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gum by acid 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 et 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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Ordinarily, 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 mvention to provide a beverage powder

20  which, when dissolved in liquids, restlts in a beverage with progressively
increasing viscosity.
Summary of the invention : K )
¥ ’ e )
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 um.
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
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1.5% by weight, progressively 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 B-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
N 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 $-glucan by extrusion
cooking it; and |
comminuting the gelatinised cereal fraction to provide particles having a
35 particle size of less than about 350 pm.
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Description of the Preferred Enbodi nents Enbodi nents of the invention are
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fibre content of at least 25% by weight and a soluble fibre content (the soluble
fibre 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. Howe‘;'er,
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, corn 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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* 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

c) 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/1, and even more
preferably 300-400 g/l. If the density is too low, namely below 250 g/1, possibly
below 280 g/1 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.
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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, caséino-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, corn 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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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 whickh 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

addi ti ofel i RGRBBLEN!S glmhﬂr@ﬁ gmcaﬁ%leiﬁaéh b Beddr dﬁébfwiﬁéh ﬂs‘eoei%eéswt hout

) programs. In this application, the beverage powder may be dissolved in miik 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 consuime
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 §-
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.
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Spemﬁc examples of the invention are now given as further illustration.

20 Exarhplel

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, Varobacka, 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%. '



I nduced by the beverage powder remain raised over extended pﬁri gﬁ 2@
conparison. In particular, little noticeable decrease in blo 3 § C é

|l evel s occurs upon onset of exercise. Consequently the onset of

hypogl ycad¥P2/4gs24be 15 prevented or del ayed for signifi cantPGI&FR033168f
tinme. Further the onset of fatigue nay be_glel ayed; increasing exercise
performance. Further the synptons associated with acid reflux are
prevented or reduced. Specific exanples of the invention are now given as
further illustration. 20 Exanple 1 A dry mxture of oat bran concentrate
and m nor arr%&ﬁbg}gr%salts and colouring agents is prepared. The oat bran
concentrate i'S O ed from Cat Fi ber AB, Varobacka, Sweden and contains
about 35%dietary fibre in total and 25 about 17%soluble fibre. The dry
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Both beverages exhibit good viscosity increase profiles. The viscosity after
15 15 minutes at room temperature is sufficiently low such that the beverage is still
palatable. However, the final viscosity at body temperature is hlgh enough to
induce the desired beneficial effect.
Both beverages are tasted and found to have good organoleptic properties.

[N
N

However the beverage produced from the oat bran particles of 125 um size has a
20 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:- |

25 .
Product Viscosity at 5 Viscosity at 15 Final V1scos1ty at
minutes at 20°C minutes at 20°C 37°C (m?a s)
(mPa.s) (mPa.s)
SWEET 352 | 400 400
SUCCESS




25095254. 1394 Bot h beverages exhi bit good viscosity increase profiles. The
viscosity after 15 15 minutes at roomtenperature is sufficilentSEP 20y such -
that the beverage is still palatable. However, the final viscosity at body
t enper at URgq hSpfthfn enough to induce the desired benefici alpcgfdpgshsishot
beverages are ?asted and found to, have good organol eptic properties.
However the beverage produced fromthe oat 1% an particles of 125 m size has
a 20 snoother nouthfeel. For conparison, a simlar anmount of a

commerci ally avail abl e beverage powder (SWEET SUCCESS obtai ned from Nestl e
USA, Inc.) intended for weight control programs is dissolved in 240 m of
m | k. This bever ajee bovetage powdeniapdlyuachemita mhxionnayeseosity.. Alss the
viscosity in ~w2D ProductViscosity at 5Viscosity at

15Fi nal Vi sc%@?;ﬁ%‘%éﬁ@@?ﬁom nutes at 20C37C (ni' a.s)

(nPa. s) (nPa.s) SWEET352400400 SUCCESS 1 2 SEP 2005 WO 02/ 076244

PCT/ EPO2/ 031@@@%‘@e beverage powder rapidly reaches its maxi num
viscosity. Also, € maxi mumviscosity is |low. Example 3 5 An anmount of 20
g of oat’ bran particles of exanple 1, of particle size less than 125 m is
gi spersed in _200A1ilafﬁdldélt of29 %)efeaﬁmnS @ﬁlﬁ@lh@ﬁ)fbx_énﬁl@_fl{prﬁ*ti'él‘@ﬂzeT%&@t ]
everage i s xed,for econds. a r Vi SCosity 1ncrease e
bever age is {ﬁ‘f‘?éh?%% M’I?O}Secﬁsﬁ?lsﬁ ‘%@Qﬁﬁﬁnﬁg\o @%&Xﬁ%&ﬁ%ﬁw%ﬁ Oﬁ'ﬁ‘e
bever age sti igluchmat Thd bévemgedsiningd foreH) secomelstat 650apm.sconet er i s
operated in accor it b Aar ; ' ' I i S j of
the beverage _is noni %Fé:éc}&%)r %ﬁ%%"%&?é?%’%@@8%%%‘?%%%93@@ :
beveragd i s NSEDANL ¥SER (BYA )anthe brveyage stirred atd A rprediing 15 '

another 60 mMpMis8Pement. 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 7|25
R ’ i 205
{20 320
30 1690
40 1 870 |
50 |990 | B
160 " 11060 ' o
70 | 1100

~ The beverage undei'éoes 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
beverziéé 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



