(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

B

G
)

2
&

(19) World Intellectual Property Organization (3
International Bureau

) I OO0 O

(43) International Publication Date (10) International Publication Number
3 August 2006 (03.08.2006) WO 2006/079420 A1l

(51) International Patent Classification: CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
A23L 1/00 (2006.01) A23C 1/04 (2006.01) GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
A23L 1/09 (2006.01) A23C 1/05 (2006.01) KG, KP,KR, KZ,LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
(21) International Application Number: PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY,
PCT/EP2005/050393 TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU,

(22) International Filing Date: 31 January 2005 (31.01.2005)

(25) Filing Language: English

(26) Publication Language: English
(71) Applicant (for all designated States except US): NESTEC
S.A. [CH/CH]; Av. Nestle 55, CH-1800 Vevey (CH).

(72) Inventor; and

(75) Inventor/Applicant (for US only): MEISTER, Niklaus
[CH/CH]; Scherpfenweg 7, CH-3506 Grosshoechstetten
(CH).

(74) Agent: DIXON, Sarah; Av. Nestlé 55, CH-1800 Vevey
(CH).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

ZA, M, 7ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

—  of inventorship (Rule 4.17(iv))

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

06/079420 A1 IR OO0 OO0

(54) Title: PROCESS FOR PREPARING NUTRITIONAL PRODUCTS

& (57) Abstract: A process for preparing a dehydrated carbohydrate-containing nutritional product comprises preparing a liquid con-

e
=

centrate with a reduced carbohydrate content, spraying the liquid concentrate into a spray-drier and incorporating the remainder of
the carbohydrate content into the nutritional product by blowing solid carbohydrate particles into the spray dryer and removing the
carbohydrate-containing nutritional product from the spray-drier. The process substantially reduces the problem of fouling of the
spray dryer.
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PROCESS FOR PREPARING NUTRITIONAL PRODUCTS

Ficld of the invention

This invention relates to a process for preparing carbohydrate-containing
nutritional products by spray-drying. The carbohydrate-containing nutritional
products may be milk-based powders which contain milk ingredients; such as
infant formulas, milk powders, functional milk powders, and the like.

Background of the invention.

Milk-based powders have traditionally been produced by preparing a liquid
concentrate of all the ingredients making up the powder. The liquid concentrate
is then transported to a spray drier and dried to powder. This process is often
known as a wet-mix process. Powders produced by this process are usually
homogeneous and dissolve rapidly. However, if the liquid concentrate contains
carbohydrates, the carbohydrates tend to cake in the spray-drier, causing fouling.
The caked carbohydrates are extremely difficult to remove. This may cause
significant cleaning downtime. For example, it may in certain circumstances by
necessary to clean the spray dryer every 24 to 48 hours. A further problem may
occur with certain carbohydrates such as starch which swell when in contact with
water and produce a very viscous liquid concentrate which cannot easily be
spraycd into the drycr. Also, if it is desired to include heat scnsitive ingredients
in the final product and such ingredients arc added to the liquid concentrate, they
will begin to degrade during the spray drying process so that it is necessary to
overdose these constituents in order to be sure that a sufficient amount will
remain in the final product. This is clearly undesirable from an economic point
of view. One example of a heat sensitive ingredient is Vitamin C.

To overcome these problems, it is now common to produce milk-based powders
in two stages. In the first stage, a base powder is produced from a liquid
concentrate by spray drying. The base powder will contain most of the
ingredients of the final product. However, the base powder has reduced levels of
carbohydrates and heat sensitive ingredients. After the base powder has been
produced, the remaining carbohydrates and any heat sensitive ingredients are
addcd by dry mixing. The dry-mix process reduces the problems of fouling in
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the dryer and solves the problem of degradation of heat sensitive ingredients.
However, powders produced by the dry-mix process are much less
homogeneous. In particular, after storage and transport the lack of homogeneity
may be visible to the naked eye. In addition to this aesthetic disadvantage, a
technical consequence of the lack of homogeneity is that powders produced by
dry mixing do not dissolve as rapidly or as completely as those produced by wet
mixing of all constituents.

There is therefore a need for a process for producing carbohydrate-containing
nutritional products by spray-drying which results in products with a good
structure but with reduced levels of fouling in the spray-drier.

Summary of the invention.

Accordingly this invention provides a process for preparing a dehydrated
carbohydrate-containing nutritional product, the process comprising preparing a
liquid concentrate with a reduced carbohydrate content, spraying the liquid
concentrate into a spray-drier and incorporating the remainder of the
carbohydrate content into the nutritional product by blowing solid carbohydrate
particles into the spray dryer and removing the carbohydrate-containing
nutritional product from the spray-drier.

