| FERMENTED WHEY PREPARATI ON AND METHOD FOR PRODUCI NG THE SAME

[ CROSS- REFERENCE TO RELATED APPLI CATIONS] 5 [0001] This application is
based upon and cl ainms the benefit of priority fromthe prior Japanese
Patent Application No. 272978/2008, filed on Cctober 23, 2008; the entire
contents of which are incorporated herein by reference. 10[ BACKGROUND OF
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refreshed and invigorating flavor and a good texture, and a nethod for
produci ng the fernmented whey preparation. The present invention also
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saccharides and thus to have a high nutrition value. On the
other hand, the whey, when merely dried, has a poor flavor and
25 as such is unsatisfactory for human consumption. Accordingly,
various attempts have hitherto been made to produce foods
utilizing the high nutrition value of the whey. |
[0004] For example, the utilization of an aqueous solution
of whey protein to give beverages has been attempted. When
30 the aqueous solution of whey protein is sterilized at a high
temperature, however, protein is thermally coagulated resulting
in significantly deteriorated quality. For example, when a
method is adopted which comprises adjusting the aqueous
solution of whey protein to a high concentration of not less than
35 10% by weight, then adjusting the aqueous whey protein
solution to a weakly acidic state, that is, a pH value of 6.5 or



15 [ 0005] For exanpl e, JapanesePat ent Application Laid-COpen Publication No.
170341/ 1986 proposes a nethod for producing a whey fernented beverage.
~Japanese Patent Application Laid-Open Publication No. 040248/ 1987 proposes
a nmethod for producing a whey sour base., Further, Japanese 20 Patent

Publ i cati on No. 051046/ 1995 proposes a method for producing a fernented
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aqueous wheythey dqieogs! wHenyn sslutkat, for example, at a relatively low
temperature of 90°C for 10 min, then fermenting the aqueous
whey solution with lactic bacteria to produce a fermented whey
30 preparation. In these cases, sterilization under relatively
low-temperature conditions (low-temperature sterilization) is
indispensable. This is because, when higher-temperature
conditions are adopted, coagulates occur due to thermal
denaturation (thermal coagulation) of the protein which is
35 possibly unfavorable from the viewpoint of the quality of
products. On the other hand, low-temperature sterilization has



35 mlk per se is used as a raw material. Further inproving, for exanple,
flavor, properties, and texture of the resultant 4 fernmentation product is
_not considered at all, and the technique disclosed in this patent is
different fromthe technique of the present invention. 5[ SUMVARY OF THE
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25 than 10% by weight and the pH value is rendered larger than
6.5. It is a matter of course that, in this case, any method for
ensuring good thermal stability is not suggested. Fermentation,
for example, with lactic bacteria or yeast is also not
contemplated.
30 [0007] Regarding the degradation of lactose in the lactic
acid fermentation, for example, Japanese Patent Publication No.
3389377 discloses a method for producing a fermented milk by
degrading lactose. In this case, however, unlike the present
invention in which an aqueous whey protein solution is used,
35 milk per se is used as a raw material. Further improving, for
example, flavor, properties, and texture of the resultant



15 natural sweetness and, at the sanme tine, has a refreshed and

I nvigorating flavor and further has a velvety texture and further has
excellent thermal stability and safety. Another object of the present
invention is to provide a nethod for producing such a fernented whey
preparation. 20 [0010] The fernented whey preparation according to the
present invention is produced by carriying out high-tenperature
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honogeni zi ngprelsentdsviendianf ernentation liquor.ln this case, |actose
contained in the sterilizedaqueouswheyproteinsol utionafterthe
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[0014] In a fwheheprppatatioed whixhli cent siinulten@oeskntretlizenvexdeltent t he
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steriligBtion contains hodhis ataese, hiod onhguhat éactiavaciad perrmiecitatidinanet er
of 2 to 100 with lactic bacteria but also lactic acid fermentation with yeast
could provide a good whey preparation. Further, the present
inventors have attempted enzymatic degradation of lactose in
the aqueous solution into glucose and galactose at a stage
20 during, before, or after lactic acid fermentation by adding
lactase to the aqueous whey protein solution, which has been
subjected to high-temperature sterilization, at a stage before
the lactic acid fermentation, during the lactic acid fermentation,
or after the lactic acid fermentation and, as a result, have found
25 that the enzymatic reaction does not have a tendency toward
the inhibition of the lactic acid fermentation and the resultant
fermented whey preparation has unique sourness and natural
sweetness imparted by the fermentation and has refreshed and
invigorating flavor that is rare in fermentation products and is
30 unattainable by the prior art technique. Thus, the present
inventions have succeeded in further improving the flavor of the
fermented whey preparation. This flavor of the fermented
whey preparation has an enhanced natural sweetness as
compared with the case where lactose is not degraded with the
35 enzyme (lactase), and is a further improved flavor by virtue of
an excellent balance between the sweetness and the sourness



15 p.mand the aqueous solution as such is subjected to the step of lactic
acid fernentation. [0016] According to the present invention, there is
provi ded a beverage conprising a fernmented whey preparation according to
the present invention. 20Preferably, the beverage according to the present
i nvention is produced by adding an additive conponent for beverages to the
above fernented whey preparation according to the present invention and
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a fermented whey preparation.

