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| NFANT FORMULAE AND NUTRI TI ONAL COMPOSI TI ONS MADE THEREOF Reference to

sequence WO20i21g2013 Thi s application contai ns PaTEPQUENc™®9Ei Sti ng
in conputer readable form 5 The conputer readable formis incorporated
herein by reference. Field of the invention The present invention

relates to conpositions conprising a mlk-based protein hydrol ysate

obt ai nabl e by treatnent of a solution of a m | k-based protei naceous

material with enzynmes froma mdarobial source. The conpositions 10 nmay be

I ncorporated into infant formulas and adult food supplenents. The invention
concerns the two different types of protein hydrolysates ained at allergy
prevent i onvaReasEd EpEYTEIN e dvDRMysATES t D f INFANT C¥DRMULAY 2Rt aUeErEnAL hy,

but at ri skomosiid mabedeeRESE Of history of allergies in the famly. In
the second case, Infants or adults are allergic or in needs, hence sick. 15

Background_of the invention .. ti Human Breast M Ik and breast feeding
represent RRETERESI? SEAUENERIISYNG  andard in terns of infant nutrition.
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i nduce oral tolerance) when targeted to infants at risk of allergy.

I nduction of oral tolerance to cow s mlk has been described in EP0827697.
It i s knowhielchaf the invegtion t o cows' nmilk and to infant fornul ae containing
cows mlk protein are due to the fact that the proteins of cows' mlKk
differ fromthe proteins of nother's mlk and can constitute allergens for
humans. The pri ncilpalpresegnveritpncegiates e |qemposiions repanpyisitg=a milk-based
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96|7n986in?ant formulas and adult food supplements. The
invention concerns the two different types of protein hydrolysates aimed at allergy
prevention and allergy treatment. In the first case, infants are healthy, but at risk of
allergy because of history of allergies in the family. In the second case, infants or

adults are allergic or in needs, hence sick.

15 Background of the invention
Human Breast Milk and breast feeding represent the uncontested gold
‘standard in terms of infant nutrition. Infant formulae that serve as a substitute for or
complement to human breast milk should satisfy the nutritional requirements of
infants, have an acceptable taste and be hypoallergenic and tolerogenic (i.e. able
20 toinduce oral tolerance) when targeted to infants at risk of allergy. Induction of oral
tolerance to cow’s milk has been described in EP0827697. It is known that
allergies to cows' milk and to infant formulae containing cow’s milk protein are due
to the fact that the proteins of cows' milk differ from the proteins of mother's milk
and can constitute allergens for humans. The principal recognized cow’s milk
25 allergens are alpha-lactalbumin (alLA), beta-lactolglobulin (bLG) and bovine serum
albumin (BSA). Bovine whey protein and/or casein are often used as the milk

protein source in infant formulae. To reduce allergenicity, cow’s milk proteins are
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hydr ol ysed by enzynes and thus reduced to peptides. Current hypoal |l ergenic
formul as conposed of such cow s mlk proteins hydrolysates ained at allergy
prevent i oNOabp4e@apri se other nutrients such as ani mal POTIEP20BgWPED] €
oils, starch, maltodextrin, |actose and sucrose. These protein hydrol ysates
may al so be 5incorporated into an adult mlk drink or food suppl enents.

The hydrolysis process used to produce these hydrol ysates nust be carefully
nonitored so that the final product hydrolysate retains its nutritional

val ue and desired physical properties but is hypoallergenic and
tolerogenic lokwdrolysates may be characterised as "partial" or
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the final Qwoxolysad eurrentslasitrontd phital hyeoly@até R dcéneln Wh@:ﬁrﬁ(}% dF the
pr ot ei ns. The trypsin and chynmotrypsin used in these nethods
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publ i shed comsiddred GistHypoaisrgehis (BfA) aviere g extensioaihyacbipsate slargbtensiderad
intervention study perforned in Germany, the aimof which was to conpare
the ef fect 2dfCRPHPGSP,ed fornul as vs standard cow s nilk fornula for the
prevention of allergic manifestations, especially atopic eczema, in at risk

infants. Many groups have carried out research in order to optimise the
hydrolysis process. Hydrolysis reaction conditions including temperature and

25 reactor volume, number of cycles of hydrolysis, choice of protein substrate,
enzyme(s) type and concentration are some of the many factors that influence

hydrolysis reaction and thus the physical, chemical and ultimately biological

properties of the final product. In EP0353122, mixtures of trypsin and chymotrypsin

with a ratio of the trypsin/ chymotrypsin activities of 0.33 to 0.66 are used to



15 The publication are listed as followi ng. The effect of hydrolyzed cow s
mlk formula for allergy prevention in the first year of |life: the German
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20 formula, have the ability to interact with the i nmune system and i nduce
oral tolerance induction. It is believed that these peptides should have
parti cul awvopprpgetBes, including a relatively snmall siz@CTEP20806P6 Suppor t
t he education of the inmune system w thout acting as allergens thensel ves.
It is also believed that the sequences of the specific peptides my play a
significant role. Specific hydrolysate 25peptidic profiles may actually be
at the core of the induction of oral tolgerance. WO

2012/ 042013PCT/ EP2011/ 067096 5 been much progress in the last 20 years in
the area of enzyme production by genetic engineering. This has nade it
possi ble t i r 144 fa quality, high
purity enz%ﬁ@ﬁ%ﬂ%@%%}é??ﬁ{p\%?@%@ﬁtﬁ gﬁgggeg l%qoﬁgﬂﬂ)‘{ru%gﬂese reasons it
woul d be desirable to be able to use enzymes froma mcrobial 5 source for
the production of Tie kopeloisedm ofyle datientEd Itsdudy weedhaheagportridiogehi c
infant for . Ner, it | gh i . t.hese mlk
protein hy@%’ﬁ%g ewﬁa@%gt%hHe'AaWbEVpﬁgw’ﬁ\ld%ﬁeﬂ%@e{mﬁ%rﬁg%gﬁh@&%ﬁ I %nts.
Thus in or deg-teon pes\antivé kéfebyqroalobry grarmniatitip uafiletht iage o \idzes, imaioatinga 10
enzyne deri v?g hédr ol@?t es %ho e pr oguced Wi tE m crobi al, enzynmes nust
possess’ si fRA' disgRe AFQUION FAYST Hgn PesFYict 4Isegse 98p%t es. ~ Furt her mor e,
any new infant formula on the market is submtted to strict regulatory

gui del i nes, for exaEnbAgitérnFRFORMtIE Rt WP 4 Iotdl &6iivaPefe R SastiHy@r i1t
is desirable that any new product has a very simlar peptide profile to
that of thBeYPRGHRPEAPY @é?%%ﬂ'ngﬁ%ﬁé@zﬁhﬁ’m?éhﬁl pral helgrnGeanas idHASs. i n
order to k r [ f - - il i ghly
desi rabl e Fhog o e FRAHB IR R ShReLe i ik IERRIE b WP ohL e
oral tol er beerekaminetants GBNinstudy.ly, it is desirable to pronote the
reduction of allergies or adverse 20 effect, enhance the absorption of
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and/ or nodul ate i nfl anfmati on processés’in sick patiems], eSpecially by
provi di ng jrdant founara hy dealseglades odmpleaiagitite omsubmtiplitetfer bodasttmitkihas
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oral tolerance induction. WO 2012/ 042013PCT/ EP2011/ 067096
administration of the antigen by the oral route. It is an important part of the
15 development of the immune system in the first months of life and allows the infant
to consume food without adverse reaction. Failure of oral tolerance establishment
leads to allergy.. The development of oral tolerance is linked to the immune system
education, ending up with reduced reaction to food antigens. It is believed that
some peptides, that may be specifically present in partially hydrolyzed infant
20 formula, have the ability to interact with the immune system and induce oral
tolerance induction. It is believed that these peptides should have particular
properties, including a relatively small size, to better support the education of the
immune system without acting as allergens themselves. It is also believed that the
sequences of the specific peptides may play a significant role. Specific hydrolysate

25  peptidic profiles may actually be at the core of the induction of oral tolerance.

Currently there is a widespread trend to move away from the use of

enzymes from animals towards the use of those from microbial sources. There has



6 risk of allergies. There is a need for such conpositions that reduce the
risk or severity of allergies later in |ife and hel p nodul ati ng the

occurr encEoab12al4b@Bgi ¢ synptons. 5 There is a megdEPR@/0oMP@I ni ng
bacterial enzyne-based hydrol ysates with peptidic profiles that share sone
simlarities with hydrol ysates obtai ned from manmal i an enzyne and, even
nore so, that are able to reproduce the oral tol erance properties of the

| atter, with denonstrated prevention of mllergic 10 synptons.

There is a need to use the sane enzynes as above in the preparation of
nutritional corrpositions for sick or fragile patients. 15As well as

product ng BRE L] pRGHERL YR E el fo CARL U BTRS A Bl acdiPoys e
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hydrol ysates used in infant, child, or adult products targeting other

benefit3 t BRWCEARBeRsPAYEon of il BN NyGealysates i be iusad & hyp Rller gesiic
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proteins, prom)t recovery from?2 SIC ness, opt |mze utilrzati

ni t rogen sbydrolysatgsri@vettheabiify toi isduce o tcxiierapcarrdln&m gy reserve.

To address this problem the inventors have carried out an extensive
research progranme, and have conpared a nunber of m crobial enzynes as
30pot enti al candi dauesn ooderctar retainghe tiypbhkerhgdicqrgpesiesecihe erammaisn

moni tolroed enzyme derived hydrolysates those produced with microbial enzymes must
possess similar chemical, physical and biological properties. Furthermore, any new
infant formula on the market is submitted to strict regulatory guidelines, for
example in Europe Directive 2006/141/EC applies. Thus, it is desirable that any
new product has a very similar peptide profile to that of the already validated
15 product made with mammalian enzymes in order to keep an allergy preventive

effect. Furthermore, it would be highly desirable that these milk protein

hydrolysates have the ability to induce oral tolerance in infants.

Similarly, it is desirable to promote the reduction of allergies or adverse

20 effect, enhance the absorption of proteins or amino acid, favour the utilization of
proteins or amino acids and/or modulate inflammation processes in sick patients,
especially by providing particular hydrolysates of proteins in complete nutritional

compositions

25 There is a need for a hydrolysate of milk-derived proteins prepared by
the action of non mammalian enzymes, preferably microbial enzymes that present

low allergenicity while presenting the capacity of oral tolerance induction.

