10

15

20

25

30

35

WO 00/60949 PCT/US00/09301

POWDERED HUMAN MILK FORTIFIER

Cross Reference

This application is a continuation-in-part of United States Patent Application Serial
No. 60/128,575 which was filed on April 9, 1999,

Technical Field
The instant invention relates to a powdered human milk fortifier. The instant
invention also relates to a method of providing nutrition to preterm infants by adding the
fortifier powder to human milk and administering the fortified human milk to a premature
infant. The invention further provides a method of promoting growth of a premature infant
by administering the fortified human milk to a premature infant. The invention also relates

to a method for enhancing the physical stability of human milk by adding an emulsifier to
the human mitk.

Background

Human milk has long been recognized as the ideal feeding for term infants
because of its nutritional composition and immunoiogic benefits. For these reasons,
mature donor human milk was considered a desirable feeding for preterm,
low-birth-weight (LBW) infants in early newborn intensive care units (NICUs). However,
mature donor milk was found not to provide enough of some nutrients to meet rapidly
growing LBW infants’ needs. There were also concerns about possible bacterial, viral and
other contamination of donor milk. For these reasons, milk from the premature infant's
own mother has become the preferred feeding in the modern NICU.

Preterm infants are commonly fed either a commercial infant formula designed
specifically for these infants or their own mother's milk. Research is still underway
regarding the nutritional requirements of these infants. However, numerous studies have
documented that unsupplemented preterm milk and banked term milk provide inadequate
quantities of severat nutrients to meet the needs of these infants (Davies, D.P., “Adequacy
of expressed breast milk for early growth of preterm infants”. ARCHIVES OF DISEASE
IN CHILDHOOD, 52, p. 296-301,1997). Estimated energy requirements of the growing
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LBW infant are approximately 120 Cal/kg/day. Exact energy needs vary among infants
because of differences in activity, basal energy expenditure, the efficiency of nutrient
absorption, iliness and the ability to utilize energy for tissue synthesis. At 120 Cal/kg/day,
abdut 50% of the energy intake of an LBW infant is expended for basal metabolic needs,
activity and maintenance of body temperature. About 12.5% is used to synthesize new
tissue, and 25% is stored. The remaining 12.5% is excreted. Mature preterm human milk
is estimated to contain about 67 Cal/100ml. To achieve an intake of 120 Cal/kg/day, a
LBW infant needs to consume about 180 ml of preterm milk/kg/day. This feeding volume
is often not well tolerated. Volumes of 100 to 150 mifkg/day are typically fed. Therefore,
to achieve an intake of 120 Cal/kg/day in an acceptable volume, the caloric content of
preterm milk must be supplemented.

Additionally, relative to estimates of the infant's requirements, preterm human milk
is lacking in calcium, phosphorus and protein. When preterm human milk is fortified with
protein and energy, a LBW infant's growth approaches that occurring in utero.
Additionally, when fortified with calcium and phosphorus, there is increase accretion of
these minerals and improvement of bone density. Thus, it has been recommended that
when preterm infants are fed preterm human milk, the human milk be fortified to better
meet the nutritional needs of the preterm infant.

Liquid and powder forms of preterm milk fortifiers have been marketed
domestically in response to this recognized need. The energy and nutrient composition

-for a typical days supplemerit of commercially available powder and liquid human milk

fortifiers are presented in Table 1.
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Table 1: Energy and Nutrient Compositlon of Human Milk Fortifiers

Nutrients " Enfamit® Human Similac Natural
' Milk Fortifier Care® Liquid -
| Powder (3.8g) (100 mi)
Energy, Keal 14 81
Protein, gm 0.7 22
source whey protein nonfat milk, whey
concentrate, protein
e sodium caseinate concentrate
Fat, gm <0.1 44
~_source none added MCT, soy, coconut
Carbohydrate, gm .27 8.6
source | com syrup solids | corn syrup solids,
: lactose
Minerals .
caiclum, mg 80 171
phosphorus, mg 45 84
magnesium, mg 1 10
| Zinc, mg 0.71 1.22
manganese, mcg 4.7 9.8
_copper, mg 0.06 0.2
sodium, mg_ _7 35
potassium, mg 15.6 105
chloride, mg 17.7 86
iron, mg none added - 0.3
selenium, mgg_ none added 1.46
Vitamins -
AU — 950 1,008
| D, 1U 210 122
E U 4.8 3.2
K, mcg 44 10
| Thiamin, mg 0.15 02
| Riboffavin, mg _ 0.21 0.5
B6, mg_ 0.11 02
[B12, mog__ 0.18 0.45
| Niacin, mg 3 4
Follc acid, meg 25 30
| Pantothenic acid, mg 0.73 1.54
 Biotin, meg 2.7 30
C.mg 11.6 30
Enfami® Human Milk Fortifier (Mead Johnson Nutritionals,
Evansville, Ind.) Values are label claim for 4 packets which is added
"to 100 mi of mother’s milk.
Similac Naturat Care® (Ross Products Division of Abbott
Laboratories, Chicago, ILL.) Values are label claim for 100 mi.

Similac Natural Care® and Enfamil® Human Milk Fortifier are commercially
available human milk fortifiers. The fortifiers differ with respect to their form, source of
ingredients and energy and nutrient composition.” There is need in the NICU for both
liquid and powdered human milk fortifiers. Powder products are advantageous to
minimize the dilution of mother’s milk. For example, dilution of mother’'s milk is
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undesirable when a mom is able to produce and pump sufficient milk to meet the volume
needs of her infant, However,.if mom's milk supply is limited, a Ilqu1d fortifier may be used
to stretch her supply of human milk. Simllac Natural Care® i is deslgned to be added to
preterm milk in a one-to-one ratio or fed alternately with human milk meeting a need in the
NICU. _' | A

Generally, prematd_re infants stay in the NICU for several weeks after their mother
has been released from the hospital. These tiny infants can easily be held in the paim of
an aduit hand. They are usually placed in special mcubators they are on respirators to
assist in their breathmg, they have several mdwellmg catheters for administration and/or
withdrawal of fluid samples; and are intubated for tube feeding.

The method of enteral feeding chosen for each infant is based on gestational age,
birth weight, clinical condition and experience of the hospital nursing.personnel. Specific
feeding decisions that are made by the clinician include age to initiate feeding, route of
feeding delivery, feeding frequency, strength of feeding, and rate of advancement. The
route for enteral feedinQ is determined by the infant's ability to coordinate sucking,
swallowing, and breathi'ng; t_ﬁhich appear at approximately 32 to 34 weeks’ gestation.
Preterm infants of this gestational age who are alert and vigorous may be fed by nipple.
Infants who are less mature, weak, or critically ili require feeding by tube to avoid the risk
of aspiration and to conserve energy. N_as_o'gastfic and orogastric feedi'ns.' the most
commonly used tube fe_edings in the neonatal intensive care unit, may be accomplished
with bolus or continuous infusions of fortified human milk. Infants who receive nasogastric
or orogastric feedings _may be fed on an intermittent bolus or continuous schedule.
Intermittent feedings ev'e_ry 2 'to'3 hours simulate the pattern of feeding the infant will have
when advanced to bottle feeding or breast feeding. Continuous feedings may be better
tolerated by very smatl infants, infants who previously have 'not tolerated boius feedings
and infants in whom clinicaliy significant malabsorption develops with bolus feedings.
However, reduced nutrient delivery is a problem associated with continuous feeding. Fat
from human milk tends to adhere to the feeding tube surfaces and reduce energy density.
Likewise, the loss of nutnents for fortifiers used to supplement human milk is increased
whengivenina contlnuous feeding.

in order to continue feeding the infants their own mother's milk after their mother's
discharge from the hospital, the mother must express milk "at home into suitable
containers, store the milk in the refrigerator or freezer and transport the expressed milk to
the NICU. Once at the NICU, the milk is stored in refrigerator or freszer temperatures
depending on the milk volume required for feeding that day. Typically, the amount of milk -
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that will be fed to the infant within 24 hours after being expressed is refrigerated. The
exira expressed milk is frozen. Consequently, the expressed milk may be subjected to
several different storage conditions prior to preparation as a days feeding.

Human milk fortification is generally used for all infants who require tube feeding of
human milk and for a few infants who require fiuid restriction. Typical feeding protocols
for premature infants (<1500g) include the addition of fortifier once the infant is receiving
unfortified human milk at approximately 100 ml/kg/day. The fortifier is added at half dose
initially. For example, two 0.96 gm packets of Enfamil® Human Milk Fortifier is added to
100 mi of mother’s milk. If the infant tolerates the fortified milk for 24 hours, the fortifier is
increased to full dose. iIn the case of the example above, the fortifier is increased to four
0.96 gm packets in 100 mi of mother's milk.

