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OL1 GOSACCHARI DE | NGREDI ENT Field of the invention The
invention relates to an oligosaccharide ingredi ent
WO 2@l/1065281 al i ¢ aci d, food products conpri si ngPEHEH2009/052186
ol i gosacchari de i ngredi ent and processes for producing
sai d oligosaccharide ingredient. Background of the
OLIGOSACOCH ARIPENINGREDIENHhown to contain a | arge
anount of indigestible oligosaccharides. In fact,
i ndi gesti bl e oligosaccharides represent the third
Fiel®®$19asinveatibf conponent (after lactose and lipids) in
breast m |k, occurring at a concentration of 12-15 g/1
in colostrumand 5-8 g/1 in mature ml k. Human m |k
T EBRAIFARS G Bt TRl Gih T SRR frod mragpers
contfirjiga)saris seigbsabhdridac tih@bdiemotandi pewtehyes r @ratpectucthg  said
.their calorific value. Over the past two decades, the
oligopacgharide agiedighlur es of human ni | k ol i gosacchari des
have been studi ed usi ng NVR spectroscopy and nass
spectronetry. Each individual oligosaccharide is based
Badkgreurmmbefithe aiveationf gl ucose, gal actose, sialic acid
(Nacetyl neuram ni c acid), fucose and/or
N-acetyl gl ucosam ne with many and varied |inkages

HuR@t WeRNstkiin th Al & 044B¢ bRGuAss hbBeQMIE BRYSSaOMARESs, In
of different oligosaccharides in human mlk - over 130

factg iedhgestiblgceligosaccharides Hepigsent ghg ithird dargest fsalid campenent (after
| fi. t ; | nmoi et t .t hei.r,~r.educi n
gl oA S . B 15002 St L o

andt &¢8igf1aln pRGrt i @ik.at Hukan nank r&ibésicoBarfied . ard Rery @6GQant to
quantity of sialylated oligosaccharides in human mlk
enzygatys hydiolysisul iadicatinge thag tthese oligosaccharides may display essential

functions not directly related to their calorific value.

Over the past two decades, the chemical structures of human milk oligosaccharides
have been studied using NMR spectroscopy and mass spectrometry. Each individual
oligosaccharide is based on a combination of glucose, galactose, sialic acid (N-
acetylneuraminic acid), fucose and/or N-acetylglucosamine with many and varied
linkages between them, thus accounting for the enormous number of different
oligosaccharides in human milk — over 130 such structures have been identified so far.
Almost all of them have a lactose moiety at their reducing end while sialic acid (when

present) occupies the terminal position at the non-reducing end.

The large quantity of sialylated oligosaccharides in human milk is of particular interest.
Sialic acid is a nine-C sugar that is a vital structural and functional component of brain
gangliosides. It is thought to play an essential role in nerve cell transmission, memory
formation and cell to cell communication. Studies in rat pups indicate that early
supplementation with sialic acid improves both brain ganglioside sialic acid and
learning ability in well-nourished and malnourished animals and that these changes

persist into adulthood.
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Sialic acid is a nine-C sugar that is a vital

structural and functional conponent of brain
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to cell communication. Studies in rat pups indicate

that early supplenentation with sialic acid inproves
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hite a I catl on

conFentizfigp & edf TR A hor dis BB 3P o 1 A gptt opgmore than
60ngig arft pdpadendompasedi withutli ng 6amgay ef peEid? imaataeiligndccurring

CNR BBy ARRSLEETEPDILTHALY, o oS0 gl or o

pama] ydroly51s followed by fractionation using anion chromatography.

However, a need remains to provide other ingredients rich in sialic acid which can be
used to enrich infant formula and other nutritional compositions in this important

component.
Summary of the invention

The present invention provides an oligosaccharide ingredient comprising glycosylated
amino acids and peptides of the general formula RaSacm where R is an amino acid
residue, Sac is a monosaccharide selected from the group comprising N-acetyl-
neuraminic acid, N-acetyl galactosamine and galactose, n has a value between 1 and 10
with the proviso that if n has the value 1 R is a threonine residue or a serine residue and
if n has a value between 2 and 10 the peptide contains at least one threonine or serine
residue, m has a value between 2 and 4 and at least 20 mol% of the ingredient is N-

acetyl-neuraminic acid.
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60nmg/ g of peptide conpared with 40 to 60ny/ g of
peptide in naturally occurring CGW. |t may be
w@e@daeeds ei t her by fractionation using ani on PCT/EP2009/052186
chr omat ogr aphy or by partlél hydrol ysis fol |l owed by
fractionation using ani on chronmat ography. However, a
need remains to provide other ingredients rich in
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and&éﬁ%@?%@%&k@o&%& acetﬁ%/ tg éléno hl?rgg(grll %) aasctlo gétallr\ll-tﬁe Fraéﬁon

having a molecular weight between 1000 and 2000 Daltons.

