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HYDROLYSATE AGGLOMERATE PRODUCT AND METHOD FOR
PREPARING A SPRAY-DRIED STARCH HYDROLYSATE
WEBEOMERATE PRODUCT 5 The invention relates on theeOneandoo7as
spray-dried starch hydrolysate agglomerate product. On the other hand,
the invention relates to a method for preparing a spray-dried starch
hydrolysate agglomerate product in a spr:f\y-drying tower, comprising
spraying a liquid material onto a solid powder material, whereby the liquid
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15 Starch hydrolysate products are obtained by the partial hydrolysis of cereal, root or
tuber starches. Depending on the degree of hydrolysis, as expressed by the dextrose
equivalent (DE), one speaks about maltodextrins (DE < 20) or glucose (corn) syrups
(DE > 20). These starch hydrolysates can be obtained via different manufacturing
processes, including a one step enzymatic hydrolysis, a two-step enzyme-enzyme

20 process or a two-step acid-enzyme process,

Maltodextrins are mainly available commercially in a spray-dried, particulate form.
Some of the glucose syrups having a DE between 20 and 30 are also available in a
spray-dried particulate form and are known as “corn syrup solids”.

25
These powder products are used as dispersing aids, flavour carriers, bulking agents,
humectants, viscosifiers and other functional ingredients. They can work in 2 wide

variety of applications ~ from dry mixes to fillings and from sauces to beverages.

30 The physical characteristics of the powder products are of great importance for their

use in this wide range of applications.
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variety of applications - from dry mixes to fillings and from sauces to
beverages. 30 The physical characteristics of the powder products are of
great importance for their use in this wide range of applications.
CONHERNVATION COPY WO 2005/079595 PCT/EP2004/0Q4 idelp2804/001744
Important physical properties related to these powders are: - bulk density
(loose and tapped) and related to these, compressibility; - average
particle size; 5 - particle size distribution; .- mechanical stability; -
flowability; - dispersability and related to that, dissolution speed. 10 These
physical properties are very important with regard to the handling
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of these powder products, but also with regard to their use in a range of applications.

Today, two major types of starch hydrolysate-based powders are encountered in the
market.

15 A first type are the standard spray-dried powders which have a relatively high bulk
density varying between 0,45 — 0,65 g/cm?, an average low particle size and a broad
particle size distribution. The relatively high bulk density makes these spray-dried
powders snitable in the preparation of dry mixes, because phase de-mixing of the
different components in these compositions is thereby limited or even prevented.

20  The relatively high bulk density further results in less voluminous packaging sizes
thereby influencing positively transportation costs per weight unit. A major
disadvantage however is the relatively high amount of fines (with particle size < 100
micron), resulting in dusting problems and therefore safety risks, limited or bad
flowabilify and increased compressibility.

25
In addition, these spray-dried powders are difficult to completely hydrate, i.e. to
dissolve in water. Because of the fine particle size, such powders require high shear
mixing and low rates of addition fo the water, heating or other dissolution liquid in
order to avoid the formation of smail lumps, which are wet on the outside and dry

30 within,



micron), resulting in dusting problems and therefore safety risks, limited or
bad flowability and increased compressibility. 25 In addition, these
spray-dried powders are difficult to completely hydrate, i.e. to dissolve in
waterBesasse of the fine particle size, such powders requisePighsheas 4
mixing and low rates of addition to the water, heating or other dissolution
liquid in order to avoid the formation of small lumps, which are wet on the
outside and dry 30 within. WO 2005/079&'395 PCT/EP2004/001744 3 1In
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in ZeitdeRHRTOISRBBEHEMPeMe i khOedobust migba)icaReeihitiadvances in
agglomeration during spray-drying."” by E. Refstrup.
Different processes are known for preparing such spray-dried starch hydrolysate
agglomerate products. Standard prior art agglomeration processes are for instance
15 described in Food Preduct Design (May 1997): “Spray drying: innovative use of an
old process” by R.C. Deis, and in Zeitschrift for Lebensmitteltechnik {October

1992): “Recent advances in agglomeration during spray-drying.” by E. Refstrup.

In order to compensate for the above cited drawbacks, in US 4,810,307, a process is
20 described whereby a spray-dried maltodextrin powder is blended with a volatile
liquid other than water (e.g. 95% cthanol). The resulting blend is then compacted in a
roller compacter without extraneous lubricant. The formed sheet is then broken and
sieved. According to the applicant of US 4,810,307, the resulting particles are non-
spherical, do have a bulk density comparable to the starting material, a good

25 solubility and no flow or dusting problems.

However, particle size distribution is quite broad, while the percentage of particles
larger than 500 micron (+ 30 mesh) is much too high, as shown in example 2 of US
4,810,307. Indeed, too large quantities of such large particles result in “white spots”

30 in the applications and this is an undesirable effect. In addition, compressibility of



In order to compensate for the above cited drawbacks, in US 4,810,307, a
process is 20 described whereby a spray-dried maltodextrin powder is
blended with a volatile liquid other than water (e.g. 95% ethanol). The

tesuliing-biend is then compacted in a roller compacter WithQulgpagos/n01744
extraneous lubricant. The formed sheet is then broken and sieved.