Typically, the amount of human mitk prepared is based on the amount of milk
needed to provide the infant with a 24-hour supply. For example, a 1500 gm infant wouid
be fed 150 ml of milk a day. If frozen milk is used, the frozen milk is placed in a warm
water bath until compietely thawed. Special attention is given to mixing in the fortifiers.
Gentle mixing is required to avoid breaking the milk fat globule, which can increase the
adherence of the milk fat to the sides of feeding containers and result in significant loss of
fat (energy). The prescribed amount of fortified milk is drawn up into syringes and labeled
with identification. When milk preparation is complete, the labeled, aliquoted feedings are
delivered to the nurseries ahd placed into refrigerators for easy access by the nursing |
staff. Typically, the refrigerated fortified milk is warmed prior to feeding. For example, the
fortified milk is warmed in a dry heat laboratory incubator set within a range of 35-45°C for
a maximum of 15 minutes. This brings the temperature of the fortified milk to room
temperature. The fortified milk may be administered to the infant as a bolus feeding or
through a syringe infuéion pump for continuous feeding. If an infusion pump is used, the
syringe tip is positioned upright to allow for a continuous infusion of fat and the syringe is
attached directly to the feeding tube to decrease the potential surface area that the fat
and immunologic components may adhere to. The primary advantage of the powdered
fortifier is that there is minimal dilution of human milk. There is currently only one
powdered human milk fortifier available on the domestic market (Enfamil ® Human Milk
Forlifier). Four packets of Enfamil ® Human Milk Fortifier powder (0.96 g powder/packet)
is added to 100 mL of preterm milk. A study in preterm infants receiving this powdered
fortifier demonstrated poor fat absorption (Schanier, “Suitability of human milk for the
low-birth weight infant”, CLINICS IN PERINATOLOGY, 22, pp. 207-222, 1995). Poor fat
absorption negatively impacts the growth in these premature infants. In addition, reports
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from the NICUs des_cribed a residue that clung to the walls of the reconstitution container
when the commercially availab_le fortifier powder was. added to human milk and there were
concemns that the infants were not actually receiving all.the nutrients in the fortified milk.

There is a need for a powdered human milk fortifier which is well tolerated by
preterm infants and which demonstrates good fat absorption to provide much needed
energy to the preterm infant. Additionally, there is a need fdr a powdered human milk
fortifier that reconstitutes well in human milk so that all of the nutrients are actually
delivered to the preterm infant. Further, there is a need for a method of preventing the
human milk emulsion from breaking and causing the fat to cling to the syringe and feeding
tube thereby under delivering much needed energy calories.

The instant invention is a powdered human milk fortifier that promotes the physical
stability of the fortified human milk admixture. Further, the powdered human milk fortifier
of the instant invention is well tolerated and maximizes the health benefits of human mitk
while addressing the variability of human milk as a sole source of energy, protein, calcium,
phosphorus, sodium and other micronutrients.

SUMMARY OF THE INVENTION - :

Relative to estimates of the low birth weight (LBW) infant’s requirements, human
preterm human milk is lacking in calcium, phosphorus, energy and protein. When preterm
human milk is fortified with protein and energy, a LBW infant’s growth approaches that
occurring in utero. Additionally, when fortified with calcium and phosphorus, there is
increase accretion of these minerals and improvement of bone density. Thus, it has been
recommended that when preterm infants are fed preterm human milk, the human milk be
fortified to better meet the nufritional needs of the preterm infant.

The fortifier pMer of the instant invention improves upon the prior art fortifier
powder by providing higher amounts of protein and fat in the fortifier powder thereby
improving the growth patterns of preterm infants when compared to infants fed the prior
art fortifier powder. Protein precipitation issues of the prior art fortifier powder have also
been successfully addréssed through the addition of insoluble caicium which surprisingly
did not negatively impact the bone development of these premature infants. Further, the
addition of the smail amount of emulsifier in the fortifier powder of the instant invention to
human milk surprisingly improved the emuision stability of the fortified human milk.

The instant invention generally relates to a powdered human milk fortifier which
typically includes a protein component present in a quantity of from about 24 wt/wt% to
about 55 wt/wt% of the fortifier powder, a fat component present in a quantity of from
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about 1 wt/wt% to about 30 wt/wt% of the fortifier powder and a carbohydrate component
present in a quantity of from about 15 wt/wt% to about 75 wtlwt% of the fortifier powder.

Milk fat globules of human milk are known to separate from the milk and adhere to
the sides of feeding containers which result in significant loss of fat, a major source of
energy for the infant. An emulsifier not only helped the water soluble and insoluble
components of the fortifier powder to incorporate into the human milk, it surprisingly
helped to prevent phase separation of expressed human milk. Typically, an emulsifier is
present in the fortifier powder in a quantity of from about 1 wt/wt% to about 10 wt/wt% of
the fat component which corresponds with 0.1 wt/wt% to about 1 wt/wt% of the fortifier
powder. _

Small volumes of fortified human milk (25 ml to 100 ml) are prepared for a days
feeding of a premature infant. Cohsequently, a bulk container of fortifier powder would be
repeatediy opened, powder scooped out, recovered and stored which generateé concemns
about powder sterility in a hospital environment. Individual unit doses allow for addition of
small amounts of powder to human milk without the possibility of contamination of the
remaining powder since all of the powder is used in a single preparation. Preferably, the
fortifier powder is provided in individual unit dose containers which holds from about
0.5gm to about 10gm of the fortifier powder.

The instant invention also relates to a method of providing nutrition to preterm
infants by adding the fortifier powder to human milk and administering the fortified human
milk to a premature infant. The invention further provides a method of promoting growth
of a premature infant by administering the fortified human milk to a premature infant.

The invention also relates to a method for enhancing the emulsion stability of
human milk by adding an emulsifier to the human milk.

. DETAILED DESCRIPTION OF THE INVENTION
As used herein: : C

The terms “premature”, “preterm” and “low-birth-weight (LBW)” infants are used
interchangeably and refer to infants born less than 37 weeks gestational age and/or with
birth weights less than 2500 gm.

“A unit dose” refers to individual packages of fortifier powder containing an amount
of fortifier powder that will be used in a preparation. There will be no leftover fortifier
powder requiring storage. The amount of fortified human milk prepared for a premature
infant typically ranges from 25 mi to 150 ml a day. Consequently, a single unit dose is the
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appropriate amount of powder to fortify a 25 mi preparation. Muitiple packages are added
to the iarger volume preparatlons . P ) -

The term “growth” refers to gains in W&I'ht length andlor head circumference.

The term msol_ubl_e calcium” refers to food grade calcium sources listed in the
CRC HANDBOOK OF CHEMISTRY AND PHYSICS as sparingly soluble in water.

. The term “vitamin E” refers to a group of tocopherols that differ only in the number
and position of memyl_gmups oh thering. The most active form of vitamin E, is also the
most widely distributed in nature. When tocopherol was first synthesized, the syhthetic
material was found to have a slightly lower biological activity than the tbcopherol from
plants. Because of this phenomena, the natural occurring form has been designated
RRR-"-tocopherol. For dietary purposes, vitamin E activity is expressed as
RRR-"-tocopherol equivalents (TEs). One TE is the activity of 1 mg of RRR-"-tocopherol.

One mg of RRR-"-tocopherol is equivalent to 1.49 IU of vitamin E.

“Maitodextrins” and “corn syrups” refer to.complex carbohydrates routinely used in

nutritional formulations because of their excellent digestibility and functional properties.

Specifically, they are good water binders and provide products with desired texture and
mouth feel. Maltodextrins are polysaccharides obtained from the acid or enzyme-
hydrolysis of comn starch. Their classification is based on the degree of hydrolysis and is
reported as “dextrose equivalence (DE)". The FDA defines maitodextrins as non-sweet,
hutritive polysaccharides that have a DE less than 20. Corn syrup solids are defined as
having DE’s greater than 20. Corn syrup solids consist of dextrose chains about 3to 4. . -
units Iong while maltodextrins are less hydrolyzed and contain longer dextrose chains.
The difference in polymer length results in different functionality, viscosity, mouth feel and
osmolality.

It is a principal object of the invention to provide an improvéd powdered human
milk fortifier for premature infants who require additional nutrients to support their growth.
The invention is a powder which when added to human milk supplements the levels of
protein, fat, vitamins and minerals. Another object of this invention is to provide a method
for providing suppiemental nutrients to a premature infant who requires additional
nutrients for growth.

Although not intended to limit the invention in any manner, but to merely serve as
a general guideline, the fortifier powder of this invention will typically provide the following
macronutrient distribution. ‘The protein component will typically be present in an amount of
from about 24 wt/wt% to about 55 wtwt% of the fortifier powder, preferably from about 25 -
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wt/wt% to about 42 wt/wit% of the fortifier powder, more prefer'ably from about 28 wt/wt%
to about 36 wt/wt% of the fortifier powder. The fat component will typically be present in
an amount of from about 1 wt/wt% to about 30 wt/wt% of the fortifier powder, preferably
from about 5 wt/wt% to about 20 wt/wt% of the fortifier powder, more preferably from .
about 8 wt/wt% to about 18 wt/wt% of the fortifier powder. The carbohydrate component
will typically be present in an amount of from about 15 wt/wt% to about 75 wt/wt% of the
fortifier powder, preferably from about 38 wt/wt% to about 70 wt/wt% of the fortifier
powdef, more preferably from about 46 wi/wt% to about 64 wt/wt% of the fortifier powder.
Additionally, the amount of powder required to prbvide a unit dose of the fortifier will
typically range from about 0.5gm to about 10 gm of powder in a unit dose, preferably from
about 0.8 gm to about 5.0 gm of powder in a unit dose, more preferably from about 0.85
gm to about 2.0 gm of powder in a unit dose. The caloric density is typically from about
1.0 keal/gm powder to about 8.5 kcal/gm powder.

The first component of the fortifier powder of this invention is a source of protein.
Protein is needed for growth, synthesis of enzymes and hormones, and replacement of
protein lost from the skin and in urine and feces. These metabolic processes determine
the need for both the total amount of protein in a feeding and the relative amounts of
specific amino acids. The adequacy of the amount and type of protein in a feeding for
infants is determined by measuring growth, nitrogen absorption and retention, piasma
amino acids, certain blood analytes and metabolic responses.