There is a need for such and hydrolysate to be preferably comprised in

30 aninfant formula and/or a nutritional composition that are targeted to individuals at



WO 2012/ 042013PCT/ EP2011/ 067096 7 parameters including hydrolysis reaction
performance, enzynes specificity and peptide nol ecul ar weight profile and
have det ewoizned42d1at a nunber of specific enzyne m xt ur @STHEPOMILHET096

hydrol ysates with the desired physical, chem cal and bi ol ogi cal properties.
The m |l k protein hydrol ysates di sclosed herein may be 5 produced
efficiently and reproduci bly, have an acceptable taste, have the required
nutritional value and are hypoall ergeni® Furthernore, the hydrol ysates of
the invention nmay induce oral tolerance. WD 2012/042013PCT/ EP2011/ 067096 8
Summary of the invention The present invention concerns conpositions

conpri si ngg b\kéli%{i&igg protein hydrol ysates obtai nable by treatnent of a
sol ution o¥ a m |l k=based proteinaceous Smaterial with a) at |east one

trypsi n-li ke endopepti dase produced froma m croorganism and b) at | east
one chynot rypsi n-IaJ ke endopeptidas roduced from a m.croargani sm . As
char actori sed by POSTS B NEFRA SEN e BRSSP AL < ER S B SR B S8R B ot 11

allergies later in life and help modulating the occurrence of allergic symptoms.

There is a need for obtaining bacterial enzyme-based hydrolysates with
peptidic profiles that share some similarities with hydrolysates obtained from
mammalian enzyme and, even more so, that are able to reproduce the oral
tolerance properties of the latter, with demonstrated prevention of allergic

10 symptoms.

There is a need to use the same enzymes as above in the preparation of

nutritional compositions for sick or fragile patients.

15 As well as producing “partial” hydrolysates these microbial enzymes can
also be used to produce “extensive” protein hydrolysates present in therapeutic
formulae, such as those intended to feed cow’s milk allergic infants and children. In
this case, the target population would be sick (allergic) infants and children that are
already sensitized to cow’s milk proteins.

20

Those microbial enzymes could also be used to produce any type of
protein hydrolysates used in infant, child, or adult products targeting other benefits
than those related to allergy, such as facilitated digestion, enhanced absorption
and metabolisation of amino-acids, peptides and proteins, promoted recovery from

25  sickness, optimized utilization of nitrogen sources, promotion of tissue build-up and

energy reserve.

To address this problem, the inventors have carried out an extensive
research programme, and have compared a number of microbial enzymes as

30 potential candidates for carrying out the hydrolysis reaction. They monitored



10 (endopepti dase specificity), and the hydrolysis efficiency of the
endopepti dases the hydrol ysates of the invention have simlar properties to
t hose of wbeorrid4koiBased protei n hydrol ysates produced byCr@rr@llioarndenzynes.
The hydrol ysates of the invention have therapeutic and preventive effects,
and may 15 be used especially for the induction of oral tolerance in
infants or patients in need thereof, or for reducing the risk of allergies
ininfants or patients in need thereof, 7or for reducing the severity of
allergies during infancy or later in life, especially in infants or
patients in need thereof. 20The hydrol ysates may be incor por ated into an
infant stagt ﬁ%ﬁﬂn nf ant
cer eal forPru'Iec{am%tr%F%]Hg%%ﬁ ldm%é?%g h@rafgﬁp?ﬂﬁ%t% i ona %ﬁ% ?tdljon or
an adult npéeptige moéecculaawecgrdrprnﬂ{lefand hamki dethuaied tha’t@etdumbet bespesifiand

preferably said conposition. i st ar nt, fornqula. 2 one_aspect of
Phe © nvent PERIRAT AR Ea gk R ShERIES v BRassEladsia s %év'ceﬂa&? fom &
strain of b |bunBrdp"eﬁ’f|@éabh¥ rfrilis pFbten AYYENPsates dsclosemtrereld Al ag
Kutzneria, preferably Kutzneria al bida. WO 2012/ 042013PCT/ EP2011/ 067096 9
Met ar hi Zi uPr‘iOd}!a'iC%I @Ffmfwymdarreﬁ%%W&H“%@p@” gecepiablptaginy 8@y the nequired
preferably OGP e n the
rati oof thggﬁiypm P]g deeéé'l‘@r?g%ﬁg?%% grhtl(g t rﬂ%rnﬂcﬁﬁoﬁeyg ?%ﬂgg%%@
endopept i diawentidragey inducsedrghtolasénemzyne, is in the range 5:1 to 35:1,
preferably 20:1 to 30:1, nore preferably 27:1 . In another aspect of the
invention the ratio of the trypsin-like endopeptidase to the



chynotrypsi n-1i ke endopeptidase is 9:1, based on wei ght of enzyne, when the
10trypsin-1li ke endopeptidase is derived fromthe strain Fusarium and the
chynot r yswa-20ikeg2@adopepti dase is derived fromthe straPOTHPCANMSIPG S.
Brief description of drawings 15Fig. 1 Peptide size exclusion

chr omat ogr aphy separation of the hydrol ysates of Exanple 1. Peptides are
separ ated based on their nol ecular weight (MN using a size exclusion

chr omat ogr aphy col um (Superdex Peptidegl0/300 G. from GE). Elution of the
peptides is nonitored by UV at 215 nm Results show that the size

di stributions of conbination 2, 4 and 6 are very close to the 20 reference

PTN (experg Uﬁf]‘h s illustrated by the steep decrease from high
to | ow nol ecu a?ﬂym%fﬁﬁtlhgghilgﬁed to conmbinations 3 and 5 for which a

pl ateau is rather observed (See trendline). These results suggest that the
enzymati c ficienc ment 2 6 IS generatin

popul at o VRHTSPAl Inyer TR SERTe | ro3rBRfoRs coatiar B nit eAsB T PRt 1 or
peptide conpaiogdates dbtahtabiebgntat@ent of a solutionfifth mAk baggoreeerickbast y
anal ysis of the hydrol ysates of Exanple 1. Peptide sequences are identified

by LC M5/ Myaerighwithbi trap MS with Al l egro HPLC punps from Ther no

Scientifi C)é) FOle88Ghe M fikeP8n 85§e cbd Y®m %ICFCOF nism, and
2012/ 042013PCT/ EP2011/ 067096 10 am acid ore and e cl eavage

site (positbpn atljeastomet ﬁaym,ryaam-akérmepeptiqﬂset pmdusequefroe  a

conservation pl r?1$<<)rr ﬁ%{ﬂ Am no acids are plotted from highest (top) to
| onest (bottom %@8 with their vertical size being proportional to

t heir fregaencharaRResised dyspeptidehaioldditarewzige profile Upeptides aaquendepsfie ment

4 and 6 haye an enzyne specificity that is conparable to the reference PTN

(exper ]angenpppeptld se speC|f|c:|ty ), andthe hydrolysis effiCiency of the endopeptidases the
hydrolysates of the invention have similar properties to those of the milk-based

protein hydrolysates produced by mammalian enzymes.

The hydrolysates of the invention have therapeutic and preventive effects, and may
15 be used especially for the induction of oral tolerance in infants or patients in need
thereof, or for reducing the risk of allergies in infants or patients in need thereof, or
for reducing the severity of allergies during infancy or later in life, especially in

infants or patients in need thereof.

20 The hydrolysates may be incorporated into an infant starter formula, a follow-on
formula, a baby food formula, an infant cereal formula or a growing-up milk, or an
adult nutritional composition or an adult milk-protein based drink for individuals in

need of therapy and preferably said composition is a starter infant formula.

25 In one aspect of the invention the at least one trypsin-like endopeptidase is
derived from a strain of Fusarium, preferably Fusarium oxysporum, or from a strain
of Kutzneria, preferably Kutzneria albida.

In another aspect of the invention the at least one chymotrypsin-like endopeptidase

30 is derived from a strain of Nocardiopsis, preferably Nocardiopsis Sp. or



Fig 3 Kinetics of O4 consunption during hydrolysis reactions of Exanple 1
(prol e OH consuned / g protein). 10 Detail ed description of the invention
The m | k-waetk/@e@sei n hydrol ysates of the current inveRCIrar2@nscmbé ai ned
by the treatnment of a solution of a m|k-based proteinaceous material wth
a trypsin-like endopepti dase and a chynotrypsin-1ike endopeptidase froma

15m crobi al source. M| k-based proteinaceous nateri al In the
conpositions according to the inventiongdhe starting material is a
m | k- based proteinaceous material. It my be a whey-based protei naceous 20

material, casein or m xtures of whey-based proteinaceous material and
casein. Th IS y 2] el - 1)k sql he
Whoy based" ST &I Nc Bt LY MEAREOnEAREORIR i Bra @y sBhuchel Brkffenty
parti cul ar Byachyspwed//agaypnguch as that resulting fromthe coagul ati on of
casein by rennet, an acidic whey fromthe coagul ati on of casein by an acid,

or the acidifying fernents, or even 25 a m xed whey resulting from

coagul ati om &yotasr aspett anthdnveatitiethe fdliodf &etrypdigik@edtibpéptitRiselio théey
that has been dem neralized by ion exchange and/or by el ectrodial ysis and

ner . ) 2C y
i s knowh aShWBei¥RSinlike eadopestiqass: baseqd pwyeightoferzyeteis Buthemspae meht |
the source .$u - K OLR) erial is sweet whey from
whi ch t he Eﬁé%?ngﬁé%g%%ﬁﬁg%ggt wgé]?%%%%m){%éqbeen totally or partially
WO 2012/ 042013PCT/ EP2011/ 067096 11 renoved. This is called nodified sweet

whey (MSW) . of, the fr e esults in a.protei
mator ol A EHELarR Lt PSR ER URR AR EVRaE T chobBeli sl Biflee o
gggggzm' g_lFﬁhme@urynsﬁs_ Hké@lhdbpﬁ})tlﬁage b@ﬁ,fq&m%igﬂﬂ? I\%nvzvydriee;,wh@@ghén EP
. e starting material may be a njx o an It may bhe a
concent? at BYRN Sy S B BPEPHS 255, B006S ek KO (DRGB! ahUrdBiT: etk e
whey pr ot ebRy RORERILikAEhEBhdtidEBE & ddiadSRih BEObRAiA NOMBldiopds. exanpl e of
WPC one can cite WPC 87 Lacprodane avail able from Ari a Foods, Dennmark and
as exanple of WPl one can cite Biproe from Davi sco Foods | nternational
(M nnesota USA).

Brief description of drawings

15 Fig. 1 Peptide size exclusion chromatography separation of the
hydrolysates of Example 1. Peptides are separated based on their molecular
weight (MW) using a size exclusion chromatography column (Superdex Peptide
10/300 GL from GE). Elution of the peptides is monitored by UV at 215 nm. Results
show that the size distributions of combination 2, 4 and 6 are very close to the

20 reference PTN (experiment 1, see text) as illustrated by the steep decrease from
high to low molecular weight compared to combinations 3 and 5 for which a
plateau is rather observed (See trendline). These results suggest that the
enzymatic efficiency of experiment 2, 4 and 6 is generating a peptide population
very similar in size while 3 and 5 are more enriched in smaller peptide compared to

25 the reference.