The invention also extends to a food product comprising an oligosaccharide ingredient
as described above. Optionally the food product is an infant food or formula, but the
product may be any food or drink consumed by babies, infants or adults. Consumption
of a food product containing such an oligosaccharide ingredient may improve
incorporation of sialic acid into brain gangliosides and thus improve related neural

functions such as neurotransmisston.
Detailed description of the invention

In the present specification, the following words are given a definition that must be

taken into account when reading and interpreting the description, examples and claims.

“CGMP”: caseino-glycomacropeptide, i.e. the glycomacropeptide that is cleaved from

bovine k-casein by the action of the enzyme rennin.
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val ue between 1 and 10 with the proviso that if n has
the value 1 Ris a threonine residue or a serine
wo e@vdue2eind i f n has a val ue between 2 and 10PCTHYEP2009/052186
peptide contains at |east ‘bne threonine or serine
resi due, mhas a value between 2 and 4 and at |east 20
“Infam| Rrrafilat hévoisigffadiceded s the aomipldte netitiani ofi iofaats dyring the

| si t h | ys,. ..
s BB S bR GRS R R g et e e
inclgdnkg%fh%%%na?olw-@hfbraluras.xture of free anino acids

peptides wwth a chain |l ength between 2 and 10 and

subj ecting the hydrolysed m xture to nanofiltration so
. as to.retain the fraction having a nol ecul ar wei ght
S‘%&aﬁ\@e PO SHE ™66 t ons. The invention al so

extends to a food product conprising an

ol i gosacchari de ingredi ent as descri hed above.
Theapynsioal Prgvidae ap gdtopcekitde gredien A coppigseg elycosylated
amih® 50 And giébg&%%fpﬁa@ G EraBIRE: ROVachORRer@R & hftkimino acid

consuneg y babies, infants or adults. Consunption of
residuef % pr admohosaoetazidai setpesdc froan tlod iggopacomarisidg N-acetyl-

T g N-BAHUERBEHERP AR EARGOTnD a2 P Breen § and 10

wit B HRbvi{HRGE ik AhEs BHGRNRSI RGUE HrERMMReSiRLOBr a Siniréstdhe and
description of the invention In the present

if ndpesivhlucdehwren 2 el {®Heawiptide ewnteiss ar lsagjione thrgonine or serine
.definition that nust, be taken. into cayin S
e b Sa PR FR R G2 TRRBAT e fhnediontfy -
acet§]-AduIBmini CeB" 45 wels &k rafagl Ye adwe fapkpidddets donprisingesuch an
~glycomacropeptide that is cleaved from bovi ne k-casein
Ollgbycﬁmldﬁémgr@éze@f the enzyme rennin."Infant fornula":
foodstuff intended for the conplete nutrition of
infants during the first four to six nonths of life

Prefen®lyf ®had hiedlte pantéml andis and moastaheheaffBarr 4. The term
i ncl udes both starter and foll owon fornul as.

The ingredient contains at least 20 mol% sialic acid as part of a saccharide chain linked
to the hydroxyl group of threonine or serine. The sialic acid may form part of the chain
or may itself be a substituent of a monosaccharide unit in the chain. Thus, the

oligosaccharide ingredient may contain the following monosaccharides:-

Compound mol %
N-acetyl galactosamine (GalNAc) 15-25
galactose (Gal) 15-25
N-acetyl-neuraminic acid (NeuAc) 50-20

The oligosaccharide ingredient may contain from 15 to 25 mol% of a mixture of serine

and threonine.

