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relates to a beverage powder which, when dissolved in a |liquid,
progressively increases the viscosity of the liquid. The beverage powder 5
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satiety. Sonegl %gggibggggre effective in reducing hunger than others.
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has been achieved when the carbohydrate source was fructose only. This
reduction is suppressed as soon as glucose, sucrose or starch is present.
20 Therefore, to reduce hunger, the metabolic response to a carbohydrate load
should be minimised as much as possible.

The glycaemic response to food is also an important factor in the
nutritional control of diabetes. Being able to reduce the glucose and insulin
responses in plasma after a meal will enable better control of diabetes. Hence

25 another application of foods which have reduced glycaemic response is in the
nutritional control of diabetes.

The most important attributes of soluble fibre are its potential for lowering
postprandial glycaemia and insulin response and its ability to decrease plasma
cholesterol. For example, Jenkins ef al., 1978, Br. Med. J., 1, 1392-1394 have

30 shown, that soluble fibre was most effective in reducing the rise in blood glucose
and insulin when it had the highest viscosity. The most effective soluble fibre
studied was guar gum. Wood et al.; 1994; Brit. J. Nutr., 72: 731-743 have
determined that increasing dose of oat gum reduces plasma glucose and insulin
responses. Oat gum is an oat extract which is composed mainly of the

35 polysaccharide B-glucan. Further, reduction of the viscosity of oat gum by acid
hydrolysis reduced or eliminated the capacity to decrease postprandial glucose
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35 'pol ysaccharide P-glucan. Further, reduction of the viscosity of oat gum
by acid hydrolysis reduced or elimnated the capacity to decrease
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gl ucose response was inversely related to4.he logarithmof the viscosity
of the solution. The biggest attenuation was reached wth a viscosity of
nore than 1500 nPa.s, the |evel obtained with 1.4% oat gum (or 1.2%
R-glucan). This viscosity is considerable and woul d make any drink 5
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after ed|11@ LR -an object of this invention to

provi de a beverage Whilel érese powdbrsscre eﬁﬂaﬁwednssdlicnfgjgllunodelandldsulmkwalsts in
a beverage wt; BA5t l_&lagq tion
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beverage p OV\QQﬁIl@ at® ébﬁ‘deﬁﬁaﬂ@@[ hifichent &f havedal eifebﬂbﬁ F@cﬁ&h&ﬁfeslbdimt ha¥a
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about 35 SCOSY about ohe of the maximumvisc %y T 330 4 mihutesS
Ordmanly, a viscosity of about one half of the maximum viscosity would make
the beverage too viscous to be palatable. Hence the beverage must be consumed
immediately after reconstitution.
It is therefore an object of this invention to provide a beverage powder

20 which, when dissolved in liquids, results in a beverage with progressively
increasing viscosity.
S  the i :

25 Accordingly, in one aspect, this invention provides a beverage powder

which is able to progressively increase the viscosity of liquids, the beverage
powder comprising particles of a gelatinised cereal fraction containing B-glucan,
the particles having a particle size of less than about 350 pum.
It is surprisingly found that the beverage powder, when dispersed in

30 liquids to provide a B-glucan concentration of about 0.4% to about 1.5% by
weight, progressively increases the viscosity of the beverage at room temperature
such that, after about 15 minutes, the beverage still has a viscosity below about
350 mPa.s. However, upon being raised to body temperature, the beverage more
rapidly develops a final viscosity of above about 1000 mPa.s. Hence the

35 beverage attains sufficient viscosity in vivo to have a positive effect upon
glycaemic response but, at room temperature, increases in viscosity sufficiently



It 'is surprisingly found that the beverage powder, when dispersed in 30
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beverage havi ng' /a R'?r ngg t, progresswely increases the viscosity of the liquid such that, after
about 15 minutes at room temperature, the liquid has a viscosity below about 350
20 mPa.s but which develops a final viscosity of above about 1000 mPa.s at body
temperature.

In a yet further aspect, this invention provides a beverage powder
comprising particles of a gelatinised cereal fraction containing p-glucan and
which when dissolved in liquid to provide a beverage having a B-glucan

25 concentration of about 0.4% to about 1.5% by weight, progressively increases the
viscosity of the beverage at room temperature at a rate at least about 10 times less
than that at body temperature; the final viscosity reached being above about 1000
mPa.s.