In this context “reduced carbohydrate content” means reduced by comparison
with the carbohydrate content of the final product and “ remainder of the
carbohydrate content” means the difference between the carbohydrate content of
the liquid concentrate and the carbohydrate content of the final product.

Where quantities are specified in percentages, this means percentage by weight
unless otherwise stated.

The invention provides the advantage of producing a powder which has a good
powder structure while reducing caking and fouling in the spray-drier. Hence the

process results in improved efficiency, greater capacity and reduced down-time.

Brief Description of the Drawings
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Figure 1a shows the structure of the powder produced in Example 1 under
magnification

Figure 1b shows the structure of a powdcr with the same composition but
produced by dry mixing.

Detailed description of the invention.

As is apparent from the foregoing, in the process of the invention, the
carbohydrate content of the final product is reached in two stages. The liquid
concentrate has a reduced carbohydrate content by comparison with the final
product. For example, up to 40% of the carbohydrate content of the final
product, typically from 20 to 30%, may be added by blowing into the spray
dryer. Depending upon the composition of the final product, the carbohydrate
added by blowing may be a proportion of all the carbohydrates in the product.
Suitable carbohydrates include sucrose, lactose, maltodextrin, maltose, corn
syrup, corn syrup solids, rice syrup solids, starch, and the like. The exact
carbohydrate or carbohydrate mixture introduced by blowing of solid particles
will depend upon the powder being produced. For example, it may be the entire
content of one specific carbohydrate. This latter approach is particularly
advantageous in the case of so-called anti-regurgitation infant formulas which
contain starch as a thickener. If the starch is added:to the wet mix, not only does
it contribute to the problem of fouling of the spray dryer but also it reduces the
viscosity of the liquid concentrate to such an cxtent that the speed of the spray
drying operation is substantially reduced. Therefore, in the case of anti-
regurgitation formulas or other spray dried nutritional products containing starch,
it is particularly advantageous to add all the starch as solid particles of pre-
gelatinised starch via blowing.

The location in the spray dryer at which the solid carbohydrate particles are
introduced is not critical although it will be necessary to pay due regard to the
possibility of increasing the risk of explosion due to introduction of solid
particles into an environment where hot air is also introduced. However, the
techniques to manage the risks of explosion in spray dryers are well known to
those skilled in the art. Preferably, the solid carbohydrate particles are
introduced into the spray dryer in the zone of turbulence of the spray dryer. The
precise location of this zonc varies with the type of spray dryer but again the
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location and extent of the zone of turbulence of any given spray dryer will be
well known to those skilled in the operation of that spray dryer. Alternatively,
the carbohydrate particles my be introduced into the exhaust air ducts of the
spray dryer, a region that is notorious for developing excessive fouling.

Once introduced into the spray-drier, the solid carbohydrate particles
agglomerate with the drying particles of the liquid concentrate to produce a
homogeneous final product.

Most spray dryers are equipped with apparatus to allow the re-introduction of so-
called fines into the spray dryer. Fines are particles produced in the spray dryer
that are smaller than desired for the final product resulting, for example, from the
breakdown of agglomerated particles produced by spray drying. It has for many
years been the practice to collect these small particles for example by filtration
and blow them back into the spray dryer to re-agglomerate with newly
introduccd liquid concentrate. This process is known as “blowing back™. If a
spray dryer is equipped with apparatus for blowing back fines, this apparatus
may advantageously also be used for introduction of the solid carbohydrate
particles according to the process of the present invention.

To produce a dehydrated nutritional product according to the process of the
present invention, the ingredients are separated into ingredients for wet-
processing and ingredients for dry-processing, processed scparately and then
combined in the spray-drier.

The wet processed ingredients are processed up to the spray-drier in the usual
manner. For example, the wet ingredients are standardised, evaporated,
homogenised, and sprayed into the top of the spray-drier. Suitable
standardisation, homogenisation and spray-drying processes and equipment are
well known to the person skilled in the art.

