Title: Satiety inducing mlk product The present invention relates to the
field of functional foods. In particular, it relates to whey proteins and
t he use twoerewi128351( m | k- based) conpositions for body weCHNL20mareaeenent .
The obese population is growi ng worl dwi de as energy intake exceeds energy
expenditure. Consequently, nore people are at risk of devel opi ng
obesity-rel ated di seases such as diabetes nellitus type 2 and

cardi ovascul ar di seases. High protein (HP) diets have shown to induce

wei ght | oss and wei ght mai ntenance after a weight | oss period. As proteins
are not very energy efficient, the effect of HP diets is thought to be
based on a satiating effect and an increased (diet-induced) thernbgenesis
(DIT). Anderson et al. (J. of Nutrition 134:3011-3015, 2004) reported that
the protein source, protein quantity and tinme of consunption determ ne the
effect of proteins on shorttermfood intake. It was found that whey protein
consistently A&dal t edbatiety helwgireaméktprbdod | nt ake suppression relative to
control, sucrose as well as in conparison with other protein sources such
as egg al bum n and soy protein. The effect of whey was attributed to

several aspects of WhEy gRbaRGhSHRiorBrdISls Yo tMNAYIACTRRGEmhaNEdos CRSeI N
di gests quickly and provides a rapid increase in plasma amno acids that is
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suppressi on tQ@?ﬁgﬁﬁgﬁiﬁﬁ%%ﬁgggéﬁgpngﬁ%ﬂﬁgﬁﬁid concentrations. Also, whey

i ngestion resu ere i de hornones, such as

chol ecyst oki ni n ( CCK)Thd sbeet peplulatios at petwying mdubiwide as Anpesiihtake exceeds
associ ati op between dauﬁg cog§unptioq and the i nt enance gf ? heal t hy body
wei ght has®| e@PE'EY\PEPPRUES: faneeduently, oRee people are at risk of developing

obesity-related diseases such as diabetes mellitus type 2 and cardiovascular
diseases. High protein (HP) diets have shown to induce weight loss and weight
maintenance after a weight loss period. As proteins are not very energy
efficient, the effect of HP diets is thought to be based on a satiating effect and

10 an increased (diet-induced) thermogenesis (DIT). Anderson et al. (J. of
Nutrition 134:3011-3015, 2004) reported that the protein source, protein
quantity and time of consumption determine the effect of proteins on short-
term food intake. It was found that whey protein consistently resulted in the
greatest food intake suppression relative to control, sucrose as well as in

15 comparison with other protein sources such as egg albumin and soy protein.
The effect of whey was attributed to several aspects of whey metabolism.
Briefly, whey compared with casein digests quickly and provides a rapid
increase in plasma amino acids that is sustained for more than 2 hours and
which may contribute to food intake suppression through increased brain

20 amino acid concentrations. Also, whey ingestion results in the release of gut
peptide hormones, such as cholecystokinin (CCK), involved in satiety
induction.

A positive association between dairy consumption and the

maintenance of a healthy body weight has led to various studies into the

25  effects of individual milk components in the regulation of food intake and
satiety. Whey proteins have received particular attention because whey is an

inexpensive source of high nutritional quality protein. WO2007/042341 relates



effects of individual m |k conponents in the regulation of food intake and
satiety. Whey proteins have received particular attention because whey is
an i nexpeweizow/raisice of high nutritional quality protePAT/NMZROOFIN0A2341
relatesto a conposition and nethod for providing nutritional support to
obese patients. The conposition conprises a protein source which conprises
at | east 30% by wei ght of whey protein and which provides at |east 30% of
the total calories of the conposition. The role of whey proteins in food

i ntake regul ation was recently reviewed by Luhovyy et al. ( J . of the
American College of Nutrition, Vol. 26, Ne 6, 704S-712S (2007)). Wey
protein is the collection of globular proteins that can be isolated from
whey, a by-product of cheese manufactured fromcows mlk. It is typically
a mxture of beraonpetibighebdimethodéaoprovidiphaltutiandsmpnot-+2sdgse and serum
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Studi es were rforgR&lto elucldate the role of individual whey proteins in
wei ght manageR®ATES G RIRPYI%l ar has been suggested to be the inportant
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based on the observation that is a strong stinulant of roducti on
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native forms, independent of pH. Casein macropeptide (hereinafter: CMP) is
present in significant quantities (between 15 and 25%) in whey from cheeses
made by rennet coagulation. Studies were performed to elucidate the role of
individual whey proteins in weight management. CMP in particular has been

15  suggested to be the important component of whey proteins with respect to the
satiety inducing effect based on the observation that CMP is a strong
stimulant of CCK production in rats. W0O/2001/062086 relates to nutritional
intervention composition taken before or during a meal for enhancing and
extending post meal satiety by stimulating CCK. The dry nutritional

20 composition includes protein, casein macropeptide or glycomacropeptide, long
chain fatty acids, soluble and/or insoluble fibers. Studies by Burton-Freeman
et al.(Physiology and Behaviour 93 (2008) 379-387) however indicated that
CMP in whey or delivered as an isolate did not produce remarkable effects
during a pre-test meal satiety period, although indirect effects of CMP preload

25  were evident on CCK release and subsequent food intake in women. The
authors conclude that more work is required before CMP can be strategically
incorporated in the diet to achieve desired outcomes. Luhovyy ef al. cites a
study showing increased food intake by Macaca rhesus infants upon feeding
with a CMP-enriched formula, and similarly states that the effect of this

30 component of whey on food intake remains uncertain.



during a pre-test meal satiety period, although indirect effects of CW
prel oad were evident on CCK rel ease and subsequent food intake in wonen.
The aut howe 20mmieBisde t hat nore work is required before CNP/NI2mMMO0WS0207
strategically incorporated in the diet to achi eve desired outcones. Luhovyy
et al. cites a study show ng increased food intake by Macaca rhesus infants
upon feeding with a CMP-enriched fornmula, and simlarly states that the
effect of this conponent of whey on food intake remains
uncertai n. Nl euwenhui zen et al. (British J . of Nutrition (2008) Nov 19: 1-8)
addressed the role of the am no acid tryptzophan (TRP) in the satiating
properties of dietary protein by conparing breakfasts containing either
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mass. It is suggested the whey fraction can reduce the assimilation of fatty
matter.
The above indicates that whey proteins have potential as functional

food component for person with obesity, but that the relative and absolute

15  contribution of individual whey proteins remains to be elucidated. The present
inventors therefore set out to gain further insights into the role of individual
whey components in the regulation of body weight, in particular diet-induced
thermogenesis and satiety induction. It was surprisingly found that the
relative weight ratio between a-LA and CMP was found to be a relevant

20 determinant in suppressing hunger and increasing energy expenditure. For
example, an enhanced satiating effect can be observed with a whey protein

fraction that is depleted in CMP and at the same time enriched with a-LA.