The oligosaccharide ingredient may contain the following glycosylated amino acids or

peptides:-
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"Sialic acid": N-acetyl neuramrdc acid. The invention
provi des an ol i gosaccharide ingredi ent which conprises
w@Rkgoeossstait ed ami no aci ds and peptides of the BETEP2M09/052186

fornula RnSacm where R is 2an am no acid residue, Sac
IS a nonosacchari de selected fromthe group conprising
N-acetyl neuramnic acid, N acetyl gal act osam ne and

al act ose, nhasavalue e 1 and 10 with the
NeuAewir2 3008t - - ENey A 210nks 9 1 R is a threonine

NeuAesi- aﬁeGdrBé%@aleeC Resi due and if n has a val ue
Gal-pet wRBuLc-arl6 JGdNacgept i de contains at | east one
Gal@hfgmmgcq serine residue, mhas a value between 2
and 4 and at |east 20 nol % of the ingredient is
Nacetyl - neuramnic acid as well as infant or adult
The fodlgdsapclmdmie tisgrediemrafshagnvsoidén sway deipgedred harthalbydrolysis of

redi ent. Prefer a v bet wee
coPE Sh sonaes AR & Bl diE Y HEBEh afR g of Ifbe Smino
acid@hind p@si{ded Vit Hafi [@hth baGIddn@Sanallt andf sudjestge tharhydmlysed
chain linked to the hydroxyl grou of threonine, ar

mixeq iOrf@nofrh@U@n 59 ptogetagn Wﬁ;frap pih#aRg a groleaydar cypaghy bgtween
a substituent of a nonosaccharide unit
100(?%3(‘{ eIllzniltO% Thus, the oligosaccharide ingredient may
contain the follow ng rmnosacchari des: - The
COMBIB5BF* & PHIPKEDICLO Y gt PHE A PH GBI G R rested ih the

enzﬂ'hé A92af D BEdcHRtal N SAE&RT mlsC%E@éanUmP f1§"cle@chﬁﬁom K
gl ycosyl ated am no acids or peptides: “NeuAc- a- 2, 3-Ga

casebn indBrefriiinsAu solation @At}1 tBa v PRIgiNNe s peodpcds &apwn gs S‘Weet
whey.3 T%% %&P mange separa’ted frol\rl%l'{ﬁg whey pfOQCI}‘lS g?aarl}% Broceﬁ known in

the art. A suitable process is described in European Patent No. 986312,

The hydrolysis may be carried out using any suitable combination of enzymes. One
example of a commercially available enzyme system with exo- and endo-protease
activity is the product sold as Flavourzyme ® by the Novozymes division of Novo

Nordisk.

The product of the hydrolysis process is a mixture of free amino acids, glycosylated
threonine and serine, glycosylated peptides containing at least one threonine or serine
residue and unglycosylated peptides, the peptides having a chain of 2 to 10 amino acid
residues. This mixture is subject to nanofiltration to separate and retain the fraction
having a molecular weight in the range from 1000 to 2000 Daltons. This fraction will

comprise the oligosaccharide ingredient of the invention.

In a preferred aspect of the invention, the oligosaccharide ingredient described above is
incorporated into a food product. In the context of the present invention, the term
“food product” is intended to encompass any consumable matter. Hence, it may be a

product intended for consumption by humans, in particular infant formula, follow-up
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the invention nmay be produced by the hydrol ysis of
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obtain a mixture of free afrino acids and peptides wth

a chain length between 2 and 10 and subjecting the
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OlEgRG508 BEPBRL O BEEVTEE 70 b PepoRTGLty T (ormulas
grow@apaniBK hAYddHy VM LRI ML &cdlivhiktirss. t reated with the

enzyne rennin to precipitate the casein. In this

process, CAGW is cleaved fromK casein and remains in

n vvlt t he wh rot s. This produ i S _known
The3 g0 odRentibibe et By Thle el BhR0H B arfar SRR o
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process i s described in European Patent No. 986312.
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t ally
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vozynmes diy n of hbvo Nor di sk. The roduct of the
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but Qxlemﬁaaéj A1ded 1469048 ?he?'ﬁ]igl c?e%lfécﬁﬁo gA}{g .‘ﬁﬁgﬂ)}ﬂflce gltamms
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fornf @liduid hixgurbr acti on having a nol ecul ar weight in the
range from 1000 to 2000 Daltons. This fraction wll
conprise the oligosaccharide ingredient of the

rlﬂheil{hYl%.ﬁx(mre may then be thermally treated to reduce bacterial loads. For
example, the liquid mixture may be rapidly heated to a temperature in the range of
about 80 °C to about 110 °C for about 5 seconds to about 5 minutes. This may be

carried out by steam injection or by heat exchanger, e.g. a plate heat exchanger.

