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MODULATION OF GROWTH OF BIFIDOBACTERIA USING A COMBINATION OF
OLIGOSACCHARIDES FOUND IN HUMAN MILK

Background of the Invention

This invention relates to prebiotic formulations containing oligosaccharides for human
nutrition, e.g., infant nutrition, which modulate the growth of bifidobacteria.

Prebiotic formulations provide nourishment for beneficial bacteria, such as various
species of bifidobacteria, that populate the intestines of a host animal, such as a mammal, for
example a human. These bacteria populations help to exclude harmful bacteria from the
intestines, and also are able to digest some compounds that the host is unable to digest.
Consequently, prebiotic formulations benefit the host by helping the bifidobacteria to flourish in
the host's intestines.

According to Wang, et al., Am. J. Clin. Nutr., 74(4), 510 (2001), traditional infant formula

contains much lower amounts of oligosaccharide-bound sialic acid than human milk.

Furthermore, the saliva of preterm infants fed human milk contains twice the level of sialic acid
as infants fed commercial infant formulas, according to Wang, et al., J. Pediatr., 138, 914-6
(2001).

EP1255449 describes nutritional formulations containing oligosaccharides. According to
EP1255449, oligosaccharides, especially oligofructose and sialyllactoses, are able to pass
through a human small intestine without being digested and are fermented by a limited number
of microorganisms, including Bifidobacteria and Lactobacilli. Sialyllactoses, especially 3'- and
6'-sialyllactose, naturally occur in human milk, and are thought to inhibit the binding of
pathogenic bacteria in humans. This patent describes the use of a combination of oligofructose
and 3'- and/or 6'-sialyllactose in a nutritional formulation.

WO 2004/093557 describes an infant formula containing a source of sialic acid, such as
sialyllactose.

WO 2004/112509 describes a nutritional composition to induce gut barrier maturation in
newborn infants, where the composition includes a microorganism and non-digestible
oligosaccharides, which may be sialo-oligosacharides.

WO 2007/114696 describes the use of sheep oligosaccharides to stimulate the immune
system, such as 3- or 6-sialyllactose.

WO 2009/059996 describes a nutritional composition for prevention of secondary
infection which contains 3'- or 6'-sialyllactose.

US Pat. No. 5,260,280 describes a method of neutralizing bacterial enterotoxins by

administering to a human patient an effective amount of isolated silyllactose.
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Summary of the Invention
The present invention provides a prebiotic formulation for oral administration to a human
comprising 2'-fucosyllactose, 3'-sialyllactose and 6'-sialyllactose. The formulation modulates the
growth of Bifidobacteria spp. in the human intestines. The formulation may be an infant formula.
The present invention also provides a method for modulating or stimulating the growth of
Bifidobacteria, for example, Bifidobacterium bifidum, Bifidobacterium breve, and Bifidobacterium

infantis.

Brief description of the Drawings

Fig. 1 shows the growth curves for Bifidobacterium bifidum in the control medium and in
the medium containing 2'-fucosyllactose.

Fig. 2 shows the AUC for the curves in Fig. 1.

Fig. 3 shows the growth curves for Bifidobacterium infantis in the control medium and in
the medium containing 2'-fucosyllactose.

Fig. 4 shows the AUC for the curves in Fig. 3.

Fig. 5 shows the growth curves for Bifidobacterium infantis in the control medium and in
the medium containing 6'-sialyllactose.

Fig. 6 shows the growth curves for Bifidobacterium breve in the control medium and in
the medium containing 3'-sialyllactose.

Fig. 7 shows the growth curves for Bifidobacterium infantis in the control medium and in

the medium containing 3'-sialyllactose.

Detailed Description of the Invention

The present invention provides a nutritional formulation comprising a combination of
oligosaccharides that stimulate the growth of more species of Bifidobacteria than a single
oligosaccharide. The oligosaccharide combination of the invention helps a broader spectrum of
beneficial intestinal bacteria to flourish, providing a more varied and more naturally balanced
Bifidobacteria population in the intestines of a human subject who takes the formulation.

The formulation of the invention is typically a food or food supplement to be ingested
orally, for example by drinking a liquid formulation. In one embodiment, the formulation is an
infant formula or milk substitute which an infant can drink in a conventional manner.