In another aspect, this invention provides a process for preparing a

30 beverage powder which is able to progressively increase the viscosity of liquids,
the process comprising:

gelatinising a cereal fraction which contains B-glucan by extrusion
cooking it; and

comminuting the gelatinised cereal fraction to provide particles having a

35 particle size of less than about 350 um.




25 concentration of about 0.4%to about 1.5% by weight, progressively
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I nvention provides a process for preparing-a 30 beverage powder which is
able to progressively increase the viscosity of liquids, the process
conprising: gelatinising a cereal fraction which contains R-glucan by
extrusion cook| ng it; and comm nuting the gel atinised cereal fraction to
provi de parti Degfile intion 3PtHe Pt ed BroBé&dififentsess t han about 350 gm WO
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Enbodi ment s Enbodi nents of the invention are now descri bed, by way of
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fraction is alﬁarbnsesmviscmmﬁyeaithefbwd}tl on; for exanple having a total fibre
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rich cereal ﬁh?‘!tdr? g%‘g@z{/&sum temperagie W%’P{?Eﬁﬁn qfﬂﬂlr%%ﬂil& e oat

bran concent fﬁg@dﬂabb&ﬂ?ﬁ«b@b@aﬂ#@‘%ﬂe Particularly suitable is oat bran

coneent 5 20 {1 She SHRIPL N e AR SE00E, i indrila il oo
"de-fatted oafibie eentertrfatieagt25%iby ‘&‘ﬁgbhqndo# sgluble fibre gontapt Che ﬁ%lﬂb
sol ubl e fibrefibre being predominantly B-glucan) of at least 10% by weight. The fibre rich
cereal fraction may be any suitable cereal fraction; for example oat bran
concentrate or barley concentrate. Particularly suitable is oat bran concentrate
20 (for example obtained from Oat Fiber AB of Sweden).
The most preferred cereal concentrate is a de-fatted oat bran concentrate. A
"de-fatted oat bran concentrate" is an oat bran fraction which has a soluble fibre
content of above about 10% by weight and which has been subjected to solvent
extraction to remove, at least partially, oils and fats from the fraction.
25 Ordinarily, oat bran concentrates have a fat or oil content of greater than about
10% by weight. De-fatted oat bran concentrates have an oil or fat content of less
than about 7% by weight; more usually about 4% to about 6% by weight.
The cereal fraction may be gelatinised by any suitable procedure. However,
a particularly suitable procedure is extrusion cooking. Extrusion cooking is
30 conveniently carried out by feeding a dry mix containing the cereal fraction into
an extruder-cooker. The dry mix comprises primarily the cereal fraction but may
contain additives. Examples of additives include sugar, maltodextrin, wheat
flour, rice flour, comn flour, barley flour, oat flour, rye flour, flavouring agents,
colouring agents, salts, antioxidants, vitamins, minerals, protein sources, malts,
35 sources of insoluble fibre and the like.
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20 350 rpm.

The pressure in the shear and compression zones of the extruder-cooker is
preferably kept below about 200 bars; for example a pressure in the range of
about 100 to about 180 bars would be suitable. Particularly advantageous are
pressures in the range of about 120 bar to about 140 bar.

25 The maximum product temperature in the extruder is preferably kept below
about 200°C; for example in the range of about 80°C to about 200°C.
Particularly preferred are maximum product temperatures in the range of about
120°C to about 190°C; for example about 150°C to about 180°C.

Upon leaving the extruder-cooker, the gelatinised cereal fraction may have

30 a density of about 250-600 g/1, preferably about 280-500 g/}, and even more
preferably 300-400 g/l. If the density is too low, namely below 250 g/1, possibly
below 280 g/l or even below 300 g/l there is a risk that the product too quickly
swells at 20°C.

Further details of a suitable process for extrusion cooking of the cereal

35 fraction may be obtained from WO 96/31128; the disclosure of which is
incorporated by reference.