Accordingly, the invention provides the use of a whey fraction comprising a-LA
25 and CMP, wherein the weight ratio between a-LA and GMP is at least 2, for

the manufacture of a nutritional, dietary or pharmaceutical composition for

promoting a healthy body weight. Preferably, the weight ratio a-LA to CMP is

at least 3, for example 3.5, 3.6, 3.7 or even higher like at least 4. The upper

limit of the ratio is not critical although the a-LA/CMP ratio will typically be
30  below 50, like up to 20 or 10.



determ nant in suppressing hunger and increasing energy expenditure. For
exanpl e, an enhanced satiating effect can be observed with a whey protein
fracti on whaviw3zsepl eted in CVP and at the sane tine emRCIIONV2010050207 a- LA.
Accordingly, the invention provides the use of a whey fraction conprising
a-LA and CWP, wherein the weight ratio between a-LA and GW is at |east 2,
for the manufacture of a nutritional, dietary or pharnmaceutical conposition
for pronoting a healthy body weight. Preferably, the weight ratio a-LAto
CW is at least 3, for example 3.5, 3.6, 3.7 or even higher |ike at |east
4. The upper Iimt of the ratio is not crigtical although the a-LA/CVW ratio
will typically be below 50, like up to 20 or 10.As used herein, casein
macropeptide (CWP) is neant to refer to the hydrophilic, soluble protein
fragnent rel eased from bovi ne kappa-casein (Kcasein) by chynosin, the
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CMP as used in the present invention covers di ‘erent'ggptldes W th or
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equi | i brium bg‘PWQB%guP Oéﬁar‘woglf/ﬁlgﬁgc? icg%st}g}lt%srl%llaﬁfé‘ﬁﬁ?ﬁa‘%fitb%b\&ﬁ@‘faéBPr}- The

heal t hy hyganTyeiighh OMPIE Webdel Yhéjﬁleegel%/inqgﬁﬁi&{ Sovers different peptides with

or without carbohydrate moieties.

The expression “for promoting a healthy body weight” refers to any
contribution to obtaining or maintaining a non-obese body weight of a subject,
preferably a human subject. It may involve promoting weight loss, preventing

15  weight gain, reducing food intake, reducing adipocyte mass, increasing energy
expenditure, improving the equilibrium between lean and fatty tissue, and
combinations thereof. The healthy human weight range widely used by doctors
is based on a measurement known as the body mass index (BMI). In general,
BMIs are classified in four categories and according to level of body weight and

20  as follows: A BMI of less than 20 — Underweight; over 20 to 25 — Desirable or
healthy range; over 25-30 — Overweight; over 30-35 — Obese (Class I); over 35-
40 — Obese (Class II); over 40 — Morbidly or severely obese (Class III). A strong
relationship exists between BMI and risk of associated diseases whereby
individuals with a BMI of less than 25 have a low-average risk, and those with

25 a BMI above 40 have a very severe disease risk. In one embodiment, the
invention provides the use of the specific whey fraction to achieve or maintain
a BMI between 20-35, preferably 20-30.

Promoting a healthy body weight using a whey fraction according to
the invention may occur via various mechanisms, such as diet-induced

30 thermogenesis (DIT), satiety or a combination thereof. DIT refers to the



i s based on a neasurenment known as the body mass index (BM). In general,
BMs are classified in four categories and according to | evel of body

wei ght arwoasioiabisews: A BM of | ess than 20 - Underwei §oT/NIQUBr05@07t 0 25 -
Desirabl e or healthy range; over 25-30 - Overweight; over 30-35 - (Obese
(Cass I); over 35- 40 - (bese (Class I1); over 40 - Mrbidly or severely
obese (Class Ill). A strong relationship exists between BM and ri sk of
associ at ed di seases whereby individuals with a BM of |ess than 25 have a

| ow- average risk, and those with a BM above 40 have a very severe disease
risk. I'n one enbodinent, the invention prgvides the use of the specific
whey fraction to achieve or maintain a BM bet ween 20-35, preferably 20-30.
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can be up 50 I9s 4% Pfindae. energy intake. The whey fraction for use in the
present invention typically has a total protein content of 35%to 80%
preferably 70%to 77% The whey fraction may conprise hydrol yzed whey

proteins. The gan var but Wi nera e m about 20%
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10 The a-LA content can vary but will generally range from about 20%
to 40%, preferably 25-35 %.

The CMP content is significantly lower, and typically represents 1%
to 15% of total protein. Other whey proteins may of course also be present,
such as beta-lac, lactoferrin, serum albumin, lysozyme, immunoglobulins.. In

15 one aspect, the whey fraction is further characterized by: (a) a lactose content
of 10% or less; (b) a total protein content of 12.5% to 95%; (c) a fat content of
15% or less; and / or (d) an ash content of 4.5% or less.

A whey protein fraction for use in the present invention can be

readily achieved by methods known in the art. For example, W099/188808

20  discloses a process for producing a whey protein concentrate substantially
depleted in CMP which comprises adjusting the whey to a pH greater than
about 4, contacting the whey with an anion exchanger to yield a bound whey
fraction enriched in CMP and an unbound whey protein fraction depleted in
CMP. After concentration and drying, this fraction is a powdered whey protein

25  concentrate (WPC) depleted in CMP. Preferably, the whey fraction for use in
the present invention is depleted in CMP and supplemented with a-LA.

a-LA rich whey protein products are often used because of their high
tryptophan content. In particular, synthetic infant formula based on cow’s milk
(relatively low in a-LA) can be ‘humanised’ using cow’s milk protein fraction

