 0.41 TU.g "' fat in milk. Eaton et al.
(1947) reported that the concentration of vitamin D in colostrum ranged from 0.83 to
1.81 IU.g ™" fat. Yan et al. (1993) also observed a higher concentration of vitamin D in
colostrum compared with milk.

Vitamin K exists in two forms: phylloquinone (vitamin K;) and menaquinones
(vitamin K;) (Morrissey and Hill 2009). Indyk and Woolard (1995) reported that the
concentration of phylloquinone was higher in colostrum than in milk, decreasing to
normal levels after 5 days of lactation.

2.10.2 Water-soluble vitamins

Ascorbic acid (vitamin C) is synthesised in the liver of cows, but calves do not begin to
synthesise endogenous vitamin C until approximately 3 weeks of age and so are reliant
on vitamin C from milk during this period (Palludan and Wegger 1984). The vitamin C
content of milk ranges from 1.65 to 2.75 mg.100 g ', with a mean concentration of
2.11 mg.100 g~' (Walstra and Jenness 1984). Kon and Watson (1937) reported that the
concentration of vitamin C in colostrum is slightly higher than that in milk.

The B group vitamins are thiamin, riboflavin, niacin, biotin, pantothenic acid,
folate, pyridoxine (and related substances, such as vitamin Bg) and cobalamin
(and its derivative, vitamin B;,). The concentration of thiamine, riboflavin, folate,
vitamin B6 and B12 are higher in colostrum than in milk, while the levels of
pantothenic acid and biotin are lower in colostrum and that of niacin is approxi-
mately the same as in milk (Marnila and Korohnen 2002). Kehoe et al. (2007)
reported that the concentration of thiamin and riboflavin in colostrum ranges from
0.3 to 2.1 ug.mL ™" and 2.4 to 9.2 ug.mL™", respectively, with mean values of 0.9
and 4.5 ug.mL™". Sutton et al. (1947) reported that the concentration of riboflavin in
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colostrum was 3.3-fold higher than in milk, with values decreasing sharply between
the first and second milking, followed by a more gradual decrease from the second
to tenth milking. Pearson and Darnell (1946) also reported that the concentration of
pantothenic acid increased during the transition from colostrum to milk, while the
niacin content of colostrum was approximately the same as in milk. In contrast,
Kehoe et al. (2007) reported that the concentration of niacin was lower in colostrum
than in milk. The level of biotin in milk ranges from 21 to 43 ng.mL ™' (Higuchi et al.
2003). Hirano et al. (1991) reported that the biotin content in colostrum was low
initially (5.1 ng.mL™") but increased with the progression of lactation, which is in
agreement with the findings of Indyk et al. (2014).

Milk contains <I pg.100 g ' cobalamin and its concentration is fairly constant
throughout lactation, except during the colostral period during which it is very high
(Nohr and Biesalski 2009). Kehoe et al. (2007) reported that the concentration of
pyridoxine in colostrum is lower than the level found in milk. Collins et al. (1951)
reported that the concentration of folic acid in colostrum decreases abruptly during the
24 h after parturition, after which a plateau was reached.

3 Physical properties of colostrum
3.1 pH and buffering capacity

The pH of colostrum is lower than that of normal mid-lactation milk (McCarthy and
Singh 2009); Mclntyre et al. (1952) reported that the pH of colostrum at parturition
ranged from 6.0 to 6.61, with an average value of 6.32, and this value increased with
time and reached pH 6.5 after 2 weeks. Several authors have reported similar trends,
i.e. that the pH of colostrum is low initially and increases with time post-partum
(Klimes et al. 1986; Madsen et al. 2004; Tsioulpas et al. 2007; Jeong et al. 2009).
The precise reason for the low pH of colostrum is unknown. During the pre-partum
period, there is increased permeability of the mammary gland membranes and thus
more blood constituents gain access to the milk. Given that colostrum contains
significantly more blood components than milk, a pH closer to that of blood
(pH 7.35 to 7.45) would be expected. Sebela and Klicnik (1977) reported that the
low pH of colostrum is caused by the increased concentration of protein, dihydrogen
phosphate, citrate and carbon dioxide.