20 350 rpm The pressure in the shear and conpression zones of the
extruder-cooker is preferably kept bel ow about 200 bars; for exanple a
pressure in the range of about 100 to about 180 bars woul d be suitable.
Parti cul ar WO @7624# ageous are pressures in the range of ZEBFPABYOHar to
about 140 bar. 25 The maxi mum product tenpgrature in the extruder is
preferably kept bel ow about 200C, for exanple in the range of about 80C to
about 200C. Particularly preferred are maxi mum product tenperatures in the
range of about 120C to about 190C, for exanple about 150C to about 180C.
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The beverage parhobydratesaweasanelude sesrosea glucose, maltodextpianeornstarglyor 15
exanpl e, the BRVRAGDSaRAVERFosEF hikfirad thefeof ASHGBI A Ralfstek R areUi t abl e
particularly preferred.

The beverage powder preferably contains up to about 40% by weight of the

20 carbohydrate source; more preferably about 5% to about 35% by weight of the
carbohydrate source.

The beverage powder may contain a protein source. Suitable protein
sources include whey, casein, milk proteins, soy protein, rice protein, pea protein,
carob protein, oat protein, caseino-glyco-macropeptide or mixtures of these

25 proteins. Further, if desired, the protein source may further include free amino
acids.

If used, the beverage powder preferably contains up to about 40% by
weight of the protein source; more preferably about 10% to about 35% by weight
protein source.

30 If desired, the beverage powder may also contain a lipid source. Suitable
lipid sources are sunflower oil, rapeseed oil, safflower oil, soy oil, milk fat, com oil,
coconut oil, and soy lecithin.

The beverage powder may also contain vitamins, minerals, flavours, artificial
sweeteners, and the like.

35 The ingredients of the beverage powder, which are in addition to the
gelatinised cereal fraction, may be included by dry mixing the additional
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beverage of increases a
about 25% of alp@tri;ﬁ,(h mﬂms,vmgqugn myorg preferably less than about 100 mPa.s is reached

after 15 minutes at room temperature.
Further, the maximum viscosity reached is at least about 1000 mPa.s; more
preferably at least about 1300 mPa.s, at body temperature. The maximum
20 viscosity is preferably reached within about 60 minutes. The rate at which the
viscosity of the beverage increases at 20°C is preferably at least 10 times less
than at 37°C.
The beverage powder may be used as nutritional support in weight control
programs. In this application, the beverage powder may be dissolved in milk to
25 provide a liquid meal of adequate nutritional and energy content. Since the
liquid meal induces a feeling of satiety, the consumer is less likely to consume
foods outside of regular meals.
Further, the beverage powder may be used in the nutritional control of
cholesterol. The FDA has published a rule on the relationship between soluble
30 fibre from whole oats and reduced risk of coronary heart disease. It concludes
that B-glucan is the primary component responsible for the hypocholesterolemic
properties of oats, when it is part of a diet that is low in saturated fat and
cholesterol. The agency also acknowledged the likelihood that consumption of f3-
glucan from sources other than whole oats will affect blood lipid levels. A
35 significant lowering of serum cholesterol levels can thus be anticipated with daily
consumption of 3 g of f-glucan. The FDA recommends 4 portions of 0.75g.




reached within 15 mnutes at roomtenperature. Preferably, the viscosity
after 15 mnutes at roomtenperature is | ess than about 20% nore
preferably | ess than about 10% of the naxi mum viscosity reached. For
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20  Examplel

A dry mixture of oat bran concentrate and minor amounts of salts and

colouring agents is prepared. The oat bran concentrate is obtained from Oat
Fiber AB, Viarébacka, Sweden and contains about 35% dietary fibre in total and

25 about 17% soluble fibre. The dry mixture containing 10% sugar is fed into a
Clextral BC-45H extruder. The temperature of the three zones of the extruder are
18°C, 74°C and 103°C. The temperature at the exit of the extruder is 160°C.
The pressure in the extruder reaches 126 bar. The product leaving the extruder
orifices is cut into pieces of length of about 2 to 3 mm.

30 The pieces are then milled using a Poitemill and sieved to pass through
either a 250 pm sieve or a 125 um sieve. The particles have a water content of
about 2.3%.
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Both beverages exhibit good viscosity increase profiles. The viscosity after
15 minutes at room temperature is sufficiently low such that the beverage is still
palatable. However, the final viscosity at body temperature is high enough to
induce the desired beneficial effect.