30 having a high bovine a-LA content. The high tryptophan and cystein content,



one aspect, the whey fraction is further characterized by: (a) a | actose
content of 10%or less; (b) a total protein content of 12.5%to 95% (c) a
fat cont ewD20f0/233%or | ess; and / or (d) an ash cont ent POT/NML268605020F ess. A
whey protein fraction for use in the present invention can be readily

achi eved by nethods known in the art. For exanple, W009/188808 discloses a
process for producing a whey protein concentrate substantially depleted in
CVP whi ch conprises adjusting the whey to a pH greater than about 4,
contacting the whey with an ani on exchanger to yield a bound whey fraction
enriched in CW and an unbound whey proteigh fraction depleted in CVMP. After
concentration and drying, this fraction is a powdered whey protein
concentrate (WPC) depleted in CMP. Preferably, the whey fraction for use in
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process for t recovery of alp
lactalbumin and/or beta -lactoglobulin enriched whey protein concentrate from

a whey protein product, involving incubating a solution comprising said whey
protein product with a calcium-binding ionic exchange resin in its acid form to
initiate the instabilization of a-LA. More recent technologies for isolating a-LA

15 involve membrane filtration. Cheang et al. (2003 Wiley Periodicals, Inc.
Biotechnol Bioeng 83: 201-209) report the separation of —alpha-lactalbumin
and beta-lactoglobulin using membrane ultrafiltration. EP0311283 relates to a
process for producing an a-LA-enhanced fraction from a liquid containing whey
protein including a-LA and beta -lactoglobulin characterised by the step of

20  subjecting the said liquid to ultrafiltration using a membrane having a
molecular weight cut off of substantially 100,000.

A highly suitable source of a-LA for practicing the present invention
is known under the tradename Vivinal™-Alpha (Borculo Domo Ingredients),
which has a relatively high alpha-lactalbumin content and a low beta-

25 lactoglobulin content. Thanks to it typical amino acid composition, it is widely
used for the production of an infant nutrition resembling human milk more
closely. The a-LA/CMP weight ratio of Vivinal™-alpha is about 3.7.

The invention so concerns the application of a whey fraction
enriched in a-LA but depleted in CMP in food products, like yoghurt, to induce

30 an improvement in satiation together with an increase in energy expenditure.



| act al bum n and/or beta -lactoglobulin enriched whey protein concentrate
froma whey protein product, involving incubating a solution conprising
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content contributes to an acidic environment, thereby promoting a-LA
digestion and the formation of satiety-inducing protein fragments.

It is preferred that the nutritional, dietary or pharmaceutical
composition has a pH value of below 5.5, preferably below 5 and most

15  preferably below 4.6. This may further enhance a sufficient acidity during the
a-LA digestion process.

Another aspect of the invention therefore relates to a sour milk
product comprising a whey fraction comprising a-LA and CMP, wherein the
weight ratio between a-LA and GMP in said fraction is > 2. Preferably, the

20  weight ratio a-LA to CMP is > 3, more preferably > 4.
The pH of said sour milk product is below 5,5, preferably below 5 and most
preferably below 4.6. Numerous sour milk products can be made by combining
milk containing different levels of fat and dry matter with various starter
cultures. To produce sour milk, micro-organisms are added to milk, which is

25  the fermentation substrate. Lactic fermentation is the most important process
in the manufacture of sour milk products. The production time and properties
of the end product depend on the qualities and activity of the starter culture. A
sour milk product according to the invention is readily prepared by
supplementing a traditional sour milk product with a suitable source of whey

30 proteins having the desired a-LA/CMP weight ratio. For example, 100 gram of



been used an an anti-ulcer agent. On the other hand, a-LA requires a pH
val ue bel ow about 3.5 in the stonach for an optimal digestion process and,
hence, | iweratwiasssef satiety-induci ng peptides into thePbiroadostoseam

W thout wishing to be bound by theory, the present inventors postul ate that
a lowrelative CVWP content contributes to an acidic environnent, thereby
pronoting a-LA digestion and the formation of satiety-inducing protein
fragnents. It is preferred that the nutritional, dietary or pharmaceuti cal
conposition has a pH value of below 5.5, preferably below 5 and nost
preferably below 4.6. This may further enlgance a sufficient acidity during
the a-LA digestion process. Another aspect of the invention therefore
relates to a sour mlk product conprising a whey fraction conprising a-LA
and CWVP, wher eiragtlne sowt yitk nradud (bt Vesdwra-dompaiigs ehvputi hdszpersfmidketion is

> 2. Preferab h i . | - is. > 3, r Eﬁg y > 4.
The pH of sai %stg%lr’ %81%:9 f%&lg}ézgcéa%ielgl %@ %@A%@hegrpé?%}%gl y%t?gllug&/? akd. nost
preferably behow Ee: SappNm@itedsvisiodt lagist &n pgogunhsurtdsy Weightiteg.bly1@onbi ni ng

mlk containing different |levels of fat and. dry natter wth varjious starter
cul tures. To PFUBYLRY SBUR YREhwet) Pﬁo %W&l@&ﬂ)ﬁ%ﬁ%ﬁécfma%ﬁ&gﬁeﬂf*ﬁ Rentiabch i s

the fermengat kpR HEASTHATRire i 36EHEG-HALIRRIRML O BubdeeitTRalsol FHRGb AL
process in the manufacture of sour m |k products. The production tinme and

properties of patiéalbner intlydepiace epnprobeinttyen whay iftactisn somppaisiniga-I afd t he
starter cultu A sour milk product, according t invention is readily
pr epared by s%?’e@%ﬁef%gﬂeawﬂg%gfLﬁl%ﬁ(gtlweg&?rﬂ%’ialn% (E)lp%dlﬁctfvw th a suitable
source of whey proteins having the desired a-LA/ CMP wei ght ratio. For
exanpl e, 100 gram of g regul ar sour m |k pro&uct_ (e.g. .yoghurt) conprises
about 1-5 grams mi | k HdReiERCe. 88901 Rkaiofuctda seierfed ™ 686 FoUkhey
proteins. jghe Mdikit¥ Gdufhented milk, buttermilk, stirred yoghurt, set yoghurt, yoghurt

drink. A preferred embodiment relates to a satiety-inducing (drinkable)
yoghurt. The traditional yoghurt culture comprises Streptococcus thermophilus
(Streptococcus salivarius ssp. thermophilus) and Lactobacillus bulgaricus
(Lactobacillus delbrueckii ssp. bulgaricus). Both micro-organisms have a

15  symbiotic relationship, i.e. they are mutually beneficial during fermentation.
The optimum souring temperature of the yoghurt culture is between 42 and
44°C, and incubation takes around 3 hours until the desired acidity is reached.
Both micro-organisms perform better in symbiosis than if grown separately.
The pH value of the unsoured milk meets the requirements of the streptococeci,

20  so they grow quicker at the start. The increasingly acidic surroundings then
favour the lactobacilli, whose pH optimum is under 4.5.