The liquid mixture may then be cooled to about 60 °C to about 85 °C, for example by
flash cooling. The liquid mixture may then be homogenised, for example in two stages
at about 7 MPa to about 40 MPa in the first stage and about 2 MPa to about 14 MPa in
the second stage. The homogenised mixture may then be further cooled to add any heat
sensitive components such as vitamins and minerals. The pH and solids content of the

homogenised mixture is conveniently standardised at this point.

The homogenised mixture is transferred to a suitable drying apparatus, such as a spray
drier or freeze drier, and converted to powder. The powder should have a moisture

content of less than about 5 % by weight.

The oligosaccharide ingredient of the invention may be added directly to infant formula

by dry mixing or, if in liquid for, at the blending stage discussed above. In both cases,



25
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heat .exchanger. The liquid mxture may then be cool ed
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infant or baby nutrition, it may be beneficial to supplement food products not
specifically targeted, or targeted to the adult population. For example, the
oligosaccharide ingredient of the invention can be incorporated into healthcare nutrition
products and nutritional products for the elderly. Such food products may include milk,
yoghurt, curd, cheese, fermented milks, milk-based fermented products, ice-creams,
fermented cereal based products, or milk-based products, among others.

In addition to the oligosaccharide ingredient of the invention, a food product such as an
infant formula may comprise one or more further oligosaccharides which are added

separately.
The invention will now be illustrated by reference to the following example.
Example 1

An example of the composition of an infant formula containing a oligosaccharide

ingredient according to the present invention is given below.
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pYitamer BHIy2)0. 5 to 2. 0% by Wei’ght of dryOAdtter
Hovievad (1gh hese anmpunt s| shoul 9 not be cor®i deredl as
| Hantothatic wad ang) shoul d pe 0.45 3
Vitamin B12 (pg) 0.3 2
Biotin (ug) 2.2 15
Choline (mg) 10 67
Fe (mg) 1.2 8
I(png) 15 100
Cu (mg) 0.06 0.4
Zn (mg) 0.75 5

Example 2

50g of caseinoglycomacropeptide (Biopure GMP, Davisco, USA) were dissolved at 10
% (w/v) in 500ml deionized water. The solution heated at 40°C for 30 minutes while
stirring gently and recirculated through a labscale tangential flow filtration system
(Millipore, USA) with one Pellicon 1000 Da filter cassette (0.1m?) at a feed pressure of

1.2 bar and no retentate pressure,
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adapted to the target popul ation, for exanple based on

the wei ght and age or health of the baby or infant.
wee@bateks y, the fornmula or feed containing theCT/EP2009/052186

ol i gosaccharide ingredient9of the invention is fed to

the baby at every feed. Although it is preferred to
Thesdafipt, e ar ntanfisgdppdasdu diosn sgeridilaal byztar Gésvetdrdyawar HOL

i nfant. or baby nutrition, it benefi ci al
Con@ubwnl@.q@ ﬁw%%aﬂ%ass Y Rerggim 2@%@&? %>C§PY3FYF§P@%{<§ gas ggded
at 35@0 DRPEhdr B0k Peoteid UlAfidp apslltatlirOfiafiftRkiof @B Blafted bg ncreasing

e

ol i gosaccharrde ingredient of the invention can )
the fatentatp pressurd (0 Atbersheigh e fiesdrpzessurerdft3 leans. pAdidus hes thadiltration

nutritional products for the elderly. Such food .
was IO 80 sy PERGIA A SaPREy BT e 8 gate fractions
thatf\@&rBRBI&Ged iy thBigrécebasert fyEpRBRIdE AT R M4¢E  dry matter (DM)

ice-creans, fernmented cereal based products, or
and rdiglic- beid espnpnbdiiictash {zasbng voashéetermined. acdalid egidt epnfame was