The buffering capacity of milk is defined as the resistance to changes in pH on
addition of acid or base; the principal buffering components of milk are soluble
phosphate, colloidal calcium phosphate, citrate, carbonate and proteins (Lucey et al.
1993). Mclntyre et al. (1952) reported that the buffering capacity of colostrum was
greater than that of milk and decreased rapidly during the first four milkings. Klimes
et al. (1986) also reported a markedly higher buffering capacity of colostrum compared
with mature milk. Klimes et al. (1986) reported that the titratable acidity of colostrum is
approximately 2 to 2.5 times higher than that of milk (see also Tsioulpas et al. 2007,
Jeong et al. 2009). Tsioulpas et al. (2007) observed a logarithmic relationship between
titratable acidity and the total protein level of colostrum, while Nardone et al. (1997)
also observed a higher titratable acidity for colostrum than milk and reported a positive
correlation with protein content.

= IN?A @ Springer

SCIENCE & IMPACT




146 B. McGrath et al.

3.2 Colour

Colostrum has a reddish-yellow colour, due largely to the presence of carotenoids
(Edelsten 1988). It has been observed that levels of carotenoids are high in the initial
colostrum, in particular the fat fraction, but decrease rapidly as the mammary secretions
change to normal milk (Parrish et al. 1948). Calderon et al. (2007) reported that the
concentration of the carotenoids lutein, all-frans (3-carotene and cis-13 [3-carotene in
colostrum were highest initially and decreased sharply during the first week of lacta-
tion. The same authors reported a linear relationship between the concentration of
[3-carotene and the colour index, and concluded that (3-carotene accounted for 65% of
variations in the colour index in colostrum. Kehoe et al. (2007) reported that the
concentration of B-carotene in colostrum ranges from 0.1 to 3.4 pg.g ', with an
average value of 0.68 pg.g”'. This is significantly higher than the average
concentration of B-carotene in milk, i.e. 0.2 ug.g .

The reddish colour of colostrum is due to the presence of red blood cells. During the
pre-partum period, there is increased permeability of the mammary gland membranes,
and more blood constituents gain access to the milk. A reddish colour in colostrum may
also be indicative of mastitic infection (De Olives et al. 2013). Linzell and Peaker
(1975) reported that as little as 0.1 mL blood.L™" can be detected visually and that
0.4 mL.L™" turns milk very pink. Using the CIE LAB colour space, Madsen et al.
(2004) reported that the colour of colostrum changed with time after calving; it became
lighter (lightness, L, increased over the first six milkings), less red (redness, a,
decreased and stabilised after the second milking) and less yellow (yellowness, b,
decreased over the first 12 milkings). The same authors reported that the presence of
blood in colostrum significantly affected its colour, causing the sample to be darker,
less yellow and more red. These results are in agreement with the study of Espada and
Vijverberg (2002), who reported that colostrum has a lower CIE LAB b value than
milk.

3.3 Density and specific gravity

Madsen et al. (2004) reported that the density of colostrum decreased rapidly from 1048
to 1034 kg.m > during the first 2 days post-partum, followed by a more gradual decrease
to 1030 kg.m > by 6 days post-partum. Strekozov et al. (2008) observed variations in the
density of colostrum according to parity and season of calving. On average, the density
of colostrum from first-calf heifers was 1059 kg.m >, compared with 1068 kg.m > for
third- and fourth-calf cows. Within these groups, the density of colostrum from cows
which calved in fall was highest, followed by winter and then spring.

The specific gravity of whole milk at 15.5 °C ranges from 1.030 to 1.035, with a
mean value of 1.032 (Jenness and Patton 1959). Parrish et al. (1950) reported that the
specific gravity of colostrum is highest initially, decreases rapidly between the first and
fourth milkings and continues to decrease after the fourth milking, but at a slower rate.
The same authors observed that the lowest specific gravity is usually found in
secretions from Holstein cows, while marked variations were found for milk for
Ayrshire, Jersey and Guernsey cows. Quigley et al. (1994) reported that the specific
gravity of colostrum is in the range 1.028 to 1.074, with a mean value of 1.052. The
same authors reported a positive correlation between specific gravity and total N and
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protein N. Jeong et al. (2009) observed a similar trend to that seen by Parrish et al.
(1950), i.e. the specific gravity of colostrum decreases rapidly between the first and
fourth milking from 1.055 to 1.034 and continued to decrease thereafter, but at a less
rapid rate. Similarly, Kertz (2008) reported that the specific gravity of colostrum
decreases from 1.056 to 1.033 during the first five milkings post-partum. As with
colour, it should be noted that, in addition to stage of lactation, the specific gravity of
colostrum may also be influenced by SCC (Geer and Barbano 2014).