Both beverages are tasted and found to have good organoleptic properties.
However the beverage produced from the oat bran particles of 125 pm size has a
smoother mouthfeel.

For comparison, a similar amount of a commercially available beverage
powder (SWEET SUCCESS obtained from Nestlé USA, Inc.) intended for
weight control programs is dissolved in 240 ml of milk. This beverage powder
contains guar gum and carrageenan. The viscosity increases as follows:-

Product Viscosity at 5 Viscosity at 15 Final Viscosity at
minutes at 20°C | minutes at 20°C | 37°C (ﬁf?a.s)
(mPa.s) (mPa.s)

SWEET 352 400 400

SUCCESS

ven as
tafat e
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gnd cont ai ns
T80rhe dry

br an

The

Xm}%ﬁlg The



Particle sizeViscosity at 5Viscosity at 15Final Viscosity at (pmm nutes at
20Cm nutes at 20C37C (nPa.s) (nPa.s)(nPa.s) 1251252781620 250952541394 Bot h
beverages exhi bit good viscosity increase profiles. The viscosity after 15
15 mi nut esWR0Y0364#t enperature is sufficiently | ow such t B&T dver age
Is still pal atable. However, the final viggosity at body tenperature is

hi gh enough to induce the desired beneficial effect. Both beverages are
tasted and found to have good organol eptic properties. However the
beverage produced fromthe oat bran particles of 125 msize has a 20

snoot her mout hf eefThe beverd awuaqa%iggc?aahésaits MERANIm YiscosiGR MBCHR | Y

avai |l abl e beverage owder, ((SVWEET SS obt ai ned from Nestle USA, Inc.)

i nt ended for %ﬂﬁﬁ%ﬁqwglsx&%gram is dissolved in 240 Ml of mlIk. This
beverage powder contains guar gum and carrageenan. The viscosity increases
as follows: 2p, Brofigt Viscosity at SViscosity at 15Final Viscosity at

m nutes at 20 nates at 20C37C (i 1 a.s) (nPa.s)(nPa.s) SWEET352400400
SUCCESS \AD 02/ 076244 PCT/ EP02/ 03160 -10 The beverage powder rapidly reaches
its ma;d mum \l;i scoAintamouidtod 20tghef oalﬁhrdnrpm'?lbsof)mtdmplbsl,bbpml ibleAizeclesgint  of
20 g of oat bpan icte . . RL WASTNCE an 125 m
i s dispersed ﬁ"[%r'%#’E‘ﬁﬁﬁéﬁéﬁb@(@\b%ﬁé%mbmgg%kga% ibrétﬁlgfsq;g_g °tgf| ucan. The
beverage i s ngleans abehsvgr@ggm@:@dfesbgﬁmdsn@mmsi ty increase of the

beverage is then TReisRbsIE iticidage of RODeleragd isthSrRoiboredimg RRAPII he
beveraga st (SR ALTRE SBICHIVAY ThEBSsIE Rt Ao R 1S oPer el
measurement. The viscometer is operated in accordance with manufacturer's
instructions.
The viscosity of the beverage is monitored for about 10 minutes at 20°C.
Thereafter the beverage is rapidly heated to 37°C and the viscosity monitored for

15 another 60 minutes.
Time (minutes) Viscosity (mPa.s)
Upon dispersion | 25
10 25
20 320
30 690
40 870
50 990
60 1060
70 1100

The beverage undergoes substantially no increase in viscosity during the
first 10 minutes at 20°C. Therefore a consumer need not consume it immediately
20 after reconstitution. However, upon being heated to 37°C, the viscosity of the
beverage rapidly increases. Hence, once consumed, the viscosity in the gastro-
intestinal tract of the consumer can be expected to rapidly increase.