Fig. 2 Enzyme specificity analysis of the hydrolysates of Example 1.
Peptide sequences are identified by LC-MS/MS (LTQ-Orbitrap MS with Allegro
HPLC pumps from Thermo Scientific)). For each identified sequence, the five



10 The m | k based proteinaceous material may be in solution or
suspension, and is present at a concentration of 2-30% by wei ght of

pr ot ei nacwous1zee@si al , nore preferably 5-20% nore prefPerarky116670060 15The
starting material may even be a conbination of the above- nentioned
starting materials and | actose. Lactose may be present as part of the whey
protein concentrate or may be added. Addition of |actose to starting
material for hydrolysis has the advantage that any residual protein
contained in the lactose is hydrol ysed. Lactose may be present in
concentrations fromO0.05 -30%ww, 20 preferably 0.10 -20% ww, or in
cases wher tl ; |y
010 to 0. 300 iy DR FtE RSB R [iin ) AP erllacid IR ¥
for infant Erequelatd,uptoeh (v $équernaewdresrosteon ploe)rlarbmlt Aammaeldlsaarebﬂoh’tedmved

for exanpl by ultrafiltr t|on i Id' UFV\,he tion ol | owed by
di sl yor o G Highast tapy G TaMBR i8aifert) Pttt iRB W Br sl wrS b iEe o
col | oi dal prypetisnas @b thdipfreqaéenty’ RESuIfSHBWENA theveledyme mikiiees akeglin case,
the powder is dissolved in preferably dem neralised water to form an

aqueous’® sofXRETHRENt AN 6 NEVeArLArAYNS sReaificily deatos comparable to the reference
trypsin-lifkeg Q@r‘?rﬂéh se and chynotrypsin-like endopeptidase of the

i nventi on may be produ d froma mcroorgani smof any genus. Herein
"produced from' is given to nean produced by fernentation of a cell of the

given organism T |.at tiv h rgani_ sm from.whi ch
they are 5 pr oduﬁ% A k'ﬁﬁﬁ/&g a?gﬁlz-fngépgﬁnﬁﬁqt CEJ #qgs grrogyzfﬂﬁ srlﬁgg]woqsnsrgérti on
of the nucEgempliel genderGld- entsathiet) ¢ peoteinflopept i dase. Trypsin-1ike
endopepti dase: Trypsin (EC 3.4.21.4) 1s a serine protease found in the

di gest Ve system 10 of many vertebrates, where it hydrolyses proteins. It

is produced in the pancreas as the inactive proenzyne trypsinogen. Trypsin
cl eaves pe t' nalnl at the carboxyl side of the am no

de chains or
aci ds |ysi E?@ %‘e"daqﬁﬁ‘mmé"" QtBFpWVﬁHEH either is followed by proline. By

"trypsin-like endqpepdittasssed Prdtsn Wrdrrérytsa*té‘éf%rﬁtth@rbur'rén! ﬁw\,@ﬂﬂin are
enzyne that has an activity which resénbl e he activity of mammalian
obtained by the treatment of a solution of a m|Ik based proteinaceous material with
a trypsin-like endopeptidase and a chymotrypsin-like endopeptidase from a

15  microbial source.

Milk-based proteinaceous material

In the compositions according to the invention the starting material is a

milk-based proteinaceous material. It may be a whey-based proteinaceous

20  material, casein or mixtures of whey-based proteinaceous material and casein. The
casein source may be acid casein or non-fat milk solids. The whey based
proteinaceous material may be a whey from cheese making, particularly a sweet
whey such as that resulting from the coagulation of casein by rennet, an acidic
whey from the coagulation of casein by an acid, or the acidifying ferments, or even

25 a mixed whey resulting from coagulation by an acid and by rennet. This starting
material may be whey that has been demineralized by ion exchange and/or by
electrodialysis and is known as demineralised whey protein (DWP). In a preferred
embodiment, the source of such whey-based proteinaceous material is sweet whey

from which the caseino-glyco-macropeptide (CGMP) has been totally or partially



15 trypsin, e.g.,trypsin extracted from porcine pancreatic tissue. By
"trypsin-1like endopeptidase” it is also nmeant an endopepti dase which

pr ef er entwal2biz/@b@aves pepti des or proteins at the Ctepgirxkogiocwef the
L-i somer of arginine and/or lysine, preferably arginine and |ysine. The
trypsin-li ke endopepti dase may be derived froma gram positive bacteri al
strain such as Bacillus, Costridium Enterococcus, 20 Geobacill us,

Kut zneri a, Lactobacillus, Lactococcus, Qteanobacillus, Staphyl ococcus,
Streptococcus, or Streptonyces or a gram negative bacterial strain such as
Campyl obacter, Escherichia (preferably E. coli), Flavobacterium

Fusobact er |l ,

Sal nonel | a*mvﬁggﬁgﬁéao@@ %)%Waeﬁf W{]Elgl n suc%ea@é@aggﬁg%lwp from

Kl uyver onyewset \Wwhenhiesultg i a(pauimrdmﬁtetkawm@thramm@em trylolphamcoﬁtesfﬂs thah] and

Fungal  enaBeHoPRABTors o BTRR TR bieracSis ol e ERE OIS TR BrLr b

Fusar i um opsysaeribed WhEPBg08e2t he sequence regi stered under the nane
SW SSPROT No. P35049. The trypsin-like endopeptidase nay have at |east 75%
at |east 80% at (T&&sttagling rraaterlébgtaygb%a X Qﬁ%gta%&sﬂ IteBaY P§e o  at

| east 97% cahcd Rask ﬁ%eﬁrdt@ﬁ%t%gg&"%?r r@)%@r/ or &y isolate if the whe
2012/ 042013PCT/ EP2011/ 067096 13 sequence identit W SSPROT No. P35049.

The enzyneprteiaccdngentiatiomis more doareA6s paztelbe(é/MPBeé\Sremml(e UB5VPESOBR 7 ;

endopept | Al VHC B2 tasBiaa it ALk BB TeMa ot etk e Sy o
strain of KNMenheaanmteBipro® fomldDaviscoRvddl ntenatoral iVtkmesbta @8ay.her

preferred enbodi nent, the trypsin-like endopepti dase has a sequence
identity to the mature pol ypeptide of SEQ 1D NO 1 of at |east 70% at

| east 75% at | eagheGRik baded ?ém%é&s‘?ﬁatleﬁél%a?gé?m %Iuh@ﬁ%F s3spénsfin, | east

96% at |east 97% at |east 98% at |east 99% or The concentration
of trypsi nand ke peaadiy @b ai ernsentrayion of 2580 %oy, wemMstwtgew@Cﬁowﬁmaieﬁ@Ir g

food prot eH?)’re ﬁr&erabﬁf’@zaw ”Q&gsogéfe?g)&%éofb 200 One USP Trypsin Unit is the

activity causihg a change'i'n pbanc 53 nmof 0.003 at pH 7.6 and
25C usi ng N-benzoyl L- argl nine ethyl ester hydrochloride (BAEE) as
substrate. 15Q herw xpressed in terns of ng of >95% pure_enzy rotein

T reine: & e R IR G GHTE 1Pk 61 S Y500 b R RE LA 61 s Sbeer anoe

fromO0.5 tﬁleﬁiloﬁé@fsﬁrﬁﬁé ndtefans hriddastose. Eaéto%rrﬁaﬁbéf;ﬁé%t)’aslp5rttcﬁ’ tife MO
per g mlk protein. This is independent of the presence of chynotrypsin

| i ke endop@pey @&afein Weéﬁﬁmsmawb@rﬁﬂdf%pﬁﬁﬁmlom@ I@ﬁ@@@éﬂp@ﬁmmteﬂal

for hydrolysis has the advantage that any residual protein contained in the lactose
is hydrolysed. Lactose may be present in concentrations from 0.05 -30% w/w,
20 preferably 0.10 -20% w/w, or in cases where a lower lactose content is preferred,
0.10 to 1%, preferably 0.10 to 0.20% (w/w). In the latter case the final product may
be destined for infants or adults with a low lactose tolerance. Lactose may be
removed, for example, by ultrafiltration (yielding UF whey), optionally followed by
dialysis.
25
The starting material may be in the form of a true or colloidal aqueous
solution, or in the form of a powder. In the latter case, the powder is dissolved in

preferably demineralised water to form an aqueous solution.

30 Enzymes produced by a microorganism




20Chynotrypsin (EC 3.4.21.4) is a serine protease that preferentially

cl eaves peptide am de bonds where the carboxyl side of the am de bond (the
P1 posi tiw0)Roiz42018yr osi ne, tryptophan, or phenyl al ani n@CTERPMDOEIPSI N al so
hydrol yzes other am de bonds in peptides at slower rates, particularly

t hose containing |leucine at the P1 position By "chynotrypsin-|ike
endopeptidase” it is nmeant an enzyne 25 having an activity simlar to that
of mammal i an chynotrypsin, e.g., chynot1gpsin extracted from porcine
pancreatic tissue . It is also neant an enzyne that has a higher
specificity for cleaving at the carboxy-term nal side of each of tyrosine,

For w0 20121 bazoBECHrEs B R ol A B o Rl L o ™"

si de of bothe ofveatgimmay bedrogsicad.from a micradrgacsmmif rRyysgends. keerein

endopepti dase ,of i,nventiqn erived. fr . gr am ifive..

bactortal - Jpared 18 3¢ Slieoitp, e BfedliRdl el el G BaT bt tpgiven
Ceobaci | | usrgdfigng netié mattek 2p-pasinhdypbe nadvé €8 frcoyan(one foabanidhl tu%% are
St aphyl ococcus, Streptococcus, or Stre nyces or a_gram neqati ve Dbacteri al

to

strai n SuchrogdiCed opyIayke eRgineeedHBig %EP%@ qePRISET RbINperionLfithe nucleotide
Nocar di opskggudd ‘@%Sh%rthie'@hdg Reekerium Helicobacter, Ilyobacter,
Nei sseri a, Pseudononas, “Sal nonel ['a, or Ureaplasma, or a a fungal strain
such as 10 Saccharonyces, Kluyveronyces, Pichia, Candida, Aspergillus,
Penicilliu Fusari ang %lavi ceps Preferably, the chynotrypsin-Ilike
endopept i daS@ GF ohe FRFENEESh may be derived from gram positive or gram
negative bacteri alTrgisia(B6.3.4 21a) ®aesapinefroteade dobadtl ittt digédtive system
chynot r%psi n is derived froma strain of Nocardiopsis, prefer abIeF%f rom

Nocar dl GpsPsMapy VENERratgss Whare A T9rqlies\nretasns, It is profiiceriip if pancreagas wo
88/ 03947) . a8RIsH ' : k& yp lif i
endopept i dg{segnhas a sggﬁﬁggﬁﬁggﬁwwﬁ%r?'eéd;;"gfygﬁgﬁgﬁaéf/;g’["'&“E%mc%" 4179
of at | eas@t fEogarQoxyleside of Hug arting @sisis 13910 Qitarpewre, SORPt Mheineeiterd®y, at
| east 95% 9 ‘ - % - »984 9 r.. 100%
201 n anot hféoﬁ'ltovr%)g??%;?% Ier{(‘ré'r g& i@%‘hi'%nﬁﬂﬁﬁ’ﬁéﬁﬁfnﬁﬁ r{ @%?Ph{eﬁﬁﬁré’eﬁﬁ %’pgp')%i dase
i s deri vednfeantmaiVehaymiezthatrhap aafaztiaity whidit @sbiblesnhenactivjty icfenammatian
R e T B T R IE T C
endopept i daggobéstidh s G o Intedrit! By ér@o&a@?ti&@éd%ﬂiﬁ srerdrghliBily 6R¥%84s of
at 25 least 70% at |least 75% at |east 80% at |east 85% at 1east 90%
at | east 9peptides arueieirze,thaC-lesainal ginw, ofdhe Ldagmengharaiiing aagdfor Hsme, or