20 [0010] The fermented whey preparation according to the
present invention is produced by carriying out high-temperature
sterilization of an aqueous whey protein solution having a solid
content of 11 to 35% by weight and a pH value adjusted to 6.5
to 8.0, then subjecting the aqueous whey protein solution to

25 lactic acid fermentation, and homogenizing the resultant
fermentation liquor. In this case, lactose contained in the
sterilized aqueous whey protein solution after the
high-temperature sterilization is enzymatically degraded with
lactase at a stage before the lactic acid fermentation, during the

30 lactic acid fermentation and/or after the lactic acid fermentation
to enhance sweetness.

[0011] In a preferred embodiment of the present invention,
the fermented whey preparation is produced by enzymatically
degrading lactose with lactase at a stage either both before the

35 lactic acid fermentation and during the lactic acid fermentation
or during the lactic acid fermentation.



20 contai ns coagul ates, the coagul ates have a particle dianeter of 2 to 100
p. mand the aqueous solution as such is subjected to the step of lactic
acid fernentation. [0020]1n a preferred enbodi nent of the present
invention, the method for producing a bgverage conprises the steps of 25
addi ng an additive conponent for beverages to the above fernented whey
preparation and subjecting the mxture to high-tenperature sterilization
treat ment af00dX]} to 150Wther, 1 accdingge to ptlodluceresedlyerinyentiawn21] I n

the present | o] t ed: Fﬁ&n ragi | ses
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natural swedi0gdst] and, Bt d Herther priaferredhserm bosfimenhie ofathie i présgitat i ng
flavor d further ha vel u he r t ed _wk apation is
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preparation 6.6 Bgdabdi ng to the present invention can be said to have
unconventi o perti XL Ur fl i eel. for
exanpl e, asm erive séi&t%ﬁ&el#atasggpal Q{P%rr?egir a%@ﬁ@?eénguge%\%ursages.
Further, in dgdiatipresefter nvie i drighttemperaturaci steértlizationt i containsoe
Factase enzynaquigEeB b ESadRidteS Mk Rty B A\ FERERE W 40 108

f er ment a5i oqurandntihherguedus sodakiohoas carchés siubjecteddosthe shepiel out .
As a result e fer rTFnt ed ﬁgﬁxgpreparati on can be nore efficiently

.t
pr oduced und@FEEo‘?ﬂfjt ghaep re suitable for production of 20 the
ferment ed w@0 P Epar at ixacordicgnmiey cithe speésentruinventionn ttinener ekent
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reaction andaddurdingticctiaeiprelsentenivantion.can be hygienically carried out
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11s aflow ﬁig?\e—tteﬁwh&\a’\f'a%r%nsteriIization treatment at 100°C to 150°C for 1
25 to 30 sec.
[0017] Further, according to the present invention, there is
provided a method for producing a fermented whey preparation,
comprising carrying out high-temperature sterilization of an
aqueous whey protein solution having a solid content of 11 to
30 35% by weight and a pH value adjusted to 6.5 to 8.0, then
subjecting the aqueous whey protein solution to lactic acid
fermentation, and homogenizing the resultant fermentation
liquor, characterized that the method comprises the steps of
enzymatically degrading lactose contained in the sterilied
35 aqueous whey protein solution obtained by the
high-temperature sterilization with lactase, before the lactic acid



enbodi nent of a production nethod of a fermented whey 35 preparation
according to the present invention. [Fig. 2]Fig. 2 is a flow sheet show ng
an 9 enbodi nent of a beverage according to the present invention.

[ DETAI LED DESCRI PTI ON OF THE | NVENTI ON] { 0023] Fer ment ed whey preparation

As descri bed above, the fernmented whey preparation according to the present
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[0020] In a preferred embodiment of the present invention,
the method for producing a beverage comprises the steps of
25 adding an additive component for beverages to the above
fermented whey preparation and subjecting the mixture to
high-temperature sterilization treatment at 100°C to 150°C for 1
to 30 sec to produce a beverage.
[0021] In the present invention, a fermented whey
30 preparation, which possesses nonconventional flavor and
texture and thermal stability and is also excellent in safety, and
a beverage using the fermented whey preparation can be
provided by conducting sterilization under such conditions that
have hitherto been avoided as causing coagulates due to
35 thermal denaturation of proteins, then conducting lactic acid
fermentation, in such a state that coagulates are contained, and