According to the applicant of US 4,810,307, the resulting particles are
non- spherical, do have a bulk density comparable to the starting material,
a good 25 solubility and no flow or dustin@ problems. However, particle
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that the use of liquids such as ethanol creates some safety constraints

during the manufacturing process. An alternative is offered by the
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3,706 j598pdhsclusesxttantte, copeelbpomngdingnute droplets of the liquor and cooling to
solidification. The applicant of US 3,706,598 discloses that the corresponding
15 products have excellent wetability and solubility in water. However, no concrete
figures are provided. Furthermore, the density of the products obtained varies
between 0,65 — 0,9 g/cm® (55 pounds per cubic foot). Because of the fact that in the
process as described in this patent application, the solidified product is ground or
milled to an extent sufficient to pass through a 20 mesh screen, it is obvious for a
20  man skilled in the art that this results in a disadvantageous quite broad particle size
distribution, while the percentage of particles which are larger than 500 micron is too
high. In addition, the moisture content of the products disclosed is too high while the

described manufacturing process is less attractive.

25  As already indicated above, the compacted powders and the glass-like products
obtained by these processes do show one or more shortcomings which are related to
their physical properties (density, mechanical stability, particle size and/or moisture

content) and to the processes used for their manufacture.

30 The methods disclosed hereunder are related to the preparation of spray-dried

pregelatinised agglomerated starch-based products.



15 products have excellent wetability and solubility in water. However, no
concrete figures are provided. Furthermore, the density of the products
obtained varies between 0,65 - 0,9 g/cm’' (55 pounds per cubic foot).
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products. This method uses two or more capped, two- fluid nozzles of the

e S 4,208,851, In this process, twg or more spray-cook
X8°zzfi25&?§r%é'ﬁ?h ﬁsﬁaﬁs&;)agﬁe&a@ﬁ%%ﬁﬁ ABAsATG tedvier Sorkinpat gelatinising
their smm]epaitamsh|rsteosmatlde1ﬁipmtnbc¢bmermmﬁdnﬁ$mm distaformation
enough Ha IS ARARRIP S SIORRRA SR bgdugi%mﬁ”c%%ﬁed and

to the noz Ies SO t att e partlc acky enou
effect fhesianl amducys mﬁa}@qﬁ tlg@@ﬁn'{épamgenal 1s initially mlxed in an agueous

solvent (a shurry is formed) and then atomised into an enclosed chamber to form a
15  relatively fine spray which may be uniformly cooked or gelatinised. A heating
medium (e.g. steam) is interjected into the atomised material in the chamber to cook
the material. The chamber contains a vent aperture to allow the heated atomised
material to exit the chamber, with the size and the shape of the chamber and the vent
aperture being effective to maintain the temperature and moisture content of the

20 material for a period of time sufficient to cook and gelatinise the material.

In EP 1 166 645, agglomerated spray-dried starch based products and dry-mixes
based on these agglomerated spray-dried starch based products are described. The
agglomerated starch-based product is a homogeneous powder wherein each powder
25  particle is an agglomeration of randomly distributed fine grains. As described in EP 1
166 645, these spray-dried agglomerated starch-based products can be prepared by
spray-cooking of unmodified (native) or modified starch and maltodextrin in an
apparatus such as is described in US 4,280,851 In the process as described in EP 1
166 6435, the maltodextrin is injected in the top of the spraying tower in such a way
30 that the trajectory of the dry powder crosses the spray pattern of the spray-cooked

starch in order to produce spray-dried agglomerated particles.



10 In US 4,208,851, a process and an apparatus are described for
cooking or gelatinising a material which is normally difficult to cook and
spray dry because of the formation of high viscosities during cooking, so
that an easily dryable, uniformly cooked and finely-sized product is
obtained thereby. The material is initially mixed in an aqueous solvent (a
slurry is formed) and then atomised ifito an enclosed chamber to form a
15 relatively fine spray which may be uniformly cooked or gelatinised. A
heating medium (e.g. steam) is interjected into the atomised material in
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- astatic angle of repose (SAOR) of less than 45°, as a measure for flowability;
and

- adissolution speed of < 180 seconds.

In this way, a spray-dried starch hydrolysate agglomerate product, which has a high bulk
density, reduced volume, a high mechanical stability, low dusting, high dissolution speed,

higher mean particle size and better particle size distribution, can be obtained.

In a preferred embodiment of a spray-dried starch hydrolysate agglomerate product, the
starch hydrolysate has the following properties:

- a DE between 5 and 35;

- a moisture content of < 6% by weight;

- an unpacked bulk density between 0,45 and 0,55 g/em’:

- acompressibility of less than 5%;



In a first aspect, there is provided a spray-dried starch hydrolysate
agglomerate product, characterised in that the starch hydrolysate has the
following properties: - a dextrose equivalent (DE) between 5 and 35; - a
moisture content of < 6% by weight; - an unpacked bulk density between
0,4 and 0,6 g/em3; - a compressibility of less than 10%; - a particle size
distriputjon whereby less than 5% hy weight is bigger than 500 micron and
- ARade ﬁéﬁ%%sﬂg‘z%)‘il)%‘f“%ﬁ%&w 4R 8 rhYcFé?ﬁ,g%fdﬁ BigeradRapartigicron and
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- a diisbiLERRp&aNJTe: Qbtaiaeshdy a preferred embodiment of a spray-dried
starch hydrolysate agglomerate product, the starch hydrolysate has the

following properties: - a DE between 5 and 35; - a moisture content of <
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less than 3% by weight is bigger than 500 micron and less than 3% by

weight is smaller than 53 micron;
A spray-dried starch hydrolysate agglomerate product as disclosed herein preferably has a

DE between of 10 to 22.