As stated above, the protein component will typically be present in an amount of
from about 24 wt/wt% to about 55 wt/wt% of the fortifier powder. The proteins that may
be utilized in the nutritional products of the invention include any proteins or nitrogen
source suitable for human consumption. Such proteins are weli known by those skilied in
the art and can be redily selected when preparing such products. Examples of suitable
protein sources for a premature infant typically include casein, whey, condensed skim
milk, nonfat milk, soy, pea, rice, comn, hydrolyzed protein, free amino acids, protein
sources which contain calcium in a colloidal suspension with the protein and mixtures
thereof.

The preferred protein source will typically be comprised of about 51 wt/wt% of the
protein component as whey protein concentrate and about 49 wt/wt% of the protein
component as nonfat dry milk which corresponds to about 60 wt/wt% of the protein
component as whey and about 40 wt/wt% of the protein component as casein.

Commercial protein sources are readily3available and known to one practicing the
art. For example, caseinates, whey, hydrolyzed caseinates, hydrolyzed whey and milk
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proteins are available from New Zealand Milk Products of Santa Rosa, California. Soy
and hydrolyzed soy proteins are available from Protein Technologies international of Saint
Louis, Missouri. Pea protein is available from Feinkost Ingredients Company of Lodi,

‘Ohio. Rice protein is available from California Natural Prod_h_cts of Lathrop, California.

Comn protein is available from EnerGenetics Inc. of Keokuk, lowa. Additionally, mineral
enriched proteins are available from New Zealand Mitk Products of Santa Rosa, California
and Protein Techriologies International of Saint Louis, Missouri.

The second component of the fortifier powder of this invention is a source of fat.
Fat is an ideal source of energy for LBW infants, not only because of its high caloric
density but also because of its low osmotic activity in solution.

As stated above, the fat component will typically be present in an amount of from
about 1 wt/wt% to about 30 wt/wt% of the fortifier powder. Examp_l_es of suitable fat
sources typically include high oleic safflower oil, soy oil, fractionated coconut cil (medium
chain triglycerides, MCT oil), high oleic sunflower oil, com oil, canola oil, coconut, paim
and palm kemel oils, marine oil, cottonseed oil and specific fatty acids such as
docosahexaenoic acid and arachidonic acid. :

Doc&sahexa_enoic_ acid (DH_A) is an omega-3 fatty acid and is thought to be
essential for the proper brain and yision development of infahts because it is the most
abundant long chain polyunsaturated fatty acid (PUFA) in the brain and retina. Although a
metabolic pathway exists in mammals for the biosynthesis of DHA from dietary linolenic
acid, this pathway is bioenergetically _Llnfavorable and mammals are thought to obtain
most of their DHA from dietary sources. In the case of infants, the most likely source
would be human milk. Indeed, DHA is the most abundant 20 carbon omega-3 PUFA in
human milk. However, human milk DHA content will vary greatly depending on the diet of
the mother. If the mother eats fish high in DHA often, her milk wili contain higher DHA
levels, while a mom with less access to fish wilt have lower DHA levels in her milk.
Consequently, human milk may require DHA supplementation to insure that the preterm
infant is receiving sufficient amounts of DHA. Preferably, DHA supplementation is
accompanied by arachidonic acid supplementation. US Patent 5,492,938 to Kyle et al.
describes a method of obtaining DHA from dinoflagellates and its use in pharmaceutical
composition and dietary supplements.

Typically, MCT oil is the preferred fat source which comprises 100% of the fat .
component. This fat source at this level provides well tolerated fat calories to the

premature infant in addition to providing a vehicle for fat solpble vitamins and emulisifiers.
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Numerous commercial soturces for the fats listed above are readily available and
known to one practicing the art. ' For example, soy and canola oils are available from
Archer Daniels Midland of Decatur, Hlinois. Com, coconut, palm and palm kemnel oils are
available from Premier Edible Oils Corporation of Portland, Organ. Fractionated coconut
oil is available from Henke! Corporation of LaGrange, Winois. High oleic safflower and
high oleic sunflower oils are avaiiable from SVO Specialty Products of Eastlake, Ohio.
Marine oil is available from Mochida International of Tokyo, Japan. Sunflower and
cottonseed oils are available from Cargil of Minneapolis, Minnesota. Safflower oil is
available from California Oils Corporation of Richmond, California. DHA is avaii'éble from
Martek Biosciences Corporation of Columbia, Maryland. Arachidonic acid is available
from Genzyme Corporation of Cambridge, Mass.

An emulsifier is typically incorporated into the fortifier powder. Emulsifiers'help the
water soluble and insoluble components of the fortifier powder incorporate into the human
milk. Examples of suitable emulsifiers typically include soya bean leciihin, polyoxythylene
stearate, polyoxyethylene sorbitan mono-oleate, polyoxyethylehe sorbitan monopalmitate,
polyoxyethylene sorbitan monostearate, ammonium phosphatides, polyoxyethylene
sorbitan monolaurate, citric acid esters of mono and diglycerides of fatty acids, tartaric
acid esters of mono and diglycerides of fatty acids. .

The preferred emulsifier source is natural soy lecithin. The amount of emulsifier
will typically be present in an amount of from about 1 wt/wt% to about 10 wwt% of the fat
oomponeni which corresponds to about 0.1 wt/wt% to about 1 wt/wt% of the fortifier
powder. Pfeferably the emulsifier is present in an amount of from about 1.5 wit/wt% to
about 5 wt/wt% of the fat component. _

Numerous commercial sources for the emulsifiers listed above are readily
available and known t6 one practicing the art. For example, soya bean lecithin is
available from Archer Daniels Midiand Company in Decatur, lllinois. Polyoxythylene
stearate, polyoxyethylene sorbitan mono-oleate, polyoxyethylene sorbitan monopaimitate,
polyoxyethylene sorbitan monostearate, polyoxyethylene sorbitan monolaurate, citric acid
esters of mono and diglycerides of fatty acids, and tartaric acid esters of mono and
diglycerides of fatty acids are available from Quest in Owings Mills, Maryland.

The third component of the fortifier powder of this invention is a source of
carbohydrates. Carbohydrate is a major source of readily available energy that the LBW
infant needs for growth and that protects the infant from tissue catabolism. In human milk
and most standard milk-based infant formulas, the carbohydrate is lactose. LBW infants
may be unable to fully digest lactose bacause lactase activity in the fetal intestine is not
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fully developed until late in gestation (36 to 40 weeks).. On the other hand, sucrase
activity is maximal by 32 weeks' gestation, and glucosoamylase activity, which digests
corn syrup solids (giucose polymers), incroase twice as rapidly as lactase activity during
the third trimester. |

As noted above, the carbohydrates will typlcally be present in an amount of from
about 15 wt/wt% to about 75 wt/wt% of the fortifier powder. The preferred carbohydrate
level and source is selected to decrease osmolality and viscosity of the reconstituted
product. The preferred cai'bohydrate source is 100% of the carbohydrate component as
corm syrup. |

The carbohydrates that may be used in the fortifier powder can vary widely.
Examples of carbohydrates suitable for preterm infants typically include hydrolyzed comn
starch, maltodextrin, glucose polymers, sucrose, comn syrup, com syrup solids, rice syrup,
glucose, fructose, lactose, high fructose comn syrup and indigestible oligosaccharides such
as fructooligosaccharides (FOS) Any single carbohydrate Iistod above, or any
combination thereof, as appropnate may be utilized. | .

Commercial sources for the carbohydrates listed above are readily avallable and

. known to one practicing the art. For example, com syrup s_ol_lds are available from

Cerestar USA, Inc in Hammond, Indiana. -Glucose and rice based syrups are available
from California Natural Products in Lathrop, California.- Various com syrups and high

. fructose corn syrups are available from Ca'rgil in Minneapolis, Minnesota. Fructose is

available from A.E_. Staley in Decatur, llinois. Maltodextrin, glucose polymers, hydrolyzed
corn starch are available frorh Amérioan Maize Products in Hammond, Indiana. Sucrose
is available from Domino Sugar Corp. in New York, New York Lactose is available from
Foremost in Baraboo, Wsconsm and indigestible ollgosacchandes such as FOS are
available from Golden Technologles Company of Golden, Colorado

The osmolality of the fortified human milk plays an important role in the infants
tolerance of their feedings such as abdominal distention and vomiting/spit-up. Osmolality
of the fortified human milk is tied to the level and source of carbohydrate utilized in the
fortifier powder. The osmolality of the fortifier powder of the instant invention reconstituted
in human milk is typically less than about 400 mOsm/kg water, preferably from about 300
mOsmi/kg water to about 400 mOsm/kg water. The substitution of fat for some of the
carbohydrate in the fortifier powder of the instant invention serves to reduce the osmolality
of fortified human milk by replacing the carbohydrate which has a high osmotic activity
with fat which has a low osmotic activity. The type of carbohydrate incorporated into the
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fortifier powder also impacts the osmolality of the fortified human milk. The more
hydrolyzed the carbohydrate source (higher DE) the higher the osmotic activity.
Additionally, partially hydrolyzed carbohydrate sources may further increase the osmolality
when reconstituted with human milk due to further hydrolysis by human milk amylase.
Based on the DE values for carbohydrates, one skilled in the art can readily select the
carbohydrate source or combination of carbohydrates that will result in the preferred
osmolality of the reconstituted fortifier powder/human milk solution.