10 good fl avor cannot be achieved wthout difficulties. On the other hand,
when t he aqueous whey protein solution has a pH value of nore than 8.0, an
al kal i ne nature-derived flavor is so strong that a flavor unfavorable as a
starting material for beverages is sometg mes produced. 15 [0026] The
production process of a fernmented whey preparation according to the present
invention will be described. An exanple of a flow sheet of the production
process is §uoWren mamggenizirgdheriermantatiareiguor ei iheagermentrdr ei n
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[ 0029] The sed a
desal ted mg%% Qﬂdllﬁ'} n‘f\;??l'pi'ﬁ@? Ebée%%%@&%rﬂﬁﬁkﬂgﬁdgbda sweet
whey powder thiet en¥Phatic meaetioretanr be. sihelianhke usixtaareiads oused Ag ae
m xi ng rati [ i LS..P by 1 X . I
preferably %g%aﬂ:,atl’}'% f%w“#ﬁse[cg&%%’nﬁ%@%&b‘i%@%ﬁ’e@qﬁ%?e%ﬁ@%ﬂﬁm on
used, the Eqﬂno«ﬂtmed emdelalls qored i¢iortd y:hbll aoe3§&’otbblevefcghprodﬁ|rce|qm ejfﬁr ably
13 to 1 Y. I.ght this
case. 84 oSHECHIBENERY WhEY BrEbEIRtRY o' gokiuRRiascHero Farkhety
\é\lg‘,/l ght rmLénprte\feer pheserit S;n\%m%Fy vei bhs, e | cusnlfgrm)e&f Qhalbl )thk 7 to
o by wel gnt \ LN SOl | cont.en r e an roe|n
content r angnziBaloreafahriges et wR I the BRYGAGiw. FeRh Bt Rt
protein to fﬁmavrd@ngw,abeshhahen@rmypnapﬁr reactiot] eamni atied efactdd é@@Bl] Wien
the whey pr?te?hréﬁtsét%r?scoa%ﬁ/ebe'ﬁ]ygv\faetnefcr:ally carried out while suppression
25 of the proliferation of various unfavorable bacteria such as
thermophilic bacteria under such conditions that lactic bacteria
are predominant. The fermented whey preparation having the
“above properties and the beverage comprising the fermented
whey preparation can be advantageously distinguished from

30 conventional products and have high commercial values.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0022] [Fig. 1] Fig. 1 is a flow sheet showing an
embodiment of a production method of a fermented whey
35 preparation according to the present invention.
[Fig. 2] Fig. 2 is a flow sheet showing an



necessary, the tenperature may be brought to about 40 to 60C and, further,
for exanple, a power blender, a honom xer, or a high-speed agitator, may if
necessary be used as a dissolver. [0032]In conventional l|actic beverages
and the like, in 30 many cases, the solig content is brought to about 5 to
15% by weight. This is carried out to avoid deposition or other problens

i nvol ved in the production process and fromthe viewooints of flavors,

t ext ures aneémbedimant of at beverageracdardéngitonthe presend invention.
fermentati on-derived unique and good flavor 35 could have been realized by
enhancing the solid content of the aqueous whey protein solution, bringing
t he concentration off DEPAILED b EsSCRIMIAMIOF d RE TNMENEIOIN] and conducti ng

fermentatio 1 | act i i Y, - his case, the prevention of
t he product :tg\g’%:ﬁ exce%ﬁ@é@%ﬁ%@é@s al so inportant fromthe
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nethod/appa&gﬁﬁé81?%#8§§§n§%&&ﬁg @f%ﬂP%%3§h£¥mc§%ﬁ§hﬁagégéﬁr?%dﬁﬁgﬁﬁgd or a
sand mul | i n@reetdopgH V&84 Befjustedietd g6:5 etped A ,uthenersubjeatinan the
treatmept, t ot ej uf i ed i j . pH 6.5
to 5. 0. Tr AUBNE WREVEBY oER: Sofludghfo MRt ol BAHEHd, BRdY nore
preferably gédmmogamzihgt thet iresultanthéermestatiar tiquors. 8In cdhis 2casmst
preferably . T i [ r ahl
ot ied out aEtasE coAtdined ip, therpgusg i e Pris e [E BplufioRLShEainee
particul arl oy @hkei higkderopbaatae sherifidabidruss e@naanagitjalbt degrageddval ue
to the above ran h a hj eno o.be bl S ds
Typi cal |y, tvwéﬁp&sﬁﬁn%st%f $sggﬁ%cbggmfé]oﬂ%]htactﬁ%d%a@orfgf&%&%%bqn'sodi um
hydr oxi 8, phirdagi tine Npdtiexiadéd ferthentdtyonogedéar after echeandctiodaciih
carbonat e. These substances 25 y..b in conbination. In a preferred
enbodi nent Eﬁrﬁﬁgﬁﬁ&gyéﬁﬁ ?ﬂ%@ﬂggdﬂygﬁﬁéggiiadjustor i s sodi um hydr oxi de.
][0035] Thle 409p4 ] of thSopfar?f#suhsherpugselntrﬁy\vleatgmnmdw,vmmed héseendi ng,
or exanpl e, .upon the t of the pH adjustor, used...a target .pH val ue to be
| nor enced, - aHiRERo BRaR PEHR ot o Peabih Bl & AstihA dh e Bialre. % s
t grrper at ur e rdgind .thlé?soﬁdauphﬁer&mmnaaodqudenmsd_ w\meydqalrio&egtzgsji_)lasioghg(ypg
ajUStO t he anbunt, o I Um r | used | st | Ca . to O. 0 DYy
wel gnt o9 o0 BT Bheh 8% BLMEORE: Bie Edtiebls whRsy el Solbfion °35
[ 0036] | n t hgspeeektizednatnta omighat tdmparatare agbeves 907y folldwed $9 ution
havi ng a soldd coq%gnt of %ﬁ tﬁ1 5@62%¥£piﬁﬂt 13 and a $H va%fe adj ust ed
to 6.5 to 8_f§rp‘ger§; f%t it H t PEUr O st¥Fa%h 2501 T AGUER néht .
Heating condetrimmstdd ey prieparatinir eTaieerédsaatfiopntHis dst vehéevedrioespond
to conventional  steri izgtioH tr%%tnent conditions. 1n generql,. :
reside in that, when e aqueous whey prot€in solution is
25 sterilized, for example, at an ultrahigh temperature (UHT), the
whey protein is thermally coagulated resulting in significantly
deteriorated quality. For example, when a method is adopted
in which, after the regulation of the aqueous whey protein
solution to a high concentration, the aqueous solution is
30 rendered weakly acidic, that is, is brought to a pH value of not
more than 6.5 followed by sterilization at a high temperature of
above 90°C, huge coagulates are disadvantageously produced.
[0025] For this reason, in mass production on a
commercial scale, coagulates are less likely to be dispersed, for
35 example, in tanks or piping. Further, the deposition or build-up
of coagulates onto tanks, piping, and valves is significant. This