Also disclosed herein is a method for preparing a spray-dried starch hydrolysate agglomerate
product in a spray-drying tower, whereby the thus obtained spray-dried starch hydrolysate
agglomerate products show the combined properties of standard spray-dried starch
hydrolysates and known spray-dried starch hydrolysate agglomerate products, i.e. a high bulk
density, reduced volume, a high mechanical stability, low dusting, high dissolution speed,

higher mean particle size and better particle size distribution.

In a second aspect, there is provided a method for preparing a spray-dried starch hydrolysate
agglomerate product in a spray-drying tower, comprising spraying a liquid material onto a
solid powder material, whereby the liquid material is atomised by means of one or more two-
fluid nozzles using a fluid for heating and conveying this material, and whereby the
agglomerated spray-dried starch hydrolysate is produced by injecting the solid powder
material in the top of the drying tower in such a way that the trajectory of the powder crosses
the spray pattern of the atomised liquid material, charaterised in that the liquid material

which is atomised by one or more



- an average particle size of between 175 - 230 micron; - a mechanical
stability of> 97%; - a SAOR of less than 40 ; and - a dissolution speed of <
120 seconds. In a more preferred embodiment of a spray-dried starch
hydrolysate agglomerate product, thé@ starch hydrolysate has a dissolution
speed of < 90 seconds. A spray-dried starch hydrolysate agglomerate
two-ﬂﬁ’i@qul@bs Q'ﬁ%ﬂﬁgﬁi ﬁiﬂfﬂt%f%ﬁﬁ%lga@lﬁrgg %%@ﬁ%%é%ﬁa%& solution is
Also disclosed herein is a method for preparing a spray-dcrle star
atomisgddrBhssrsagyleaé el product in a spray-drying tower, whereby the
thus obtained spray-dried starch hydrolysate agglomerate products show
the combined pr@%}erties of standard spray-dried starch hydrolysates and
|
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high dissolution speed, higher mean particle size and better particle size
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liquid material, charaterised.in that the liquid material which is atomised

PUPOSe L iy SRR e SIS ST 1 809 It B AR osts oy sate solution.

whereby this starch hydrolysate solution is atomised using steam as said
In a ppelfg*i‘ed method, the starch hydrolysate solution has a concentration of 50 - 75% dry
matter, and more preferably, of 65 - 75% dry matter.

In an advantageous method, the steam has a pressure between 7 and 15 bar.

The weight ratio of steam versus starch hydrolysate solution (weight steam/weight hydrolysate

solution) can be within the range of 0,05 and 0,4, and preferably between 0,1 and 0,3.

The heating air which is introduced in the spraying tower has preferably a temperature

between 160 and 300 °C, and more preferably between 180 and 250 °C,

In a preferred embodiment, the exiting air has a temperature between 90 and 120 °C.



Although from EP 1 166 645, it is known to inject a maltodextrin powder in
the top of a spraying tower in such way that the trajectory of this solid
powder crosses the spray pattern ofgthe spray-cook starch which exits
one or more two-fluid nozzles in order to produce agglomerated patrticles,
it is not obvious for a man skilled in the art to use the two-fluid nozzles to
The ratotrisecarstascloliy grolylsatend ehetigar dnte doligsperdhnionordes oy weight basis,
: | t rateqp ct having the
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known spray-dried starch hydrolysate agglomerate products. The
In a plveribdichegodesaaesanitaddn kR 166:64a At HsRR for a totally
different purpose, i.e. spray-cooking a starch slurry, and not for atomising
a starch hydrolysate solution. In a preferred method, the starch
Preferhgrolhs atiersblityonohysta gonelmtiatiospod bdrictbYordryo rthttenasridhydrolysate
solutidpore preferably, of 65 - 75% dry matter. In an advantageous method, the
steam has a pressure between 7 and 15 bar. The weight ratio of steam
versus starch hydrolysate solution (weight steam/weight hydrolysate
This I8elutioneainpe withiRdheranaedbi@eanshdd. @nddaneipnatiyabainees similar
or ¢ U‘%)lli_zaﬁr}d Oif”a. Thetgea{in%ﬁéﬁvh'ch is int]roduced in the spraying tower has
q pre ergﬁfy lé)?ear%peerg g {oesi T68'5RA 300 C, and more preferably
between 180 and 250 C. In a preferred embodiment, the exiting air has a
In antgmgﬁtrﬁéﬁﬁsbﬁ%&{' %Qeagg?ilt?rge%gd E&%)‘fuadl‘?eﬁe%?&ﬁ ﬁ?%rgfyﬂte, particles is
powder and the starch hydrolysate solution, on a dry weight basis, Is
broughy, iy aiyidissddsd 0,6 and 1,1, and more preferably between. 0,8 and 1.
In a preferred method, the dry powder is a starch hydrolysate powder.

- Preferably, the starch hydrolysate powdey is a spray-dried form of the .
Pt A SRR R QLIS 1 SR O e deseipion
and thhﬁdﬂ@lyé;g@mwd% comsbghenttybmegrivaleecd sirhitarg apeestaiktion in the general
scope CPTMRARMIN AT &Q%ﬁ%ﬁﬁeﬁ)’sdfﬂi}{?ﬁ’i@ §Q(I>%Qﬂrscripﬁou and from the claims at the

end of this text.

