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Abstract

Shelf stable nutritional composition containing intact whey protein, process
of manufacture and use

A composition is provided that provides a nutritionally complete calorically dense
formula suitable for use as a ready-to-use liquid composition that does not require
reconstitution and admixing, which contains intact whey protein 1n high

concentration and which is shelf stable for up to 6 months or more at ambient
10 temperature.
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Shelf stable nutritional composition containing intact whey protein, process
of manufacture and use

T ical of 1DV

This invention relates to a nutritional composition that contains high levels of
intact, 1.e. non hydrolysed whey protein as protein source.

B u the 1 t10

Liquid formulas, in particular for enteral nutrition contain protein 1n a
concentration ranging form 2-6 %, most of the products having 3-4 % (30-40g/1)
of protein, more rarely protein concentrations of >50g/1 to 80g/1 are also produced.
If the existing products are reviewed with respect to their protein source, it
appears that most formulas are based on casein (Ca-, Na- or K-caseinate), more
recently also on milk protein concentrate (MPC). |

At present, liquid shelf stable formulas based on intact whey protein are
practically non-existing. This 1s related to the pronounced heat labality of whey
protein in sterilising heat treatments, a problem not seen 1n the case of casein as a
protein source.

In consideration of the high nutritional protein quality (balanced aminogramme)
of whey protein, the use of this protein source in enteral nutrition formulas
appears very desirable.

Due to heat induced gelling or sedimentation, it 1s however so far not possible to
incorporate markedly higher concentrations of whey protein than e.g. present in
commercial milk protein concentrates (in milk protein concentrates whey proteins
constitutes ca 20 % of the total protein). Stenlising heat treatments such as
required for bacteriological safety and non-refrigerated shelf hife lead to
denaturation of the protein, followed by aggregation, sediment formation or
gelling of the protein in the formula.
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A known solution to this stability problem is the partial hydrolysis of whey protein
by proteases, prior to its introduction in a composition undergoing sterilising heat
treatments.

An example of a commercial enteral formula containing 40g/l of partially
hydrolysed whey protein is Peptamen (R) . In this product the protein has been
partially hydrolysed by trypsin and thereby rendered stable to sterilising heat
treatment. It is also possible to combine whey protein hydrolysate with casein
hydrolysate or caseinate to compose the protein basis of a formula. An example of
such an approach is in US 5'821'217 (enteral formula containing protein
hydrolysates) or in US 5'549'905 (a pediatric patients formula containing 12 % of
the calories in form of hydrolysed whey protein).

Although the use of partially hydrolysed (whey) protein is a valid approach, an
inherent disadvantage of this solution is the bitter taste resulting from the
incorporation of partially hydrolysed protein into such formulas. While bitter taste
seems not a big problem in a tube feeding modus, it becomes a serious problem in
a formula intended for oral consumption.

In order to produce bland tasting whey protein based enteral formulas with long
non-refrigerated shelf life, approaches other than hydrolysis must be found to

stabilise the protein.
Such an approach is the object of the present invention.

Two recent developments seem to go in the same direction, while they do not
achieve the goal of sterility and long shelf life which exploit the known acid

stability of whey protein:

EP 0 486 425 teaches the production of a whey protein based formula (at least
60% whey protein) which as a pH between 3.5 and 3.9. The low pH of the formula
was obtained by the addition of citric and phosphoric acid. The formula received a
pasteurising heat treatment: at 95.60° C for 4.3 s.

In WO 99/56563, a low pH enteral formula is described in which highly
methoxylated pectin (0.6-1.25 %) is used as a protein stabiliser. One particular
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variant of this formula contains intact whey protein as a protein source; the final
pH of the formula 1s 4.0-4.35 and the heat treatment applied to the formula is
102-104° C for 18 s.

Both these documents are first steps towards a successful incorporation of intact
whey protein into liquid enteral nutrition formulas. However they both have the
decisive shortcoming of being unable to deliver shelf-stable products. This is
evident if one looks at the heat treatments being used. Both heat treatments
provide sufficient killing of vegetative non-spore forming bacteria but cannot
inactivate spore formers to any sufficient extent. In order to inactivate e.g. spores
of B.cereus, heat treatments well above 105° C are required. B.cereus has a
D-value at 105° C in the range of 40-100 s at acid pH. The heat treatment given
e.g. in WO 99/56563 (102-104° C/18 s) will provide less than one log of
inactivation. With a treatment at 130° C, and D;3;, = 0.1 s, close to 10 logs of
inactivation per second of holding time are achieved for the same organism. For
thermophilic spore formers such as B. stearothermophilus, B. coagulans or B.
circulans, Dygs-values are >100 s at acid pH. It is therefore clear that heat
treatments such as used in both documents cannot lead to commercial sterlity
neither to a any satisfactory non-refrigerated shelf life.