100% | - i - ki
endopept i dBeEteoy BRI Endlisfs, TRRINERe dMorepHIRd ¥BD e derRa ram |
gayana, CGHMYT=208pbsitiaen bactakaldstrain $86h das dBagieds, | G/0802001/ ErZemBocdus,

anot he£o pr %fegf)ggi use, ”bo%%%%a, t heLactobacillus, Lactococceus, Oceanobacillus,

Staphylococcus, Streptococcus, or Streptomyces or a gram negative bacterial
strain such as Campylobacter, Escherichia (preferably E. coli), Flavobacterium,
Fusobacterium, Helicobacter, Ilyobacter, Neisseria, Pseudomonas, Salmonella, or
Ureaplasma, or a fungal strain such as Saccharomyces, Kluyveromyces, Pichia,
25  Candida, Aspergillus, Penicillium, Fusarium, and Claviceps. In a preferred
embodiment, the trypsin-like endopeptidase is a fungal endopeptidase, preferably
from a strain of Fusarium, more preferably Fusarium oxysporum which has the
sequence registered under the name SWISSPROT No. P35049. The trypsin-like
endopeptidase may have at least 75%, at least 80%, at least 85%, at least 90%, at
30 least 95%, at least 96%, at least 97%, at |least 98%, at least 99% or 100%



WO 2012/ 042013PCT/ EP2011/ 067096 15 chynotrypsin-1i ke endopepti dase has a
sequence identity to the latter polypeptide of reference of at |east 70%
at | east woZp12414201@ast 80% at | east 85% at | east 90% PaU/HPR@IN6DI6, at

| east 96% at |east 97% at |east 98% at |east 99% or 100% 5The
concentration of the chynotrysin-Ilike endopeptidase is preferably

100- 100, 000 USP Chynotrypsin Units per g m |l k-based protein, nore

pref erably 500-50, 000, and nost preferabgy 1, 000-20,000. One USP
Chynotrypsin Unit is the activity causing a change in absorbance at 237 nm
of 0.0075 at pH 7.0 and 25C using N-acetyl-L-tyrosine ethyl ester (ATEE) as
substrat e ES‘W’F? f f % ymne
protein / |és@1|rar§gﬁgq{) hat %%Q%Thfr\r@t F@,glbﬁélmlf’ gegn m% c@o%?aB)pH{eelaﬂ'e?
concentr at Bequema:a hasriwnfdesm@ed)&SﬁZBB 6|2r7eU<S|5a6£Q/520 om 0 1 to 1, and nore
preferably 0.15 to 0.4 ng per gramof mlk protein. This is independent of
the presence of trypsin-like endopeptidase 15During the hydrol ysis process

the enzynes are usgdnotiget beifeaedaembytiiment, e teypmike tdeddpeppigiaselis ke
endopepti dase derived from Kutzneria al bida may be conbined with

chymot rypsAATY§kEOBhAdHEPt Pasitke P@@FﬁrNﬁE’aPEﬁf@)r hsasyiralp &fr GHiZReEar ACEE um
ani sopl i aep %ﬁ‘er%b&%&ﬁ@?ﬂiﬁé}%fé/% daP 193N Sthar Fé?érr@é%@ n%n‘tetrﬁje’ﬁf@%nﬁ‘hhé ke

endopepti dase rom Fusari um oxyspo um may I ne
chynot r ypséendopapdidesel bpe ptsedisace mntlhbt@athd|rmﬂisresp@ppmtld‘emfr85@tl@rNh(D:ﬂ ium

found t hat ° A Fat [ EA0R Yaamdiet: PuEBEEE e ot onet 8506 B AECTOE Bt (R4
endopept i des®%, aiffe@st @6%0xt leastedl W natvieastras%fatdeast 99% wulodvhe 25 in the
range 5:1 to 35:1, preferably 20:1 to 30:1, nore preferably 27: 1.

Furtherpmore, when_the tr i n- endope ase i s derived fr ain
of FusHl i um and cﬂthr‘?o%’}fép |t'PQe°l?Z FIEDEL sndaRsatdass tay be b Bb0 2 n
Nocar di ops Uspampefnewnﬁsi & Fp?btémlee '%r/ Q5OBE5OQ)OC§or85(50 100 b@olon@rmmv
preferably 9:1. VO 2012 04201 3PCT/ EP2011/ 067096 16 isis

par ti cul ar TYRsinENfds the getivity qaurREcenopRgR indelRsOrpance ab%é&ngh@f QRP3 at

Novar di opsr 8 Ay ub Py aK QN T plofin e RIRR SRl IRERRincd BREEY S 11 om
Kut zneri a altistdde.conbi ned with chynotrypsin-1like endopeptidase (C) from
Nocardiopsis in TIC a

15 Otherwise expressed in terms of mg of >95% pure enzyme protein /ml
this means that the trypsin-like endopeptidase concentration can range from 0.5 to
4, preferably from 1 to 3.5, and more preferably 1.5 to 3 mg per g milk protein. This

is independent of the presence of chymotrypsin like endopeptidase.

The enzymes: chymotrypsin-like endopeptidase —

20 Chymotrypsin (EC 3.4.21.4) is a serine protease that preferentially
cleaves peptide amide bonds where the carboxyl side of the amide bond (the P4
position) is a tyrosine, tryptophan, or phenylalanine. Chymotrypsin also hydrolyzes
other amide bonds in peptides at slower rates, particularly those containing leucine
at the P4 position By “chymotrypsin-like endopeptidase” it is meant an enzyme

25  having an activity similar to that of mammalian chymotrypsin, e.g., chymotrypsin
extracted from porcine pancreatic tissue . It is also meant an enzyme that has a
higher specificity for cleaving at the carboxy-terminal side of each of tyrosine,

phenylalanine, tryptophan, leucine, methionine and histidine residues than for



5 ratio of 27:1 and trypsin-like endopeptidase (T) from Fusarium oxysporum
conbi ned with chynotrypsin-1ike endopeptidase (C) from Nocardiopsis in TIC
a rati o ovo2¢1210420iBe Hydrol ysis Process: 10The typi cal PCOARRA110O696¢ Or
carrying out the hydrolysis process have been described in the prior art.
The tenperature may range from about 40C to 60C, preferably at 50C, the
reaction time from1l1l to 6 hours, preferably 4 hours, and pH values may fall
within the range 6.5 to 8.5, preferably14.0 to 8.0. The pH nay be adjusted
wi th known agents, for exanple Ca(CH)2. In docunents US5039532 or 15
EP0631731A1 is described a two-step hydrolysis reaction with a heat

denat ur at| ?a%g@eni tg?'?:‘rénh}(&ﬁ&rleﬁﬁnbf‘é&% of B%tofté@ﬂ en'e@o{l?%uﬂl’eo' ysate is

substanti a rotern I"er gens enaturation step is
preferably carried out at 950 for 5 mnutes. 200ptionally the m |l k-based

protein solution suspensi on heat (for exa 00C
Por 530 i nut e, 168 TomoL3san (Fe enfeResinas 2Ebs aln et Biay e defived
denat ur at i f#8rPé gréveypauithlechateridl. sgralr&lshamaé%nﬂﬂ'm& Clgstritliaat, Giteloebbcusand
serum al bumin (BSA). 25Irrespective of how the hydrolysis is carried out,

the hyd? ol @@PQaW‘bﬂuct Kuytrefigoes [@HRACIUSeat OCQ%‘V%h i PEEEN0LAPYS: he
enzyne car SYW%F%%& esiysbebAEIsS or T@fréptgﬁ%?g r&ak n% %‘fé@@ﬁbé 3%( cterial

preheating t ysate to a tenperature-o eeping it
at that teatnsrrasucte aspiCetnenyditacten Fgbegsitp fmefea@@utEocml& oNgoamiopstses t o

prooLe UERBLASEHUAY, O rhOBAERAIT, Plbddfe T ot 25t bel
2012/ 04201 BReUddR2fEs|/ 8aiMHeIa 7 ohi Ghedmagraatar a, a ffan g@x:ﬂmbﬁn aSU&EEEC% 135C
N S A MR i A SR O I W
It Fusarium, and Claviceps Preferably, the chymotrypsin-like endopeptidase of the

invention may be derived from gram positive or gram negative bacterial strains. In

a more preferred embodiment, the chymotrypsin is derived from a strain of

Nocardiopsis, preferably from Nocardiopsis sp. EMBL CDS CAI94179 (previously

15 described in, e.g., WO 88/03947). In another preferred embodiment, the

chymotrypsin-like endopeptidase has a sequence identity to the polypeptide EMBL

CDS CAI94179 of at least 70%, at least 75%, at least 80%, at least 85%, at least

90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or

100%.

20 In another more preferred embodiment, the chymotrypsin-like
endopeptidase is derived from Metarhizium, preferably Metarhizium anisopliae,.
e.g. having the amino acid sequence of the mature polypeptide of the sequence
TREMBL:Q9Y843. . In another preferred embodiment, the chymotrypsin-like
endopeptidase has a sequence identity to the polypeptide TREMBL:Q9Y843 of at
25 least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99%, or 100%. |In another more
preferred embodiment, the chymotrypsin-like endopeptidase is derived from
Brachysporiella, preferably Brachysporiella gayana, CGMCC 0865, amino acids 1-
186 disclosed in W02004/072279. In another preferred embodiment, the



5 may al so be concentrated. It may then be dried, for exanple by

| yophyl i sation, spray drying, or by freeze drying for different

appl i cat iwa20120420m8y even be subsequently treated. |n tRETIERRAIBNO6TIAGE, t he
enzyme may be inactivated during the subsequent treatment. 10The

hydr ol ysates of the invention may have an extent of hydrolysis that is
characterised by NPNN TN % NPN TN% neans the Non protein nitrogen divided
by the total nitrogen X 100. The non profein nitrogen is am no nitrogen
that is free to react with a reagent such as trinitrobenzenesul fonic acid
(TNBS). NPN TN% may be neasured as detailed in Adler-N ssen J-, 1979, J.