The spray-dried starch hydrolysate agglomerate product according to the invention, having
the properties as described in the product claims, can be used at the same time for preparing
dry mixes, as well as for preparing thickening solutions such as for meat, dairy, baby food or
convenience food applications. In these applications, dissolution speed is very important.
Improved handling properties with regard to bulk density, mechanical stability, dusting
properties (safety) and flowability are of importance in the preparation of dry mixes, but also
with regard to storage, dosing and mechanical transportation. As a consequence, such a
product will simplify storage installations and transportation means at the costumer, because

only one type of product will need to be stored and transported.



In an advantageous method, the agglomerated spray-dried starch
hydrolysate particles is brought into a fluidised bed. Further distinctive
features and characteristics will be clarified in the following description

arrhibesfalowing examples, which should be considered asgogiRg 06001744
restriction in the general scope of the invention as that appears from the

above description and from the claims at the end of this text. The
spray-dried starch hydrolysate agglomerate product according to the
invention, having the properties as describ@d in the product claims, can
be used at the same time for preparing dry mixes, as well as for preparing
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food applications. In these applications, dissolution speed 1S very
importafate |piptes et hayiiaenpropeptimsswitTinegtrdthe Isptkyeéngity, step, thereby

mechapicalspia iy atingRtansHiss {safety) and flowability are of
importance in the preparation of dry mixes, but also with regard to
stosrage, dosing and mechanical transportation. As a consequence, such a

product il psiprplify siDrhgepnstakirtionsandiiasisposaliodsnenns af the product
costumer, because, onl e t?%ge of-product will need to.be stared and
transpc();??gg.s \E}{rfCL)(Jis fﬁ%fé?g%Q 10};':{%?32]86%%&3 IEO ngqﬁr%%% i to

stabilise the above cited starch hydrolysates, they may be submitted to a

state Oﬁﬂéetaﬁh_hmﬂfqae)&%&@neaﬁ%ﬁéﬁ%p%&o emRPrRYISRENA:SIERontent of the
thereby pr(iwdln hydrogenated starch hydrolysates. 5 The properties of

the? spriy el SHFHH ooyt dy s GldBErI At B ifubAErkimgn constant
are detgraningbbldy Thisanstektbeimetweisbdiseiosed erewith: The term
DE (dextrose equivalent) refers to the reducing sugar content of the 10

dissolved solids in a starch hydrolysate, as measured by the Lane-Eynon
constadhe bulk density of the spray-dried starch hydrolysate agglomerate product is

expressed as the unpacked bulk density. The unpacked bulk density is determined by
15  weighing a quantity of spray-dried starch hydrolysate agglomerate product of the
invention in a glass graduated cylinder of 250 ml. The unpacked density then
corresponds to the ratio of the mass of the product and the volume of the product.
Packed (tapped) density is then determined by packing the sample under standard
conditions in an Erweka SVM22 volumeter. Tapped density is then determined after
20 50 strokes. Compressibility is expressed by the formula C = {1 - pyy / p) * 100%.
Therein is puns the untapped density, and p; the tapped density, as defined above.

Particle size distribution is determined by sieving 50 g of powder in a Retsch
VEI1000 shaking device containing sieves of 53, 100, 200, 300 and 500 micron,

25  during 10 minutes using an amplitude of 1,5.

Average particle size is expressed as the mathematical mean particle size on weight

basis of the different fractions obtained from the particle size distribution.

30 Mechanical stability is determined on an Alpine sieving apparatus 200 LS-N as the
ratio of the weight of fraction of the spray-dried starch hydrolysate agglomerate



titre method. This method is fully described in ISO 5377. The bulk density
of the spray-dried starch hydrolysate agglomerate product is expressed
as the unpacked bulk density. The unpacked bulk density is determined

WY Hasweighing a quantity of spray-dried starch hydrolysate,aggpimeraier
product of the invention in a glass graduated cylinder of 250 ml. The

unpacked density then corresponds to the ratio of the mass of the product
and the volume of the product. Packed (tapped) density is then
determined by packing the sample under dtandard conditions in an

Erwekao¥iviZar velumettion” apresdeosity isothes-setersio ek adtefed030Qninutes

strokes.. Compressibility is expressed by the formula C = (1 - p.t/ pt) * -
0006 SRR SRl (R APt A8 ey AN e Gl o Ry Seivine
definedsgisdvenddatticlesizedstibutid A0E CetEbminethtyssmlingBdigtofieved for

powdes in.g ReIsgh .Y AQeRssRaKINe davicscrtalingsiavemd adrdfive small
200, 300 and 500 micron, 25 during 10 minutes using an amplitude of 1,5.

Av@,rag@‘iﬁié'ﬁﬁ:le size is expressed as the mathematical mean particle size
on weight basis of the different fractions obtained from the particle size

distribytjon. Mechanical stability is determined_on an AlRi ievi .
oo B SN AR TR o BF (A BRI o R L. B method is
spray-drisdistdrich B E398A 08 Aotyhanarbtep WO 00810F 253 maximum angle in

PCTIP 200040044 il BIORHEL AT G DN 0figR remaining on a 150

micron Alpine sieve after 30 minutes sieving and weight of the product on

thd same Alpine sieve after 5 minutes. Seiving is performed at an
underpresstirgoaflsheQ0Baesthadarattiahsamplassast fisstisiowrdzi®E 3f product in
minutes,.an an ASTM Retsch sieve of 150 micron in order to remove small

5 part QL ISRty b oSSR ST Q1o sy
The metiwd gith a magnetic stirrer at 300 rpm.