3.4 Osmotic pressure

The osmotic pressure of milk is a colligative property which is closely related to its
freezing and boiling points. Natural variations in the osmotic pressure of milk
(and hence freezing point) are limited by the physiology of the mammary gland and
so remains relatively constant (Fox and McSweeney 1998). Very little work has been
reported on the osmotic pressure of colostrum. Mclntyre et al. (1952) reported that the
average osmotic pressure of colostrum decreased rapidly in the first four milkings post-
partum and that only relatively small changes were noted thereafter; the osmotic
pressure at the 28th milking was about two thirds of that of the initial colostrum; this
high osmotic pressure was attributed to a high mineral content. Ontsouka et al. (2003)
found no significant difference between the osmolarity of colostrum on day 2 and that
of mature milk.

3.5 Properties of casein micelles

Brooker and Holt (1978) reported that colostrum contains casein micelles several
micrometres in diameter, suggesting that they were formed by aggregation of particles
comparable in size to normal casein micelles. Walstra et al. (2006) reported that
colostrum and early-lactation milk contain a small number of very large micelles,
reaching diameters of 600 nm. According to Tsioulpas et al. (2007) the average
diameter of casein micelles was almost constant throughout the first 90 days of
lactation, except for the transition from day 1 to 2, during which it decreased from
227 to 189 nm. The same authors attributed the increased size of casein micelles in
colostrum to the high protein (casein) and Ca (especially Ca*") concentrations.

The relative proportions of the individual caseins in the micelles vary with
micelle size. Proportions of o and (3-casein decrease with decreasing micelle
size, while that of k-casein increases (Donnelly et al. 1983). The relative propor-
tion of glycosylated k-casein is inversely related to micelle size (Zbikowska et al.
1992). Kroeker et al. (1985) reported that, in terms of the relative percentage of
casein, the percentage of os-casein in colostrum fell initially after parturition and
remained constant thereafter. The same authors observed that the relative percent-
age of {3-casein was low initially and increased during the first 2 months of
lactation, while the relative percentage of k-casein was unaffected by the stage
of lactation. Sobczuk-Szul et al. (2013), who investigated the relative percentage
of individual caseins in colostrum over the first eight milkings post-partum,
reported that the relative percentage of ag-casein increased, the relative percentage
of 3-casein remained stable and the relative percentage of k-casein decreased over
time after calving.
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3.6 Ethanol stability

Ethanol stability is defined as the minimum concentration of added aqueous ethanol
that causes milk coagulation (Horne and Parker 1979). Serum phase components, in
particular ionic calcium, govern the sigmoidal shape and position of the ethanol
stability/pH profile (Hore and Parker 1981a, b). Other factors which influence the
ethanol stability of milk include salts (calcium, magnesium, phosphate and citrate)
(Donnelly and Horne 1986), ionic strength (Horne 1987) and pH (Horne 1992).
Tsioulpas et al. (2007) found that the ethanol stability of colostrum was low for the
first 4 days following parturition (54% on average) and only reached 70% by day 5;
samples which had poor ethanol stability also had low pH and a high ionic calcium
concentration.

3.7 Rennet coagulation properties

Sebela and Klicnik (1975) observed a shorter rennet coagulation time (RCT) for
colostrum than for milk with the lowest RCT on day 3 following parturition. A
similar trend was reported by Klimes et al. (1986), while Kvapilik et al. (1975)
found that the RCT of colostrum from days 2 to 7 was shorter than on subsequent
days. Madsen et al. (2004) observed a decrease in the RCT of colostrum during the
first six milkings, followed by an increase at a slower rate. However, curd firmness
increased during the first six milkings and then decreased. With the exception of the
first six milkings, Madsen et al. (2004) attributed changes in RCT primarily to
changes in pH and casein content. Tsioulpas et al. (2007) reported that the RCT of
colostrum was high on day 1, decreased sharply on day 2, remained constant for the
next 3 days and then increased steadily for the remainder of the study (90 days). The
high RCT on day 1 could not be explained, as the colostrum had a low pH and high
protein content. A possible explanation proposed by Tsioulpas et al. (2007) was a
delay in the enzymatic phase of coagulation as a result of the high protein to
chymosin ratio.