A9t i yeor Gy EngEke dRabdicke8abd CeqldySEnRl 1o B FAR YRlhepyds

hydr ol ysat es’ ar e aracteris as havin
wher eas a phreféranty ohgdeastydd, dhyledstl AbShatat east S0&b,ad teast 8oth, @b |dest POY, a

the | nvent PURCRAIRLCA RENOR o1 TREs R Bhides P SRR ol o YEPD Y5700

85% The latter hydrol ysates are "partial" hydrol ysates. 20 These

hydr ol ysates nay al so be characterised in that 60-70% of their

prot ei nJ pept i de” pdp§l GNERNREENLTHBE EWMArVRIET et eBeoReptsmse b PrefRsably

I n anot her ahear i h&ta VB %S ired
the hydrol Joat o0 p VRE PRI pRGLs e CERKIPYY ARyl Fice preferatiy

25gr eat er bBRHOIRY, amd esest pyeferdb)y 41009-2HO0GI Gre SR Ghymotrgpsisadhii is thdat  at

| east 95% i.r Rraotein/ | de Lat ] I l.ar i o< 1000
Dt tons. oty GEhE FoRER0 BEaBERHpRte AT BT pERCRRY AT M BaE o
hydr ol ysi susingtNisgetyhartaadsine ety kgtdNRNTER )%s dlovstiatet ©theMiises egpereseser
Total Nitrogen is widely used as a measure of soluble peptides created by
enzymatt ¢ HY8rBIgEMS OTMY 86 >Fvaf \RUT€aE NAEPR oRORIB o Mo tHiSa08RESRAT N i s
equt val ent giyan i APAC s dalO BRI PARRIGHENBEROM LQBTRIE pherehitly 21.

In the 100%whey protein based hydrolysates, the NPN TN content t1\{ ically
ranges bet ieen0.7¢odoandimorg peterably d41% thOdi mernertdiamisidnitd prodeias grrs i$ he

anot her _pr LEEPP AT eb T b g 8P A endoRt e o ol yeed hydr ol ysate i 5

15 During the hydrolysis process the enzymes are used together as a
mixture. For example the trypsin-like endopeptidase derived from Kutzneria albida
may be combined with chymotrypsin-like endopeptidase from Nocardiopsis sp or
from Metarhizium anisopliae or from Brachysporiella gayana. For example, the
trypsin-like endopeptidase derived from Fusarium oxysporum may be combined

20  with chymotrypsin-like endopeptidase from Nocardiopsis sp or from Metarhizium
anisopliae or from Brachysporiella gayana.

The inventers have found that the ratio of trypsin-like endopeptidase to
chymotrysin-like endopeptidase (T/C ratio) based on weight of enzyme should be

25 in the range 51 to 351, preferably 20:1 to 30:1, more preferably 27:1.
Furthermore, when the trypsin-like endopeptidase is derived from a strain of
Fusarium and chymotrysin-lke endopeptidase is derived from the strain
Nocardiopsis a preferred range for the T/C ratio is 8:1 to 11:1, more preferably 9:1.



5desired the hydrolysates of the invention have an NPNNTN % in the range of
greater than 95% The nol ecul ar weight distribution of the peptides in the
protei n WO 22bhixdadigsat e obt ai ned may be det erm ned, e.gPCTHP2&I106700KC| USI ON
chromat ography (SEC). In a preferred enbodi nent, the hydrol ysate of the
invention is a partial hydrolysate and is conprised of peptides where |ess
than 1% on a wei ght-basis has a nol ecul ar wei ght of above 20,000 kDa. In a
nore preferred enbodi nent the hydrol ysat@s of the invention have a peptide
wei ght distribution simlar to that 15 obtained with manmmal i an enzyne,
specifically porcine enzyne for exanple PTN 6.0S(r) (al so known as PTN)
from Novozyne (De : I IS
. trypsi n oxtr act ol Frope SRR B by PapHE chliopeMdes Ty HERF FuSarys
conponent bxitspalso qomtiimmwtbm}nymomypsmmkeletndwasptadasey(ﬁ@frorad\looard/gps;s 1350

socny ey B F1e 3 Pagd STRLLYBR: (it -Hkd EpRboSRtidREEL e K Bkpeta @hide

The enZynEccsrmbmefdl Wit 3Ch9fno&ﬂ9§3|ﬁﬂﬂ<¥éf@1dﬁpéfpma§e WS pttofuNoagrdibyssid e mICysi s
may be eval uated sequenci ng the peptides conprised in the resultant

hydr ol ysat EatioTied %Z-ﬂt iee §ré‘a§'€ﬂﬂ,‘§s eBF‘@p?FHlQﬁ?Pf d TSy LICUSASIURIS. OXYSPE Ur e
25 preferr R ffo! yéf'goﬁ)% zyne
speci fici tggrgﬁose tlgﬁﬁr]] %:Iﬁr%eg ﬁai’a§€ mesﬁ{z];,/\,r%%ar{’ eéc?? ]gi”‘r:i‘CTZ@ %

por ci ne enativeoff2gt1.exanpl e PTN 6. 0S descri bed above (see Exanpl el Figure
2). WD 2012/ 042013PCT/ EP2011/ 067096 19 of the invention have an hydrol ysis
performance close to that obtained with mammal i an enzynme, specifically
por ci ne enZhewiydfalysiePaogess: PTN descri bed above (see Exanplel Figure 3).

5The reS| dual antigeni Clt of t he hydrol may be eval uated usin
ST o Gard | nansaHELy Sisel e tons 1B Cay B L e RO s S BE6TS ARtSEOR  he

I nvention geesHYd i th@%ﬂrﬁ)‘r’@rt Priedehtdrakit 'nﬁ‘ay( Ed#@e wém%&m&e% 60°C

equi val ent/g protein egw val ent, nore preferabl nmy BLG equival ent/g
prot ei n eqpiefenad at a3 St the @r@tlalbrtlm&frqmn‘gtﬁao@tﬁuw@eéaﬁly ¢ heves. éingl pH
equi val ent %a@ﬂl The Sq Of on
may be mc#f%ggg'? nv'?gﬁ?]% ?ngreoersr?u a8B Ifé?ﬂgra%c}ly§?)Ejfr%rr%I%a-rtn[%epo a%?%%d
i nf ant cereajbstedgwmmkngvmpagaritdx for rekamﬂole)Ca(mH hd'lis donomeatqopllsmeemmtoran

or 1 eb meRP 08B T2 2T Byesseban ltiss Za Bl frardpn vaf S Bpal S Rath ' O

step in between to insure that the final hydrolysate is substantially free of milk

protein allergens. The heat denaturation step is preferably carried out at 95°C for 5

minutes.

20 Optionally the milk-based protein solution or suspension may be pre-
heated (for example to 80-100°C for 5-30 minutes, or for 130°C for about 30-60
seconds) to ensure denaturation of whey proteins, e.g. a-actalbumin, 3-

lactoglobulin and serum albumin (BSA).

25 Irrespective of how the hydrolysis is carried out, the hydrolysis product
undergoes a heat treatment, which inactivates the enzyme carrying out the
hydrolysis. This heat treatment comprises preheating the hydrolysate to a
temperature of or above 75°C, and keeping it at that temperature (preferably at
75°C-85°C) for about 0.1 to 30 minutes to promote auto-digestion of the enzyme,

30 this treatment advantageously being followed by sterilization, preferably at ultra-



15protein hydrol ysates could provide to humans, and, preferably, said
conposition is a starter infant fornula. I n one enbodi nent of the

i nvent i orlvothe/igusol ysates of the invention are used | RCEGPROINAGT006O Wit h
sel ected probiotics, for exanmple in infant fornula. The 20 selected

probi otics can be any of the probiotics conventionally used in infant
formula. Preferably the probiotics are those able to provide an additional
or synergistics effect on allergies andipr induction of oral tolerance
and/ or inflammatory processes. 25Exanples of suitable probiotic

m cro-organi sns which may be used in the present invention include yeasts

such as Saﬁ@*a%ﬁﬁgs%%%&gmﬁét1%f@{]%gpcﬁbppp?se%%ﬂdg%rl@ PRfitEs, Bpul ds

such as Aspérgi i Zopus cor, an eni cl I'T'iuman orul opsi’'s and
bact eri a singctian of steage neinea Beét ekshaoger i um Bact eroi des, C ostri dium
Fusobacterium Melissococcus, Prop/on/bacterium 30 Streptococcus,

Ent erococcus, Lactococcus, Staphyl ococcus, Peptostrepococcus, WO

2012/ 042013PCT/ EPZB&HyQrolpsHie 2L LaisthinedmayPed iceeities Uiiterdd or oleafitiased. It
Leuconost oc, Weissella, Aerococcus, Oenococcus and Lactobacillus. Specific

exanpl e3 Omagu?lfalﬂ%cwmr@lt@q} Iltﬁn@ypme@a?ﬁ _§ﬁi§da_FQ£:eX@@bQJﬁaWo'weaﬁlisat'on_, _
cerevi Seaespr_%fircdrgld-gs §CBGYt dRﬂﬁglfbpﬁiﬂfér‘\el?ﬁrélﬂ;ﬂfe?ti%nsﬁggglg%#’%V%Hbéé| I'S,

Bi fi dobact eri um bifidum ~Bifidobactérium i nfanti Bifid eriumlon
gum Ent er sglessnuenfinéentan. IrEfitedatiencasss theieoayme mayaes teetvatedsuring the

aci dophi | ugwéagéﬂfﬁ%ﬁeﬁ al i mentarius, Lactobacillus casei subsp. casei,
s case '

Lact obaci | a, Lactobacillus curvatus, Lactobacillus
del bruckii subsp. lactis, Lactobacillus farcimn us, Lactobacillus gasseri,
Lact obaci |l us helveticus, Lactobacillus _!')r(])pnnasor?é\je, arli?a%e%?%%ihl cllr%ls srisetl#a?ri :
Lact obBei I | us r harhh§diydirolysates of the inventi y ydroly
is characterised by NPN/TN %. NPN/TN% means the Non protein nitrogen divided
by the total nitrogen X 100. The non protein nitrogen is amino nitrogen that is free
to react with a reagent such as trinitrobenzenesulfonic acid (TNBS). NPN/TN%
may be measured as detailed in Adler-Nissen J-, 1979, J. Agric. Food Chem., 27
15 (6), 1256-1262. In general, extensively hydrolysates are characterised as having
a NPN/TN% of greater than 95%, whereas a partially hydrolysed hyrdolysate is
characterized as having a NPN/TN% in the range 75%-85%. In a preferred
embodiment the hydrolysates of the invention have an NPN/TN % in the range of
70-90%, preferably 75 to 85%. The latter hydrolysates are “partial’ hydrolysates.
20 These hydrolysates may also be characterised in that 60-70% of their

protein/peptide population has a molecular weight of < 1000 Daltons

In another preferred embodiment where “extensive” hydrolysates are

desired the hydrolysates of the invention have an NPN/TN % in the range of

25 greater than 95%. These hydrolysates may also be characterised in that at least
95% their protein/peptide population has a molecular weight of < 1000 Daltons.