15 The method according to the invention for preparing a spray-dried starch hydrolysate
agglomerate product may be performed in a spray-drying tower as disclosed in EP 1
166 645. However, also other types of spray-drying towers can be used to perform
the method. The tower which is used in EP 1 166 645 comprises one or more two-
fluid spraying nozzles as described in US 4,280,851,

20
In the method according to the present invention, in the spray-drying tower, a starch
hydrolysate is injected in the top of the tower in such a way that the trajectory of a
solid powder, preferably a dry starch hydrolysate powder, crosses the spray pattern
of a starch hydrolysate solution which is atomised by one or more two-fluid nozzles.

25  The atomising process of the starch hydrolysate solution in the one or more two-fluid
nozzles is performed by first atomising the starch hydrolysate solution into an
enclosed chamber, then interjecting steam into the atomised starch hydrolysate
solution in the enclosed chamber and finally enabling the atomised starch
hydrolysate solution to exit the chamber through a vent aperture into the spraying

30  tower.



described by ISO 8398:1989. Angle of repose is defined as the maximum
angle in degrees at which a pile of material retains its slope. 10
Dissolution speed corresponds with the time needed to dissolve 20 g of

R Is200 ml water at 5 C in a beaker of 400 ml, wherghy, the, XS
is continuously stirred with a magnetic stirrer at 300 rpm. 15 The method

according to the invention for preparing a spray-dried starch hydrolysate
agglomerate product may be performed %a spray-drying tower as

disclosed in EP 1 166 645. However, alsd other types of spray-drying
towerkdans petiséo pmopasf,dfrm sthrermettfiaes Mdewmhwhmh}jsauﬁﬁd»ﬁer which

EP 1 Jsfis} 845 SO NP LSS ONS, (g{ﬁg%% Id SRravin $i¥ tff;g%géa%mm {he two-

descrlbe in US 4,280,851. 2 & met accor sent

invenfigid W%ﬁ@%ﬁfﬁ?ﬁdwmhfw&ﬂ‘a%fwﬁe rfmmt@ﬂéhmmdﬁemetarch
top ofihrotowes dpsushradyaydthab g thalesterny of a solid powder,

pgeferably a dry starch hydrolysate powder, crosses the spray pattern of a
starch hydrolysate solution which is atomised by one or more two-fluid
nozzlesp@fihpaetommising: pincess b thenstarchitry dral wsatewalotiasf ithe starch

the og c%l HELNR J&%ﬂn@?ﬁé@ ?h'es\pee ﬁmé't (gok})é QEL% %}:%n‘&rsqﬁat[h olution, the

starch ydrolysate soltution into an enc cha jec
steanifidtd PSS rﬁ‘igéa@t&r@ﬁzwﬁf&yéa@eﬁwmf wth@mmwhe spraying

Cha”rl:@Weﬁﬂd é‘ﬁﬁur)]/tﬁﬁ" 9@!{&%*5.@@59??%%(1 t?@t[ﬁrb Ii‘)\é@tﬂ@‘:\xﬁs%% ?Qéﬂ'@?&%iysate
It the chamber t (ture Into rayin ow!

oo kb BE b4 0 P 10 15 I B RE A bsE e o iion ed
streamaoftfinewoefithi stzuich, hiydrishdiate pewaer thbiehele under which the spray

patterns intersect.

The starch hydrolysate solution is thereby introduced in the two-fluid nozzles at a
15 concentration of 50 ~ 75%, preferably 65 — 75% dry matter, while the weight ratio of
steam to starch hydrolysate solution may vary between 0,05 and 0,4, preferably
between 0,1 and 0,3. Steam pressure used may vary between 7 and 15 bar, while the
temperature of the heating air which is introduced in the spraying tower is situated
between 160 and 300 °C, more preferably between 180 and 250 °C. The temperature
20 of'the exiting air at the bottom of the spraying tower is between 80 and 125 °C, more
preferably between 90 and 120 °C. The angle under which the spray patterns
intersect will be such that contact of the particles occurs at a location where the
particle surface is tacky enough to promote adherence of the particles, but not so
close to the nozzle vent apertures that lumping of the spray-dried starch hydrolysate
25  agglomerate product occurs. A.o, this angle will depend on the concentration and
composition (DE) of the starch hydrolysate solution, on the circulating air
temperature, on feed rate through the nozzles and on the ratio between the starch
hydrolysate powder which is injected in the top of the spraying tower and the starch
hydrolysate solution that is fed through the two-fluid nozzles. An advantageous ratio
30 ondry weight basis is between 0,6 and 1,1, preferably between 0,8 and 1. The spray-
dried starch hydrolysate agglomerate product can then be brought in a fluidised bed,