In one embodiment of the invention, the formulation is a liquid comprising at least about
0.1 mg/ml of 2'-fucosyllactose, at least about 0.1 mg/ml of 6'-sialyllactose, and at least about 0.1
mg/ml of 3'-sialyllactose. In one embodiment of the invention, the formulation is a liquid
comprising about 0.1-10 mg/ml of 2'-fucosyllactose, about 0.1-10 mg/ml of 6'-sialyllactose, and
about 0.1-20 mg/ml of 3'-sialyllactose. In another embodiment, the formulation is a liquid
comprising about 0.5-2 mg/ml of 2'-fucosyllactose, about 0.5-2 mg/ml of 6'-sialyllactose, and

about 1-4 mg/ml of 3'-sialyllactose. In another embodiment, the formulation is a liquid
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comprising about 1 mg/ml of 2'-fucosyllactose, about 1 mg/ml of 6'-sialyllactose, and about 2
mg/ml of 3'-sialyllactose.

In one embodiment of the invention, the formulation comprises 2'-fucosyllactose, 6'-
sialyllactose, and 3'-sialyllactose in a weight ratio of about 0.5-2.0 to 0.5-2.0 to 1.0-4.0,
respectively. In one embodiment, the amount by weight of the 3'-sialyllactose is at least as
great as the amount of the 2'-fucosyllactose and/or 6'-sialyllactose. In one embodiment of the
invention, the formulation comprises 2'-fucosyllactose, 6'-sialyllactose, and 3'-sialyllactose in a
weight ratio of about 0.9-1.1 t0 0.9-1.1 to 1.8-2.2, respectively.

In one embodiment of the invention, the formulation is a dry powder. A dry powder
formulation of this invention is the same as the liquid formulation of this invention, except it has
been dried to remove water. The dry powder formulation may be reconstituted by addition of
water to form the liquid formulation of the invention. In one embodiment of this invention, the dry
powder formulation comprises at least about 0.4 wt% 2'-fucosyllactose, at least about 0.4 wt%
6'-sialyllactose, and at least about 0.8 wt% 3'-sialyllactose of the total weight of the dry powder
formulation. In one embodiment of this invention, the dry powder formulation comprises about
0.4-1.5 wt% 2'-fucosyllactose, about 0.4-1.5 wt% 6'-sialyllactose, and about 0.8-3.0 wt% 3'-
sialyllactose of the total weight of the dry powder formulation. In one embodiment of this
invention, the dry powder formulation comprises about 0.7-0.9 wt% 2'-fucosyllactose, about 0.7-
0.9 wt% 6'-sialyllactose, and about 1.4-1.7 wt% 3'-sialyllactose of the total weight of the dry
powder formulation. These three oligosaccharides, therefore, comprise about 1.6-6.0% of the
weight of the dry powder. The percentages by weight in this paragraph are the same for any
liquid formulation of the invention provided that the percentage by weight is calculated based on
all ingredients except water (hereinafter referred to as the "dry weight").

The formulation of this invention may also be in the form of a liquid concentrate that
comprises the same ingredients in the same ratios as the aforesaid liquid formulation, but
contains less water and therefore a higher concentration of the other ingredients. The
percentage of oligosaccharides based on the dry weight will be the same as for any other
formulation of this invention. Such a liquid concentrate may be combined with an appropriate
amount of water to produce the aforesaid liquid formulation. Those skilled in the art will readily
understand hop to make such a liquid concentrate and how to determine how much water to
combine with it without undue experimentation.

The term "infant formula" as used herein refers to a nutritional formulation (either in the
form of a liquid or in the form of a dry powder that may be reconstituted to form a liquid infant
formula upon addition of water) that provides complete nutrition for an infant and may be used
as a substitute for human milk in feeding an infant. Such formulae are well-known in the art.

Typically, an infant formula in a ready-to-consume liquid form provides 60-70 Kcal/100
ml. Infant formula typically comprises, per 100 Kcal: 1.8-4.5 g protein; 3.3-6.0 g fat (lipids); 300-

1200 mg linoleic acid; 9-14 g carbohydrates selected from the group consisting of lactose,
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sucrose, glucose, glucose syrup, starch, malto-dextrins and maltose, and combinations thereof;
and essential vitamins and minerals. Lactose may be the pre-dominant carbohydrate in an
infant formula. A liquid infant formula may contain about 67 Kcal/100 ml. Infant formula may
comprise about 1.8-3.3 g protein per 100 Kcal, for example, about 1.8-1.1 g protein per 100
Kcal.