The hydrolysates of the invention may have an extent of hydrolysis that

is characterised by NPN/TN %. Non-Protein Nitrogen over Total Nitrogen is widely

used as a measure of soluble peptides created by enzymatic hydrolysis. The

30 analytical method used to measure the NPN is equivalent to the AOAC method



10 (Lactobacillus GG, Lactobacillus sake, Lactococcus |actis, M crococcus
vari ans, Pediococcus acidilactici, Pediococcus pentosaceus, Pedi ococcus

aci di | actwoi2o12Rgeiiecoccus hal o phil us, Streptococcus fa@CalEP2(011/067096
Streptococcus the rnophilus, Staphyl ococcus canbsus, and Staphyl ococcus

xyl osus. 15Preferred probiotic bacterial strains include Lactobacillus
rhammosus ATCC 53103 obtainable fromValio Oy of Finland under the trade
mark LGG Lactobacillus rhamosus CGUCC18. 3724, Lactobacillus paracasei
CNCM 1- 2116, Lactobacillus reuteri ATCC 55730 and Lactobacillus reuteri DSM
17938 obtainable from Bi oGai a AB, Bifidobacteriumlactis CNCM 1-3446 sold

inter alia I i : rade
ek Bb 12704 B 1T AY6AACEh Mo BRSEh RRERAPh SRR Yo NEIITN Bonieh? 1Y

| ndustry Cypidailg.ranfes) aptareamdeO0¥hdn tar preéernea RmBBEBGeNt the hydsapsatea on‘he
conposi tiops resen 0 t he pt er, 25
oabont 1 n Rieddi B DPNIYS h e o Se RE P B Bbh ool 755 B Y 5
cfu/g, evem ammeppm‘f@rrr@iwlemwmbm Wﬂ@reﬁéhl/egterim@y By &ogrsall hy dtdysate id 09
cfu/ g conposition or per of conpositio

WO
2012/ 04%01@@@@%%@1%@7@63% tpscAneaiEion have an NP Idh3h &1 dhe rargs Pés of

hydr ol ysi s Fe%?&lthgﬁ@ﬁﬁre carried out using the sanme mlk protein substrate
and a set 8 6 enzynme sol utions, consisting of one standard PTN sol ution
and five different m xtures of trypsin and chynotrypsin-like 5

endopepti dases according to Table 1. The starting material was 500nl of an
8% sol ution of substrate mlk protein MAP28/DWP28 in a ratio 83/ 17 based on

protein vvei ght. Thénd mueca@rpesightatistobutibe cfulbet paptdes iA7thé godteiml
sol i ds %é)rg tel n, and 18. 4§%I ctose. The Ig)rot ein supbstrate was

i ssol Ve BkTaly Bk CBRITORAEE FSIoUATeR. o fordi Y1328 RECIUEEY FURMaLCqTEPaY
vol ume of ROy IWaaSpr?@Hed-@?ﬁbé@iﬁ{@ftafHérﬁy%?s%‘ﬂé“olf'tﬁ)é AhvRGtibA I8 parthe PH

was then adjusted to pH 7.4 using 109 solution. After enz
addi ti on (hedolysate aedﬂs)pamml§@ﬂmf pa@ilgiﬁé Whﬁf91%$8 Hedy boy@i € vselebgipaslﬁe pH

Adtot 1t r ot DS BB veRhy REptods 24 gBARDR, R fiolp Al bRt itne <oy e
was 15 hehydrdlysatesSofritre atveddion dveea p@xpluudbnbel@h't ldrstrjbuiti@rmpenﬂaamiroethbo 55C,
e total enz

addi ti onal z s introduced (half of t for
v of 121 o8RBT Wit o inel iyt sne St aiopuing e B Tor ere PTN
hydr ol ySI 56 odes @Q@Kﬁ@ﬁ/h%s@m)tﬂr@rﬂ N&R B Z§ frePERhnatkh &k dxapiiigaMttighfe M. n at
85C) to inacti vat e the enzynes.
This reference enzyme is a trypsin extracted from pig pancreas that contains
trypsin as the main component but also residual chymotrypsin. It has a trypsin
activity of 1350 USP trypsin/g, and Chymotrypsin activity of 80 activities USP

20  chymotrypsin/g. This leads to a T/C ratio of 16 based on activities.

The enzyme specificity of the enzyme mixtures used during the
hydrolysis may be evaluated by sequencing the peptides comprised in the resultant
hydrolysate. The peptide sequences are identified by LC-MS/MS. In a more

25  preferred embodiment the hydrolysates of the invention have an enzyme specificity
close to that obtained with mammalian enzyme, specifically porcine enzyme for

example PTN 6.0S described above (see Example1 Figure 2).

The hydrolysis efficiency may be evaluated by measuring alkali (OH)

30 consumption during hydrolysis. In a more preferred embodiment, the hydrolysates



20Tabl e 1 shows the series of experinents carried out with the various
rati os of enzynmes. TL1 and TL2 denote the trypsin-like endopeptidases from
Fusari umwyspadert3 and Kut zneria al bi da respectively. ETILZEP201d/0&TRE denot e
t he chynotrypsin-1like endopepti dases from Metar hi zi um ani sopl i ae and
Nocar di opsi s sp respectively Experinment Enzyne (ng/g protein) T/CRatio w vv
No 1 PTN 16* No 2 TL1 + CTL3 (1.8 +0.2) 9 WD 2012/042013PCT/ EP2011/ 067096
22 No 3 19

of the invention have an hydrolysis performance close to that obtained with
mammalian enzyme, specifically porcine enzyme, for example PTN described

above (see Example1 Figure 3).

5 The residual antigenicity of the hydrolysates may be evaluated using
standard immunoassays such ELISA tests. Preferably the hydrolysates of the
invention present a residual B-lactoglobulin (BLG) of < 3 mg BLG equivalent/g
protein equivalent, more preferably < 2 mg BLG equivalent/g protein equivalent,
most preferably < 1 mg BLG equivalent/g protein equivalent (see example 1).

10
The hydrolysates of the invention may be incorporated into infant
formula, follow-on formula, a baby food, infant cereals, growing-up milk, infant or
child’s food supplement or an adult nutritional composition, i.e. all preparations
targeting prevention or treatment of allergy, as well as any other benefits that
15 protein hydrolysates could provide to humans, and, preferably, said composition is
a starter infant formula.

In one embodiment of the invention, the hydrolysates of the invention are

used in combination with selected probiotics, for example in infant formula. The

20 selected probiotics can be any of the probiotics conventionally used in infant
formula. Preferably the probiotics are those able to provide an additional or
synergistics effect on allergies and/or induction of oral tolerance and/or

inflammatory processes.

25 Examples of suitable probiotic micro-organisms which may be used in the
present invention include yeasts such as Saccharomyces, Debaromyces, Candida,
Pichia and Torulopsis, moulds such as Aspergillus, Rhizopus, Mucor, and
Penicillium and Torulopsis and bacteria such as the genera Bifidobacternum,
Bacteroides, Clostridium, Fusobacterium, Melissococcus, Propionibacterium,

30  Streptococcus, Enterococcus, Lactococcus, Staphylococcus, Peptostrepococcus,



TL2 + CTL3 (1.8 + 0.3) 6 No 4 TL2 + CTL3 (2.7 + 0.1) 27 No 5 TL2 + CTL2
(1.8 + 0.6) 3 No 6 TL1 + CTL3 (2.7 + 0.1) 27 16* ratio is based on enzyne
activity wheosinM2tgdol ysat es produced were anal ysed usi RgTiEPR@E/06T0P¢ er ent

5 nmet hods, peptide size exclusion chromat ography, enzyne specificity

anal ysis, and residual antigenicity. The hydrolysis efficiency of the six
reacti ons was anal ysed by nonitoring O4 consunption. The results are shown
in figures 1-3 respectively. 20

Bacillus, Pediococcus, Micrococcus, Leuconostoc, Weissella, Aerococcus,
Oenococcus and Lactobacillus. Specific examples of suitable probiotic micro-
organisms are: Saccharomyces cereviseae, Bacillus coagulans, Bacillus
licheniformis, Bacillus subtilis, Bifidobacterium bifidum, Bifidobacterium infantis,

5  Bifidobacterium longum, Enterococcus faecium, Enterococcus faecalis,
Lactobacillus acidophilus, Lactobacillus alimentarius, Lactobacillus casei subsp.
casei, Lactobacillus casei Shirota, Lactobacillus curvatus, Lactobacillus delbruckii
subsp. lactis, Lactobacillus farciminus, Lactobacillus gasseri, Lactobacillus
helveticus, Lactobacillus johnsonii, Lactobacillus reuteri, Lactobacillus rhamnosus

10 (Lactobacillus GG), Lactobacillus sake, Lactococcus lactis, Micrococcus varians,
Pediococcus acidilactici, Pediococcus pentosaceus, Pediococcus acidilactici,
Pediococcus halophilus, Streptococcus faecalis, Streptococcus thermophilus,
Staphylococcus carnosus, and Staphylococcus xylosus.

15 Preferred probiotic bacterial strains include Lactobacillus rhamnosus ATCC
53103 obtainable from Valio Oy of Finland under the trade mark LGG,
Lactobacillus rhamnosus CGMCC 1.3724, Lactobacillus paracasei CNCM 1-2116,
Lactobacillus reuteri ATCC 55730 and Lactobacillus reuteri DSM 17938 obtainable
from BioGaia AB, Bifidobacterium lactis CNCM 1-3446 sold inter alia by the

20 Christian Hansen company of Denmark under the trade mark Bb 12 and
Bifidobacterium longum ATCC BAA-999 sold by Morinaga Milk Industry Co. Ltd. of
Japan under the trade mark BB536.

If present in the compositions of the present invention, the probiotics are preferably
25  present in an amount of 10® to 10" cfu/g, more preferably 10° to 10" cfu/g, even
more preferably 10* to 10° cfu/g, most preferably 10’ to 10° cfu/g composition or

per mL of composition.