As stated above, viscosity is also a characteristic of carbohydrates. Viscosity of
the reconstituted fortifier powderlhuman'milk solution plays a role in suspending the
insoluble minerals during feeding. While higher viscosity"s tend to reduce insoluble
mineral fallout, the higher viscosity can cause tube/nipple clogging. A clogged feeding
tube in a continuous feeding apparatus requires additional attention by the nursing staff
who will have to unclog the tube, reset the pump system which may require a new
preparation of fortified human milk. More importantly, a clogged tube prevents the timely
delivery of much needed nutrients to a premature infant. The viscosity of the
reconstituted-fortiﬁer powder/human milk solution of the instant invention is typically less
than about 30 cps, preferably from about 10 cps to about 20 cps. Viscosity is inversely
related to osmolality. The more hydrolyzed a starch is (higher DE), the iower the viscosity
and the higher the osmolality. Based on the DE values for carbohydrates, one skilled in
the art can readily select the carbohydrate source or combination of carbohydrates that
will drive the viscosity and osmolality characteristics of the reconstituted fortifier
powder/human milk solution to the preferred levels.

The fourth component of the fortifier powder of the present invention typically
includes suppiemented vitamins and minerals. | '

The preterm infant requires the electrolytes sodium, potassium and chioride for
growth and for acid-base balance. Sufficient intakes of these electrolytes are also needed
for replacement of losses in the urine and stool ahd from the skin. Calci'um, phosphorus
and magnesium are needed for proper bone mineralization. For bones to grow, adequate
amounts of these minerals must be presentin a féeding. LBW infants méy develop
rickets or osteopenia if the'y do not receive adeqUate amount of caicium and phosphqrus
in their diet. Phosphorus and magnesium are also found in intracellular fluid. These
minerals are needed for the growtl_'n and function of soft tissue. Human milk does not

provide enough calcium or phosphorus, even if these minerals were to be totally absorbed
and retained, which they are not. '
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Trace minerals are a_e.eociated with cell division, immune function and growth.
Consequently, provision of sufficient amounts of trace minerals is needed for rapid growth
in l_.BW infants. Human milk does not provide sufficient amounts of the trace minerals,
especially zinc and copper, to meet the needs of a growing LBW infant. Another trace ~
mineral, iron, is important for-the synthesis of hemoglobin, myoglobin and iron-containing
enzymes. However, it is not certain that LBW infants need the recommended amounts of
iron during the first 2 months of life. The anemia of prematurjty occurring shortly after
birth cannot be avoided by giving supplemental iron. Also, the preterm infant is estimated
to have sufﬁoient iron s_tores' without receiving iron supplementation, if blood loss is small,
until 2 months of age. Consequently, the powdered human milk fortifier of the instant
invention is low in iron. Zinc is needed for growth, for the activi_ty. of numerous enzymes,
and for DNA, RNA and protein synthesis. Copper is neo_ese__ary for the activity of several
important enzymes. ltis __e_stimated that about 75% of the copper in a term neonate is
accumulated during the last-10 to 12 weeks in utero. Consequently, LBW infants,
especially those born weig_hing less than 1500 gm, are likely to have low copper stores.
Manganese is needed for the development of bone and cartilage and is important in the
synthesis of polysaccharides and giyoproteins. . : : o

. LBW infants are Ilker to need more of most vutamms than provided by human milk
alone because of low vitamin stores at birth, low intake of feedings, poor absorption of
vitamins and clinicai conditions requiring increased vitamin intakes. '

Vitamin A is a fat-soluble vitamin essential for growth, cell differentiation, vision
and the immune system. The vitamin A stores in LBW infants are adequate shortly after
birth but decrease soon thereafter. Therefore, preterm infants may require higher intakes
of vitamin A than term infants. Vitamin D is important for alosorption of calciumand to a
lesser extent, phosphorus and for the development of bone. For many years it was
thought that poor bone development observed in LBW mfants was due to insufficient
vitamin D intake and metabolism and the LBW infants required significantly greater
vitamin D intake than term mfants Itis now reoogmzed that calcium and phosphorus
intakes are more important than vitamin D for bone growth in preterm infants. Vtamm E
(tocopherol) prevents peroxtdatron of polyunsaturated fatty aclds in the cell, thus
preventing tissue damage LBW mfants may develop hemolytlc anemia and vitamin E
deficiency when fed feedmgs Iow in vitamin E and hlgh in |ron and polyunsaturated fatty
acids. Additionally, preterm mllk contams very low levels of vitamin K.

As are several other water-soluble vitamins, vitamin C is low in mature preterm
milk. Folic acid is important in amino acid and nucleotide metabolism. Serum folate
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concentrations have been shown to fall below normal after 2 weeks of age in LBW infants
with low folic acid intakes. Additionally, several B vitamins are present at low
concentrations in preterm milk.

As described above, the variability of human milk vitamin and mineral
concentrations and the increased needs of the preterm infant requires a minimal
fortification to insure that a developing premature infant is receiving adequate amounts of
vitamins and minerals while not over fortifying and possibly causing, for example,
hypercaicémia. 'Using the recommendations of the Committee on Nutrition, American
Academy of Pediatrics, one skilled in the art can readily calculate how much of a vitamin
or mineral source should be added to the nutritional product in order to deliver the desired
amount of a vitamin or mineral. (Nutritional needs of premature infants, PEDIATRIC
NUTRITION HANDBOOK, ed. 4. Elk Grove Village, lll. American Academy of Pediatrics,
1998, pp. 55-87) Practitioners also understand that appropriate additional amounts of
vitamin and mineral ingredients need to be proirided to nutritional compositions to
compensate for some loss during processing and stoi'age of such compositions.

Examples of supplemental vitamins and minerals in the fortifier powder of the
instant invention typically include vitamin A, vitamin B,, vitamin B,, vitamin Be, vitamin Bia,
vitamin C, vitamin D, vitamin E, vitamin K, biofin, folic acid, pantothenic acid, niacin,
m-inositol, caicium. phosphorus, magnesium,' Zinc, manganese, copper, sodium,
potassium, chloride, iron and selenium. The additional nufrie_nts chromium, molybdenum,
iodine, taurine, camitine and choline may also require supplementation. Desirably, the
fortifier pMer will iht_:lude the natural form of vitamin E (RRR—d-alpha-tocophefol
acetate). | ' _

The iriventprs diséovered that the solubility characteristics of somé of the mineréls,
particularly calciﬁm, in the fortiﬁef powder hegatively impact pfotein stability in the fortified
human milk solution. Specifically, the presence of solubie divalent minerals in the fina
product destabifizes both human milk protein:and_for'tiﬁer protein which causes the protein
to precipitate out of solution and cling to the sides of the mixing containers. Experiment ||
evaluates protein denaturation by fortifier powc_ier containing soluble calcium and the
fortifier powder of the instant invention containing insoluble caicium. The inventors have
tested the residue left on the sides of the mixing containers for protein and found the
residue to consist of irrimunologically active whey and casein protein and other
unidentified protein. Further, the inventors were able to calculate the percent of total
protein lost as residue clinging to the sides of the mixing containers for each fortifier
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powder. Addition of fortifier powder containing soluble calcium to human milk resuited in
the lose of 6% of the total protein.in the fortified human milk. Protein losses this high can

- have a negative impact on the growth of preterm infants.

- Conventional wisdom dictates that a soluble calcium source will maximize mineral
bioavailabilty characteristics for a growing infant. This is supported by the incorporation of
soluble calcium sources oaioium giuconate and calc_inm glyoerophosphate in the
commercially available fortifier powder, Enfamil® Human Mil_k_ Fortifier. However, it is.
known that soluble divalent_tninerals, particularly calcium, are capable of interacting with
proteins. The destabilization of'proteins resuits in denatured protein that pi’ecipitates out
of solution or clmgs to the sides of the reoonstltutlonldelwery contalner Consequently,
the protein is not actually dehvered to the infant which contribute to the slower growth
rates (see Experiment Ilf).

The current invention uses insoluble calcium sources and addresses the resultmg
mineral precipitation issues first by making the fortifier a powder and secondly by using
particle sizes smail enough (ultra micronized) to stay in_ solution during feeding. Examples
of suitable insoluble calcium;sources typi,oally in_olode caicium phosphate dibasic. calcium
phosphate tribasio and calcium carbonate and calcium citrate.' Alternatively, the calcium
is in a colloidal suspension with the protein such as calciumn caseinate.

Preferably, about '95%' of the total calcium is suppiied by calcium phosphate
tribasic and about 5% of the total calclum is supplied by wlclum citrate. '

Numerous commercnal sources for insoluble calclum are readlly available and -
known to one practicing the art. For example, calclum phosphate tribasic, calcium
phosphate dibasic, ca nlclum citrate are available from Mallinckrodt Speciaity Chemlcals in
Charlotte, North Carolina. Calcnum carbonate is available from Prillaman Chemical
Corporation in Suffolk, Virginia. Calcium caseinate is available from New Zealand Milk
Products in Hamilton, New Zealand

~ The mcorporatlon of insoluble oalc:um in the fortifier powder leads one skilled in
the nutntlonal aris to be concemed about bioavailability of the caicium for this growing
premature population. Preterm human milk is already deficlent in calcium and if the
fortifier powder prowdes calcium inaform thatis not btoavaxlable to the preterm mfant
growth will be negatively mp_acted. The lnventors perfonned_ preliminary studies
(Experiment IV) evaluating the forearm bone density of infants supplemented with the
fortifier powder of the instant invention oontaining insolub_le:caloium and compared their
forearm bone density to infants supplemented with fortifier powder contai_ning soluble
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calcium. Surprisingly, the results show no difference in bone density. The addition of
insoluble calcium sources to the fortifier powder of the instant invention prevented the
denaturation of protein in the fortified milk and was absorbed by the premature infant.
Consequently, the protein and calcium were successfully delivered to the premature infant
and the infant was able to thrive and grow.