Tinme (mnutes)Viscosity (nPa.s) Upon dispersion25 1025 20320 -30690Q 40870
50990 " 601060 701100 The beverage under goes substantially hd iStPr &5e in
Vi scosity rin first m nutes at 20C. Therefore a need
not _consuﬁ%gof'/o%%‘i‘fbdl ately 20 after reconstitution. Homever%ca@'d)ﬂy 7’3'16?59
heated to 37C, the viscosity of the T bevgtrage rapidly increases. Hence,
once consuned, the viscosity in the gastro- intestinal tract of the
consuner can be expected to rapidly increase. Exanple 4 25 A dry m x

cont ai ni ng about 50% by wei ght oat bran particles of exanple 1, about 25%
by wei ght of csHegitratePand naﬁ&@a@y wWeahfhs afd Revr i piepated. ?hé&ﬁ wag> WO
02/ 076244 PCT/ EPQ2/ 0316 COT gntrate and minerals, vitamns and
flavour is pPBPYHEYATErH 315‘31 SSrtQﬂn g MMcl es are of size Iess than 125 m

‘An anount of 35g A atdvemdiof 36g>oﬂthe divspeix dedispersed0ind2 00l oF skime@etdirhiik.

The beverage onent Anount Protein20.5 g Carbohydrate27.5 g
-Li pi d2 93\%3"?%5%%"““‘ 3-glucan2.6 g Energy210 kcal After 15 minutes

—I

at room errperat ure, the beverage still _has an acceptabl e

Component Amount
Protein 205¢g
Carbohydrate |[27.5¢g
Lipid 2g
Dietary fibre 51g

8 B-glucan 26¢g

o 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 particies of example 1,
about 23% by weight of sugar, about 39% by weight of maltodexirin, and
minerals, vitamins and flavour is prepared The oat bran particles are of size less

15 than 125 pm.
~ An amount of 21.5g 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.



viscosity. The final viscosity exceeds 1000 nPa.s. 10 Exanple 5 A dry m x
cont ai ni ng, about 38% by wei ght oat bran particles of exanplle21SEPag§it 23% -
by wei ght of sugar, about 39% by wei ght of maltodextrin, and mnerals, )
vitam ns ang obomeesr i s prepared. The oat bran particles ar @o@ER2H814d0€SS -
15 than 125 m An anount of 21.5g of the dry mx is dispersed in 100 m of
wat er. The beverage has an energy content “6f about 740 kcal /1. After. 15

m nutes at room tenperature, the beverage still has an acceptable

viscosity. The final viscosity exceeds 1000 nPa.s. 20' Exanple 6 A dry m x
cont ai ni ng abqut 68.5% by wei ght oat bran particles of exanple 1, about

21. 1% by wei ﬁ?ﬂ@ﬁ sugar, about 10: 1% by wei ght of cacoa is prepared. 25
The. oat -bran particles are of size |less than 125 gm -An anount of 31.3g of

the dry m x and 6. Qf | & h R ] hspersed in 245 m of, ski nme
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powder which H®. able to progressively increase the viscosity of [|iquids,
t he beverage powder conprising particles of a gelatinised cereal fraction 5
. containing (3-glycan, geeBg%té}:g%@EH?%i n 'ﬁ pa({tlég[%lggﬁsgggg;eali s%ﬁégan
about 350 m 2. A ' il??gtl t
cereal f.racticomtaiadng pigluoan Bndhwirich vivdisestved én liduid ® prsiidsia b ghichnt
rovi de - gl ucan o en n A% abou . 5% wei :
oy i il AR IR M
m nut.es atvi e &) ) m atr g ,
nPa.s but. whis NG CPR cEsity Balow AEGRSS0YmPATs RV Ai b&w:m OOP. Sl o
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gel at i ni sed cefrahwive shadtli09R mBanstad barlyidernBertiean and whi ch when di ssol ved

in liquid.to provide a beverage

15 3. 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,
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.

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

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 J3-glucan concentrati on of about 0.4%to about 1.5% by wei ght,
progressively increases the viscosity of the bever age such t WZ%

about 15 mnutes at roomtenperature, the viscosity is | esd Sut 25%
of the finsb02@Ms24vi scosity reached; the final viscosity beipug/eteemsicabout
1000 nPa.s. A beverage powder conprising piéti cles of a gelatinised cereal
fraction containing (3-glucan and which wiéA~di ssolved in liquid to provide
a beverage having a (3-glucan concentration of about 0.4%to about 1.5% by
wei ght, 25 progressively increases the viscosity of the beverage at room
tenperature at a rate at |east about, 10 tines |l ess than that at body
tenperature; the Aibsaeragespewresaccoedingée chairmg iapshich éb@gelailmdrﬁeaeaﬂ 5.
A bever age po&g{g{mﬁm @gdto any of claims, 1 to 4 in which the 30:
‘particles have a particle size of |ess than about- 150m 6. A beverage
"powder according to any of clainms | to 4 in which the gelatinised cereal

fraction cont@i nsAdueta erelamrdlﬁg%fanvacghhn@l td J-ingkhichRhe 35 1 2
SEP 2005,WD 02/ 076244 ‘feéﬁ P02/ 03160

ever a wder ac cordl gto
olaim 5 Tn wHHHERE g8 ot 16 elainsefL ot WY coREGHBOF » dilditiSed
bever age powdmrleycomogntigtdé.o any of clains | to 7 in which the 5
gel atinised cereal fraction is a gelatinised oat bran concentrate or a
gel atinised barley concentrate. 9. A beverage powder according to any of
claims 1 to &.furdiaveraggpowderaceordiogito anydfzalainslie 8. further comppising age
powder accor digpgokdidiys&tirce! @i ms 1 to 8 further conprising a protein

sour ce.
10

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