i 6o ' de i nar edi L he. i nVeDtian <& fond <
e HTRF AL AE BRI A R bR AT TaB: (2 DRfigo-a
methlegedianybbetene ldilgdsattiigle) dreshodhindhanahygisagtgd HPLC equipped
. separately. The invention will pow be illustrated by .
witly RBPAFICE 1§ 69K RIEH Eolmg a8d npyescERemiqtectar yyng atthentic
NeuRtHIRK R rfll stal@arBO PR3 § 5By Othe Ahst BAiaRe ah@'sIME Acid content in
containing a ol gosacchari de 1 ngredient according to
startilgempteeis ke ptrmeaaveetinddtions asl @ieneate.bel ow. Exanpl e 2 50g of
casei nogl ycomacr opepti de (Bi opure GW, Davi sco, USA)
were dissolved at 10 % (w v) in 500m deionized water.
Tablé¢ sol ution heated at 40C for 30 minutes while

stirring gently and recirculated through a |labscale

tangential [|B&ADI {r NeyAsHeEOMY dm ( M) 1Ti pore, USA
wi-t-h—one—Ral L i-cor—1000 Do filtod O Ll o (FrEHREN
stdrggtharieissur e ogo 7.5 100 1.00
permeate 1 4.32 0.2 8.64 0.03
permeate 2 3.1 0.2 6.2 0.02
permeate 3 6.1 0.3 12.2 0.04
permeate 4 429 1.4 8.58 0.18
permeate 5 3.56 0.8 7.12 0.10
permeate 6 28 0.4 5.6 0.05
permeate 7 2.94 0.3 5.88 0.04
_|retentate 22.6 14.4 45.2 1.92

Galactose and N-acetyl-galactosamine content in the retentate were determined after
acid hydrolysis using an HPAEC equipped with a Dionex CarboPac PAIl analytical
column and a pulsed amperometry detector. Briefly, retentate was dissolved in water
and tri-fluoroacetic acid was added to a final concentration of 2M. The solution was
heated for 3 hr at 100°C, dried under a N-stream and redissolved with water. After
filtration through a 22 um particle filter the sample was analysed. Quantification was
done with authentic galactose and galactosamine (N-acetylgalactosamine becomes

galactosamine during the acid treatment) as external standards.



1.2 bar and no retentate pressure. Thereafter, an
am nopepti dase from Aspergillus oryzae (Fl avourzyne
WO 30210t ai ni ng 1000 am \r;g@epti dase units pePCTHEBINY/052186
(LAPU g), Novozynes, DK) added at 3500 LAPU per
50g protein. After about 1 hr, diafiltration was
Thestivaltdetd bytentatr pradnat gontamed €l elnwiedt  Npuss)s(rad-GadNA cddar svith

ith a fee ress f 3 . After 5 the . .
e iy Fp G NBLASPoh S st Gk e bpemparaalhe Bieonine/pepide
witk 2B lhefdedalicThfd, nO158R6184 aldtifscl NS 4 Ind1®F KBRS éél@&@)éaﬁﬁﬁe and
that were collected during the process weré

18 mpBpihrkordeel. Thereafter, dry matter (DM and sialic
acid content of each fraction was determ ned. Sialic
acid content was neasured after mld acid hydrolysis
and | abelling using the DMB (I, 2-Di am no- 4, 5-
nmet hyl enedi oxybenzene di hydrochl ori de) method and
anal ysis on an HPLC equi pped with a Shodex C 18
reverse phase colum and a fluorescence detector using
aut hentic NeuAc as external standards. Table 1 shows
the mass bal ance and sialic acid content in starting
material, perneate fractions and retentate. Table 1
mass (g) NeuAc(%fDM yield (% enrichnent starting
material 50 7.5 100 1.00 perneate 1 4.32 0.2 8.64 0.03
pernmeate 2 3 .1 0.2 6.2 0.02 perneate 3 6 .1 0.3 12.2
0.04 perneate 4 4.29 1.4 8.58 0.18 perneate 5 3.56 0.8
7.12 0.10
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perneate 6 2.8 0.4 5.6 0.05 perneate 7 2.94 0.3 5.88
0.04 retentate 22.6 14.4 45.2 1.92 Gl act ose and
WOR@OAD65L8 gal act osam ne content in the retent aPET/®R2089/052186
determ ned after acid hydrldl ysis using an HPAEC
equi pped with a D onex CarboPac PAl anal ytical colum
and a pul sed anperonetry detector. Briefly, retentate
Clabas di ssolved in water and tri-fluoroacetic acid was
A¥ded to a final concentration of 2M The sol uti on was
heated for 3 hr at 1000C, dried under a N stream and
redi ssolved with water. After filtration through a 22
1. dmopapsacehiaside ingredient semprpipe &lykasy lipd pRiwgcids and peptides of
anti-ficaty 2 W th . y t .
the GARBLISLER SRR ARpBLlidRb . 35, B A5fbsAMarce
selegtall HODHAFAY @ulprinphgtNacagitbutaneiaiomid, N-acthphReaimine
standards. The final dried retentate product contai ned
and galaglog. gohana yalky Peigen danlAL WiHy thGprdyisoraat if RBPV e value |
R isStthHBhie CcsNRIAS 1 sBrife B3 andifln 135 € NEWAGetween 2 and 10 the
a-2,6-)-Gl NAc -threonine/peptide with 43 nol % sialic
peptads @ntfds 5 lenst Gveghteavine oe serit@ . rdsidus, 9 IMsacedue between 2 and 4

