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Abstract

Milk is the only food for the newborn young, and it con-
tains many nutritious as well as biofunctional components which
are available for the homeostasis and health of the immature
newborn infants. People have been collecting the milk from sev-
eral domestic animals such as cows, sheep, goats and horses in
order to utilize them as raw foods or dairy products.

Milk oligosaccharides, which are one of milk’s compo-
nents, have recently been recognized as significant anti-infectional
compounds against pathogenic viruses and bacteria as well as
being an energy source for the newborn young. They may also be
materials which are required for the postnatal biosynthesis of
glycoconjugates, particularly of the nervous system.

It is concluded that the domestic animals’ milk or colos-
trum are available to separate several biofunctional materials.
Milk/colostrum of domestic animals, especially colostrum, con-
tains large amounts of sialyl oligosaccharides as well as many
kinds of neutral oligosaccharides. The colostrum should there-
fore be suitable as raw material for the large-scale preparation
of milk oligosaccharides. Improved separation techniques will
stimulate their utilisation in the pharmacological and food in-
dustries. Many types of oligosaccharides will also be used within
an oligosaccharide library to help in determining the epitopes of
several types of lectins or antibodies and clarifying the features
of glycosyltransferases and glycosidases.
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A. Introduction — Oligosaccharides in Milk —

All mammalian species have in common the feature that
the females produce milk in their lactating mammary glands
and their young are suckled on milk. Milk is the only food for
the newborn young, and contains many nutritious as well as
biofunctional components which are available for the homeo-
stasis and health of the immature newborn infants. Figure 1 sum-
marizes the components of milk. Most of these are synthesized
in lactating epithelial cells which are under the control of vari-
ous hormones including estrogen, progesterone, and soma-
totrophic hormone. For example, it is suggested that the mRNAs
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Fig. 1. The constituent of the milk.

accumulation of B4-galactosyltransferase and o-lactoalbumin,
which are concerned with the synthesis of lactose, are effected
by prolactin in cultured mouse mammary tissues (1). Milk com-
positions differ not only among different mammalian species
but also during the course of lactation.

It had once been thought that the predominant saccha-
ride in milk is always the disaccharide, lactose, which is com-
posed of galactose and glucose joined via B1-4 linkage, and which
is contained in the milk of almost all mammals. Lactose is
biosynthesized, with glucose as the acceptor and UDP-galac-
tose as the donor, by the action of f4-galactosyltransferase in
collaboration with o-lactoalbumin, which is one of the whey
proteins within lactating mammary glands (2). The disaccha-
ride, lactose, has an advantage in that a given mass exerts only
about half the osmotic pressure compared with same mass of a
monosaccharide such as glucose, thus reducing the risk of os-
motic shock in the infant gastrointestinal tract. When the young
digest their mother’s milk, lactose is hydrolyzed into galactose
and glucose by intestinal lactase, which is located in the outer
membrane of the microvilli of the brush border of the small in-
testine. These monosaccharides are then transported into the
enterocytes by a specific mechanism. The glucose enters the cir-
culation and is used as an energy source, while most of the ga-
lactose is converted to glucose in the liver to be used as an en-
ergy source as well.
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Advances in chromatographic techniques which have
been made since the 1950’s have resulted in the purification
and also characterisation of free oligosaccharides, other than
lactose, in the milk and/or colostrum of a variety of species
including humans, cows and other domestic farm animals (3,
4). The synthesis of these oligosaccharides from mainly lactose
within the lactating mammary gland is catalysed by a number
of specific glycosyltransferases including galactosyltransferases,
N-acetylglucosaminyltransferases, fucosyltransferases and
sialyltransferases, whose expression is required for the synthe-
sis of various glycoconjugates that are normally found in both
lactating and non-lactating mammary tissue (5). These oligosac-
charides comprise “neutral milk oligosaccharides” with no
charge and “acidic milk oligosaccharides” with one or more
negative charges. The negative charges originate mostly from
the carboxyl group of sialic acid but also from phosphate or
sulfate groups. Sialic acid is a general name for N-
acylneuraminic acid, and comprises mainly N-acetylneuraminic
acid (Neu5Ac) and N-glycolylneuraminic acid (Neu5Gc). It has
been found that the milk of monotremes and marsupials con-
tains greater amounts of milk oligosaccharides than of lactose;
this means that the common belief that lactose is the dominant
saccharide in the milk of all mammalian species, is incorrect
(4). The composition of milk oligosaccharides, as well as other
milk components, differs among mammalian species and also
during the course of lactation. Bovine colostrum has a relatively
high content of milk oligosaccharides compared with mature
bovine milk which contains only trace amounts. Human colos-
trum contains 2.2 to 2.4% of these oligosaccharides while ma-
ture human milk still contains 1.2 to 1.4% (3). In human colos-
trum obtained at premature births, the milk oligosaccharides
content is significantly higher than that of full term colostrum
(6). On the other hand, milk of the tammar wallaby, a marsu-
pial, contains lower amounts of milk oligosaccharides during
early or late lactation than during the mid-lactation period (7).
These findings suggest that milk oligosaccharides, as well as
other milk components, are synthesized in the mammary gland,
to suit the requirements of the developing young.