is injected in the top of the spraying tower is contacted with the sprays
from the two- fluid nozzles, using conditions allowing the formation of the
spray-dried starch hydrolysate agglomerate product of the invention. 5
Wopshapbparameters hereby are the concentration and congpesiianR.Qfithe:
starch hydrolysate to be agglomerated, the weight ratio of steam to
hydrolysate solution, the steam pressure used in the nozzles, the
temperature of the heating air in the spraying tower in which the particles
are sprayed, the ratio between the starch A drolysate 10 powder injected

in the top@t the shying tolehanfitiesachbdralisale sebuiandadvaiaia the air
the twoggljui%nozzles, the feeding rate and the angle under which the
Spray pa??er'ns intersect. The starch hydrolysate solution is thereby
introduced in the two-fluid nozzles at a 15 concentration of 50 - 75%,
preferably 65 - 75% dry matter, while the weight ratio of steam to starch
hydrolysate solution may vary between 0,05 and 0,4, preferably between
0,1 and 0,3. Steam pressure used may vary between 7 and 15 bar, while
the temperature of the heating air which is introduced in the spraying
tower is situated between 160 and 300 C, more preferably between 180
and 250 C. The temperature 20 of the exiting air at the bottom of the
spraying tower is between 80 and 125 C, more preferably between 90
and 120 C. The angle under which the spray patterns intersect will be
such that contact of the particles occurs at a location where the particle
surface is tacky enough to promote adherence of the particles, but not so
close to the nozzle vent apertures that lumping of the spray-dried starch
hydrolysate 25 agglomerate product occurs. A.o. this angle will depend on
the concentration and composition (DE) of the starch hydrolysate
solution, on the circulating air temperature, on feed rate through the
nozzles and on the ratio between the starch



hydrolysate powder which is injected in the top of the spraying tower and
the starch hydrolysate solution that is fed through the two-fluid nozzles.
An advantageous ratio 30 on dry weight basis is between 0,6 and 1,1,
wieiesablysbetween 0,8 and 1. The spray- dried starch hydrelygat©oo4/oo1744
agglomerate product can then be brought in a fluidised bed, WO
2005/079595 PCT/EP2004/001744 13 where the powder is further dried
and/or cooled and fines present remove(éxia the air stream. WO
2005/079595 PCTIEP2004/001744 14 Example 1: In this example, the
advarfageplislproperties of the product of the invention are illustrated by

compgying.a rafi ' - pied staf 0 fon ar
o LT T D Do o

! ! Ised. 5 Following commercia
availaHstErsdubs GRreaiated: CHME0D 11ST fioRPIReYUER FPEvEgried starch

C*SpaiafiaR b irsm e aresianiieldineny canci&Geamadex SPG20 from
AVEBA‘J(EggDifferené{)aramiters re. shown in Table 2. Glucidex C*Sperse

Grandd88 BPEFORBF S braisoY BBSE the fisehtion Loose p (g/1)
400 4GHIEBEABET TappeRbyugid F436: 504 66003 Dofipresibility Btding BV

6% 1478 8¥nfie RPN W 3P 94 91 >99

Different parameters are shown in Table 2.

Glucidex C*Sperse Granadex Product of
211T 01321 SGP20 the invention
Loose p (g/1) 400 474 358 486
Tapped p (g/1) 435 504 418 500
Compressibility 8% 6% 14% 3%
PSD (% wiw)
>53n >99 94 91 >99
> 200 72 40 28 49
> 500p 6 2 2 2
Average PSD () 270 185 155 220
SAOR 42° 40° 60 — 70° 36°
Mechanical 95% 93% 83% >98%
stability
Dissolution speed 230 205 390 55
(sec)
10 Table 2

PSD: particle size distribution SAOR: static angle of repose



>20072402849 >5006 222 Average PSD () 270 185 155 220
SAOR 42 40 60 - 70 36 Mechanical 95% 93% 83% > 98% stability
Dissolution speed 230 205 390 55 (sec) 10 Table 2 PSD: patrticle size
WiatiytiarySAOR: static angle of repose WO 2005/079595 per/mpacad/oni 744
PCT/EP2004/001744 15 Example 2: In this example, dissolution speed
at two different temperatures (5 C and 22 C) was compared of products

of this invention versus state of the art products (see table 3).
Non-agglomerated maltodextrins (18DE and 21DE), as well as
agglormeamgtt 3:.counterparts (C*Sperse 01318, C*Sperse 01321,

GIum% IT21 are red with .products.of the invention. Sp¢ d&;%c)

at 22 éh ee )aﬁ% &tiof@%fielnv%ﬁ 6}? ?T’Zﬁ’%égeﬁ\&erﬁ@ﬂ ) was

55 StQMamésm@Qtsqﬁhsmqammaﬁs3memmmeeggmdemt@dg table 3).

Glucid@¥ TehIBx 439 maltodextrins (I8DE and 21DE), as well as agglomerated
5 counterparts (C*Sperse 01318, C*Sperse 01321, Glucidex IT21) are compared with

products of the invention.

Speed (sec) at 22 °C Speed (sec) at 5°C

18DE invention 115 120
21DE invention 50 55
Standard 18DE 390 540
Standard 21DE 320 500
Agglomerated:

Glucidex IT21 185 230
C*Sperse 01318 190 205
C*Sperse 01321 175 240

Table 3

10 Results of this example clearly show the outstanding dissolution speed, compared to

products already considerd as having excellent dissolution properties.