30



Antigenicity: The residual antigenicity of the hydrol ysates was tested 10
using a conmmercial enzynme i munoassay (RI DASCREEN 13 -Lactogl obulin (BLG,
r - bi opharwp,20mi42013i s designed to quantify native and pPOTHEPSEI/06®8¢ dual
13- lactoglobulin in food products. The microtiter wells are coated with
BLG Standards, sanple solutions and anti-BLG anti bodi es are added. Free
and i nmobi | i zed BLG conpete for the anti body binding sites. After washi ng,
secondary 15 antibodies |abelled with peroxi dase are added and bind to the
ant i body- BLGconpl exes. Any unbound enzynme conjugate is then renoved by a
washi ng step. Enzyne substrate and chronbgen are added to the wells. Bound
enzyme congyaais genverts the colourless chronmpgen into a col oured product.
The neasurement 1s nmade photometrically and the absorption is inversely
proportional 20t oExlamﬁileG dosedas ohhydiolysis teastionsare camed out using the
2012/ 042013PCT/ EP201 06709§ 2t3 trgjs Ieyeh at__which Qone,gan decl ar & | inf ant
formul a hypdQFi BVGERYETHEWHEHE AW 57" P ée@%beea%u PPectPUESHELE) 998/ ce

on i nfant é@haufcasmtwuﬁdwdn@ﬂD@@ﬁfmem RAO@Gres P thpbih 286330y ddin-likée
directive requires that the imunoreactive protein be |ess than 1% of the

total ntreaeePaiResehPrRersingsioahrlds 1. Tilesstreingquatatiab was: 50GMhef am 8%
residual psdiagdoat aiilriaRe bRKGoRIPUISLATRAESE M §Rblo 554 P ARSI Mok

somewher e ls)etween 30%to 50% o e tota mmnoreactl ve materi

Thus a BLGvemht! Theefioal @nmepsitissi o dhe pulbacategis abul ¥ntateg) thdseﬁi%emlemal ent

i ndi cates the, pr ct has no nore than 1% i nmmunoreacti ve protein. Such
| evel is c%ﬁ@t@t‘@n@ P%?cf "Annex |V of European Conmm sion Directive

2006/ 125/ CE whi ch Thetofedt thosteaté a\ia?, di€sveti bis Qn$%@blumnnivwﬁ/ant/veﬁ@rr ok a
claimn to reduce the risk of all %ﬁy Conc]| usi on: nber of m xtures

of tryp3i nth& eackeiyhiieli (PieBs oA rqORHYYAS: YsaskiTne thpér%H%WéﬁﬁqHﬁd?E@ée@ rom
m crobi al &pPEECESTARKA WS thdsdusid Lo B ﬁ@'u@%@%%a@é@lilﬁrso%tﬁﬁﬂ%\fﬂég m Ik

protein hydrolysates with simlar properties tothose o
hydr ol ysat e8zyihe dddédibrbihatfesiaritatel slgfutdsnzymeefarniVehy droly sirastepr athei Rid out

a range of XPREINEALY Loneual uRts, Lhe 9Bt iAok ali @ SimeREYERS,LAGPLRVI de

20 hydrol ysates w esired phyS| ca em cal 0gi ca
properti esAufttieaton@ie50 @taphini (Metti@nd ofealol durpfg 41 @S5G .| THeehwedrdlysetet wdases

to chynptrysi | ke endopept.idases (based on wei f enz as.wel | as

the enbymeNeatest i e TG Ahat bt ATfek b RRUOR R B HperA Rece s b AL toRal

m xture of gAzyirh¥RedSintrola ceNdoRe BE tHEA®Rall e o"U Ry SroREROEEE) @hd pH
was maintained as above. After 2 hours of hydrolysis, the enzymatic reaction was

stopped by heat treatment (5 min at 85°C) to inactivate the enzymes.

20 Table 1 shows the series of experiments carried out with the various
ratios of enzymes. TL1 and TL2 denote the trypsin-like endopeptidases from
Fusarium oxysporum, and Kutzneria albida respectively. CTL2 and CTL3 denote
the chymotrypsin-like endopeptidases from Metarhizium anisopliae and

Nocardiopsis sp respectively

Enzyme (mg/g protein ) T/CRatio (w/w)

No 1 PTN 16*

No 2 TL1 + CTL3 (1.8 +0.2) 9




25 Kutzneria al bida conbined with a chynotrypsin-|like endopepti dase from
Nocar di opsis sp or Metarhizium ani sopliae are found to be good candi dates
to repl ackohe/@ermal i an enzynmes currently used. The m PCUEPS010/06T0he
invention, especially when the try psi n-1ike endopeptdase and
chynmotrypsin-1i ke endopepti dase are used in specific ratios, have been
clearly shown to provide 30peptide profiles very simlar to those produced
with the mammal i an enzynmes. WO 2012/ 042913PCT/ EP2011/ 067096 24

This is particularly true for trypsin-like endopeptidase (T) from Fusarium
oxysporun1conb|ned mnth chynDtrypS|n i ke endopeptldase (C) from
Nocar di opsi g T1€ dLI 0] T T wer ght—of ST zand forjthe
trypsin-li ke endopep |dase ({@E?E T%édﬁ;ﬁépﬁS a|bldd conblnéﬁ with
chynmotrypsin-like 5 endopeptidase (C) from Nocardiopsis in TIC a ratio of
27:1 and for the tr\Nmsén-Ii kellehd@FeBt (as€0.4Y) from Fusari @h oxysporum
conbi ned mﬁih chynDtrypS|n I{i ke endopepti dase (O fron1hbcardiopsis in TIC
a ratio of 2 H k““r"'“s es—thtus protiuced—present—ow
aIIergeniC|1 . Theypﬁﬁ9 reduc u¥ﬁéﬂu?sﬁtgﬁ'%ﬁrergies | at er ?% life apd are
may be suitable for incorporjation 10 into an infant fornula and/or a
nutritional |conposi Noo® t hat| Frie+ Cangetzd +@1heal t hy i ndivi ®&fal s at fisk of
al l ergies. They are suitabl e for t he incorporation into any kind of f{ood
suppl enment s H-er °ﬂg'+° babtes—TFhey—ay—alse—havethe
capacity to i i nducd®ofdio '?&aéﬁgt?@eenzig‘ﬁ&ﬁr'f" ¥romthe allergy prevention
aspect, mxtures of trypsin and chynotrypsin from m crobial sources may be
used to produce therapeutic products, such as those intended to feed
allergic subjects. They may al so be used to produce any kind of protein
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5 methods, peptide size exclusion chromatography, enzyme specificity analysis, and

residual antigenicity. The hydrolysis efficiency of the six reactions was analysed by

monitoring OH- consumption. The results are shown in figures 1-3 respectively.

Antigenicity: The residual antigenicity of the hydrolysates was tested

10  using a commercial enzyme immunoassay (RIDASCREEN f -Lactoglobulin (BLG),
r-biopharm), which is designed to quantify native and processed residual 3-
lactoglobulin in food products. The microtiter wells are coated with BLG.
Standards, sample solutions and anti-BLG antibodies are added. Free and
immobilized BLG compete for the antibody binding sites. After washing, secondary

15 antibodies labelled with peroxidase are added and bind to the antibody-BLG-
complexes. Any unbound enzyme conjugate is then removed by a washing step.
Enzyme substrate and chromogen are added to the wells. Bound enzyme
conjugate converts the colourless chromogen into a coloured product. The
measurement is made photometrically and the absorption is inversely proportional

20 tothe BLG concentration in the sample.

The six hydrolysates tested in example 1 all presented a residual (-lactoglobulin
(BLG) of less than 0.85 mg BLG equivalent/g protein equivalent. This is far below



CLAIMS 1. A conposition conprising mlk-based protein hydrol ysate

obt ai nabl e by treatnent of a solution of a m |l k-based proteinaceous

mat eri al Woh128a>@B | east one trypsin-1ike endopepti daseCaareaadcfoeom a

m croorgani sm and b)at | east one chynotrypsin-1ike endopepti dase derived
froma mcroorganismfor use as a nedi canent or as a conposition with
therapeutic or preventive effect. 10 2. The conposition according to claim
1 for the induction of oral tolerance ip3infants or patients in need

t hereof, or for reducing the risk of allergies in infants or patients in
need thereof, or for reducing the severity or frequency of allergies during

| nfancy or g{e‘%g%lﬁ@vr{uéﬂ Gne E?rﬁ’%&bl%h% Pﬁfégﬂ fd)r‘?rﬁ%%?gc?élleié%ﬁriégé?ndu@at@&% the

t her eof . i on accor wher el n
| east one Euynmarm—dwdo@veﬂ@ﬁﬁélﬁ@i/@ﬁm m@rﬂié@r‘m/wals publmr@dsﬁr@eaemﬁermﬂi@rl um

preferabl y and has at |east 50/ Ieas | east
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SW SSPROT No. P35049. 4. The conposition accordi ng toclaim1, 2 or 3

wher ei r t heesigual SalgctagirbylipyBsGnlg REOtEIRCRBEVR PR BLBcanstiiuias Spmemherat r ai n
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80% at |east 85% at |east | east 959% 2bat | east | east
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pol ypepti dsroﬁﬁa ijng)s rl}lglm]dre than 1% immunoreactive protein. Such level is consistent with
Annex |V of European Commision Directive 2006/125/CE which sets forth certain

10  conditions for an infant formula claiming to reduce the risk of allergy.

Conclusion:

15 A number of mixtures of trypsin-like endopeptidases and chymotrypsin-
like endopeptidases from microbial sources have been identified as being suitable
for producing milk protein hydrolysates with similar properties to those of the milk
hydrolysates produced by mammalian enzymes. The inventers have carried out a
range of experiments to evaluate the optimal ratio of enzymes to provide

20 hydrolysates with the desired physical, chemical and biological properties. The
bacterial source and ratio of trypsin-like endopeptidases to chymotrysin-like
endopeptidases (based on weight of enzyme) as well as the enzyme to protein
substrate ratio and temperature were varied.

A mixture of a trypsin-like endopeptidase from Fusarium oxysporum or

25  Kutzneria albida combined with a chymotrypsin-like endopeptidase from
Nocardiopsis sp or Metarhizium anisopliae are found to be good candidates to
replace the mammalian enzymes currently used. The mixtures of the invention,
especially when the trypsin-like endopeptdase and chymotrypsin-like
endopeptidase are used in specific ratios, have been clearly shown to provide

30 peptide profiles very similar to those produced with the mammalian enzymes.
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Met arhi zium preferably Metarhizium ani sopliae, or Brachysporiella,

pr ef er ablwoBomdldgEpori el | a gayana. 6. The conposition RCTEPAIINGY61086 any one
of claims 1-5 wherein the at | east one 5 chynotrypsin-Ilike endopeptidase
has at |east 75% at |east 80% at |east 85% at |east 90% at |east 95%
at least 96% at |least 97% at |east 98% at |east 99% or 100% sequence
identity to pol ypeptide sequences of EMBL CDS CAI 94179 or TREMBL: QY843 or
CGVCC 0865, amino acids 1-186 disclosed in W2004/072279. 10 7. The
conposi tion according to any one of the preceding claims characterised in
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pr ot ei naceous mat
reduce the risk of allergies later in life and are may be suitable for incorporation

10 into an infant formula and/or a nutritional composition that are targeted to healthy
individuals at risk of allergies. They are suitable for the incorporation into any kind
of food supplements for adults or children or babies. They may also have the

capacity to induce oral tolerance.

15 Apart from the allergy prevention aspect, mixtures of trypsin and
chymotrypsin from microbial sources may be used to produce therapeutic
products, such as those intended to feed allergic subjects. They may also be used
to produce any kind of protein hydrolysates targeting other benefits than
prevention/treatment of allergy.