It is still not known whether or to what extent the milk
oligosaccharides are absorbed in the infant’s small intestine.
Human milk oligosaccharides have been shown to be resistant
to enzymatic hydrolysis by brush border intestinal lactase and
there is evidence that the major part survives passage through
the small intestine (8) and enters the colon where they are sub-
ject to fermentation by colonic bacteria (9, 10). A small frac-
tion of human milk oligosaccharides are absorbed intact (11),
perhaps by receptor-mediated endocytosis, and are excreted in
the urine (12).

These facts suggest that the milk oligosaccharides have
the following biological significance.
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B. Biological Function of Milk Oligosaccharides

The chemical structures of milk oligosaccharides are
homologous to the carbohydrate units of glycoconjugates, es-
pecially of glycolipids, on cell surfaces of mammalian epithe-
lial cells. They also somewhat resemble the carbohydrate units
of k-casein, lactoferrin and gangliosides such as GM3 (13-16).
Milk components have two main biological functions for the
young; one is their nutritious effect, while another is anti-infec-
tion against pathogenic microorganisms. Components such as
casein, lactose and lipids mainly have the former function, while
components such as immunoglobulins, lactoferrin and lysozyme
etc. have the latter function. Both aspects of the functions of

-milk oligosaccharides have been studied.

As one of the nutritious effects, it has been suggested
that the sialic acid of sialyl milk oligosaccharides promotes the
development of the infant’s brain. It is thought that a part of the
sialyl milk oligosaccharides is directly absorbed in the small
intestine of infant rats, the sialic acid being released by hydroly-
sis by sialidase (17, 18). It has been reported that the milk-de-
rived sialic acid is stored in the infant rat brain during suckling
(19-23). It has also been reported that the learning ability is
enhanced and the ganglioside content significantly increased
after administration of sialyl oligosaccharides to infant rats. Simi-
lar effects have been observed after administration of sialyl
glycoconjugates to rats, whereas they were not observed after
administration of free sialic acid, suggesting that the linkage of
sialic acid to glycoconjugates is the key to these functions (24~
26). The metabolic pathway by which the sialic acid is stored in
the brain after administration of sialyl oligosaccharides requires
clarification.

It has been concluded that the anti-infection effects of
milk oligosaccharides are exerted by direct as well as indirect
mechanisms (27-31). Milk oligosaccharides are assumed to be
soluble receptor analogues, which inhibit the attachment of
pathogenic viruses, bacteria or bacterial toxins to the colonic
cell surface. The pathogens specifically recognize the kinds of
sialic acid, their linkage positions and the sequences of the re-
ceptor glycoconjugates in the target colon epithelial cells. It is
thought that the co-presence of the milk oligosaccharides and
receptors decreases the attachment of pathogenic microorgan-
isms to the target cells by competitive inhibition. In fact, it has
been found that some fucosyl and sialyl milk oligosaccharides
have anti-infection effects against Escherichia coli, Vibrio chol-
era, Helicobacter pyroli or influenza virus.

It is thought that the milk oligosaccharides having indi-
rect anti-infection effects act as prebiotics; namely they stimu-
late the growth of beneficial bacteria such as bifidobacterium in
the infant colon. The activity and proliferation of these bacteria
reduces the pH in the colon thus inhibiting the growth of patho-
genic microorganisms such as Escherichia coli.
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C. Oligosaccharides in Milk/Colostrum of Domestic Animals,
and Their Utilization

There are several species of domestic animals that are bred
to provide milk in various parts of the world. These include cows,
sheep, goats and horses. Table I shows the chemical structures of
the milk oligosaccharides from these animals. It is seen that the
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Table 1. The milk oligosaccharides from the domestic animal colostrum/milk.