Example 3:

15 Dissolution properties of the spray-dried starch hydrolysate agglomerated products of
the invention and other spray-dried starch hydrolysate agglomerated products were
compared to the values disclosed in US 4,810,307 (see table 4). This patent
application describes a process for improving solubility of maltodextrins while

retaining relatively high densities. Solubility was expressed as the time needed to



C*Sperse 01318 190 205 C*Sperse 01321 175 240 Table 3 10 Results

of this example clearly show the outstanding dissolution speed, compared

to products already considerd as having excellent dissolution properties.
WRIMRIe:035 Dissolution properties of the spray-dried starghhyshilysats.,
agglomerated products of the invention and other spray-dried starch
hydrolysate agglomerated products were compared to the values

disclosed in US 4,810,307 (see table 4). This patent application describes

a process for improving solubility of maltd@extrins while retaining
relativelysdligh1dgngipesduSolubility wes fXprea566: agAhe:limaneeiatied in US
\We 29%%0; \9?; %%E{EF;Z 54{-901344 dissolve | g of product in 240

ml watér, without s%lrrlng.e\/%\ ie S GiEEo8E irrlntﬁlgteﬁr,Blo,BOY varied
betwebntshb Minttss awlG minwtasparedabith43 thededtes{ifiscaie ention and with
comp@ggqlgégimg%qgg%;ggrmd'@yention and with commercially available
products. 5 Solubility (minutes) 18DE product of the invention 3,5 US
4,%10,307 products 5,5 - 9 standard maltodextrin 15DE > 12

agglomerated C*Sperse 01318 5,5 agglomerated Fykiptyl {minfiss)
T R D F product of the invention 35
US 4,810,307 products 55-9
standard maltodextrin [SDE >12
agglomerated C*Sperse G1318 5,5
agglomerated Glucidex IT21 6,8
Table 4

From the above, it is clear that the products of the invention clearly show an
improved solubilisation speed.
10




From the above, it is clear that the products of the invention clearly show
an improved solubilisation speed. 10 WO 2005/079595
PCT/EP2004/001744 17 CLAIMS 1. Spray-dried starch hydrolysate

WegaeKAe product, characterised in that the 5 starch hygselysaig, has 7.4
the following properties: a dextrose equivalent (DE) between 5 and 35; a

moisture content of < 6% by weight; an unpacked bulk density between
0,4 and 0,6 g/lem3; a compressibility of less than 10%; 10 - a particle size
distribution whereby less than 5% by weidHt is bigger than 500 micron
and less than 5% by weight is smallerthar pgymicron; - an average
particle size of between 150 - 250 micron; - a mechanical stability of>

95%; - a static angle of repose-{SASR)-ofHess-than-45-as-a measure for

15 flowability; and - a dissolution speed of < 180 seconds. 2. Spray-dried

starch Ihy@gyf-%@eag@%ﬁ%}gﬁgﬁg%;é%%?&%%%ﬁggu%@ma% cterised { ethat the

characterised’in that the starch g/dro ysate agglomerate product has
20 followiriiisfopetinbsated isthp doeem EPapREBBS- a moisture content of

< 6% by weightiexaasdnpasked quk)densidnzeinesn 0,45 and 0,55 g/cm’;
- amoisture content of < 6% by weight;
- anunpacked bulk density between 0,4 and 0,6 g/cm?;
- acompressibility of less than 10%;
10 - a particle size distribution whereby less than 5% by weight is bigger than
500 micron and less than 5% by weight is smaller than 53 micron;
- an average particle size of between 150 — 250 micron;
- amechanical stability of > 95%;
- a static angle of repose (SAOR) of less than 45° as a measure for
15 flowability; and

- adissolution speed of < 180 seconds.

2. Spray-dried starch hydrolysate agglomerate product according to claim 1,

characterised in that the starch hydrolysate agglomerate product has the
20 following properties:

- aDE between 5 and 35;

- amoisture content of < 6% by weight,

- an unpacked bulk density between 0,45 and 0,55 g/cm?;

- acompressibility of less than 5%;
25 - a particle size distribution whereby less than 3% by weight is bigger than

500 micron and less than 3% by weight is smaller than 53 micron;

- an average particle size of between 175 — 230 micron;

- amechanical stability of > 97%,

- aSAOR of less than 40 °; and

30 - adissolution speed of < 120 seconds.



- a compressibility of less than 5%; 25 - a particle size distribution
whereby less than 3% by weight is bigger than 500 micron and less than
3% by weight is smaller than 53 micron; - an average patrticle size of

ReIwiRen 442 - 230 micron; - a mechanical stability of> 97% ~ 2.3 AORPF .4
less than 40 ; and 30 - a dissolution speed of < 120 seconds. WO

2005/079595 PCT/EP2004/001744 18 3. Spray-dried starch hydrolysate
agglomerate product according to claim 2, characterised in that the starch
hydrolysate has a dissolution speed of < 4 seconds. 5 4. Spray-dried
starch3hydyohysdtedggioetigieopratti Claataasding peodit ORREIE to claim 2,
claims 1t I rised_in that the starch hydrolysate.has a DE of
between %é%%%ﬁg&el\}féﬁwoag %? B%E?éruﬁér é]lgsérggy%xrig S é)?‘éﬁon speed of < 90
hydrolysatecag@flomerate product in a 10 spray-drying tower, comprising
spraying a liquid material onto a solid powder material, whereby the liquid
material is atomjsed by means of one or more two- fluid nozzles using a

fidid f8r hERTYE HAY LALLM AZ R mFrdR @RI yorfipe to any one of the
agglomeraltachspraydriedsizreied ya nhlysatestarpiogdeslshy: ieeting dheetween
solid powggfor?aterial in the top of the drying tower in such a way that the