An infant formula may also comprise nucleotides selected from cytidine 5'-
monophosphate (CMP), uridine 5-monophosphate (UMP), adenosine 5'-monophosphate
(AMP), guanosine 5-monophosphate (GMP) and inosine 5'-monophosphate (IMP), and
mixtures thereof. Infant formula may also comprise lutein, zeaxanthin, fructo-oligosaccharides,
galacto-oligosaccharides, sialyl-lactose, and/or fucosyl-lactose. Long chain polyunsaturated
fatty acids, such as docosahexaenoic acid (DHA) and arachidonic acid (AA) may be included in
infant formula. Infant formula may also include amino acids. Infant formula may also include
other ingredients well-known in the art.

The purpose of an infant formula is to provide an infant with all the energy and nutrition
the infant needs, and which the infant might otherwise receive from its mother's human milk.
Human milk, however, is a very complex composition and infant formula does not exactly mimic
that composition. Over many years, those skilled in the art have worked to make infant formula
more like human milk, and to make an infant formula that will provide the infant with as many of
the benefits of human milk as possible.

It is a common practice to make infant formula from bovine milk, since most or all of the
nutrients the infant needs are present in bovine milk. However, bovine milk has a significantly
different composition than human milk. For example, bovine milk comprises a protein content
with a whey-to-casein ratio of about 20:80, while human milk has a ratio of about 60:40. Bovine
milk also has much less alpha-lactalbumin (a whey protein) than human milk, and much of the
bovine casein content is beta-lactoglobulin, which is not present in significant amounts in human
milk. Due to these and other differences, those skilled in the art have developed methods to
modify bovine milk, for example by making an alpha-lactalbumin enriched bovine whey fraction
that may be used in infant formula to provide a formula having a protein profile more like human
milk. These methods are well-known in the art. U.S. Pat. No. 6,913,778, for example,
describes an infant formula made by combining an alpha-lactalbumin enriched whey fraction
and a skimmed bovine milk fraction. This patent also describes an infant formula having a
reduced protein content. Bovine milk contains about 15-16 g/L protein, but human milk contains
about 11 g/L.

Nutritional formulations other than infant formula are also well-known in the art. For
example, there are formulations designed for a child or adult, which may either be intended to
provide complete nutrition or to supplement the diet of the child or adult consumer. Those
skilled in the art have labored to make these formulations as beneficial as possible for the

consumers.
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The oligosaccharides 2'-fucosyllactose, 6'-sialyllactose, and 3'-sialyllactose are well-
known compounds that are commercially available.

It has been found that 2'-fucosyllactose stimulates the growth of Bifidobacterium bifidum
and Bifidobacterium infantis, but may inhibit the growth of Bifidobacterium breve, while 6'-
sialyllactose stimulates the growth of Bifidobacterium infantis, and 3'-sialyllactose stimulates the
growth of Bifidobacterium breve and Bifidobacterium infantis. 1t has been discovered that using
these three oligosaccharides in combination, in the amounts and ratios described herein,
beneficially impacts the growth of these three Bifidobactera in the human intestines. The
present invention, therefore, promotes a healthy balance of bacteria in the gut of the consumer.

The formulation of this invention, whether in the form of a liquid, liquid concentrate or dry
powder, may be prepared using conventional methods for combining the ingredients of the
formulation, which ingredients are all known in the art. Those skilled in the art will readily
understand how to prepare the formulation, or be able to determine how to make the formulation
without undue experimentation.

In the method of the invention, a liquid nutritional formulation of this invention is orally
administered to a human consumer to modulate the growth of Bifidobacteria, for example,

Bifidobacterium bifidum, Bifidobacterium breve, and Bifidobacterium infantis.

The following examples are presented to illustrate certain embodiments of the present

invention, but should not be construed as limiting the scope of this invention.