In another embodiment, the sour milk product is a curded milk
product, for instance quark (quarg ), fresh cheese, cottage cheese, cream
cheese, kefir, kumyss, viili or ymer.

25 Kefir is a refreshing fermented milk product with a mildly acid
taste. Kefir is made by incubating milk with kefir grains or a mother culture
made from them. The microflora of the kefir grain and kefir comprise lactic
acid bacteria (streptococci, leuconostoc and lactobacillae), yeasts, and possibly
acetic acid bacteria. Kefir grains are a complex and specific mix of these micro-

30 organisms and are held together by a polysaccharide matrix. Pasteurised milk



may be supplenented with at | east an equal anmount by weight (e.g. 1-10
grans/ 100 gram yoghurt) of a whey protein fraction according to the

i nvent i orvocoaeB¥dve t he desired satiety-inducing ef f ecPCTOL2CO05607 it isS
al so possible to partially or fully replace mlk protein by a whey fraction
conprising a-LA and CWP, wherein the weight ratio between a-LA and GW is >
2. For instance, the sour mlk product is selected fromthe group
consisting of fermented mlk, butterm |k, stirred yoghurt, set yoghurt,
yoghurt drink. A preferred enbodinent relates to a satiety-inducing
(drinkable) yoghurt. The traditional yoghwt culture conprises
Streptococcus thernophilus (Streptococcus salivarius ssp. thernophilus) and

Lact obaci | | us bul gari cus (Lactobacillus del brueckii ssp. bulgaricus). Both
m cr o- or gani sifsinhevetesl withishekietir gedins farshivpen 18 end 2ddypugs at AAtwdPIGy
benefici al during fer i On. o] i t e a t he
yoghurt cuItu?ge%fhgggﬁg%%}%gﬂgwﬁg§fgf&%%%q%%ﬁ%%%@ﬂ%%gggﬁéé&gﬁﬁﬂg% 3 hours
until the destaratnastich pyodused €06 hesmaBeinfountef alcohglanhd asorpatié or m bet t er

in synbiosis than if grﬁwn sgparatel_y. The pH val ue of t unsoured m | k
meets the reqitPEARHSsAtogHacsheysite eflrdts pigaPolgPHARIGUNRIGEE tattet he

start. Thesincreasi ngtymded A eHSYRnQUAINGShLNEArihR U £HS hALLRARIMY |,
whose pH optimumis under 4.5. I'n anot her "enbodi ment, the sour mlk product
is a curded mldckicpmddhledholif gernendationchaslmek usqdiy ¢hy nofmadatirdiveof dsia
cottage chees%r t%rgsarpld%h ese b f > VI E .S a

efir Umyss i,.0r yer. Kefi
refreshing fermented m Iiyﬁ%fgdug?lp\?mr?(twg% nglolwdﬁ 1}1/111%(;;'118 1?%%%%@6%%%#6% made

by i ncubat i ng(dastik/whéhplodinrl: Dirastesd 6fY4: d imedwie mitlul hakes thdeofua@ruhhgem
The m croflora &f the kefir gre%n and kefir conprise |lactic acid bacteria

(streptococci 20 &g 8rloottsE thay Westargiraur pibelrodietss Nowagays poskkpmpyss

10  production is concentrated in Russia and Mongolia. Both kumyss and kefir are
said to be highly beneficial to health.

Ymer, produced especially in Denmark, is a sour milk product of
increased protein content. The product contains a minimum of 6% protein, 11%
non-fat dry matter and 3.5% fat. Using a traditional method, pasteurised skim

15 milk is incubated with mesophilic mother cultures (starters) at temperatures
of between 20 and 25°C until coagulation occurs. It is then gently stirred and
heated and the emerging whey removed (up to approx. 50% of the milk
volume). Cream is added to adjust the fat content, it is homogenised, cooled
and packed. In modern production the dry matter is increased by

20 ultrafiltration.

To ensure an effective satiety inducing effect of the milk product, it
is preferred that the whey proteins (a-LLA and CMP) provide a significant
amount of the caloric value of the milk product. For example, in one
embodiment the whey fraction provides at least 10%, preferably at least 15 or

25 even 25% or more, of the total caloric content of the milk product. In another
embodiment, the whey fraction contributes to at least 40%, preferably at least
50%, of the total caloric value provided by the proteins of the product

The invention also relates to theuse of a whey fraction comprising a-
LA and CMP, wherein the weight ratio between a-LA and GMP is > 2 as a

30 satiety-enhancing agent and/or to increase energy expenditure



acetic acid bacteria. Kefir grains are a conplex and specific mx of these
m croorgani sns and are held together by a polysaccharide matrix.

Past eur i sw0 2ri0/R8351i nocul ated with the kefir grains for Po@iNiger/0i®oand 24
hours at 20 to 25C. The kefir grains are then filtered off. As well as

| actic acid, the conbined fernentation produces CO2, a small anount of

al cohol, and aromatic substances. Al together they give the kefir its
organol eptically unique taste. Kunyss, a refreshing, slightly brisk drink
made frommare's mlk by lactic and al coholic fernentation, has been used
by the nomadic tribes of Asia for thousangds of years. Conpared with cow s
mlk the | ower casein content (casein/whey protein 1:1 instead of 4:1 in
cow s ml k) nakes the product runny and the gel softer than Western sour
m | k products. Nowadayso nostidedantbs use obiaetheyirdcsiopsnpwaising B WhelRussi a
and Mongol i a. u efi id t | b LGl to
el th. virer, PRroaECE Bpdath, (FLA) afhSatdh il PRl CMEr ISR e

i ncreased proweightaativ detwechh®e L actlUGME Gt 8j sxsa &atieny-tadaciig) @86dpr ot ei n,
11% non- f at dri)]{ matter ang 3. 5%f§é_._ Uﬁi ng a traditjonal method,

past euri sed sRIMIR Rreferaphicaiar addifiveRoneds grilk PEOdSther cul tures
(starters)sat tenperatures of between 20 and 25C until|l coagul ation occurs.
It is then gently stirred and heated and the energing vvhegl renmoved (up to
approx. 50% ofThefieoun hklkvipodret) magoéennries caddudonaorprsaddifiendlat cont ent ,

|1 1s homogen sedy cooled and: Rackeds, | DR Ye LR RLOGNGH B Gdry malt er
i's increased bygu ra |}1atra Pon. o1 ensur e” anPerfacti ve SErTe y i nduci ng
effect of theemahflepitadutirises it iispoed shidrede.th@d- Ashehatheygpiioteidns o a- LA
and CWP) provide a signjficant. anount of the caloric value of the mlk
product . For é&%ﬁﬁ]@?g iLReHga Ao %ﬁgeﬁﬁlgckﬁﬂgpomﬁa%ﬁw @Pévrlalg§?1at | east