Example 4
25

A dry mix containing about 50% by weight oat bran particles of example 1,
about 25% by weight of sugar, about 25% by weight of whey protein



The viscosity of the beverage is nonitored for about 10 minutes at 20C.
Thereafter the beverage is rapidly heated to 37C and the viscosity
nonitored for 15 another 60 mnutes. Tinme (mnutes)Viscosity (nPa.s) Upon
di spersi on¥) 2762420320 30690 40870 50990 601060 701100 TRET%EW@FH@e

under goes substantially no increase in vipgosity during the first 10

m nutes at 20C. Therefore a consuner need not consune it imrediately 20
after reconstitution. However, upon being heated to 37C, the viscosity of
the beverage rapidly increases. Hence, once consuned, the viscosity in the

gastro- int2 ES&Aciﬁb%htrhfe@aﬁdﬁﬁnéﬂag, Gitdini m%gaagms@w ; cEdI‘lﬁf)oe[t@ilﬂ Y. | f
i ncrease. YL I X | nign Q o by wei ght oat bran particles o
exanpl e 1, a%%ﬁ{;yeﬁ@/%f}@g%re@#h%fﬁ?dﬁ'r ., about 25% by wei ght of whey
protei n WO 02/ 0764n4amaunt of BT bEe2Iry 21ig4s dispersed ma22!3/ md ol skimoedimslk.
vitam ns and ﬁ@ﬁ%raﬁéf&% ? red. The oat bran particles are of size |ess

than 125:m An anount~-o of the dry mix is dispersed in 220 ml of
ski nmred r% | k. The—beverage—contalnrs—Conporent Anount Protein20.5 g

Car bohydr at e27. 5 |Coinpogent; D| dmeuntf i bre5.1 ¢ 1. -gl ucan2. 6 g
Protein 205¢g
Carbohydrate |[27.5g
Lipid 2g
Dietary fibre 5.1¢g
B-glucan 26¢g
Energy 210 kcal

After 15 minutes at room temperature, the beverage still has an acceptable
viscosity. The final viscosity exceeds 1000 mPa.s.

10 Example 5

A dry mix containing about 38% by weight oat bran particles of example 1,
about 23% by weight of sugar, about 39% by weight of maltodextrin, and
minerals, vitamins and flavour is prepared. The oat bran particles are of size less

15 than 125 pm.

An amount of 21.5¢g of the dry mix is dispersed in 100 ml of water. The
beverage has an energy content of about 740 kcal/l. After 15 minutes at room
temperature, the beverage still has an acceptable viscosity. The final viscosity
exceeds 1000 mPa.s.

20

Example 6

A dry mix containing about 68.5% by weight oat bran particles of example
1, about 21.1% by weight of sugar, about 10.1% by weight of cacoa is prepared.
25 The oat bran particles are of size less than 125 pm.
An amount of 31.3g of the dry mix and 6.5g of maltodextrin is dispersed in
245 ml of skimmed milk. The beverage has an energy content of about 850
kcal/l. After 15 minutes at room temperature, the beverage still has an acceptable
viscosity of less than about 100 mPa.s. The final viscosity exceeds 1000 mPa.s.



Energy210 kcal After 15 minutes at roomtenperature, the beverage still has
an acceptable viscosity. The final viscosity exceeds 1000 nPa.s. 10
Exanple 5 A dry m x containing about 38% by wei ght oat bran particl es of
exanpl e 1, W@#162423% by wei ght of sugar, about 39% by wePE§REPE03160

mal t odextrin, and mnerals, vitam ns andjfd avour is prepared. The oat bran
particles are of size less 15 than 125 gm An anmount of 21.5g of the dry
mx is dispersed in 100 ni of water. The beverage has an energy content of
about 740 kcal/l. After 15 m nutes at room tenperature, the beverage still
has an accept @pigsvi scosity. The final viscosity exceeds 1000 nPa.s. 20 A
dry m x containing about 68.5% by weight oat bran particles of exanple 1,
about 21.1% by wei ght of sugar, about 10.1% by wei ght of cacoa i s prepared.
25 The oat bran pagrt beslesagepawds vgluqlbIS|abé%tqpragre§gweb inprepge thewiseosity 081. 3¢
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viscosity of hass than about 100 mPa.s. The final vi scosity exceeds 1000

mPa.s. WO 02/076244 PCT/ EP02/ 03160 -12 1. A beverage powder which is able
to progressively increase the yiscosity of I|qU|ds t.he beverage pomder