The nutritional powder of this invention can be manufactured using techniques well

known to those skilled in the art. While manufacturing variations are certainly well known
to those skilied in the nutritional formt.ilation arts, a few of the manufacturing techniques
are described in detail in the 'Examples. Generally' speaking an oil blend is prepared
containing all oils, any emuisifier, and the fat soluble vitamins. Two more slurries
(carbohydrate and protein) are prepared separately by mixing the carbohydrate and
minerals together and the protein in water. The two slurries are then mixed together with
the oil blend. The resulting mixture is ho_mogenizéd, heat processed, standardized with
water soluble vitamins, and dried. The resulting powder may be milled to a specific
particle size and /or aggolmerized to modify particle size and mixability characteristics.
Those skilled in the nutritional formulation arts would also be able to dry blend the
individual starting materials and add the liquid ingredients through agglomeration or during
the dry blending step.

Individual unit dose size packages"are 'prefened over' bulk packaging. Because of
the small volumes of milk administered to premature infants over the course of a days
feeding, small volumes of fortified human milk are prepared. Powder sterility in a bulk
container that has been repeated!y opened, powder scooped out, recovered and stored is

“always a concern in a hospital environment. Individual unit doses allow for addition of

smaill amounts of pbwder to human milk without the possibility of contamination of the
remaining powder since all of the powder is used in a single preparation. As noted above,
the unit dose of the invention typically is the amount of from about 0.5 gm to about 10 gm
of fortifier powder in a unit dose, preferably from about 0.8 gm to about 5.0 gm of powder
in a unit dose, more preferably from about 0.85 gm to about 2.0 gm of powder in a unit
dose. Depending on the volume of a days feeding, from about 1 to about 4 unit d'oses will
be added to about 25 ml to about 100 mi, respectively. '

Numerous types of containers are readily available and known to one practicing
the art. Examples of container types typically include packets or sachets which may be
manufactured of paper, foil and plastic film, and foil and plastic film coated paper; and
ampoules which may be manufactured of plastic, reinforced paper and glass.
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As stated above, the instant invention also relates to a method of providing
nutrition to preterm infants by adding the fortifier powder of the instant invention to human
milk and administering the fortified human milk to a premature infant. The invention
further provides a method of -'promoting growth of a premature infant by administering the
fortified human milk to a premature infant. Expenments n and IV describe the study .
protocol and better growth of premature lnfants with the fortrﬁer powder of the instant
invention compared to a oommerolally avallable fortifier powder.

The invention also relates to a method for enhancmg the emu!smn stablllty of
human milk by adding an emulsifier to the human milk. Surpnsrngly. the emulsifier helps
to prevent the separatlon of fat globules in human mllk The inventors discovered that the _
addition of the small amount of emulsifier in the fortifier powder to human milk |mproved
phase separation results. The study and results oompanng the physrca! stab:hty of human
milk and fortifier powderlhuman milk are descnbed in Expenment 1. The amount of |
emulsifier in the fortified human milk solutlon will typlcally be present in from about 0.36
wt/voi% to about 3.6 wtlvol% of the human milk solution, preferably from about 0.54
Wtivol% to about 1.8 wt/vol% of the human milk solution.

MANUFACTURING EXAMPLE A

A batch of fortifier powder is manufactured by combining the appropriate

- ingredients to generate one carbohydratelmineral (CHO/MIN) slurry, one oil blend and

25

one protein in water slurry(PIW). The CHO/MIN, oil blend and PIW slurries are mixed
together to form the final biend. The final blend is then processed with an HTST
treatment. After standardization, the fi nal blend is spray dried. '

~Table 2 presents a blll of materials for manufacturing 8,172 kg of powdered human
milk fortifier. A detailed description of its manufacture follows.
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Table 2 Bill of materials
ingredient _Amount
| Ingredient water i 16,205 L
Corn syrup solids 1603 kg
Magnesium chloride ' 96.2 kg
Potassium citrate 223.8 kg
Sodium citrate ., 6.6 kg
Sodium chloride 15.4 kg
MCT oil ' 801 kg
Lecithin 16.6 kg~
Vitamin A - 2.36kg
Vitamin D 358.3¢g
Vitamin K 2759
Natural Vitamin E 768kg
| Calcium carbonate 33.1kg
Tricalcium phosphate 646 kg
Whey protein concentrate - 1506
Non fat dry milk ' 3307 kg
potassium cCitrate 257.2¢g
ferrous sulfate 3.7kg
Zinc sulfate 11.1 kg
Copper sulfate 1.84 kg
Manganese sulfate 0.320 kg
Sodium selenate 0.001 kg
| Niacinamide 0.98 kg
Riboflavin : 1.14 kg
Caicium pantothenate 4,08
Pyridoxine hydrochloride 0.655 kg
| m-inositol - 9.55kg
| Biotin 0.0727 kg
Folic acid . 0.0775 kg
Cyanocobalamin 0.0016 kg |
Ascorbic acid 163.5 kg

A carbohydrate/mineral slurry is prepared by heating 2,763 liters of ingredient
water to 54°C - 62°C. With agitation, the specified amounts of corn syrup solids (Maltrin
M200 distributed by Grain Processing Corporation, Muscatine, lowa), magnesium
chioride, sodium chloride, sodium citrate, potassium citrate, ultra micronized tricaicium
phosphate and calcium carbonate are added to the heated water. The slurry is held
under agitation at 54°C - 62°C for not longer than six hours until it is blended with the
other slurries.

An oil blend is prepared by heating the specified amount of MCT oil (distributed by
Stepan, Maywood, New Jersy) to 32°C- 37°C with agitation. An emulsifier (standard fluid
lecithin distributed by Central Soya, Ft. Wayne, Indiana) is then added under agitation and
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allowed to dissolve. Vitamin A,D,K and Natural Vitamin E (distributed by Vitamins, Inc.,
Chicago, lllinois) are then added to the slurry with agitation. The completed oil slurry is
held under moderate agitation at a temperature from 2_6"6 to 48°C for a period of no
longer than six hours until it is blended with the other elurﬁes.

5 A protein-in-water slurry is prepared by heating 9,053 liters of ingredient water to
48°C-80°C. With agitation, the specified amount of whey protein concentrate (AMP 800
distributed by AMPC, Inc. Ames, lowa) and nonfat dry milk is added to the heated water.
The completed protein-in-water siurry is not held but blended directty with the other

slurries.

10 The protein-in-water, oil blend and carbohydratelmmeral slurries are blended
together with agitation and the resultant blend is mamtalned at a temperature from 51°C to
60°C. After waiting for at least ﬁve minutes with agitation the final blend pH is adjusted
with 1N KOH to a pH from 6.45 to 6.80. The total solids of the final blend is 30%. The
final btend is held for no Ion_er than two hours after the pH check.

15 - After waiting for a pertod of not less than five minutes nor greater than two hours,

|

the blend is subjected to deaeration, high-temperature-short-time heat treatment, and

homogenization, as follows:

A deaerate the blend at 10-15 inches Hg; -

20
B. emulsify the blend at 900-1100 psig in a single stage homogenizer;
C. ~ pass the blend through a plate/coil heater and heat the mix to 71°C to
82°C;
125
D. homogenize the blend at 3900 to 4100 / 400 to 600 psig in a double stage
| homogemzer
' E. pass the blend through a 16 second hold tube at a temperature from 73°C
130 . t085°C;
F. cool the blend to a temperature from 1°C to 7°C; and
G. store the blend at a temperature from 1°C t_o“7°c.
35 :
: After the above steps have been completed, appropriate analytical testing for

quality control is conducted. Based on the analytical results of the quality control tests,
batch corrections are made if need be. Final blend total solids are from 29% to 31%.
: A water soluble vitarrtin solution, ascorbic acid solution and trace mineral solution
40 are prepared separately and added to the processed blend. -
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The ascorbic acid solution is prepared by adding the req’uired amount of ascorbic
acid to 2,453 liters of 10°C to 37°C water with agitation.

The mineral solution is prepared by heating 321 liters of ingredient water to 37°C
to 65°C. Under agitation, add the required amount of potassium citrate and ferrous
sulfate. Allow to agitate until the solution is a clear green color. Add the required amounts
of zinc sulfate, copper sulfate, manganese sulfate and sodium selenate to the green
mineral solution. Agitate five minutes minimum.

The water soluble vitamin solution is prepared by heating 530 liters of ingredient
water to 37°C to 65°C. The required quantities of niacinamide, ribofiavin, calcium
pantothenate, pyridoxine hydrochioride, thiamine hydrochloride, m-insitol, biotin, folic acid
and cyanocobalamin are added to the heated water.

All of the ascorbic acid solution, the mineral solution and water soluble vitamin
solutlon is then added to the blended slurry under agitation. |

The final mix is preheated through a plate heater to 71°C-82°C before going to a
surge tank. The mix leaves the surge tank and passes through the steam injector where it
is heated to 88°C - 93°C. The mix enters the vapor-flash chamber where it is cooled to
74°C-82°C, then pumped through an in-line 200 micro filter prior to the high pressure
pump and into the dryer. The dryer settings are as follows:

Nozzle pressure 3000 - 5000 psig

Liquid flow rate 11 gpm max.

Ingoing Air Temperatu_re 180°C - 207°C

Outgoihg Air Temperature  82°C - 108°C

To control bulk density, dispersibility, particle size, moisture and physical stability,
the specific spray nozzle, nozzle pressure, drying temperatures and fine reinjection
parameters may vary depending upon the drying conditions of the day. The powder
passes from the dryer into the powder cooler where the powder is cooled to below 43°C.

The cocled powder is stored in appropriate containers until being filed in individual
packets.