If the nutritional product is a milk-based powder such as growing up milk, instant
milk powder, or functional milk powder, a standardised milk is prepared. The
standardisation is carried out to provide a desired fat to non-fat solids ratio. This
standardisation is generally carricd out by adding the appropriate amount of
skimmed milk to fresh wholc milk. However, standardisation can also be cffected
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by composing suitable liquids from fresh whole milk, partially skimmed milk,
cream, butterfat, buttermilk etc. Standardisation of milk can also be carried out
from milk powder, skim milk powder, butter oil or vegetable oils with the
appropriate amount of water. Additional wet ingredients may then be added to
the standardised milk. Typical wet ingredients include emulsifiers, lipids, and
vitamins and minerals which are not heat sensitive. If it is desired to produce an
infant formula or healthcare formula, a standardised blend is prepared from a
protein source (for example, milk proteins such as casein and whey) and a lipid
source. Again the standardisation is carried out to provide a desired fat to non-fat
solids ratio. Additional wet ingredicnts arc then added to the standardiscd
formula. Typical wet ingredients include emulsifiers, lipids, and vitamins and
minerals which are not heat-sensitive.

If necessary, after standardisation the wet ingredients may be thermally treated to
reduce bacterial loads. This may be carried out by steam injection or by heat
exchanger; for example a plate heat exchanger. The wet ingredients may then be
cooled; for example by flash cooling.

The wet ingredients may then be evaporated in the usual manner to produce a
liquid concentrate with a solids content above about 20%; for example about 30
to about 40 %y preferably about 35 %. If it is desired to further increase the:u:
solids content of the liquid concentrate, the liquid concentrate may be
homogenised, in one or two stages, preferably in two stages and then further
evaporated to reach a solids content of 50% or more. A suitable process to
achieve this high solids content in the liquid concentrate is described in WO
01/62098, the disclosure of which is incorporated by reference.

Once evaporation is complete, the liquid concentrate is spray-dried. This may be
carried out by spraying the liquid concentrate into the top of a spray-drier,
preferably with high pressure swirl nozzles. The atomisation pressure is typically
between about 50 to about 300 bar, preferably about 120 to about 170 bar with
the hot air being introduced at a temperature between 175 and 400°C, preferably
between 280 and 360°C. Suitable spray-driers and spray-drying conditions ar
well known. :
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Suitable blowing equipment may be used to transport the dry ingredients into the
spray-drier. Air blowers are particularly suitable. Otherwise the dry ingredients
may be mechanically transported to the spray-drier.

Other dry ingredients may also be incorporated in the final product by blowing
solid particles thereof into the spray dryer with the carbohydrate particles.
Suitable ingredients include vitamins such as Vitamin C, minerals such as iron,
zinc and copper in the form of their respective sulphates and flavourings such as
vanilla. There may be various reasons for choosing to add such ingredients in
this way. With heat sensitive components such as Vitamin C, the degradation
that will inevitably occur if the ingredient is added during wet mixing and then
subjected to heat in the evaporation and introduction into the spray dryer can be
minimised. Minerals such as those listed above tend to oxidise any lipid
component in the nutritional product. Again, such undesirable reactions can be
minimised by adding such minerals in this way. As far as flavourings are
concerned, addition in this way reduces cross-contamination of subscquent
unflavoured or differently flavoured products and reduces the requirement to
clean the spray dryer.

It will be appreciated that as the carbohydrate content of the product is being
added in two stages in the context of a continuous manufacturing process, it will
be necessary to ensure that appropriate quantities of solid carbohydrate particles
arc blown into the spray drycr. This may bc achicved for example by monitoring
the solids content of the liquid concentrate entering the spray dryer and the rate at
which the liquid concentrate enters the spray dryer in real time and using this
information to control the rate of introduction of the solid carbohydrate particles
accordingly. Various types of process control equipment suitable for this
purpose exist and are well known to the skilled person.

The products obtained from the spray-drier have very good properties. In
particular, the powders have wettability and solubility properties comparable to
those produced by the traditional wet-mix process and superior to those produced
by the dry-mix process. Further, the powders are homogeneous and tend not to
settle out into different components during storage and transportation. Also, the
spray-drier is subjected to significantly less fouling. In the case of milk-based
powders in particular, the formation of advanced glycation cnd products and
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lysine blockage will be reduced for two reasons. Firstly, at least a portion of the
carbohydrate is kept separate from the protein components of the powder for
most of the process. Sccondly, use of the process of the present invention
enables the rate of the spray drying process to be increased because of the
reduction in fouling. This means that the temperature in the spray dryer is lower
for a given temperature of hot air introduced into the dryer because there is a
greater total mass of liquid present. By this means, the operating temperature in
the dryer may be 10°C or more below those encountered in conventional
processes with a resulting decrease in lysine blockage in the case of milk based
powders such as infant formulas.

The carbohydrate-containing nutritional powders which may be produced by the
process are any suitable powders such as infant formulas, growing up milks,
instant milk powders, functional milks, healthcare formulas, soups, sauces and
the like. The powders may be milk-based powders which contain milk
ingredients but may also be soy-based powders or vegetable based powders.