A further disadvantage of the processes described in the two documents is
doubtless the strongly sour taste of the products, which also hmits the flavouring
possibilities and by this also narrows acceptance by the consumer.

A third shortcoming of the approach described in the two documents is the fact
that with a pH of the formula in a range 3.0 - 4.6, no casein can be included in the
formula, as under these conditions, casein is precipitated or forms a gel. This
excludes the production of liquid formulas with combinations of whey protein and

caseln.

According to the teachings of the prior art so far, the prior state of the art cannot
solve the problem of producing a commercially sterile, shelf-stable liquid formula,
with a neutral pH and based exclusively or to its major part, on intact
(unhydrolysed) whey protein.
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The objective of the present invention, is to make possible to sterilise whey
protein solutions at high protein concentration (up to 10%) and in presence of high
concentrations of carbohydrates, sucrose and/or malto-dextrins.

Thus the invention provides a shelf stable liquid nutritional composition with a
protein content ranging from 20 - 90 g/l, preferably from 30 to 60 g/l, and 1n
which all or a major part of the protein is composed of whey protein in intact,

unhydrolysed form. Preferably, the composition has a pH at room temperature of
between 6 and 8 and more preferably between 6.5 and 7.0.

The invention further provides a process for the production of an intact whey
protein formula characterised by the following steps:

adjusting an acid phase composed of whey protein and carbohydrates to a pH of
2.5-3.5 and subsequently UHT-sterilising it,

neutralising the sterilised acid phase with a soluble base, the pH being raised
aseptically to a value of 6.50 or higher,

separately UHT-sterilising a fat phase in form of a stable O/W emuision with a pH
between 6.50 and 7.50, which pH 1s mesured at ambient temperature,

aseptically combining the two separately sterilised phases and in which the said
combined phases contain also all soluble and insoluble minerals of the formula,
the trace elements and vitamins and

aseptically filling the mixture into a suitable package, wherein filling takes place
in an aseptic environment.

Sterilisation 1s performed by either direct or indirect UHT-heating, preferably in
the temperature range of 130 -150° C.

The invention further provides the use of the above composition in oral nutrition
or in enteral nutrition.

[ ] * ] L
21 A€ 1DUI0ON C 1€ 1INVENTIOTY

A first key condition to achieve this without causing any protein aggregation is to
adjust the pH of the protein/carbohydrate solution to 2.5 - 3.5 with an acid,
preferably a mineral acid, prior to heat treatment.
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Second key element 1s an aseptic neutralisation with sterile soluble base to rise the
pH of the heat sterilised protein/carbohydrate solution to a value between 6.50 to
7.50 (for ambient temperature). A soluble base has to be used for this purpose,
such as preferably KOH, NaOH or mixtures ot the two.

Third key element is the introduction in adequate proportion, of a separately
sterilised fat phase in form of a stable o1l in water emulsion with a (near) neutral
pH into the sterile tank.

The calcium needed in the formula is introduced either in form of insoluble
calcium salts, which are preferably selected from the group consisting of tri-
calcium phosphate, calcium citrate and calcium carbonate or in the form of a
dispersible protein complex such as calcium caseinate or milk protein concentrate
into the neutral phase prior to its sterilisation.

Soluble minerals and trace elements are introduced aseptically into the sterile acid
phase after after its neutralization in the sterile tank or, alternatively in the
combined phases after the addition of the UHT-sterilized fat phase.

According to the invention, the combined phases mixed in a sterile tank are then
aseptically filled into Tetras or tins or another suitable package with an
appropriate aseptic filling machine.

The filled, sterile product has a pH ranging from about 6.5 to 7.5, measured at
ambient temperature. It is a stable product without any defects due to protein
coagulation, sedimentation or gelling. It has good flow properties, shows no
mineral sedimentation and has clean, bland taste. Due to its taste blandness and a
neutral pH almost any flavour variant can be applied by the corresponding aroma
addition. The non-refrigerated shelf life of the product is several months, up to 6
months after production and even longer.

The following Examples illustrate the preferred embodiments of the invention for
the purpose of illustrating the practice thereof and do not, in any way, linmt the
scope of the invention. In these Examples, the parts and percentages are by weight
unless stated otherwise.
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Example 1: High protein formula (80g/1) based on whey protein

26 kg of whey protein isolate (88 % protein on total solids) together with 15 kg of
sucrose and 15 kg of malto-dextrin (Dextrose Equivalent, DE =10-14) are
dissolved 1n 150 kg of demineralised water. After complete dissolution, the pH of
the solution is adjusted with H;PO, (20 %) to 3.0; the total weight of the
protein/carbohydrate solution is adjusted to 250 kg by addition of water. The whey
protein content of the acid phase 1s 9.2 %, its total solids content 22.4 %.