10% pref genabhyrale LieRRE, hRAr&ycitrate, fumarate, adipate, propionate, acetate,

tartarate, succinate and sorbate. The undissociated molecules of these short
chain organic acids are in particular active against pathogens in the porte

d’entree (place of entry), a process which is concentration- and pH- dependent.

15 A further beneficial ingredient for use in combination with the high a-LA/low
CMP whey fraction is a milk oligosaccharide, in particular sialyllactose (3’
and/or 6 sialyllactose), which can prevent the adherence of pathogens to the
intestinal wall, for instance Gram-negative bacteria, like E.coli , Salmonellae
or Enterobacter sakazakii. In this manner, the low content of CMP, also known

20  to inhibit pathogen adhesion, can be at least partially compensated for.

Other useful additives are oligopeptides and/or free amino acids, such as
proline, non-digestible oligosaccharides including prebiotics, in particular FOS
and/or GOS, free or conjugated fatty acids, including polyunsaturated fatty

25 acids (PUFAs), such as arachidonic acid (AA), eicosapentaenoic acid (EPA),
docosahexaenocic acid (DHA), Gamma-Linolenic Acid (GLA), Dihomogamma

Linolenic Acid (DHGLA), stearic acid (SA) and conjugated linolenic acid (CLA).

In still a further embodiment, a milk product provided herein further

30 comprising at least one polyphenol, preferably selected from the group



even 25%or nore, of the total caloric content of the mlk product. In
anot her enbodi nent, the whey fraction contributes to at | east 40%

pr ef er ablwoapideast 50% of the total caloric val ue proecaad. 2o/ o7
proteins of the product The invention also relates to theuse of a whey
fraction conprising a - LA and CVWP, wherein the weight ratio between a-LA
and GW is > 2 as a satiety-enhancing agent and/or to increase energy
expenditureAl so provided is the use of a whey fraction conprising the whey
proteins a-lactal bumn (a-LA) and casein nmacropeptide (CW), wherein the
wei ght ratio between a-LA and GW is > 2,18s a (satiety-inducing) food
additive, preferably as an additive for sour m |k products. The (sour) mlKk
product may of course contain one or nore additional ingredients that are
of benefit forotreindof dpagdlwcatiechinagalipte. teeedratrol, Ftb'udr@wéymrs@l; ofeureusimpr i ses
at | east one n f. The
organic acid §§®%E%&§% %%%&nf?&mﬁ e 6&0%% %%ﬁ%ﬁ% n %?Eﬁgéyggglqgltrate
hydr oxyci trat extrfawmf aé&gra@dlshm,molmﬁﬁbhrr&bﬁantaﬁ elia¢ eand/ar blareak aste

succi nate and sorbatg. The undi ssoci at ed gpules of th?se short chgln
organi ¢ aci ds Vat@ PRA SR naitues detqehdea gakienplachgadlaninteresthisr the

d" entree (pl a?@es@flt fffleh¥ibn, GitBIREEBSIn gﬁh&sba pkéfe%aceﬁéé@wa%iy@mowre
dependent . urt her beneficial ingredient use in conbination with the

high a- LA/ | owk@!wnmlnefyoctlﬁamal@ﬂlatsheezemnltloxma:ngoagfac@hamrmémah anfyeancesul ar

sialyll act ose sia actos ) vent the adher ence
of pat hogens ?égﬁﬁglpﬁ?eé??%%ﬂpr E?Ue% Sﬁ%%'éﬁ%%wgﬁgﬁg%g gflve bgé%erla

i ke E.coli , hEaksutasiklaad btdechbgdiabagiimsalazakdases. IReStazlmCh siaiveehat t he
| ow cont ent of CVP, alsgpknomn ta j nhi bit pathogen adhe ion, can he at

| east parti al FyFe8dRpEARACEI™ TG WeIgRhioss-JSetants ghdicenves hayebesn WPt i des
and/or freg amjdageiRSlHlipostiaby g&&éﬁbﬁ@ﬁl CREM: CHbae st IR gosasEhatd des

i ncluding prebiotics,” in particular
are mostly water-soluble, and can be easily oxidized if they are mixed in

emulsions containing water.
15

Example I

20 A high protein yoghurt was prepared, to which as whey proteins were added
Hiprotal 60MP or Vivinal Alpha (DOMO, Beilen, The Netherlands). Briefly,
the yoghurt milk was pasteurized 1 minute at 85°C and cooled to 43-45°C after
which the fermenting bacterial cultures were added. After fermentation to a
pH of 4,4 the yoghurt was mixed and subsequently homogenized at 200 bar.

25  Whey proteins were added (4,5 grams per 100 ml) to the homogenized yoghurt.
The yoghurt contained 8 % protein in total, of which 3,5 % whole milk proteins
and 4,5 % whey-proteins resp. resulting from Hiprotal 60MP and Vivinal.