3.8 Somatic cell count

Several authors have reported that the somatic cell count (SCC) of colostrum is much
higher than that of milk (Hallberg et al. 1995; Andrew 2001). In most cases, a high
SCC in colostrum is not due to a mastitic infection but is a physiological feature and is
most likely due to penetration of cells through leaky tight junctions between the
mammary epithelial cells (Nguyen and Neville 1998). Miller et al. (1991) reported that
the SCC was highest during the first 2 weeks after calving, with smaller changes
thereafter; Bodoh et al. (1976) also reported elevated SCC in early lactation. Ontsouka
et al. (2003) reported that the mean SCC of colostrum on day 2 was
1,479,000 cells.mL ™" compared with 274,000 cells.mL ™! in milk. Madsen et al.
(2004) found that the SCC of colostrum decreased from approximately
1,000,000 cells.mL ™" for milkings 1 and 2 to <100,000 at milking 12. Jeong et al.
(2009) reported that the SCC of colostrum was highest initially and decreased gradually
over the first 132 h after parturition. There have been no reports on the changes in
individual populations of leucocyte types in colostrum.
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4 Thermal processing of colostrum

Heat treatment of milk and dairy products is aimed mainly at killing microorganisms
and inactivating enzymes. Pathogens that may be transmitted to dairy calves in
colostrum include Mycobacterium avium subsp. paratuberculosis, Salmonella spp.,
Mpycoplasma spp., Listeria monocytogenes, Campylobacter spp., Mycobacterium bovis
and Escherichia coli (Elizondo-Salazar and Heinrichs 2008). One strategy to prevent
the transmission of infectious diseases to calves is heat treatment of colostrum.
However, pasteurisation of colostrum using the same time temperature combinations
as used for milk reduces native Ig concentration and increases viscosity.

Meylan et al. (1996) reported that batch pasteurisation (63 °C for 30 min) of
colostrum resulted in a mean loss of native Ig of 12.3+£8.7%. In a similar study,
Godden et al. (2003) reported that batch pasteurisation reduced native IgG concentra-
tion by 58.5 and 23.6% for 95-L and 57-L batches, respectively. The same authors
observed that the consistency of colostrum was mildly thickened following
pasteurisation. McMartin et al. (2006) found that heating colostrum to 63 °C for
120 min resulted in an estimated 34% decrease in native IgG concentration and a
33% increase in viscosity. The same authors reported no differences in native IgG
concentration and viscosity after heating colostrum to 60 °C for 120 min and, in doing
so, identified the critical temperature at or below which heating would produce no
significant changes in native IgG concentration and viscosity.

Godden et al. (2006) reported that heating of colostrum to 60 °C for 120 min was
sufficient to reduce the level of viable Mycoplasma bovis, Listeria monocytogenes,
Escherichia coli O157:H7, Salmonella enteritidis and Mycobacterium avium subspe-
cies paratuberculosis below detectable limits. Similarly, Donahue et al. (2012) found
that heating colostrum at 60 °C for 60 min decreased total plate counts and coliform
counts, and did not affect native IgG concentration. Johnson et al. (2007) described
increased efficiency of IgG absorption and, consequently, higher serum IgG concen-
tration in calves fed heat-treated (60 °C for 60 min) compared to raw colostrum. These
results are consistent with those of Godden et al. (2012) who, in addition, reported that
calves fed heat-treated (60 °C for 60 min) colostrum were at significantly lower risk for
treatment of any illness in the preweaning period compared with calves fed unheated
colostrum. The precise reason for this remains unclear, but it was hypothesised that the
presence of bacteria in colostrum could interfere with systemic absorption of Ig
molecules in the small intestine. Green et al. (2003), using HTST (high-temperature
short-time, 72 °C for 15 s) pasteurisation of colostrum, reported an average 28.4% loss
of native IgG, and that all samples congealed into a thick, pudding-like consistency
during or immediately after pasteurisation. These results are in agreement with those of
Stabel et al. (2004), who reported a 25% reduction in native IgG concentration and
gelling of the colostrum after HTST pasteurisation.

5 Conclusions

The composition of colostrum differs markedly from milk, reflecting a difference in the
biological function of the two secretions. In addition, the physical and physicochemical
properties of colostrum are substantially different from those of mature milk, and, given
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increasing interest in colostrum either as a health-promoting product or a source of
fractions with such properties, these properties are of considerable interest. This review
has collected published knowledge on these properties in a manner which has not
previously been available.
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