20



10. The conposition according to claim9 characterised in that the

m | k- based proteinaceous material is sweet whey protein, preferably from
whi ch caswonorgl4g@moe- 30macropepti de has been renoved toralBp2an/opm@péi al |y
or is whey protein isolate or a WD 2012/ 042013PCT/ EP2011/ 067096 27 m xture
of these protein sources. 11. The conposition according to claim9 or 10
characterised in that the m | k-based protei naceous material is a m xture of
nodi fied sweet whey and dem neral i sed 5afey protein. 12. A conposition
conprising mlk-based protein hydrol ysate obtai nable by treatnment of a
solution of a m |l k-based proteinaceous material with a)at |east one
trypsin-like endopepti dase derived froma strain of 10 Fusarium
preferably Fusarium oxysporum and preferably having at | east 75% at | east
80% at |e&bfIMBoy at |east 90% at |east 95% at |east 96% at |east 97%
at | east 98% at |east 99% or 100% sequence identity to the sequence

SW SSPROT No. P35049 15b)at | east one chynotrypsin-like endopeptidase
derived fron1a strain_of Nocardiopsis, prefer any Nocar di opsi s . Sp and

pr ef er abl yThdvCAGRASI '@@@W%mﬁtmﬂgﬁsegmf tein” |NyQEqly e, Oﬁka'r['%b&%t byoo,
at |east 9pg trr?ééwt'o?é%roluﬁ@%?of%tm'll@ﬁééeoggrétl\%ﬁé &%@@?t&ﬁ?@\gﬁﬁ | east 99% or

100% sequence identity to the sequence 20 characterised
in thatSthe ratioapf tahd etafsyipgnre-l itlypsiaritepepndapeptidase cdenved y fedm- | @ ke

endopepti dase based o yme is 20:1 to 35:1, preferably 25:1 to
30: 1, nore preferabl yﬂﬂ@%g%@tms% %@ZA conposition conprising mlk-based

protein hydrol ysatg obt aeastblomebyhymotrypsin-like endopeptidase derived from a
microorganism
for use as a medicament or as a composition with therapeutic or preventive effect.

10
2. The composition according to claim 1 for the induction of oral tolerance in
infants or patients in need thereof, or for reducing the risk of allergies in infants or
patients in need thereof, or for reducing the severity or frequency of allergies
during infancy or later in life, especially in infants or patients in need thereof.

15

3. The composition according to claim 1 or 2 wherein the at least one trypsin-like

endopeptidase is derived from a strain of Fusarium, preferably Fusarium

oxysporum and has at least 75%, at least 80%, at least 85%, at least 90%, at least

95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence
20 identity to the sequence denoted by SWISSPROT No. P35049.

4. The composition according to claim 1, 2 or 3 wherein the at least one trypsin-
like endopeptidase is derived from a strain of Kutzneria, preferably Kutzneria
albida and has at least 75%, at least 80%, at least 85%, at least 90%, at least 95%,

25 atleast 96%, at least 97%, at least 98%, at least 99% or 100% sequence identity
to the mature polypeptide SEQ ID NO:1.

5. The composition according to any one of claims 1-4 wherein the at least one
chymotrypsin-like endopeptidase is derived from a strain of Nocardiopsis,
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6. The composition according to any one of claims 1-5 wherein the at least one
chymotrypsin-like endopeptidase has at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% sequence identity to polypeptide sequences of EMBL CDS CAI94179 or
TREMBL:Q9Y843 or CGMCC 0865, amino acids 1-186 disclosed in
WQ02004/072279.

7. The composition according to any one of the preceding claims characterised in
that the ratio of the trypsin-like endopeptidase to the chymotrypsin-like
endopeptidase is in the range 5:1 to 35:1, preferably 20:1 to 30:1, more preferably

27:1 wherein the ratio is based on weight of enzyme.

8. The composition according to claim 6 characterised in that when the trypsin-like
endopeptidase is derived from the strain Fusarium and the chymotrysin-like
endopeptidase is derived from the strain Nocardiopsis the ratio of the trypsin-like
endopeptidase to the chymotrypsin-like endopeptidase is 9:1 wherein the ratio is

based on weight of enzyme.

9. The composition according to any of the preceding claims characterised in that
the milk-based proteinaceous material is whey protein, casein or mixtures of both,
preferably with a whey/casein ratio based on weight of at least 50/50, 60/40, or

70/30, most preferably the milk-based proteinaceous material is whey protein.

10. The composition according to claim 9 characterised in that the milk-based
proteinaceous material is sweet whey protein, preferably from which caseino-glyco-

macropeptide has been removed totally or partially or is whey protein isolate or a

| east
98%
uence

n



weight is in the range 5:1 to 35:1, preferably 20:1 to 30:1, nost
preferably 27:1. 16. The conposition according to any of the preceding
cl ai mrs chwaipaot2anp@ed in that the | act ose content presentPCIEPRITIG/0FTIOE €i N
hydr ol ysate ranges from0.05 -30% w w, 15preferably 0.10 -20% w w, nore
preferably 0.10 to 0.20% (ww) . 17. The conposition of any of the previous
clains wherein the conposition is an infant fornula, followon fornmula, a
baby food formula, an infant cereals foppula or a growi ng-up mlk, infant
or child s food supplenent or adult nutritional conposition 20targeting
prevention of treatnment of allergy and preferably said conposition is a

starter i nﬁﬁ)ﬂflref&‘rtﬁyéfprotéﬁbslouﬁ%yc’f a conposition conprising mlk-based

protei n hydrolysate obtal na treatment of a solution of a mlk-based
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m croor gani s and t one, c.
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patients in need thereof, or for reducing the risk of allergies in infants
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12.A composition comprising milk-based protein hydrolysate obtainable by
treatment of a solution of a milk-based proteinaceous material with
a) at least one trypsin-like endopeptidase derived from a strain of
10 Fusarium, preferably Fusarium oxysporum and preferably having
at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% sequence identity to the sequence SWISSPROT No.
P35049
15 b) atleast one chymotrypsin-like endopeptidase derived from a strain
of Nocardiopsis, preferably Nocardiopsis Sp and preferably having
at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% sequence identity to the sequence EMBL CDS CAI94179
20 characterised in that the ratio of the trypsin-like endopeptidase to
chymotrypsin-like endopeptidase based on weight of enzyme is
20:1 to 35:1, preferably 25:1 to 30:1, more preferably 27:1.

13.A composition comprising milk-based protein hydrolysate obtainable by
25 treatment of a solution of a milk-based proteinaceous material with
a) at least one trypsin-like endopeptidase derived from a strain of
Kutzneria, preferably Kutzneria albida and having at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% or 100% sequence identity
30 to the mature polypeptide sequence of SEQ ID NO: 1 and



29 or patients in need thereof, or for reducing the severity of allergies
during infancy or later in life, especially in infants or patient in need
t her eof . WO2012filaeo1dase of a conposition according to cl aPerTER2ahasmes eri sed
inthat the 5 trypsin-like endopeptidase is derived froma strain of
Fusarium preferably Fusarium oxysporum and has at |east 75% at |east 80%
at |east 85% at |least 90% at |east 95% at |east 96% at |east 97% at

| east 98% at |east 99% or 100% sequencggi dentity to the sequence denoted
by SW SSPROT No. P35049, or froma strain of Kutzneria, preferably

Kut zneri a al bi da and having at |east 75% at |east 1080% at |east 85% at

| east 90% at |ea 959 I t 0 - leas 9 east 9 t, | east
99% or 100% seque% e i elr?%}sg ;)‘?fez Cé‘zﬁ‘%gg%'i“d@go%”@%ﬁt@raﬁé: ?éﬁvzegl.s {Eﬂ@ %se of
a conposition accordi ngcroorgangnm 18 or 19 characterised in that the

chynmotrypsin-1i ke endopeptidase is derived froma strain of Nocardiopsis,
15 preferably Nocardiopsis Sp. or Metarhizium preferably Metarhizium

ani sopl i ae14 ( cHhpesiePattsdlng oAt RbharaBreticbd s eidt ehé shgrayayssin-likd. The
use of a conposit]on accordi ngﬁto cl aim 20 wherein the chynotrypsin-|ike

endopept i d8B@oRRIdgEe|iegetivetdrora $teaistofgliogargionssadreigsahly ANO0asHaRsi®0v,
at | east 2@,958 M e@%in $h%erdbl) eRRtaM Al 9% faborlRBSHieRO% of
100% seque%@’e ?/dentéll‘étry ,t%lo’?)gqueence)}s E%EaL C%Deémgé,ﬂléﬁq%e’or Téﬁ%lﬁ@%% or

CGMCC 0865prefgriably Becaahysporida ghyeobosed i n WD2004/ 072279. 22. The use of a
conposition according to claim18, 19 , 20 or 21 characterised in 25 that

the conposition is used as an infant formula, followon fornula, a baby

food fornmula,A abmpobitioh auebedihg tercminal ®roral 4r chvdragetgedrin khataheirafi@rf or
child s food supEI ement or an adult nutritjonal conposition targetin

pr event? ontnpsifiga erERPERfdage) or Gy MRNRIINKA endRRaptidasRIased AT eRzyme
i ndi Vi dual gl ihhEFARY/s: 3 B5CORRaRHLIPR0IS0B0St 2 &prbtasl 2Far mil a. 30

16. The composition according to any of the preceding claims characterised in that
the lactose content present in the protein hydrolysate ranges from 0.05 -30% wi/w,
15  preferably 0.10 -20% w/w, more preferably 0.10 to 0.20% (w/w).

17.The composition of any of the previous claims wherein the composition is an
infant formula, follow-on formula, a baby food formula, an infant cereals formula or
a growing-up milk, infant or child’'s food supplement or adult nutritional composition
20 targeting prevention of treatment of allergy and preferably said composition is a

starter infant formula.

18. Use of a composition comprising milk-based protein hydrolysate obtainable by
treatment of a solution of a milk-based proteinaceous material with
25 a) at least one trypsin-like endopeptidase produced from a
microorganism, and
b) at least one chymotrypsin-like endopeptidase produced from a
microorganism
as an infant formula or food supplement for the induction of oral tolerance in

30 infants or patients in need thereof, or for reducing the risk of allergies in infants
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or patients in need thereof, or for reducing the severity of allergies during
infancy or later in life, especially in infants or patient in need thereof.

19.The use of a composition according to claim 18 characterised in that the
trypsin-like endopeptidase is derived from a strain of Fusarium, preferably
Fusarium oxysporum and has at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100%
sequence identity to the sequence denoted by SWISSPROT No. P35049, or from a
strain of Kutzneria, preferably Kutzneria albida and having at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least
98%, at least 99% or 100% sequence identity to polypeptide of SEQ ID No:1

20.The use of a composition according to claim 18 or 19 characterised in that the
chymotrypsin-like endopeptidase is derived from a strain of Nocardiopsis,
preferably Nocardiopsis Sp. or Metarhizium, preferably Metarhizium anisopliae, or
Brachysporiella, preferably Brachysporiella gayana.

21.The use of a composition according to claim 20 wherein the chymotrypsin-like
endopeptidase has at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% sequence
identity to sequences EMBL CDS CAI94179 or TREMBL:Q9Y843 or CGMCC
0865, amino acids 1-186 disclosed in W02004/072279.

22.The use of a composition according to claim 18, 19 , 20 or 21 characterised in
that the composition is used as an infant formula, follow-on formula, a baby food
formula, an infant cereal formula or a growing-up milk, an infant or child’s food
supplement or an adult nutritional composition targeting prevention of treatment of
allergy or an adult milk drink for sick individuals and preferably said composition is
a starter infant formula.