This solution 1s then UHT-heated on an indirect UHT plant. Preheating
temperature is 80° C and sterilisation temperature 148° C, holding time is 5 s.
After cooling of the product to 10° C, 217.5 kg of the product are pumped into a
500 kg double-walled sterile tank, fitted with an electrode and an aseptic dosing
unit for base addition. A mixture of 20 %KOH /NaOH 1s pumped through a 0.1
micron sterile filter and the pH rapidly raised from ca 3.0 to 6.80. At this point,
base dosing is stopped and the sterile product kept refrigerated 1n the sterile tank.

To produce 50 kg of an oil in water (O/W) emulsion with a fat content of 23 %,
11.5 kg of sunflower o1l are emulsified with 30 kg of a 2 % solution of
Na-caseinate, the pH of which was previously adjusted to 7.3 at ambient

temperature.

The mixture is homogenised at 60° C in a two stage homogeniser at 250 bar in the
first stage and then at 50 bar in the second stage. Following homogenisation
micronised calcium carbonate is dosed according to formula requirements. Trace
elements and vitamins (not detailed) are introduced next, as well as a liquid aroma
concentrate with strong stirring into the fat emulsion.

The completed fat phase is then UHT-sterilised: preheating 80° C, high heating
148° C, holding 5 s. The sterilised emulsion is cooled to 10° C on a plate heat
exchanger and 32.5 kg of it pumped into the stenile tank. The total weight ot the
combined phases is now 250 kg, the pH measured at 12° C 1s 6.90.

A concentrated solution of soluble minerals (according to formula requirements)
is then aseptically introduced into the sterile tank.

. Wy g s P RN MU PN - e
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After stirring for ca 15 min, the formula 1s pumped into an aseptic filling machine
and filled into sterile aluminium tins, the latter are hermetically sealed 1n a sterile
environment.

5 The resulting liquid product has the following composition: protein: 82 g/kg;
carbohydrates: 104 g/kg; fat: 30 g/kg. The energy density 1s 1 kcal/g. Casein
makes up 2 % of the total protein, 98 % of the protein being whey protein. The
product is stable for at least 6 months at ambient temperature and shows no
sedimentation nor coagulation nor gelling. It has a clean taste and good flow

10 properties.
ambple 2: whev protein based tube-feeding formula at ] kcal/g

14.28 kg of whey protein concentrate (80 % protein on total solids) are completely
15 dissolved in 125 kg demineralised water. 30 kg malto-dextrin and 7.14 kg of

sucrose are then dissolved in the protein solution. Following the dissolution of the

carbohydrates, the total weight of the solution is adjusted to 199 kg by adding

demineralised water. The pH is then lowered to 3.0 with H3;PO,; (20 %

concentration). The acid phase (200 kg) is pumped through the UHT-Iine:
20 preheating at 80° C, high heating at 145° C for 10 s.

The product is cooled on the plate exchanger to 10° C and 140 kg of 1t are pumped

into a sterile tank equipped with an aseptic dosing unit for base addition and a pH

electrode. The pH of this protein/carbohydrate solution is raised to 6.80 by dosing
25 a mixture of NaOH/KOH (20 %) under rapid stirring.

100 kg of an O/W emulsion with 12.2 % fat are next produced. In a fat mix
composed of 8.54 kg medium chain triglycerides (Cq.;9, MCT) and 3.66 kg
sunflower oil, 0.5 kg of soy lecithin are dissolved at a temperature of 70° C. The

30 oil mix is homogenised at 70° C with 50 kg of a solution of Na-caseinate (1 %).
The pressure of the homogeniser valve is set to 250 bar (first stage) and 50 bar
(second stage) and the neutral phase is homogenised at 70° C.

633.83 g (1.111 moles) of Tri-calcium citrate . 4 H,0 and 333.6 g (3.333 moles) of
35 calcium carbonate, both salts micronised, are dispersed in an ageous system and
stabilised in a known manner. The dispersion is then added to the O/W emulsion

' SR T Tt O, AN M e gt 1 e e '
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and the whole mixture agitated at ca 60° C. Trace elements and vitamins (as
required by formula targets) are added to the stirred emulsion as well as a
strawberry flavor concentrate. Following adjustment of the total weight to

100 kg, the pH of the emulsion 1s raised with KOH to 6.80. After the pH
adjustment, the O/W emulsion 1s heated in an UHT-plant: preheating at 80° C,
high heating 145° C, holding time 10 s, followed by rapid cooling to 10° C.