15 trajectory of the powder crosses the spray pattern of the atomised

liquid material, characterised in that the liquid material which is atomised

by 0”@.0rM}z‘&E@dtW)@'p@ﬂﬂﬂ@@&%&&ﬁ(ﬁiﬁ&a{ﬁtbﬂm@&j% $001ABrate product in 2
Aereby s SLChYdToSate soluion s Boled Using Sealn a2 221 e
. material, whereby the liquid material is atomised by means of one or more two-
fluid nozzles using a fluid for heating and conveying this material, and whereby

the agglomerated spray-dried starch hydrolysate is produced by injecting the

solid powder material in the top of the drying tower in such a way that the

15 trajectory of the powder crosses the spray pattern of the atomised liquid material,
characterised in that the liquid material which is atomised by one or more two-

fluid nozzles is a starch hydrolysate solution, whereby this starch hydrolysate

solution is atomised using steam as said fluid.

20 6. Method according to claim 5, characterised in that the starch hydrolysate

solution has a concentration of 50 — 75% dry matter.

7. Method according to claim 6, characterised in that the starch hydrolysate

solution has a concentration of 65 — 75% dry matter.

25
8. Method according to any one of claims 5 to 7, characterised in that the steam
has a pressure between 7 and 15 bar.
9. Method according to any one of the claims 5 to 8, characterised in that the
30 weight ratio of steam versus starch hydrolysate solution is within the range of

0,05 and 0,4.



20 6. Method according to claim 5, characterised in that the starch
hydrolysate solution has a concentration of 50 - 75% dry matter. 7.

Method according to claim 6, characterised in that the starch hydrolysate
SRAUliRDehassa concentration of 65 - 75% dry matter. 25 8. Mgthad,, o 0704
according to any one of claims 5 to 7, characterised in that the steam has
a pressure between 7 and 15 bar. 9. Method according to any one of the
claims 5 to 8, characterised in that the 3Qgveight ratio of steam versus
starch hydrolysate solution is within the range of 0,05 and 0,4. WO
2005/079595 PCT/EP2004/001744 19 10. Method according claim 9,

charagterigedén thabiagyveisht @i of QA dvaiSHR SRR YIS steam
solution is within the range of between 0,1 and 0,3. 5 It. Method accordin

to any on&“GiHEI& @%r‘i S3h SRR S lhl?ﬁﬂ?fﬁ%g%%%qmﬂeéﬁ Gvh ot &3

mtroduced in the spraying tower has a temperature between 160 and 300

ccordi claim 1 aracter th tthe heating a
whion e B S SR S SD L B Rt TR e
180 and 7504 33 Whsthsd seebidih i thamypieect v 8 mn.p@;ature between
characterigeciia gt the bottom of the spraying tower air is exited

which has a temperature between 80 and 125 C. 15 14. Method

according to claim 13, characterised in that the exiting air has a
tempdiatietbatweendfpand k20 €L, characterised in that the heating air which is

10 introduced in the spraying tower has a temperatufe between 180 and 250 °C.

13. Method according to any one of claims 5 to 12, characterised in that at the

bottom of the spraying tower air is exited which has a temperature between 80

and 125 °C.
i5
14. Method according to claim 13, characterised in that the exiting air has a
temperature between 90 and 120 °C.
15. Methoed according to any one of the claims 5 to 14, characterised in that the
20 ratio between the solid powder and the starch hydrolysate solution is between
0,6 and 1,1 on a dry weight basis.
16. Method according to claim 15, characterised in that the ratio between the solid
powder and the starch hydrolysate solution is between 0,8 and 1,0 on a dry
25 weight basis,

17. Method according to any one of claims 5 to 16, characterised in that the dry

powder is a starch hydrolysate powder.

30 18. Method according to claim 17, characterised in that the starch hydrolysate

powder is a spray-dried form of the starch hydrolysate solution.



15. Method according to any one of the claims 5 to 14, characterised in
that the 20 ratio between the solid powder and the starch hydrolysate
solution is between 0,6 and 1,1 on a dry weight basis. 16. Method
Aerastingiesclaim 15, characterised in that the ratio betweeg -thesoligha .44
powder and the starch hydrolysate solution is between 0,8 and 1,0 on a
dry 25 weight basis. 17. Method according to any one of claims 5 to 16,
characterised in that the dry powder is a starch hydrolysate powder. 30
18. Method according to claim 17, charactétised in that the starch
hydrolysate powder is a spray-dried form of the starch hydrolysate
solutio 005/079595 PCT/EP2004/001744 .20 19. Method . .
ccorcing e SERORn o R Sl 505 8 SRR n hac e
agglomeratgglapeeaied ipthstreh sdhoydonty paetivies s by duopghintsaa fluidised
fluidised hgd. 5 20. Method according to any one of the claims 5 to 19,
characterised in that a spray-dried starch hydrolysate is obtained
ac?:ording to any one of the claims 1 to 4.

20. Method according to any one of the claims 5 to 19, characterised in that a

spray-dried starch hydrolysate is obtained according to any one of the claims 1
to 4.