Hiprotal is an ultrafiltrated whey protein powder with as typical

analysis 60% protein, 26 % lactose , 6 % minerals, 4,5 % fat and 3,5 %



and/or GOS, free or conjugated fatty acids, including polyunsaturated fatty
acids (PUFAs), such as arachidonic acid (AA), eicosapentaenoic acid (EPA),
docosahexwononyie3sei d (DHA), Gamma- Li nol eni ¢ Aci d ( GLA) PCDINIGOMOGPEIRIR
Linolenic Acid (DHA.A), stearic acid (SA) and conjugated linolenic acid
(CLA). In still a further enbodinent, a ml|k product provided herein
further conprising at | east one pol yphenol, preferably selected fromthe
groupconsi sting of epigallocatechin gallate, resveratrol, hydroxytyrosol,
ol eur opei n, pol yphenols present in green tea extracts, catechins,

pol yphenol s present in extracts of red grape skin, polyphenols present in
olives and/or olive waste water, and their m xtures. G een tea pol yphenols
of particular interest for the present i nvention, catechins being nost
preferred. G awastuea Thsl Wb%enmt@lnafr@ctmdmh@wt@mw@am@rltSﬁelﬁ‘V iy

ant i oxi dant, i n ion
properties, @5&8?2%?355% ﬁnu?%ﬂﬁﬂ%?gﬁﬁaﬂnﬁ)ngiﬁgp%g%%%%gg?ﬁg and protect
agai nst aut 0| mrune diGeaséAlpiRekganctymtmdwmnalykad . e erotbaa, 1A% fhel 5wt h

wei ght loss. Extracts_of green tea have. been for nedicinal purposes
for generati OFEDFRITH] r{‘alaC@S%éHdt%%/Op@P%‘h@ngk{%W yeeteiRcirR nostly

vat er - sol upl e, apss&eom %ealﬁaaﬁckaab%h@hﬁe@ % fCMPERaBE &-1NA XEMP e efrul si ons
containing water. Exanple | A high protein yoghurt was prepared, to which

as whey proteins were added Hi protal 60MP or Vivinal Al pha (DOMO, Beil en
The hbtherlan%%%' q% gf!y, the yoghurt mlk was pasteurized 1 mnute at 85C
and cooled to HWE After which the fermenting bacterial cultures were
added. After fernentation to a pH of 4 4 the yoghurt was m xed and
subsequent |y enlzed at 200 bar pr.at ei ns re added (4,5 grams
per 100 m) t &%E%E qleryae %gﬂ%‘ﬁ of gifHuetiel iwgesep%?l& einin
total, of 1ghi ghcBom hMl%laﬁl RO HCRIPEREE 1 (whey) or B) a whey protein fraction

having an a-LA/CMP ratio >2 to breakfast yoghurt drink on energy

expenditure and satiety in humans.

15 Methods
35 subjects (aged 18-60 years; BMI: 23.0+2.1 kg/m?) participated in an
experiment with a randomised, 3 arms, crossover design where diet-induced
energy expenditure, respiratory quotient and satiety were measured. They
traveled by public transport or car, in order to avoid physical activity that

20  would have increased Resting energy expenditure (REE). Subjects arrived in
the fasted state at 08.15h and were kept in a time-blinded surrounding. They
emptied their bladder before the test. The subjects were lying in the supine
position. After 30 min of rest, subjects received either one of the two
breakfasts, consisting of the yoghurts supplemented with either Hiprotal

25  (herein referred to as "HP<1”) or Vivinal Alpha ("HP>2). The tested sour milk

products were iso-energetic.

30



and 4,5 %hey-proteins resp. resulting fromH protal 60MP and Vivinal.
Hiprotal is an ultrafiltrated whey protein powder with as typical analysis
60% pr ot eW0,200012885act ose , 6 %rinerals, 4,5 % at and 3, PC¥NL26810(05¢207 The
whey protein fraction is characterized to conprise 16% CVWP and 13

%l fa-lactal bumn so that the ratio a-LA/ CWP is about 0.8. Vivinal Al pha
has as typical analysis : 72% protein , 12 %at , 4,5 % mnerals , 7

% act ose and 4,5 %i sture. The whey protein-fraction conprises 22

%l fa-lactal bumin and 6 %CMP. Ratio a-LA /CW 3,6 :1. Exanple Il This
Exanpl e describes the effect of the additign of either A) a whey protein
fraction having an a-LA/CWMP ratio < 1 (whey) or B) a whey protein fraction
having an a-LA/CVP ratio >2 to breakfast yoghurt drink on energy

expendi ture aBgselds.i ety in humans. Methods 35 subjects (aged 18-60 years;
BM: 23.02.1 rticipat ' ' Lo ] 3
arns, crossovégﬁ%%%fgﬁi%ﬁgkgggggpkﬂ% ggeﬁagﬂgE%%egg%éﬂﬁg?%gggpggép Patory
quoti ent and padteri yogherewibashishoh-LANEM X vaaioaHERG-2p yh pubftectHerleigipor t  or
car, in order to avoid physical activity woul d ve |ncreased Resting
energy expendPtaFE! X%%E}”‘% Wsﬁl}tﬂ Edpldvely h%émcq%ﬂ? @g&?@ﬁ Statablal o8, 15h
and were kgpt in a tine-blinded surrounding. They enptied their bl adder
before the test. The subjects were lying in the supine position. After 30
mn of rest, Yablecktraacduilenir dibpherCwne odflesiheta ead, bnegis satiedy andnsi sti ng
of the yoghur%ﬁh§%gplenented with either H protal (herein referred to as
"HP<1") or Vi Vinal Al pha (H P>2). The tested sour mlk products were

i so-energetic.Results . Hunger and desire to eat were significantly nore
suppressed after the high

10 HP<1 HP>2
Desire to eat -5070.4 + 873.8 -6750.6 = 805.5#
Hunger -5448.0 + 913.0 -6627.4 + 823.2*

15
Satiety 6175.5+ 842.0 6583.5 +£ 730.2
Fullness 6245.6 £ 840.7 65684.1 £ 763.3

20

All data are mean + SE. ANOVA repeated measures.

25  Conclusion.
Hunger and desire to eat were significantly lower after HP>2 yoghurt than

after HP<1 yoghurt # (p<0.01), *(p<0.05).
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protein yoghurt with a high a-LA/CW ratio (HP>2) than after the

hi ghprotein yoghurt with a relatively high CW content (HP<l1l). See table 1.
Tabl e 1. woeatodnssn (or Above) Curve of desire to eat, RONQER)108&0202tYy and
full ness HP<1 HP>2 Desire to eat -5070.4 873.8 -6750.6 805.5# Hunger
-5448.0 913.0 -6627.4 823.2* Satiety 6175.5 842.0 6583.5 730.2 Full ness
6245.6 840.7 6584. 1 763.3 Al data are nean SE. ANOVArepeated neasures.
Concl usi on. Hunger and desire to eat were significantly |lower after HP>2
yoghurt than after HP<1l yoghurt # (p<0.01), *(p<0.05).Exanmple Il Prepared
was a HP>2 yoghurt conprising Vivinal, asijglescribed in Exanple I . As an
additional ingredient, 1%otassiumcitrate was added. Exanple |V As exanple
[11, but 1% sodi um funarate was added i nstead of potassiumcitrate. Exanple
V The product Esfanelertdle 111, but instead of 1% | actose was incorporated 1%

0. 5 Yol al yi | abt ORE AR LR B bR TRy Sy R b L RRING 1 ©

As an additional ingredient, 1 % potassium citrate was added.