5 beverages containing mlk or whey are sterilized by various nethods
before shipping as products. Here high-tenperature thermal sterilization
conditions nean conditions used as an enbodi nrent of the conventi onal
sterilization treatnent. Accordingly, heggting conditions for

hi gh-tenperature 10 sterilization treatnment in the present invention may be
used without particular limtation so far as the conditions are thermal
sterilizatida cagsativat of watiteininatéomodny theeprior ahlg a| piethefd b@ser ages
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preventing hoi | ng, of the aqueous solution. In the sterilization treatnent

in the preséﬁt vention, in addition to heati ng, the above pressure 10 may
be applied. [AORT At usesTheabéemf dwhehe priogbin‘erazeusad detedn i toradten

treatne |ncI at e heat exchanger,s. tub
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precipitation, t he,aque sol u cont ai n ,coagul at es
having a pardi égﬂfg{fm&@f k. ZOOH@%OW Ymprgiém dpy 2§ o | Y nore
pref er apby Acdmbﬁﬁ)aﬂom SCoh’amlmtﬁalw efveri kY| g ﬁl‘ddll@t& thvmey protems
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preci pltatlcm Tf?é?@f e U 't ygllcg{eexp Bi £o5pPYsY nn‘a be
added to themagoeousgeadieniten of whey are as follows For WPC, for

example, the solid content is 95.5%, and, in this case, the
protein content, lactose content, and ash content are 76.0%,
30 12.0%, and 2.5%, respectively. For WPI, for example, the solid
content is 94.1%, and, in this case, the protein content, lactose
content, and ash content are 90.0%, 1.7%, and 1.8%,
respectively. For the sweet whey powder, for example, the
solid content is 97.0%, and, in this case, the protein content,
35 lactose content, and ash content are 12.0%, 75.5%, and 8.5%,
respectively. For the desalted whey powder, for example, the



25 after the high-tenperature sterilization to performthe next step, that
Is, lactic acid fernentation treatnent. The particle dianeter
~of the coagul ates nay be neasured, for exanple, with a laser diffraction
particle size distribution neasuring a ratus SALD- 2100 (manufactured by
30 SHI MADZU CORPORATION). [0040]In the present invention, the lactic acid
fermentation is fernentation in which an aqueous whey protein solution is
f er ment ed wsohdacpnéeet dsnPBeli%yi andyr artinésn aasfsr theeprateini eedtent,

fer ment at | o G LHRRSABNLGY. Ubh ittt dPach{ e | 209704, 0a 08 155, 21
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can be conf asuring the acidity (% of an object solution.
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acCl IS e par V. actic
261 d aci di ¢ ON(Bgeidt Rast, BEbPeterandy B o7t A - St piebSrdly
sdrﬂicﬂﬁcoﬂreﬂpb@d& th. 9 ng of lactic acid. The indicator is prepared by :
di ssol vi ng phen Iph alein in 50% et hanal .{o0 ol :
[ 0042] Any Iigﬁrgg) bact erl'a hﬁy QRHTRY &ﬁ&uﬁ@%ﬁl{‘l é@l‘ oH"ﬁrs[e&,l 8ﬁeso far
aﬁ t hey aresohdgl eorntemthersrm@yef@rra‘rgyt atlorto aB%%xabypl eseldter,eahaoracl ude
t he genus Lact us tr pt ccus, and the S
Bi fi dobact ePfl Eﬁ?%ibd f? i géa{ﬂ;l?’éél"?'@ oﬁ%ﬁrﬁﬁgﬁ%@reggf%ﬁqgisw%2§t°/|°a| ns
Lact obaci | Ib ghtl. gain cth:rsandslét rt&’[ﬂ Buopriclsy tdfetl;prWHG%G -priote#3] llglny
yeast e U 9] ar | tatlon SO, 1 al i S ein
 he wndlt opiE aqtrvi”x LA s Pt P ori PR Gt £ Bl and
tcged_ggnusK FWefigm;rrysai;l Hrel fpefexabhb)l es.7 heved % nblyudeelgist sThai ns
narda Bel ¥hove-defined solid content range and whey protein content
range are preferred from the viewpoint of denaturing the whey
protein to form coagulates having a proper particle diameter.
25 [0031] When the whey protein is dissolved in water, if
necessary, the temperature may be brought to about 40 to 60°C
and, further, for example, a power blender, a homomixer, or a
high-speed agitator, may if necessary be used as a dissolver.
[0032] In conventional lactic beverages and the like, in
30 many cases, the solid content is brought to about 5 to 15% by
weight. This is carried out to avoid deposition or other
problems involved in the production process and from the
viewpoints of flavors, textures and the like. In the present
invention, a strong fermentation-derived unique and good flavor
35 could have been realized by enhancing the solid content of the
aqueous whey protein solution, bringing the concentration of