Embodiments of the invention are now described for the purposes of illustration
only.

Example 1

A honey flavoured growing up milk powder sold under the trade mark Neslac ®
is prepared. Fresh liquid milk is standardised and mixed with the other wet mix
ingredients:--honey, Raftilose ® fructo-oligosaccharides, lactose and calcium
citrate. This mixture is standardised and then a mixture of butter oil and
vegetable oil 1s added and the mixture is standardised again. The mixture is then
subjected to evaporation in a standard manner to provide a liquid concentrate
with a solids content of approximately 40%. Thereafter, the concentrate is
subjected to two stage homogenisation followed by further evaporation to reach a
solids content of between 55 and 60%and is then sprayed into the top of a spray-
drier through nozzles at a pressure of between 120 and 160 bar. At the same
time, hot air is blown into the dryer at a temperature of between 280°C and
310°C. The drier is otherwise operated under standard conditions.
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A powder mix made up of maltodextrin, sucrose, vitamins and minerals is blown
into the spray-drier at a position about 5 m from the top. The growing up milk
powder is collected from the bottom of the spray-dricr.

The powder is examined and has an agglomerated, homogeneous structure with a
density of about 510 g/l.

In this example it may be seen that it is the entire content in the product of the
carbohydrates sucrose and maltodextrin that is incorporated in the product
according to the process of the present invention. The carbohydrate content of
the product additionally includes lactose which is incorporated in the product via
the liquid concentrate.

The powder is then compared to an powder produced by spray drying the same
liquid concentrate and adding the same proportions of maltodextrin, sucrose,
vitamins and mincrals by dry-mixing. The powder has a density of about 580 g/1
Referring now to the drawings, Figure 1a shows powder produced by the process
of the present invention as described above and Figure 1b shows powder with the
same composition but produced by dry mixing, in each case under magnification.
As may clearly be seen from a comparison of the Figures, the structure of the
powder of Figure 1a is substantially more homogeneous.

The wettability, miscibility and state of dissolution of the two powders are
measured by standard techniques and the results are shown below and it is found
that the powder made by the process of the present invention has substantially
improved wettability leading to improved solubility in both cold and warm water.
Other powder properties are similar.

The process is run for a period of several months and production efficiencies
calculated. It is found that the process results in increased line capacity of up to
15% as compared to the dry-mix process and up to 150% as compared to a full
wet-mix process (up to 300% in the case of products containing starch when all
the starch is incorporated according to the process). These improvements result
primarily from reduced cleaning down-time due to reduced fouling and caking in
the spray-drier. However, the elimination of a separate dry-mixing step allowing
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a continuous manufacturing process to be employed also contributes to the
improved efficiency.

Example 2

Samples of the infant formula sold under the trade mark Lactogen ® which
contains the carbohydrates lactose, maltodextrin and sucrose are manufactured
using the process of the present invention to incorporate the maltodextrin and the
sucrose and conventionally using dry mixing to incorporate the maltodextrin and
the sucrose. The level of lysinc blockage in the two samples is measured and
found to be 9.49% in the sample produced according to the process of the present

- invention and 11.08% in the sample produced by dry mixing.
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Claims

A process for preparing a dehydrated carbohydrate-containing nutritional
product, the process comprising preparing a liquid concentrate with a
reduced carbohydrate content, spraying the liquid concentrate into a spray-
drier and incorporating the remainder of the carbohydrate content into the
nutritional product by blowing solid carbohydrate particles into the spray
dryer and removing the carbohydrate-containing nutritional product from
the spray-drier.

A process as claimed in Claim 1, wherein up to 40% of the carbohydrate
content of the product is blown into the spray dryer.

A process as claimed in Claim 1 or 2, wherein from 20 to 30% of the
carbohydrate content of the product is blown into the spray dryer.

A process as claimed in any preceding claim wherein the entire content of
a specific carbohydrate in the product is blown into the spray dryer.

A process as claimed in Claim 4, wherein the specific carbohydrate is pre-
+gelatinised starch.

A proccss as claimed in any preceding claim wherein the carbohydrate
powder is blown into the spray dryer in the zone of turbulence of the spray

dryer.

A process as claimed in any preceding claim wherein the spray dryer is
equipped with blow back apparatus and the carbohydrate particles are
introduced into the spray dryer by means of the blow back apparatus.

A process as claimed in any preceding claim wherein vitamins and/or
minerals are incorporated in the product by being blown into the spray
dryer with the carbohydrate particles.

A process as claimed in any preceding claim wherein the solids content of
the liquid concentrate is at lcast 50%.

10
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