60 kg of the sterilised emulsion are then pumped into the sterile tank, which
contains already the neutralised protein phase.

A concentrated solution of soluble minerals (accordiing to formula requirements)
is introduced through the sterile filter into the aseptic tank.

After another 15 min of stirring, the complete formula 1s pumped into a Tetra Pak
aseptic filling machine and filled into Tetra briks.

The packed product represents the following composition: total protemn: 40 g/kg;
fat: 36.6 g/kg; total carbohydrate: 130 g/kg; total energy: 1 kcal/g. Calcium
content is 800 mg/kg. The formula shows clean strawberry taste, has excellent
flow properties and shows no sedimentation or fat separation. It 1s stable for >6

months at ambient temperature.

xample 3: whev protein predominant enteral formula with ca 40 % protein from

casein and ca 60 % whev protein: energy density 1.5 kcal/g

For 200 kg of acid phase, 11.6 kg of whey protein isolate (88 % protein on total
solids) are dissolved in 120 kg demineralised water. After complete dissolution of

the protein, 18 kg of maltodextrin (DE 10-14) and 32 kg of sucrose are dissolved
in the protein solution. After complete dissolution of the carbohydrates, the total
weight is adjusted to 199 kg with demineralised water. H3PO4 (20 %) 1s added to
adjust the pH to 3.0 at ambient temperature. The acid phase (200 kg), 1s heat
sterilised by steam injection at 148° C for 4 s and cooled to 12° C; 120 kg of 1t are

pumped into the sterile tank.

Soluble base (KOH/NaOH) is aseptically dosed via stenle filter, to raise the pH to
6.8 (measurement at 12° C).
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The fat phase of the product 1s produced as follows. A dispersion of 9.036 kg of
milk protein concentrate (83 % protein on total solids) and 75 g of tri-K-citrate in
70 kg of demineralised water of 60° C 1s made. A fat mix composed of 18.125 kg
of a fat mix sunflower oil/corn oil/canola o1l in a weight ratio 60/20/20 is made
and, after warming the mix to 70° C, 0.3 kg of mono-diglycenides are dissolved in
the fat. The fat mix is emulsified together with the protein dispersion using a
colloidal mill. The total weight of the mix i1s adjusted to 100 kg by adding
demineralised water and the resulting coarse emulsion 1s homogenised at 200
bar/40 bar at ca 65° C. The resulting emulsion is now sterilised by direct steam
injection at 148° C for 5 s, flash-cooled to 70° C and then aseptically
homogenised at 150/30 bar pressure. The emulsion 1s cooled to ca 10° C and 80
kg of it are pumped into the sterile tank where mixing with the 120 kg of
protein/carbohydrate phase creates 200 kg of completed formula.

Soluble minerals and trace elements as well as vitamins (according to formula
requirements) areaseptically introduced into the mix via the sterile filter.

After another 15 min of stirring in the tank, the sterile formula is filled aseptically
into Tetra briks.

The filled product has the following characteristics: total protein 60 g/kg, of which
ca 40 % is casein and 60 % are whey proteins, mainly from whey protein isolate
and to a lower part from the milk protein concentrate. The fat content 1s 73 g/kg
and the total carbohydrate content 150 g/kg. This provides an energy density of ca
1.5 kcal/g. Calcium content of the formula i1s 940 mg/kg, practically all the
calcium is derived from milk protein concentrate. The formula has a bland taste
and shows neither sediment nor any fat separation. Its pH at ambient temperature
is 7.0. The product remains completely stable for up to 6 months at ambient

temperature.
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CLAIMS:

1. A sterile, shelf stable liquid nutritional composition having a protein content

ranging from 20 to 90 g/l and a pH at 25°C of between 6 and 8 and in which the proteins

therein comprise at least 60% by weight whey protein in intact, unhydrolysed form.

2. The composition according to claim 1, wherein the composition has a pH at 25°C

of between 6.5 and 7.

3. The composition according to claim 1 or 2, having a protein content ranging from
30 to 60 g/l.
4. The composition according to any one of claims 1 to 3, wherein the composition

also contains calcium in a concentration between 300 and 1200 mg/1.

5. The composition according to any one of claims 1 to 4, wherein the composition

also contains carbohydrates and emulsified dietetic oils and which has an energy density

of between 1 and 2 kcal/ml.

6. The composition according to any one of claims 1 to 5, wherein at least 60% of the

proteins therein are composed of whey protein in intact, unhydrolysed form.

7. Use of the composition according to any one of claims 1 to 6 in oral nutrition.

8. Use of the composition according to any one of claims 1 to 6 in enteral nutrition.
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