35 and Kl uyveronyces Marxianus. [0044]1n the present invention, in addition
to lactic acid 16 fernentation with lactic bacteria, lactic acid
fermentation with yeast can be carried out. Wen the lactic acid
fermentation is carried out with yeast,q4 flavor different fromthat
produced in the fernentation with |lactic bacteria can be produced. This can
5 realize the production of various good whey preparations. In the present

i nvention, ithenetaidkar gpmpomentir etwf a hehigdh ndeveli orand queenductingey
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with 10 yeagtreventien wfethe[ poadiigtionasbexcessivaly thacgercengdi@das(ishe

oovone ot SISBERhEDI A o] W iel ol oL R kN cfr gt ot
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ot ut Con a PEEERINGP A REOEDHE W e REEASERIAG SE BRI,
the bacteri dy suptessieggthe $iae46f Conaguiates ftor af suitailat lewelwanid | actic
45C and 2 1 SRS g EBRRL L asys0M 5 4sC and 3 1o 10 br [0047]
Condi ti ons f[@033Z} ment aln dheniprieseadsinwerdioh prthex sopide comtend abchand 1 to
T2 1% /805! S sbR ST, 230, Kadly CRer e B b B g,
aci d fernmentraetbad/éppasris;onfai nekampide @qusiinplehewateot econtantut i on
"actase 1 nt SNGPROR0D Mefad ot & e BLIBAUI TR EREUB: “aci ¥ T ot mant at i on.
during the [[8@34] aci d Befbeenenttie on aiglhdrerapeeatutes | astedliaation
dogr adat i on tredRsERY Y SR L THRRT B Bied0  Sotutbin 1ed B C83Hsteg
| act aselbhattocphl GefriaddS.Dagpreferabht athedl6 bo 7.8, hmnapereéerdtdy pHot ei n
ol UL on S EIC o5, I OPMORS °BEertTabA) B, 168 L LSRR AL, e
opti mal pH préfefablgcphisé.84aby £,i mdasteppefesably iabourtt pbin7ody be, for
o 500 [0050] I the. pr Ea8HRH, Adlrafnt e aes BTy ol PR, B Futha B¢ =0
pH adjustor. The pH adjustor to be used is not particularly
20 limited so far as the pH adjustor can adjust the pH value to the
above range and has safety high enough to be usable as foods.
Typically, the pH adjustor is selected from the group consisting
of sodium hydroxide, potassium hydroxide,  sodium
hydrogencarbonate, and sodium carbonate. These substances
25 may be used in combination. In a preferred embodiment of the
present invention, the pH adjustor is sodium hydroxide.
[0035] The amount of the pH adjustor used may be
properly varied depending, for example, upon the type of the pH
adjustor used, a target pH value to be increased, and the state
30 of the aqueous solution added (for example, its temperature
and pH). For example, when sodium hydroxide is used as the
pH adjustor, the amount of sodium hydroxide used is typically
0.01 to 0.5% by weight, preferably 0.01 to 0.3% by weight, in
terms of concentration.
35 [0036] In the present invention, at first, an aqueous whey
protein solution having a solid content of 11 to 35% by weight



5 reaction is usually allowed to proceed through lactic acid fernmentation
of the aqueous whey protein solution. Preferably, lactase is selected so
that the enzymatic reaction proceeds under conditions for lactic acid
fermentation. If necessary, an enzyne tyeatnent step of allow ng the
enzymatic reaction to 10 proceed nmay be provi ded separately fromthe lactic
acid fernentation treatnent. For exanple, fromthe viewoint of sinplifying
t he process.amd eberpHl ywalulee adpysted cto edcbi dro wBt B liactsadeated fooceeds

der th iti i n.the,. i id . f ' . iti
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| act ase (enzrygg‘)' GMRSTatdRe hStRENZEt P ed T QEFIIYng b Soﬁ‘Ygu'@rtﬁ-l {Pal ue
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[0037] In a preferred embodiment of the present
invention, the high-temperature sterilization treatment is
carried out, for example, at 91°C to 99°C for about 5 to 15 min,
preferably at 92°C to 98°C for about 7 to 13 min, more

25 preferably at 93°C to 97°C for about 8 to 12 min, particularly
preferably at about 95°C for about 10 min. In another
preferred embodiment of the present invention, the
high-temperature sterilization treatment is carried out, for
example, at 100°C to 150°C for about 1 to 30 sec, preferably at

30 110°C to 140°C for about 1 to 20 sec, more preferably at 115°C
to 135°C for about 1 to 10 sec, still more preferably at 120°C to
130°C for about 1 to 5 sec, particularly preferably at about
120°C for about 3 sec. After the high-temperature sterilization,
if necessary, the treated aqueous solution is cooled.