Example 1: Effect of 2'-Fucosyllactose, 3'-Sialyllactose and 6'-Sialyllactose On The
Growth of Bifidobacterium Infantis ATCC 15697, Bifidobacterium Breve ATCC 15700, and
Bifidobacterium Bifidum ATCC 29521.

Reinforced Clostridia Medium (RCM) was used for cultivating the bifidobacteria. RCM
without glucose was used as a control medium. RCM is a well-known medium for cultivating
and enumerating anaerobes, which was first formulated by Hirsch and Grinstead, J. Dairy Res.,
21:101 (1954).

The test ingredients were 2'-fucosyllactose, 6'-sialyllactose and 3'-sialyllactose dissolved
in the control medium at the following concentrations: 1 mg/ml 2'-fucosyllactose; 1 mg/ml 6'-
sialyllactose; and, 2 mg/ml 3'-sialyllactose.

The bifidobacteria were separately grown overnight anaerobically in RCM, and were
then measured and diluted to an optical density of 0.1 as measured by absorbance
spectroscopy at 595nm, and were then further diluted ten-fold to make a working stock. For
each test, 50 pl of working stock was added to each well of a 96 well plate containing either 200
Ml of control medium (48 wells) or 200 pl test ingredient solution (48 wells). The plate was

grown anaerobically for 30 hours and optical density was read at abs 595 nm every 15 minutes.
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The values for like wells were averaged and plotted over time (FIGS. 1, 3, and 5-7), and the

area under the curve (AUC) was calculated over the 30-hour period (FIGS. 2 and 4).

A. 2'-Fucosyllactose and Bifidobacterium Bifidum

The values for two experiments were averaged. After the bacteria was grown for 8
hours according to the procedure above, the growth was significantly greater in the wells
containing the test ingredient, and the AUC was approximately 25.1% higher for the test

ingredient, as shown in Figs. 1 and 2.

B. 2'-Fucosyllactose and Bifidobacterium Infantis
After the bacteria was grown for 8 hours according to the procedure above, the growth
was significantly greater in the wells containing the test ingredient, and the AUC was

approximately 30.5% higher for the test ingredient, as shown in Figs. 3 and 4.

C. 6'-Sialyllactose and Bifidobacterium Infantis
After the bacteria was grown for 12 hours according to the procedure above, the growth

was significantly greater in the wells containing the test ingredient, as shown in Fig. 5.

D. 3'-Sialyllactose and Bifidobacterium Breve
After the bacteria was grown for 6 hours according to the procedure above, the growth

was significantly greater in the wells containing the test ingredient, as shown in Fig. 6.

E. 3'-Sialyllactose and Bifidobacterium Infantis
After the bacteria was grown for 8 hours according to the procedure above, the growth

was significantly greater in the wells containing the test ingredient, as shown in Fig. 7.

Example 2:
A liquid prebiotic formula of this invention, which may be suitable for feeding infants, is

described below:
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Ingredient Wt. per 100 ml Ingredient Wt. per 100 ml
Protein 149 Niacin 0.75 mg
Carbohydrate 79 Folate 16 ug
Fat 359 Biotin 3 ug
2'-fucosyllactose 0.10g Panthothenic acid 0.5mg
6'-sialyllactose 0.10g Calcium 63 mg
3'-sialyllactose 0.20 g Phosphorus 36 mg
Vitamin A 1 mg Magnesium 6.7 mg
Vitamin C 13 mg [ron 1 mg
Vitamin D 1.6 ug Zinc 0.9 mg
Vitamin E 1 mg Manganese 7.5 ug
Vitamin K 10 ug Copper 50 ug
Vitamin B1 0.15mg lodine 15 ug
Vitamin B2 0.16 mg Sodium 24 mg
Vitamin B6 80 g Potassium 97 mg
Vitamin B12 0.2 ug Chloride 65 mg
CMP 1.9 mg Selenium 2 ug
UMP 0.75mg Choline 15 mg
AMP 0.6 mg Inositol 6.7 mg
GMP 0.3 mg Taurine 7 mg
IMP 0.3 mg Lutein 12 ug
DHA 11 mg Water g.s.
Arachidonic acid 18 mg

The protein used in this exemplary formulation is from bovine milk and whey, with 60-

65% being whey protein and 35-40% being casein protein. In this formulation, a whey fraction
having enhanced alpha-lactaloumin content has been used to provide a protein content about

0.2 g alpha-lactalbumin per 100 ml of formulation.