conpri sing paPticl &b Q}fer%gega%@qrﬁpmsmermﬂlc ey ab¢ pefatinised feran

i— g | ucan, thec@mtmﬁg @sglasan mgiﬁhibhrvtrhml <fﬁswhza1 infliquid o p ﬂwideeabﬁugﬂl ucm0 Nm 2.
ever hd i
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(3-glucan 10 viseositit pfthediquid sedduthet, @ftemhoyt 4b suinutes gbzapym mmeture the
progressi vel yigiHd RASEvistodty Bélé\ﬁ(a’e‘bﬁtBBSQmeﬁ'QbhtWHidﬂlM tpgfaanalaisfcemﬁbout
15 m nutes at oomt ﬁbﬁﬂ'@ﬂ !Q}etp cl_tﬁl g]?s a viscosity bel ow about 350
nmPa.s but whi 8h2 ﬁ%’gl é&? Crapi€.above about 1000 nPa.s at
body terrperature 15 3. A beverage powder conprising particles of a

gel at i ged o8t oal ol KAl oo B Biphilthe 5eehi166 B £ gPlaithised RBNHRHP Vo

in liquid to provide
containing B-glucan and which when dissolved in liquid to provide a beverage

having a B-glucan concentration of about 0.4% to about 1.5% by weight,

progressively increases the viscosity of the beverage such that, after about 15

minutes at room temperature, the viscosity is less than about 25% of the final
20 viscosity reached; the final viscosity being above about 1000 mPa.s.

4, A beverage powder comprising particles of a gelatinised cereal fraction
containing B-glucan and which when dissolved in liquid to provide a beverage
having a B-glucan concentration of about 0.4% to about 1.5% by weight,

25 progressively increases the viscosity of the beverage at room temperature at a
rate at least about 10 times less than that at body temperature; the final viscosity
reached being above about 1000 mPa.s.

5. A beverage powder according to any of claims 1 to 4 in which the
30 particles have a particle size of less than about 150pm.

6. A beverage powder according to any of claims 1 to 4 in which the
gelatinised cereal fraction contains about 10% to about 30% by weight of B-
glucan.

35



havi ng a (3-glucan concentrati on of about 0.4%to about 1.5% by wei ght,
progressively increases the viscosity of the beverage such that, after

about 15 mnutes at roomtenperature, the viscosity is |ess than about 25%
of the finaNOo02AD6Mi#scosity reached; the final viscosity bECHEPHNNG about
1000 nmPa.s. 4. A beverage powder conpri si_m_ particles of a gelatinised
cereal fraction containing P-glucan and I ch when dissolved in liquid to
provi de a beverage having a j3-glucan concentration of about 0.4%to about
1. 5% by wei ght 25 progressively increases the vi scosity of the beverage at

room t enper at t t I A t body
t enperat ure; %R%\ierégesiovgﬁﬁqf%@@gqggi%ﬂq ng a ovetﬁgge 61%8%8@1#&? :
A bever age poﬁaetlomm‘,@mn t0 any of clains 1 to 4 in whi ch the 30
particles have a particle size of |ess than about 150m 6. A beverage
powder according t of clains 1.to 4 in ch t el i sed cereal
fraction cont& rns%%%ﬁamﬁw&réﬁﬁ?m%awq\ﬁg I(I}fﬂf@ Eiﬁhrl}é% 35 WO
02/ 0762445 PCTigelatinised téfeal fidction i dgolatimsed qabhdm cancenirate oy atgelatinised 5 i n

whi ch t he gel | fraction is expanded. 8. A beverage powder
according to g%%ﬁggﬁegﬁrﬁsgl to 7 in which the 5 gelatinised cereal
fraction is a gelatinised oat bran concentrate or a gelatinised barley
concentrate. 9. AADB¥RE mcc@@ﬁigrtdlalﬁg dfelimy 10 firihescdmprisi@gfaur t her

conprising a source. 10 10 A beverage powder according to any
of cl ai ms 1 w@%ﬁ?ﬂgﬁ‘ef O%8%prising a protein source.

Cn

10 A beverage powder according to any of claims 1 to 8 further comprising a
protein source.