35 The temperature to which the treated aqueous
solution is cooled, can be set based on the fermentation



15 between after the high-tenperature sterilization and before the

conpl etion of the production of the fernmented whey preparation.
“Accordingly, for exanple, the |lactase nay be added to the aqueous whey
protein solution at a stage between aftgy cooling of the aqueous whey
protein solution to a proper extent, after 20 the high-tenperature
sterilization, and before the lactic acid fernmentation. This is

advant ageoudeimpehaturen ientheasubseqaentofiermestatioy |sieposndiegr att i on
can be allo r | s~od between i mredi ately after the

i ntroducti o%ﬁ"mg’ ?g?;?%sjeﬁat?l)dgph%' start of the lactic acid fermentation
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sol ution af tstlll trheré gateferabliyd 5fiy BOnpati on. In this case, preferably, an
ti ti t ' i ded i ' | agt iS. .
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?I | ow t he enwmmme{]daacéliyonamepmeenﬁta;'apar at'EhngEﬁmm,tinE thiststategi d
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i mredi at el yqé‘#ﬁb@ﬁéer'écf)hy%@?ﬁ ”P@anﬁt Q?F@ﬁ gsgﬂ?e ﬁcﬁéééﬁgi %ﬁ.&;[oq he
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onpgeni zati gn treat.nent _of. the agueous, whey protein solution. In startin
t he gnzymati SR Gtatols, dps ,C"i"f:'dn@?créggm:%oﬁh@e&hﬁqv%'? e and reaction )
tenperature of the aquehe Sedrtidlen diasndterf oft bee poapeldtes epalyattssl whil e
taking into considr%rqation t he opti nal H‘FH and o ti.rm{?r#% erat.ure of_the

| actase. 35 TEGEEHt FRT pPXSBHIS nWdH | 8nlasHle &b PAHAEe SIZRd i s,
for exanpl e, dib®riBRRId® rheGsePthd Wmparatefse SHILY-300000maufactured by

30 SHIMADZU CORPORATION).
[0040] In the present invention, the lactic acid
fermentation is fermentation in which an aqueous whey protein
solution is fermented with a predetermined microorganism
under predetermined fermentation conditions which will be
35 described later to produce an organic acid (for example, lactic
acid, succinic acid, or 'malic acid), particularly lactic acid.




to 70,000 11U g, nore preferably 40,000 to 60,000 IUWg. [0059]1In one
preferred enbodi nent of the present invention, when the enzynmatic
‘degradation of |actose with |actase is carried out at a stage either both
before the lactic 5 acid fernentation agg during the lactic acid
fermentation or only during the lactic acid fernentation, both sourness
produced by the lactic acid fernentati on and sweet ness produced by the
enzymati c ddgjtheat lagtioi bacterdal art ysadse g utaferably egsedt iasg thiee

fermentatio i flav he re i-on can
be adj ust ed% p@r }g@%ﬁﬁmﬁ@ﬁ Elﬁemeag%fgllaagi%ﬁj %ﬁ%ﬁg&?{%ﬁ_' t Plﬁr{eatltHseo ,
excessi vel y lagtict adide fesneniasidronapeordiag sound i presant yinvemtionr , in

this case, [ e [ S _ d dsfactoridy. On
the of hor  hanieEhRencl nodtadt OafhRy SOER, BRsRIARY", 186k LECe Y

| ong, thb | guoiduced dnf &éheefermentatiore sgid dihe preciutiomsleveipaf ddheni t h
the enzynmati ti Yiny t i j d- i,V SQfIr ness
i S excessi vecﬁ—gagﬁgo%(aa'%r%@ﬁgﬁﬁgééf%\(argl%dﬁ{?mﬁltgg ?gﬂg?‘: o@%) of