Species Neutral Milk Oligosaccharides

Acidic Milk Oligosaccharides

cow GalNAc(B1-4)Glc
Gal(B1-4)GlcNAc
Gal(B1-4)[Fuc(aul-3)]Gle
Gal(a1-3)Gal(B1-4)Gle
Gal(B1-3)Gal(B1-4)Glc
Gal(B1-4)Gal(B1-4)Glc
Gal(B1-6)Gal(B1-4)Glc

GalNAc(a1-3)Gal(B1-4)Glc

NeuSAc(02-3)Gal
Gal(B1-4)Glc-3’-PO,
Neu5Ac(02-3)Gal(B1-4)Glc
Neu5Gc(02-3)Gal(B1-4)Glc
Neu5Ac(02-6)Gal(B1-4)Glc
Neu5Gc(02-6)Gal(B1-4)Glc
Neu5Ac(02-6)Gal(B1-4)GlcNAc

Neu5Gc(02-6)Gal(B1-4)GlcNAc

Gal (B1-4)GIcNAc(B1-6)[Gal(B1-3)]Gal(B1-4)Glc Neu5Ac(02-6)Gal(B1-4)GIcNAc-1-PO,

goat Fuc(at1-2)Gal(B1-4)Gle
Gal(at1-3)Gal(B1-4)Gle
Gal(B1-3)Gal(B1-4)Gle

Gal(B1-6)Gal(B1-4)Glc

sheep Gal(a1-3)Gal(B1-4)Glc
Gal(B1-3)Gal(B1-4)Glc

Gal(B1-6)Gal(B1-4)Glc

horse Gal(B1-3)Gal(B1-4)Glc
Gal(B1-6)Gal(B1-4)Glc
Gal (B1-4)GIcNAc(B1-3)Gal(B1-4)Gle

Gal (B1-4)GIcNAc(B1-6)Gal(B1-4)Glc

Neu5Ac(02-6)Gal(B1-4)GIcNAc-6-PO,

Neu5Ac(02-8)NeuS5Ac(02-3)Gal(B1-4)Glc

Neu5Ac(02-3)Gal(B1-4)Glc
Neu5Ge(02-6)Gal(B1-4)Glc
Neu5SAc(02-6)Gal(B1-4)Gle
Neu5Ac(02-6)Gal(B1-4)GIcNAc
Neu5Ac(02-3)[Gal(B1-6)1Gal(B1-4)Glc

NeuS5Ac(02-6) )[Gal(B1-3)]Gal(B1-4)Glc
Neu5Ac(02-3)Gal(B1-4)Glc
Neu5Ge(02-3)Gal(B1-4)Gle
Neu5Gce(02-6)Gal(31-4)Gle
Neu5Ac(02-3)Gal(B1-4)Glc

Gal(B1-4)GlcNAcal-diphosphate

Gal (B1-4)GIcNAc(B1-6)[Gal(B1-3)]Gal(B1-4)Glc

Gal (B1-4)GlcNAc(B1-6)[Gal(B1-4)GIcNAc(B1-3)]Gal(B1-4)Glc
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kinds and contents of milk oligosaccharides vary among these
domestic mammalian species. The bovine milk oligosaccharides
have been studied in most detail in these species.

The dominant neutral milk saccharide in bovine colos-
trum, other than lactose, is N-acetyllactosamine (Gal(B1-
4)GIcNAc), but this saccharide is not found in the mature milk
which contains galactosyllactoses at concentrations of 40 to 60
mg per liter (32, 33). Mare colostrum contains Gal(B1-4) GIcNAc
(B1-3)Gal(B1-4)Glc (lacto-N-neotetraose) and Gal(B1-4)
GIcNAc(B1-3)[Gal(B1-4)GlcNAc(B1-6)]Gal(B1-4)Glc (lacto-N-
neohexaose), which are also found in human milk (34, 35). Ca-
prine colostrum contains Fuc(al-2)Gal(B1-4)Glc (2’-
fucosyllactose), which is also one of the oligosaccharides in
human milk (36). On the other hand, bovine (37), ovine and
caprine colostrum contain Gal(al-3)Gal(B1-4)Glc
(isoglobotriose), which has not been described in human milk .