a sani ne. and 18.nmol %.t hr.epni ne. Cl. ai 1. An
and RS SRR B el i S P R S ooy 1 o e
am no acids and peptides of the general fornula RnSacm
where Ris an amno acid residue, Sac is a

2. Aowbgasaceharidd engedienstas dlaimeshint Glaing | ovychcenmprisss hyto 25

o RSB RSO RILALS 35 St B SRS L5508

ncuxl@ﬁQMic s6idtahatl sitd 2R A%, thi_%@nh‘la lobl €erineRr iaSnigtdré (et ne
residue or a serine residue and if n has a val ue
between 2 and 10 the peptide contains at |east one

3. %ﬂ&%g@%ﬁ%a&{de l%?gésc{l t%@%ﬁﬂ/{;@do?lr@tlﬂﬁﬁl & Y %%irﬂ%%ﬁ%l@e

e ingredient Is
betwWcadedngd|3- neur ami ni ¢ aci d.

4. An oligosaccharide ingredient as claimed in any preceding claim wherein m has a

value of 2 or 3.

5. A food product comprising an oligosaccharide ingredient as claimed in any of

Claims 1 to 4.
6. A food product as claimed in Claim 5 which is an infant formula.

7. A food product as claimed in Claim 5 or 6 which comprises from 0.2 to 4.0 % by

weight of the oligosaccharide ingredient.

8. A process for producing an oligosaccharide ingredient as claimed in any of Claims
1 to 4 comprising the steps of hydrolysing caseinoglycomacropeptide with an
exoprotease and an endoprotease to obtain a mixture of free amino acids and peptides

with a chain length between 2 and 10 and subjecting the hydrolysed mixture to



2. An oligosaccharide ingredient as clainmed in Claiml
whi ch conprises 15 to 25 nol % N-acetyl gal act osam ne
wQ2000006538 nol % gal act ose, 20 to 50 nol % PCT/EP2009/052186

N-acetyl neuranminic acid ahd 15 to 25 nol %t hreoni ne or
serine or a mxture thereof. 3. An oligosaccharide

nandhgataai sents t@setaih aienfeattion heviag mniolequldr wehghtdetwagnHA80 and
val ue between 1 and 3. 4. An oligosaccharide

20m?ﬁ@¥@ﬁient as clainmed in any preceding clai mwherein m
has a value of 2 or 3. 5 . A food product conprising
an ol i gosaccharide ingredient as clained in any of
Claims 1 to 4. 6 . A food product as clainmed in Caim
5 which is an infant formula. 7. A food product as
claimed in Cdaim5 or 6 which conprises fromO0.2 to
4.0 % by weight of the oligosaccharide ingredient. 8 .
A process for producing an oligosaccharide ingredient
as claimed in any of Clains 1 to 4 conprising the
steps of hydrol ysing casei nogl ycomacr opepti de with an
exopr ot ease and an endoprotease to obtain a m xture of
free am no acids and peptides with a chain |ength
between 2 and 10 and subjecting the hydrol ysed m xture
tonanofiltration so as to retain the fraction having a
nmol ecul ar wei ght between 1000 and 2000 Daltons.