f er ment at i oran iofjectk sebwtion.t hat the sourness produced by the lactic acid
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deactivaki o reat t 4 | a
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liquor is h j tOn T i t | ates .co j in the
30" or et acteCT o TuiEh e Rl T o CRr6aARAES IS RNAeET | he
honogeni zat ik ind ofirai sdnuple ito sdlilctieatheasampila. t e prrenolphibatein a (or
yeast) and ol Kt e I hat. | S f tion
| i quor as sm&?sl(gb mﬁégﬁd%ea%%%ﬂ?gaﬁo}b%noq Stﬁqéﬁﬁgr ﬁ%[gaagh%(gn
| i quor 35 avsushithsai Bpbr eolyLf sodiurne hyideogid et soloftidmpagardinguiasabl e
Vi scosity a stability.. that i el xt and Q 1 high
st or age gt a&ﬂlei t@ﬂt%éme %ebﬁé’iﬁ atﬁ)égngl %ﬁb&& [%?@h&gmc‘&%ﬁ“%‘f theg
ferment ati ordicappearntyr 36 skar eXaappercertage 38Ctic mcidr peer tB0ygl1sf t o 250
cp, nore pr r 0. . e i e 5
fermentati oﬁ}‘% ggb)r{péc&%%ﬁ%%gnﬁﬁemg%egﬁéﬁgfﬁvghﬁ g%?‘gb%gaswségs ré/ of
tEe Lerment adidw (%ear wrhent&daaw:édia%esf lactiopgid s deteabired) ﬁbisi ty to
t he bev ages.. e . S I t . o erage
2 excedl; vargativl PAEHEHIAAY detelind theeS GRS A8, 3B (Rl I
pr odﬁcti Ond thdsoradisegl y1 irfil é@fn@:;i_ssmcyl/u rso:digsm ddrydrioxidef _sttﬂudiio]gabihl ity
|nteprouct|on rocess ~and t Ke, the conaqi n t he
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ferment ati ordissqlvdngniyg lef phdnbiplatth41@063hVBO R tath anpiogeai vakime of
t reat nent |51661rr¥]||.ed out,
25 [0042] Any lactic bacteria may be used without particular
limitation so far as they are usable in the whey fermentation,
and examples thereof include the genus Lactobacillus, the genus
Streptococcus, and the genus Bifidobacterium. Specific
examples thereof include lactobacillus strains Lactobacillus
30 bulgaricus and Streptococcus thermophilus. ,
[0043] Any yeast may be used without particular limitation
so far as it is usable in the whey fermentation, and examples
thereof include the genus Candida, and the genus Kluveromyces.
Specific examples thereof include yeast strains Candida Kefyr
35 and Kluyveromyces Marxianus.
[0044] In the present invention, in addition to lactic acid




15 for exanple, with a honogeni zer, the honobgenization treatnent may be
carried out under conditions of about 10 to 60C, about 10 to 50 MPa, and
about 100 to 1000 L/hr, preferably 12 to 25 MPa. If necessary, the
honogeni zation treatnent may be carrie ut a plurality of tines while
changi ng the 20 honogeni zation conditions. In a specific exanple of the
honogeni zati on treatnent, the honobgeni zation treatnent may be carried out
in such a méarmenthdion iwikh- Eclie bacteyin, tactionacidefermpentatictarwitbd out
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hi gh-te eraturg ster'bl i z%gi on. Conditions in this case are

hi gh- t ehPer YEHSE DAY PRiY3%90on conditi ons comonly adopted, for exanple, in
bever ages, §00455<]arm| e, The0ahoo 4 A0 @ fable abacteria tad@ed s@he amount of

nvent i on. RS SRS SR o, SIAICER) ofs 1 IR nercamalng SHEfc DEE: dFonent

~invention,
f or bever agesricerithetiber neht krttidhebaptepar doronyeast)r dnngther abgeepussent

i nvention and,subjecting the, gpxtur o0 high r r L] ion at
100 to 15005P$'11H816‘o&% ig?HPsbageE&/%%L[ oo%ﬁ%*@%gﬁ"\& g#‘ér?é@‘g@%o‘g‘f%ﬁ of
t he pres®nt bavtenid addédeidigiotenPel atar3¥stleyi Weight obasedaomerthe n t he
beverage producti,on prqcess _nmay be caryied Qut, unde vent] I ating
condi tions WEIGHNoRA WM& &&%"&P%M'ﬂﬁyorﬁfﬁw sé‘i’ﬁﬂ}f'ﬁ teﬁgggr ttrﬁ%
preferably whdeiiza®inh tignd ah &kAnhplel 40 thed 2ddibout atdun2ofsdahe nore
preferably JtéaS to, 135§§1r$| about, .1 to 10 sec, still nore preferably 120 to
130C and 1 EGeERTS gt DX WEIARE pref erably 120C and about 3 sec. [0069]1n
the bever a?qggrm]mt i onCenedidhsdaroférineent@dent vviittivdaamtﬁiorbacaeyihaaddét ive
conpone itive go nt 235 for verages) my be e i o
parti cufér %Pﬁi @’é@?‘ﬂﬁewﬁgﬁo 5’? F‘L@néﬁ; EPV%SC%ﬁpBﬁ%%ra:ﬁin%%% Gsed for
bever ages. %ucdlzcw}mw;ﬁwr%lwéeeragmv 3xaumnaECsanui3h itlzeI(sllml.Jch as
pectins, soybea ol ysagcc rl.aes, _an CMCs cal DOX t cell ulgse
sugar s, grar[b%é{zﬁ suga&Q,n%I”?IBUFd fop gﬁ%esn(t(aﬁﬂn e%"gﬁ?)l é,eaa':u%ge f‘%ruct ose
I qui Id sugar@aam?aé,eizm,tocawls@adfn{nd ng t@evlmh(v,swef@rratlthazﬁsgo @@mﬁj (for
exanpl e, or vors, apple vor nd, yagurt vOr ruit juices
(for exanpl 3@EP$6 ﬁruimgggd?reéﬁﬁsg& ,37f 6%%%(2%?”&1&3:‘%0 f‘éopr'exarrpl e, apple
plﬁr eezézsanctom@l]dl ant s ftd}fe %ﬁ%}[ﬁérﬂ:, itventionacird)ad@bidrO@d0tAbelautiint  of
the a It'Veaccfgnpf%rllﬁwnetnyast?on,'Slact%rse contained in the aqueous whey
protein solution after the high-temperature sterilization is
enzymatically degraded with lactase into glucose and galactose
before the lactic acid fermentation, during the lactic acid
30 fermentation and/or after the lactic acid fermentation, whereby
enhanced sweetness produced by the lactose degradation is
imparted to the fermented whey preparation.
[0049] Any lactase that can degrade lactose contained in
the aqueous whey protein solution into glucose and galactose
35 can be used without particular limitation. For example,
bacteria- or yeast-derived lactose can be used. The optimal pH