Example 3:
A liquid prebiotic formula of this invention, which may be suitable for feeding infants, is

described below:
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Ingredient Wt. per 100 ml Ingredient Wt. per 100 ml
Protein 139 Niacin 0.75 mg
Carbohydrate 739 Folate 16 ug
Fat 369 Biotin 3 ug
2'-fucosyllactose 0.11g Panthothenic acid 0.5mg
6'-sialyllactose 0.11g Calcium 63 mg
3'-sialyllactose 0.22 g Phosphorus 36 mg
Vitamin A 0.9 mg Magnesium 6.7 mg
Vitamin C 10 mg [ron 1 mg
Vitamin D 1.2 ug Zinc 0.9 mg
Vitamin E 1 mg Manganese 7.5 ug
Vitamin K 10 ug Copper 50 ug
Vitamin B1 0.15mg lodine 15 ug
Vitamin B2 0.16 mg Sodium 24 mg
Vitamin B6 80 g Potassium 97 mg
Vitamin B12 0.2 ug Chloride 65 mg
DHA 12 mg Selenium 2 ug
Arachidonic acid 18 mg Lutein 12 ug
Choline 15 mg Water g. s.
Inositol 6.7 mg
Taurine 7 mg

The protein used in this exemplary formulation is from bovine milk and whey, with 60-
65% being whey protein and 35-40% being casein protein. In this formulation, a whey fraction
having enhanced alpha-lactaloumin content has been used to provide a protein content about

0.2 g alpha-lactalbumin per 100 ml of formulation.

Many variations of the present invention not illustrated herein will occur to those skilled
in the art. The present invention is not limited to the embodiments illustrated and described

herein, but encompasses all the subject matter within the scope of the appended claims.
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Claims
1. A prebiotic formulation for oral administration to a human comprising 2'-fucosyllactose,
3'-sialyllactose and 6'-sialyllactose, wherein the amount by weight of the 3'-sialyllactose is at

least as great as the amount of the 2'-fucosyllactose.

2. The formulation of claim 1 wherein the 2'-fucosyllactose, 3'-sialyllactose and 6'-

sialyllactose comprise about 1.6-6.0% of the dry weight of the formulation.

3. The formulation of claim 1 or claim 2 wherein the formulation comprises 2'-
fucosyllactose, 6'-sialyllactose, and 3'-sialyllactose in a weight ratio of about 0.5-2.0 to 0.5-2.0 to

1.0-4.0, respectively.

4, The formulation of claim 3 wherein the weight ratio is about 0.9-1.1 t0 0.9-1.1 t0 1.8-2.2,

respectively.

5. The formulation of claim 1 wherein the formulation comprises an infant formula.

6. The infant formula of claim 5 wherein the infant formula is a liquid comprising about 0.1-
10 mg/ml of 2'-fucosyllactose, about 0.1-10 mg/ml of 6'-sialyllactose, and about 0.1-20 mg/ml of

3'-sialyllactose.

7. The infant formula of claim 5 wherein the infant formula is a liquid comprising about 0.5-
2 mg/ml of 2'-fucosyllactose, about 0.5-2 mg/ml of 6'-sialyllactose, and about 1-4 mg/ml of 3'-

sialyllactose.

8. The infant formula of claim 5 wherein the infant formula is a liquid comprising about 1
mg/ml of 2'-fucosyllactose, about 1 mg/ml of 6'-sialyllactose, and about 2 mg/ml of 3'-

sialyllactose.

9. The infant formula of claim 5 wherein the infant formula is a dry powder comprising
about 0.4-1.5 wt% 2'-fucosyllactose, about 0.4-1.5 wt% 6'-sialyllactose, and about 0.8-3.0 wt%

3'-sialyllactose.

10. The infant formula of claim 9 comprising about 0.7-0.9 wt% 2'-fucosyllactose, about 0.7-
0.9 wt% 6'-sialyllactose, and about 1.4-1.7 wt% 3'-sialyllactose.

11. A method for modulating or stimulating the growth of Bifidobacteria in the human

intestines comprising orally administering to a human the formulation of any of claims 1-10.

9
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