EXPERIMENT I
The objective of the study was to evaluate the emulsion stability of human milk
after the addition of the fortifier powder of the instant invention. The emulsion stability of
liquids which incorporate powders is routinely tested by a phase separation test. The test
evaluates the separation of human milk into fat-soluble and water-soluble layers. 7.2 gm
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of fortifier powder produced as in Manufacturing Example A was weighed into small -
plastic cups and covered to keep dry. Using a 250 mL graduated cylinder, 200 mi of
human milk was poured into a 500 mL beaker. The fortifier powder was slowly added to
the beaker while stirring vigorously. Stirring continued for about 30 seconds to ensure the
powder was thoroughly hydrated. The solution was immediately transferred to a 250 mL
graduated cylinder for phase separation test. The sample sat undisturbed for 30, 60 and
120 minutes before analysis. The sample was eQalu__ate_d for any evidence of a fat layer at
the top. A high intensity flashlight was held against the gradated cylinder to help
distinguish between foam and fat layer. in addition, a small spatula was placed inside the
cylinder to push on the edge of the top layer to help determine if the top layer is foam or
fat layer. The fat layer was read directly off the gradtjated cylinder in ml. Table 3 lists the -
phase separation results for the human milk/ fortifier powder solution and the human milk
control after 30, 60 and 120 minutes. e

Table 3: Phase Separation Results

‘Sample 30-60 min | 120 min
fortified humanmilk ~ | 1 mi 4ml -
human milk control oo2ml 2ml

The fat in the human milk control sample -sep'ar'ated'-and' rose to the tori of the
solution as demonstrated by a 2 mi fat fayer. The fortified human milk had half as much
fat separate and rise to the top of the solution as demonstrated by a 1 ml 'fat'-'laYer.-
Human milk fat is known to separate and adhere to the sides of feeding containers and
result in significant ioss of fat (energy). The small amount of émulsiﬂer added to the o
fortifier powder to help the powder incorporate into the human milk was surprisingly also
able to decrease the fat separation observed in human milk, thereby delivering more
calorically dense fat to the premature infant. '

As discussed above, fat is crucial for growth of premature infants. The lose of fat
helps explain the difference in growth observed in preterm infants supplemented with the
commercially available powdered human milk fortifier which does not contain an emulsifier
and the powdered human milk fortifier of the instant invention which contains an
emulsifier. (See Experiment lll and [V) '

EXPERIMENT Il
Reports from the NICUs described a residue that clung to the walls of the
reconstitution container when the commercially available fortifier powder was added to
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human milk and there were concerns that the infants were not actually receiving all the
nutrients in the fortified milk. The residue was examined under the electron microscope
and was found to be protein.

The objective of the study was to quantify and identify the protein residue left on
the side of the recbnstitution containers of powdered human milk fortifier containin_g
soluble calcium (SC) and the powdered human milk fortifier of the instant invention
containing insoluble calcium (IC).'_ The powdered human milk fortifier containing soluble
calcium sample was the Enfamil® Human Milk Fortifier the composition described in Table
1. The powdered human milk fortifier containing insoluble caicium sample was the fortifier
powder of the instant invention produced as described in Manufacturing Example A.

 Samples of eaéh powdered human milk fortifier were reconstituted by adding 0.9g

of the appropriate powder to 25mL of 2% milk in a glass graduated cylinder. The 2% milk

control contained only 25 mL of milk, but was otherwise treated in an identical manner. -
Each graduated cylinder was then covered, and given 6 vigorous shakes to facilitaté
powder reconstitution. Each solution was then poured into a labeled beaker for protein
analysis. Each graduated cylinder was then inverted onto a paper towel and allowed to
drain for 1 minute and then set upright. 10.0 mL of Universal Assay Buffer (PBS
containing 0.1% Tween 20 and 0.05% ovallbumin) was added, and the cylinder was
covered. The inside walls of the cylinder were rinsed by shaking to get particulates off the
side walls and into the buffer solution. To facilitate solubilization of the residue, each
cylinder was then incubated for 15 minutes in a water bath at 37°C, then allowed to cool
to room temperature prior to further dilution in buffer.

To evaluate the type of protein in the residue an ELISA analysis was used to
guantitate immunologically active casein and whey protein. In the casein and whey ELISA
analysis, samples wefe tested undiluted, and at subsequent 4 fold dilutions up to and
including a dilution of 1 to 262,144. The enzyme-linked immunosorbent assay (ELISA)
method utilized is described in the article by Cordle et al. (Evaluation of the
Immunogenicity of protein hydrolysate formulas using laboratory animal
hyperimmunization. PEDIATRIC ALLERGY AND IMMUNOLOGY (5) p.14 -19, 1994). The
ELISA assay is designed for the detection and quantitation of immunologically active
casein or whey using rabbit anti-whey antibody and rabbit anti-casein antibody.

This assay measures only the immunologically active césein and whey protein
components' in _the'residue. Results of the ELISA analyses for two separate

reconstitutions (A and B) of each powdered human milk fortifier are shown in Table 4
below.

23
SUBSTITUTE SHEET (RULE 26)



10

15

20

‘25

30

WO 00/60949

PCT/US00/09301

Table 4: ELISA analysis of. residue for |mmunologrcally active casein and whey

protein
Sample Total mg casein Total mg whey
2% milk control’ ' 1.31 _0.31 -
IC-A 2.55 (1.24) 1.89 (1.58)
11C-B 3.48 (2.18) - 232(2.01)
SC-A . 498(3.67) - | - 3.51(3.20)
SC-B . 5.77 (4.46) - 4,94 (4.63)

IC - fortifier powder of the instant invention containing insoluble calcium
SC - Enfamii®. Human Milk Fortifier containing soluble ollcium
(value) oorrected for eontrol contnbutlon '

All samples left Immunologlcally active casein and wh_ey protein on the walls of the
reconstitution container. However, the SC fortifier powder left 137% more casein and
118% more whey protein-behind on average than the IC f'ortifr‘er powder of the instant
invention when corrected for contribution of the control. = .

To evaluate the amount of protein lost inthe residue, the amount of total protein in
each sample must be deterrhined F‘rst the quantity of protein in solution is determined.
The solution which was poured from the graduated cylmder in the preparation step above
was analyzed by the TECATOR KJELTEC AUTO 1030 system for nitrogen to determine -
the quantrty of protein that did not adhere to the reoonstitutlon container (the proteinin .
solution). |

The TECATOR KJELTEC AUTO 1030 system (Perstorp Analytical, Inc.)is an .
integrated, semi-automated nitrogen analyzer_ which uses an adaptation of the classical -
acid digestion/ammonia distillation prooedure first described by Johann Kjeldahi in 1883.
The operating manuais for the Kjeltec Auto 1030 System were followed to determine the
amount of nitrogen in the samples : _ '

The amount of protem in the sample is caleulated based on the nitrogen .
concentration. The nltrogen ooncentratlons in various protems are known, and
empirically-determined conversion factors is used to convert from % nitrogen to % protein.
For example, milk proteins contain, on the average 16.67% mtrogen thus, for milk
proteins,

% Protein = % Nitrogerr'x (100% Protei'n { 15.67% Nitrogen)
. .o..or .
% Protern = % Nltrogen X 6 38

Using the percent protem data and the known reconstitutlon volume (25mL) the
total protein that did not adhere to the srdes of the oontalner can be ca!culated The
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amount of protein that did not adhere to the sides of the reoonstituhon container for each
sample is shown in Table 5 below T

Table 5: Amount of total protein that did not adhere to the
sides of the reconstitution container

Sample mg protein/ml total mg protein
2% milk control 34.2 855
IC-A 43.4 (9.2) 1,085 (230)
IC-B 43.4 (9.2) 1,085 (230)
SC-A 39.7 (5.5) 992.5 (137.5)
SC-B 39.6 (5.4) 980 (135)

IC - fortifier powder of the instant invention containing insoluble calcium
SC - Enfamil® Human Milk Fortifier containing soluble calcium
(value) corrected for control contribution

The total mg of protein in solution for the SC sampie is 136.25 mg on average and
the total mg of protein in solution for the IC sample is 230 mg on average. These
_ differences are expected as each fortifier powder contributes different levels of protein to
the milk solution. These values are utilized below to caiculate the percent total protein lost
as residue on the side of the reconstitution container. '

The protein residue was tested for imnmunologicaly active whey and casein above.
However, there could be additional protein present in the residue that would be detected.
So, the total protein concentration of the residue was measured by the isoabsorbance -
method described in a publication by Ehresmann et al. (Spectrophotometric determination
of protein concentration in cell extracts containing tRNA's and rRNA’s, ANALYTICAL
BIOCHEMISTRY (54) p. 454-463, 1973). A single reconstitution of each of the formulas
and the milk control were prepared as previously described, except that the residue was
dissolved in 10.0 mL of PBS. Isoabsorbance measures all protein present, and cannot
differentiate among protein components. The resulis are shown in the Table 6 below.

Table 6: Amount of total protein in the residue
of the reconstitution container

30

Sample mg protein/mi total mg protein
2% milk control 045 45
ic 0.9 (0.45) 8 (4.5)
SC 1.37 (0.92) 13.7 (9.2)

IC - fortifier powder of the instant invention containing insoluble calcium
SC - Enfamil® Human Milk Fortifier containing soluble caicium

(value) corrected for control contribution
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By this technique, additional protein that was not detected by the ELISA method
was found in the residue. The SC fortl_ﬁer powder sampie left 104% more total protein
behind than the IC fortifier powder of the instant invention when corrected for contribution
of control. _ _' _

Using the estimate of the protein which did not adhere to the walis of the
reconstitution container above, and the value for the total protein measured in the residue,
a percent of protein lost can be generated for each sample. _' Table 7 lists the total protein
lost in the residue clinging to the reconstitution container.