5 Example IV
As example III, but 1% sodium fumarate was added instead of potassium

citrate.

Example V
10  The product of example III, but instead of 1% lactose was incorporated 1 %

sialyllactose.

Example VI
The product of example V but 0,5 % hydroxycitrate + 0,5 % sialyllactose was
15 added instead of 1% sialyllactose.

Example VII
Stirred yoghurt was prepared by inoculating skimmed milk, to which 1% by
weight of skimmed milk powder was added, with traditional yoghurt cultures
20 of the type S. thermophilus and L. bulgaricus. The latter was cultured at 32°C
until a pH value of 4.4 was reached. Thereafter, it was stirred to form a
smooth composition while at the same time 2% by weight of a composition
comprising unsaturated fatty acids, comprising a.o. AA, EPA and DHA was
added. In addition, 2% by weight of Vivinal Alpha was added. The product was
25  cooled and filled in containers. This product is suitable for consumption once or
more times a day, so as to provide a long lasting feeling of satiety while at the

same time contributing to gut health.
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Stirred yoghurt was prepared by inoculating skimred mlk, to which 1% by
wei ght of skimred m |k powder was added, with traditional yoghurt cultures
of the t o 2810/2B31nophi |l us and L. bul garicus. The | att@cTidd20W050207 ed at
32C until a pH value of 4.4 was reached. Thereafter, it was stirred to form
a snmooth conposition while at the sane tine 2% by weight of a conposition
conprising unsaturated fatty acids, conprising a.o. AA EPA and DHA was
added. In addition, 2% by weight of Vivinal Al pha was added. The product
was cooled and filled in containers. This product is suitable for
consunption once or nore tinmes a day, so @ to provide a long |lasting
feeling of satiety while at the sane tinme contributing to gut

heal t h. Exanple VIII Skimed m |k was incubated at 28 Cwith a starter
culture {Streprasaeleu¥llilactis / crenoris and Streptococcus diacetilactis),
whi | e rennet . 6 , o) f d and a
pH val ue of 4@%@%@%&%?@%&1%%%%%%% u%matsﬁ%ﬁ&s(ﬁ?ﬂrggb p%%tro 8%% y usi ng
a high speed agitisdtemorafdrer SiwbpotocthediQeaniigcfigl shilknronnetasad adddd heese)
was heated to gﬁ g for lf)g to 3 mnutes and thenlvfootﬂed. SuPsequentIy, t he
whey was sepaialleafieh 1§ houpseoarulug wamiamerdand ARt WIBR&T Gl B2t xed wit h
the coagul ym al,-Rel ETREERLUNEN HasGhbn sﬁfrfe%l_rth\éﬂf&%hhhﬁ%n@ra%lgﬁtsplé‘@é filled in
containers and stored. Optionally, the Vivinal pha can be fully or
partial | y hydrgitgtoedaftexddhichdhalQuangdde bnownmayrdst chdewd wasdreatatstoance
fruits or part.s.thereof,, seasonin aci dul ants, stabhiljzers, unsaturated
or gant o acy ds P03t BB GFfo BERTEE sfEneBFhi Sre il WhERER Rl e

t hose capabl es@farbtddiibid sdp@radee. accunul ati on of (visceral) fat and/or
stinmulating breakdown of the latter, such as hydroxycitrate, arachidonic
acid (AA), pinolenic acid, CLA or green tea extract.d ains

10  Cream and Vivinal Alpha were mixed with the coagulum at a temperature of
8 °C, after which the product was filled in containers and stored. Optionally,
the Vivinal Alpha can be fully or partially hydrolyzed. Additional ingredients
may be added, for instance fruits or parts thereof, seasonings, acidulants,
stabilizers, unsaturated organic acids, prebiotics, flavours. Other beneficial

15 additives include those capable of inhibiting the accumulation of (visceral) fat
and/or stimulating breakdown of the latter, such as hydroxycitrate,

arachidonic acid (AA), pinolenic acid, CLA or green tea extract.

20



1. Use of a whey fraction conprising the whey proteins a-lactal bum n (a-LA)
and casein nacropeptide (CWP), wherein the weight ratio between a-LA and
GW is > W0 20wi12835¢ nanufacture of a nutritional, dietaPgTONL2ptoaxsepateut i cal
conposition for pronoting a healthy body weight. 2. Use according to claim
1, wherein the weight ratio a-LAto CW is > 3, preferably > 4. 3. Use
according to claiml1l or 2, wherein said whey fraction has an a - LA content
of 20%to 36% and a CVWP content of 3%to 15% of total protein. 4. Use
according to any one of clainms 1-3, wherein said whey fraction is further
characterized by: (a) a |l actose content ofgl0% or less; (b) a total protein
content of 12.5%to 95% (c) a fat content of 15%or less ; and / or (d) an
ash content of 4.5%or less. 5. Use according to any of the preceding
clainms, wherein said whey fraction has a total protein content of 35%to
80% preferably 70%to 77% 6. Use accorcqgi@r%to any of the preceding
clainms, wherein said whey fraction conprrses hydrol yzed whey proteins. 7.
Use according to any of the preceding clains, wherein the pH of said

nutri onal | distary of pharceutcal composiflan LS belot 5.5, prster abl
ot on, Som <11, 6| BTGyl e, iahen ok A
between a-LA and GMP is > 2, for the manufacture of a
nutritional, dietary or pharmaceutical composition for promoting
5 a healthy body weight.
2. Use according to claim 1, wherein the weight ratio a-LA to CMP is >
3, preferably > 4.
3. Use according to claim 1 or 2, wherein said whey fraction has an a-
LA content of 20% to 36% and a CMP content of 3% to 15% of
10 total protein.
4. Use according to any one of claims 1-3, wherein said whey fraction is
further characterized by: (a) a lactose content of 10% or less; (b) a
total protein content of 12.5% to 95%; (c) a fat content of 15% or
less ; and / or (d) an ash content of 4.5% or less.
15 5. Use according to any of the preceding claims, wherein said whey
fraction has a total protein content of 35% to 80%, preferably 70%
to 77%.
6. Use according to any of the preceding claims, wherein said whey
fraction comprises hydrolyzed whey proteins.
20 7. Use according to any of the preceding claims, wherein the pH of said
nutritional, dietary or pharmaceutical composition is below 5.5,
preferably below 5 and most preferably below 4.6.
8. A milk product comprising a whey fraction comprising a-lactalbumin
(a-LA) and casein macropeptide (CMP), wherein the weight ratio
25 between a-LA and GMP is > 2.
9. Milk product according to claim 8, wherein the weight ratio a-LA to
CMP is > 3, preferably > 4.