Acidic milk oligosaccharides vary among these domes-
tic species, too. Most of these oligosaccharides contain sialic
acid, but N-acetyllactosamine-o.1-phosphate is found in mare
colostrum as another type of acidic oligosaccharide (38). The
phosphate may stabilize the solubilisation of calcium in the co-
lostrum, thus stimulating its absorption in the infant small intes-
tine (39). The kinds of sialic acid of acidic milk oligosaccha-
rides differ among these mammalian species. Sialyl oligosac-
charides in bovine (40-44) and caprine (45,46) colostrum con-
tain mainly Neu5Ac, whereas these in ovine colostrum contain
mainly Neu5Gce (47). On the other hand, the sialyl oligosaccha-
rides in equine colostrum contain only Neu5Ac. As the glycolip-
ids of equine serum containing Neu5Gc, as well as Neu5Ac, it
appears that the kinds of sialic acid are somewhat different be-
tween milk/colostrum and serum in the horse (48). The linkage
positions of sialic acid also differ among these species. The sialic
acid in bovine, ovine and equine milk oligosaccharides is pref-
erentially linked to galactose by an a2-3 linkage, whereas that
in caprine milk oligosaccharides is predominantly linked via an
0:2-6 linkage similar to that in human milk oligosaccharides.

These milk oligosaccharides, especially sialyl oligosac-
charides, are present at higher concentrations in colostrum than
in the mature milk of these species. For example, bovine colos-
trum, collected at O hr post partum, contains approximately 1 g
of sialyl oligosaccharides per litre, but the content rapidly de-
creases after two days post partum (49). Bovine colostrum, 48
hours after parturition, contains significant amounts of immu-
noglobulins (50, 51). These immunoglobulins are absorbed from
the small intestine of newborn calves and enter the blood circu-
lation, thus contributing to prophylaxis. Thus, the consumption
of colostrum for 1 or 2 days post partum enables the calves to
receive passive immunity from their mothers. The pattern of a
post partum decrease in the immunoglobulin concentration of
bovine milk is similar to that of the sialyloligosaccharides. The
young of domestic animals such as cows are more precocial
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YA THEIFEL LT NewSAc 2 BT HDDTHLDITIT L,
ey VAR O YT VA THEZFEE LT NeuSGe 2H LT
WA @ 7z, TRWMILFDOY T NF ) THEI T VEEE
LT NeuSAc 72134 AF LCnAAS, 7 <MiEhOmERET I
NeuSAc & NeuSGe DWIFNSAEINTEBY, ¥ 7 VEROEH
DEVETIDOINT LMFEOBTLELR>T5, VT IVER
DIEEAHNOEPER TEVHTREONS @8), V¥, VY
BIOY<DINsA) THEIEICHT 7 b AFREIC 0235
ALTWAED, YFOINTF) THEOEEIZZL PO I VY
F1) THEEFERICEIZ 6 AL TV A,

INOFARBO IV FY) THE FFIZT T ) VA ) THE
F. BALALBERTHAPICERECLEIN TV S, flIE o
BEHOMILFICS 7T I NE Y THEHF 1 gL OFBETHEL
TWAH, 582 BRICIZBBICEI T2 Z e HL 0 L 2o
T3 (49), itk 48 BEFILIN O Y » oifldicid ez sy 07
YLEINTWDS (50.51) A5, ZoREIsa7) Lidy VEE
FOBED SRS AENTERICA D BEEPHICEFS LT
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than human infants. The higher concentration of
sialyloligosaccharides in their colostrum during early lactation
may therefore be related to prophylaxis against attacks by patho-
genic bacteria and viruses, and also to the development of the
colonic bifidus flora, before the calves acquire their own immu-
nity, rather than to any nutritional effect. Future studies involv-
ing the administration of sialyl oligosaccharides to calves may
help to clarify their detailed functions.

As the carbohydrate units of glycoconjugates have re-
cently been recognized to have significant biological functions,
their synthesis has been attempted using chemical and enzy-
matic methods as well as biosynthesis using bacteria or mam-
malian cells. As more than 100 kinds of human milk oligosac-
charides are assumed to have biological significance, they have
been synthesized on a large scale, as well. Attempts have been
made to use milk oligosaccharide type saccharides as materials
to prepare anti infectional drugs or biofunctional materials to be
added to functional foods. As described above, the milk and
especially colostrum of domestic animals, contains large amounts
of sialyl oligosaccharides as well as many kinds of neutral oli-
gosaccharides. The colostrum, collected immediately after par-
turition, should therefore be suitable as raw material for the large-
scale preparation of milk oligosaccharides. Improved separa-
tion techniques will stimulate their utilisation in the pharmaco-
logical and food industries. Many types of oligosaccharides will
also be used within an oligosaccharide library to help determin-
ing the epitopes of several types of lectins or antibodies. They
will also be used as substrates for the studies of
glycosyltransferases and glycosidases.
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