Table 7: Total proteln lost'in the'reeohstltutlon container

Sample : Residue/total protein X 100 | Protein lost in residue
2% milk control (4.5/855 + 45)100 | 0.52%
IC-A (4.5/230 + 4.5)100 - 1.9%
iC-B (4.5/230+4.5)100 | 1.9%
SC-A ] . (9.2137.5+9.2)100 - |- 6.3%
SC-8 (9.2/135 + 9.2)100 6.4%

IC - fortifier powder of the instant invention containing insoluble calciurn

SC - Enfamil® Human Milk Fortifier containing soluble oalclum

(value) corrected for control contribution n :

The SC fortifier powder lost 6% or 234% more proteih in the residue clinging to the
sides of the container on average than the IC fortifier powder of the instant invention when
corrected for contribution of control. Clearly. the presence of soluble calcium denatures
the protern causlng it to cling to the sides of the mlxmg containers and negatlvely impacts
the amount of protein delivered to the premature infant. _

As discussed above, protein is crucial for growth of premature mfants The lose of
protein helps explain the difference in growth observed_ in preterm infants supplemented
with the commercially available powdered human milk fortifier containing soluble calcium
and the powdered human milk fortifier of the instant invention containing insoluble
caicium. (See Experiment lll and IV)

EXPERIMENT lIl _

The primary objective of the study was to demonstrate that the fortlf ier powder of
the instant invention added to human milk (HM) would support acceptable growth in
preterm infants. A second objectwe was to evaluate the serum biochemistries (ie, protein
status, calcium, alkaline phosphatase), toleranoe, clmloal problems. and morbldrty of
premature infants consuming the nutritional module. Another secondary objective was to
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compare the nutritional powder of the instant invention to a commerclal fortifier powder
that has been in use for a nuriiber of years. O

An intent-to-treat, prospective, randomized, double-blinded multicenter study was
conducted to evaluate preterm infants receiving preterm milk supplemented with either a
commercially available powdered human milk fortifier (Enfamil® Human Milk Fortifier,
control) or the fortifier powder of the current invention(experimental) at every feeding.
Subjects were enrolied and randomized to each fortifier powder prior to 21 days of life.
Study Day 1 was when fortification of the study fortifier powder had begun and the subject
reached an intake of at least 100 mlL/kg/day. Anthropometric indices, serum
biochemistries, intake, tolerance, and morbidity data were assessed. Each infantwas -
studied until hospital discharge; only anthropometric variables (weight, length, and head
circumference) were collected after Study Day 29. .

Premature infants were recruited from neonatal intensive care units that had
agreed to collaborate with study investigators located in Salit Lake City, UT; Houston, TX;
Indianapolis, IN; Kansas City, MO; Louisvillé, KY; and Omaha, NE.

Single, twin, or triplet infants born <33 weeks gestational age, with appropriate
weight for gestational age, and weighing <1600 g were eligible to patticipate.
One-hundred and forty-four infants were randomized to either control or experimental; 70
preterm infants were randomized to the control group and 74 preterm infants were
randomized to the experimental group. The randomization was proportional for birth
weight (<1100 g and <1100 g) and gender.

The nutrient content of the two powder fortifiers added to human milk is listed in
Table 8.
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Table 8 Nutrient Content of Human Milk, control and experimental fortifiers

Nutrients Preterm controlt experimentaf
- Milk-Mature* (per38g) (per 3.6 g)
(per100 mL) . . L _
L . ‘Batch 1 Batch 2
Energy, kcal/ml - -1 14 “ 13.8 14
Protein, g 14 - 07 1.0 1.0
source mature human whey protein ".whey protein whey protein
- milk concentrate/ | . concentrate/ concentrate/
sodium nonfatdry milk | nonfat dry mitk
| R caseinate - | - -
Fatg ..3.9 <01 = 041 0.37
source ‘mature human | none added MCT oil MCT oil
. milk ' o :
Carbohydrate, g 6.6 2.7 - 1.6 1.7
source - lactose corn syrup . com syrup corn syrup
L solids - . solids solids
Vitamins _ o
AU 389 950 640 763
D, iU .20 210 134 145
E. IV 1.0 46 34 35
K.meg - 0.21% 4.40 - 8.50 8.60
Thiamin (B-1), mg 0.021¢ 0.1561 0.270 0.300
Ribofiavin (B-2), mg © 0.048 - 0.210 - 0.460 0.500
B-6, mg 0.015 0.114 0.230 0.240
B-12, meg 1. 0.05% - 0.18 0.85 0.83
Niacin, mg : . 0.15% 3.0 0.40 0.42
Folic acid, meg . 33 25 30 27
- Pantothenic acid, mg | 0.18% 0.73 - 1.60 1.40
Biotin, meg . 04 27 30.0 33.0
C,mg_ C 11 11.6 233 '60.0
Minerals - g T : :
Calcium, mg .25 90 131 118
Phosphorus, mg 13 45 ‘ -68 67
Magnesium, mg . 3.2 1.0 - 17 7.7
Zinc, mg - 0.34 0.71 1.30 1.2
Manganese, mcg 0.6 4.7 82 12.0
Copper, mg 0.064 0.062 0.200 0.200
Sodium, mg 25,0 7.0 17.5 17.5
Potassium, mg 57 15.8 720 720
Chiloride, mg 55.0 17.7 40.0 40.0
Iron, mg 0.12 —_ 0.35 0.45
Selenium, 2.3 —_ | 14 0.99

claim.

1 Amounts added to each 100 mL human milk (4 packets of fortifier | powder). Values are label

+ Amounts added to each 100 mL milk {4 packets of fortifier powder) Values are anaiyzed values.
Two batches were manufactured for use in the study.
| § Values for mature human milk were used.

The independent v_ar_iables (treatments) were the control fortifier powder and the

small packets in powdered form and were added to 25 mL HM.
The primary outcome variable was weight gain (g/kg/day) from study day 1 to
study day 29 or discharge, whichever came first. Secondary outcome variables were
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length gain (mm/day) and serum biochemistries to evaluate protein status, electrolyte
status, mineral homeostasis, &hdl vitamin A and E status. Serufif:biochemistries also
included unscheduled laboratory results recorded in the medid'ahl' chart. Tertiary variables
included head circumference gain (mm/day), clinical history, intake, tolerance, clinical
problems/morbidity, respiratory status, antibiotic use, and the number of transfusions.

Mean total energy intakes during the study period was not different between the
two groups. Infants fed control fortified human milk received 118.0 + 2.2 kcal/kg/day while
the infants fed experimental fortified human milk received 118.0 + 1.6 kcal/kg/day. There
was a difference in mean protein intake between the two groups. Infants fed control
fortified human milk received 3.1 + 0.1g protein/kg/day while infants fed experimental
fortified human milk received 3.5 + 0.1g protien/kg/day which is consistent with the slightly
higher protein content of experimental fortifier powder.

There were consistent differences among infants in the two fortifier powder groups
with respect to growth (weight, length, head circumference) with the control group always
growing more slowly. The significant difference in weight gain for the primary analysis
between the groups was 2.6 g/kg/day (experimental > control; p<0.0005). The significant
difference in length gain for the primary analysis between the groups was 0.2 mm/day
(experimental > control; p<0.05). Although the primary analysis for head circumference
gain was not differeﬁt between the groups, there was a significant difference in head
circumference gain of 0.15 mm/day when analyzed from study day 1 to last fortifier
powder feeding {experimental > control; p<0.05). Furthermore, the differences in weight,
length, and head circumference gains between the groups were even greater in the
evaluable group of infants than in the intent-to-trsat group of infants. The significant
differences in weight, length, and head circumference gains (p<0.0005; p<0.05; and
p<0.001, respectively)‘for the primary analyses were 4.07 g/kg/day, 0.23 mm/day, and
0.30 mm/day, respectively, with the control group growing more slowly.

The differences in serum biochemistries between the groups were aiso very
consistent between the intent-to-treat and evaluable groups. Of most clinical significance
were the mean alkaline phosphatase and calcium values. In the intent-to-treat group;
mean alkaline phosphatase values among infants randomized to the experimental group
appeared to be higher compared to the infants randomized to the control group (327 U/L
vs 272 U/L, respectively); however, mean values for both groups were decreased by
study day 29. In addition, mean alkaline phosphatase was in the normal range for both
groups. Results were similar in the evaluable group. In contrast, in the intent-to-treat
group, the mean serum caicium values among infants fed control fortifier powder tended
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to be higher overall than among infants fed experimental fortifier powder (p=0.069). As -
expected, in the evaluable group the overall differences were greater with mean calcium
values of 11.2 mg/dL in the ':‘:ontrol group and 10.3 mg/dL in thé experimental

group(p-o 016). Avalue @ greater than 11 mg/dL is considered i |n the upper range and is
suggestive of hypercalcemia.

There were no significant differences between the groups in respect to clinical
problems or morbidity data. Overall tolerance to both pmduots was excellent. The only
difference was in the epis_o,dés of vomiting with the control group having a greater number
{percent) of days with vomi_f_ing episodes than the exoeﬁmentél group (18% vs 11%;
p<0.01). The control group also had a statistically greater number of infants who exited
early from the study for reasons of gastric residuals and/or abdominal distention than did
the experimental group (6 vs 0; p=0.012). _ . :

- The primary findings of this study suggest that increases in protein, the addition of
fat and emulsifier and use of insoluble calcium in the fortifier powder of the instant
invention resuits in drama_tio improvements in growth performarnoe of low-birth-weight
infants even though the o_a{ioric density has not been changed.

| EXPERIMENT IV
‘The experiments above each describe the positive benefits of using insoluble -

caicium as the calcium source of choroe in the fortifier of the instant invention. Less
protein is left behind in the mixing containers which shows positive beneﬁts in premature
infant growth. However, bone mineralization is a concern with the use of insoluble
calcium. o ' ' '

The objectives of this study were similar to those in Experiment Ill. A preliminary
evaluation of mineral bioavailability, specifically calcium, of the fortifier powder of the
instant invention was addec_l to the protocotl through documentation of forearm bone
density of premature infants supplemented with the fortifier powder of the instant invention
which contains insoluble caicium. These forearm bone de:ns'it'y values were compared to
those of premature infants supplemented with a commerclally available fortifier powder
which contains soluble calcium.