9. MIk product according to claim@8, wherein the weight ratio a-LA to CW
is >3, preferably > 4.10. M Ik product according to claim8 or 9, wherein
t he whey woaetoassspr ovi des at | east 30% of the total calPCmiNL2¢wrose2et of the
m |k product. 11. M|k product according to any one of clains 8-10, being a
sour m |k product having a pH below 5,5, preferably below 5 and nost
preferably below 4.6. 12. M|k product according to any one of clains 8-11,
being a fernmented m |k product, preferably selected fromthe group
consisting of, butterm |k, stirred yoghurt, set yoghurt and yoghurt drink.
13. MIk product according to any one of ¢tains 8-11, being a curded mlk
product, preferably selected fromthe group consisting of quark (quarg),
fresh cheese, cottage cheese, cream cheese, kefir, kunyss, viili and ymer.
14. M1k pr oducthaCCdengOdwtangordm t@fd@ha%t%wmgrenﬁ the whey Emepensi ng at

| east one short chain DR a%%éjst%'bwaofscﬁ' boda D EXIGRL ’coﬁJeﬁfcﬁfﬁ{%' Mhere' "

the organic acid is sel cted conS|s 'ng o citrate,
hydr oxyci trat e, funaratﬁmdadtpate proplonate acet at e, tartarate

succi nate and sor bat duct accordln to a one of cl ai
8-14, further cdrpri §Y1Hé PXp %agforgmg LRI pet 1@&%&‘@@8}1& ? ﬁ@ﬂg@&gg

consi stingsof oli QODGDtE %c@HQxhﬁé fﬂI@%eR)W @@ BRIHSb1ySBE b BSarR Rbbhe;
nondi gesti bl e ol i gosacchari des including prebiotics, in particular FOS

and/ or GOS; free or conpsfawbly badowyt.Gici ds, including pol yunsaturated fatty
acids (PUFAs), SlléCh q\ﬁllﬁrp%g@uc(%%@(lzo%dmg t% any one of claims 8-11, being a fermented

milk product, preferably selected from the group consisting of,
buttermilk, stirred yoghurt, set yoghurt and yoghurt drink.

10 13. Milk product according to any one of claims 8-11, being a curded
milk product, preferably selected from the group consisting of
quark (quarg), fresh cheese, cottage cheese, cream cheese, kefir,
kumyss, viili and ymer.

14. Milk product according to any one of claims 8-13, further comprising

15 at least one short chain organic acid or a salt thereof, preferably
wherein the organic acid is selected from the group consisting of
lactate, citrate, hydroxycitrate, fumarate, adipate, propionate,
acetate, tartarate, succinate and sorbate.

15. Milk product according to any one of claims 8-14, further comprising

20 at least one additive selected from the group consisting of
oligopeptides and/or free amino acids, such as proline; non-
digestible oligosaccharides including prebiotics, in particular
FOS and/or GOS; free or conjugated fatty acids, including
polyunsaturated fatty acids (PUFAs), such as arachidonic acid

25 (AA), eicosapentaenoic acid (EPA), docosahexaenocic acid (DHA),
gamma-linolenic acid (GLA), dihomogamma linolenic Acid
(DHGLA), stearic acid (SA) and conjugated linolenic acid (CLA).

16. Milk product according to any one of claims 8-15, further comprising
at least one polyphenol, preferably selected from the group

30 consisting of epigallocatechin gallate, resveratrol, hydroxytyrosol,



(AA), eicosapentaenoic acid (EPA), docosahexaenocic acid (DHA),
gamma-linolenic acid (GA), dihonogamma |inolenic Acid (DHG.A), stearic
aci d (SAweandiccsisugated |inolenic acid (CLA). 16. M | kpprodaeto/oaeodr di ng
to any one of clains 8-15, further conprising at |east one pol yphenol,
preferably selected fromthe group consisting of epigallocatechin gallate,
resveratrol, hydroxytyrosol, ol europein, polyphenols present in green tea
extracts, catechins, polyphenols present in extracts of red grape skin,
pol yphenol s present in olives and/or olive waste water, and their m xtures.
17. Use of a whey fraction conprising thejghey proteins a-lactal bumn
(a-LA) and casein macropeptide (CW), wherein the weight ratio between a-LA
and GW is > 2 as a satiety- enhancing agent. 18. Use of a whey fraction
conprising the whey pro¢lehrmemn, pabidiebolyinregeat LARrepndtes astiantsaeicobiast i de
(CVWP), wherein the weig I t - .S 2.2 i ase
ener gy expenditure. 19.B@@é&%#ﬂ%8§ﬁ§§€§%%%%ﬁ%%8§%} r?é?#gnfﬁggﬁhgéh%roteins
a-lactal bum n (a-LA) angresastinlives hagepilite waShPy atarhat ®theit hextweeght
rati o between a-LA a G%P is > 2, .as a nutritjonal additive pr?ferably an
additive for sour mil S @dwg?%fractlon comprising the whey proteins a-lactalbumin
5 (a-LA) and casein macropeptide (CMP), wherein the weight ratio
between a-LA and GMP is > 2 as a satiety-enhancing agent.
18. Use of a whey fraction comprising the whey proteins a-lactalbumin
(a-LA) and casein macropeptide (CMP), wherein the weight ratio
between a-LA and GMP is > 2 to increase energy expenditure.
10 19. Use of a whey fraction comprising the whey proteins a-lactalbumin
(a-LA) and casein macropeptide (CMP), wherein the weight ratio
between a-LA and GMP is > 2, as a nutritional additive,

preferably an additive for sour milk products.