The protocol was as described in Experiment 1ll. A prospectwe, randomized,
double-blinded study was oonducted to evaluate preterm infants receiving their own
mother’s milk supplemented with either a commercial powdered human milk fortifier
containing soluble calcium (Enfamil® Human Milk Fortifier; oontrol) or the fortifier powder of
the instant invention contairling insoluble calcium (experimental) at every feeding.
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Anthropometric indices, serum biochemistries and forearm’s bone density, fat and lean
mass were studied at days 1, 15 -and 29. Infant's forearm was sc&ﬁned using the dual
xX-ray absorptxon method.

Single, twin, or triplet infants born <33 weeks gestatiorial age, with appropriate
weight for gestational age, and weighing <1500 g were eligible to participate. Forty-three
infants were randomized to sither control or experimental.

On day one, there were no differences between control and experimental groups
in weight, length, head circumference or forearm’s bone density, fat and lean mass.

Mean total energy intakes during the study period were similar (110 + 15vs 114 +
9 keal/dg/d). However, there was a significant difference in weight géin between the
groups,18+2 vs 15 #+ 3 g/kg/day (experimental > control; p=0.0003). There were no
differences in length or head circumference gains between the two groups and the serum
biochemistries were similar between the groubs. By day 15, the experimental group had
a higher lean mass than controls 16 + 3 gm vs 14 + 3 gm (p<0.05).

Bone mineral content (0.608 + 0.172 vs 0.631 + 0.175 g/cm) and fat mass (6.9 +

- 3.3 vs 7.5 + 3.7 gm) were similar during the study.

These findings suggest that the insoluble calcium of the fortifier powder of the
instant invention was as available as the soluble calcium of the control fortifier powder.
Additionally, the growth findings of this study are consistent with the results from the
previous study. These findings suggest that the fortifier powder of the instant invention
provides higher weight gain in preterm infants than a commercial fortifier powder and
suggest that the weight gain may be from higher lean mass gain.

The embodiments of the present invention may, of course, be carried out in other
ways than those set forth herein without departing from the spirit and scope of the
invention. The preserit embodiments are, therefore, to be considered in all respects as
illustrative and not restrictive and that all changes and equivalents aiso come within the |
description of the present invention.
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We claim:
1. A powdered human milk fOl‘tIf er comprising: _
a. a protein component present in a quantity of from about 24 wtlwt% to about
55 wt/wt% of the powdered human mllk fortifier,
b. a fat oomponent present ina quantlty of from about 1 wt/wt% to about 30
| wi/wt% of the powdered human mllk_.fprtmer, and
c. a carbohydrate compohe_nt present m a quantity of from about 15 wt/wt% to
' about 75 wt/wt% of the powdered human milk fortifier.

2. The powdered human milk f.dr_tiﬁer according to.claim 1 wherein said fat
component further comprises an emUls_iﬁer pfesent in a quantity of from about 1
wt/wit% to about 10 wt/wt% of said fat component.

3. The powdered huhlan milk fortifier according to claim 1 further comprises at least
one additional nutrient selected from the greu_p consisting of Vitamin A, Vitamin B,,
| Vitamin Bz, Vitamin B, Vitamin B, Vitamin C, Vitamin D, Vitamin E, Vitamin K,

Biotin, Folic Acid, Pantothenic Acid, Niacin, m-inositol, calcium, phosphorus,

magnesium, zinc, manganese, t:opper, sodium, potassium, chioride, iron,
selenium, chromium, molybdenum, camitine and taurine.

4, The powdered human milk fortifier according to claim 3 wherein said calcium
source is insoluble. .

5. A method of providing supplemental nutrients to preterm infants comprising adding
the powdered human milk fortifier according to claim 1 to human milk and
administering a fortified human milk to a premature infant.

6. The method of providing supplemental nutrients according to claim 5 wherein said
fat component further comprises an emulsifier present in a quantity of from about 1
wt/wt% to about 10 wt/wt% of said fat component.

| 7. The method of providing supplemental nutrients according to claim 5 wherein the
; : powdered human milk fortifier further comprises at least one additional nutrient
selected from the group co'nsisting of Vitamin A, Vitamin B;, Vitamin B, Vitamin
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Be, Vitamin By, Vitamin C Vitamin D, Vitamin E, Vtamm K Brotln Folic Acid,
Pantothenic Acid, Nlacln ‘m-incsitol, calcium, phosphorus magnesxum zinc,

manganese, copper sodium, potassium, chioride, iron, selenium, chromium.
molybdenum, caritine and taurine.

The method of providing supplemental nutrients acoording to claim 7 wherein said
calcium source is insoluble. '

The method of providing supplemental nutrients according to claim 5 wherein

about 0.5 gm to about 10 gm of powdered human milk fortifier is administered per
day.

A unit dose of powdered human milk fortifier comprising:
a. a corrtainer, and

b. the powdered human milk fortifier according to claim 1.

The unit dose of powdered human milk fortifier according to claim 10 wherein said

fat component further comprises an emulsifier presentin a quantity of from about 1
wt/wt% to about 10 wt/wt% of said fat component.

The unit dose of powdered human milk fortifier according to claim 10 wherein the
powdered human milk fortifier further comprises at least one additional nutrient
selected from the group consisting of Vitamin A, Vitamin B;, Vitamin B, Vitamin
Be, Vitamin By, Vitamin C, Vitamin D, Vitamin E, Vitamin K, Biotin, Folic Acid,
Pantothenic Acid, Niacin, m-inositol, caicium, phosphorus, magnesium, zinc,
manganese, copper, sodium, potassium, chloride, iron, selenium, chromium,
molybdenum, camitine and taurine.

The unit dose of powdered human milk fortifier according to claim 12 wherein said
calcium source is insoluble.

The unit dose of ppwdered human milk fortifier according to claim 10 wherein the

powdered human milk fortifier is present in the amount of from about 0.5 gm to
about 10 gm per unit dose.

33
SUBSTITUTE SHEET (RULE 26)




AR g

WO 00/60949 * PCT/US00/09301

15.

16.

17.

" 18.

- 19.

A method for promoting growth of a premature infant comprising adm inistering
fortified human mllk toa premature mfant sald fortified human milk comprises:
a. human mllk and

b.  the powdered human mllk fortifier aooordmg to claim 1.

The method for promotmg growth accordrng to clarm 15 wherein said powdered
human milk fortifier further compnses an emulsrf ier present in a quantity of from
about 1 wi/wt% to about 10 tht% of said fat component.

The method for promotlng growth aocordmg to clarm 15 wherein sald powdered
human milk fortifier further compnses at least one additional nutrient selected from
the group consisting oertamm A, Vitamm B;, Vitamin Bs, Vitamin Bs, Vitamin B,z
Vitamin C, Vitamin D, Vitamin E Vitamrn K, Biotin, Folic ACId Pantothenic Acid,
Niacin, m-inositol, calcium, phosphorus magnesrum zinc, manganese, copper,
sodium, potassium, chlonde, iron, selenium, chromium, molybdenum, camitine
and taurine. o

The method for promotlng growth accordxng to claim 17 wherein said calcium
source is insoluble. '

A powdered human milk fortifi er comprisrng
a. a protein component: present in a quantity of from about 25 wt/wt% to about
- A2 wtwt% of the powdered human milk fortifier,

b. a fat component presentin a quantlty of from about 5 wtlwt% to about 20
wtwt% of the powdered human milk fortifier wherein said fat component
further comprises an emulsifier present in a quantity of from about 1.5
wi/wt% to about 5.0 wiiwt% of said fat component,

c. a carbohydrate component present in a quantity of from about 38 wt/wt% to
about 70 wt/wt% of the powdered human milk fortifier,

d. at least one additional nutrient selected from the group consisting of
Vtamln A, Vitamin B,. Vitamm Bz Vltamrn Be, Vltamm B2, Vitamin C,
Vitamin D, Vrtamm E, Vltamln K, Blotm Folrc Acid, Pantothemc Acid,

Niacin, m-inositol, cal_crum, phosphorus, magnesium, zinc, manganese,
copper, sodlum. potassium, chloride, iron, selenium, chromium,
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molybdenum, camitine and taurine, and wherein said calcium source is
insoluble.

A method of providing suppiemental nutrients to preterm infants comprising adding
the powdered human milk foriifier according to claim 19 to human milk and
administering a fortified human milk to a premature infant.

A-method for promoting growth of a premature infant comprising administering
fortified human milk to a premature infant, said fortified human milk further
comprises:

a. human milk, and

b. the powdered human milk fortifier according to claim 19.

A unit dose of powdered human milk fortifier comprising:

a. a container, and

" b. the powdered human milk fortifier according to claim 19 present in an

amount of from about 0.8 gm to about 5.0 gm per unit dose.

A method for énhnci_ng the emuision stability of human milk comprising adding an
emulsifier to said human milk wherein said emulsifier is present in a quantity of
from about 0.36 wt/vol% to about 3.6 wi/vol% of the human milk.

A method for preventing the denaturation of protein in fortified human milk
comprising the incorporation of an insoluble calcium source.
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