exanpl e, about 20 to 40% by wei ght, based on the fernented 23 whey
preparation, for exanple, for sugars and fruit juices, and is approxi mately
a few percents by weight, for exanple, for perfunmes and aci dul ants. The
addition amount in the above-defined r e i s advantageous for the
production of 5 beverages which maintains flavors and textures inherent in
the fernmented whey preparation. [0071] After the sterilization treatnent, if
necessary, ofidactase tusableeirethgepnesemie invention hoapdes)i fexd example,
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15 immediately after the lactic acid fermentation.
[0051] Accordingly, lactase which has an optimal
temperature that is equal to the temperature adopted in the
lactic acid fermentation according to the present invention and
has an optimal pH value including a pH value which the aqueous

20 whey protein solution after the high-temperature sterilization
may have, is preferably selected. Therefore, when the fact that
the aqueous whey protein solution is subjected to the enzymatic
reaction in a period after the high-temperature sterilization and
during, before, or after the lactic acid fermentation is taken into

25 consideration, preferably, the optimal pH and optimal
temperature for lactase used are 6.0 to 7.0 and 35 to 45°C,
respectively.
[0052] Lactases usable in the present invention include,
for example, Kluyveromyces Lacits, Kluveromyces Fragilis,

30 Aspergillus niger, and Aspergillus oryzae.
[0053] In another more preferred embodiment of the
present invention, the lactase used in the lactose degradation
has such a property that is deactived at a pH value around 5.0
to 5.5 or less.

35 When the lactase used has such a property that is
deactivated depending upon pH, the pH value of the aqueous




24 was di ssolved in deionized water to give aqueous whey protein solutions
having a solid content of 14% by wei ght (aqueous whey solution). Further,
t he agueous whey protein solution was adjusted to pH about 7.0 by the
addition of sodiumb5 hydroxide as a pH aglj ustor. The aqueous whey protein
solutions were then heat sterilized at Cfor 10 min with hot water.
After the sterilization, the aqueous solutions were observed. As a result,
it was foundvihéepat pnmdgm asemmanugrravcwaﬂéw ngwaersi zas otheedsactigaradido t m
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(0I ?Lms%g: Emmzs moslarfgerIt@@sg\i&gh%er:apératmmistenquatma‘r minet] MDrmmmO?n?. 1
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regarded as the aci
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15[ 0081] Nextin hhperrydrandaieen irmenediatent afiengtHerdhitcoduction of the
lactase and the start of the lactic acid fermentation and, further,
25 the enzymatic reaction can be also allowed to proceed after the
start of the lactic acid fermentation.
[0055] Alternatively, for example, the lactase may be
introduced into the aqueous whey protein solution
simultaneously with the start of the lactic acid fermentation or
30 immediately before or immediately after the start of the lactic
acid fermentation, in other words, simultaneously with,
immediately before or immediately after the introduction of the
lactic bacteria as the starter. Further, the lactase may be
introduced into the aqueous whey protein solution in a period
35 between the completion of the introduction of the lactic bacteria
and the completion of the lactic acid fermentation. In these



bacteria and the netabolite thereof was honbgeni zed with a honogeni zer set
to about 10 MPa and about 100 L/hr. The fernmented whey
preparations (Exanple) thus obtained were preparations that had desired
flavor and 20 properties (texture) contggplated in the present invention
and were al so excellent froma hygi ene standpoint. 26 [0082][Table 1]
Table 1 Elapsed tinme [hr] pH[-] Acidity [W] Lactose [g/L] G ucose [g/L]
Gal act ose [ gasgsFl tver lactose 3eontained in the aqueous whey protein

solution can be degraded by the enzymatic reaction in parallel
with the lactic acid fermentation.
[0056] Thus, in the present invention, the lactase can be
5 introduced into the aqueous whey protein solution at a stage
before the lactic acid fermentation, simultaneously with the
introduction of the lactic bacteria as the starter, immediately
before or immediately after the introduction of the lactic
bacteria, or in a period between after the introduction of the

10 lactic bacteria and the completion of the lactic acid fermentation.
The timing of the introduction of the lactase may be properly
selected while taking into consideration, for example, the
desired degree of the enzymatic degradation, the amount of the
enzyme introduced, and the desired enzymatic reaction time.

15 Accordingly, in one preferred embodiment of the present
invention, the enzymatic degradation of lactose with lactase can
be carried out either both before the lactic acid fermentation
and during the lactic acid fermentation or only during the lactic
acid fermentation.

20 [0057] In the present invention, a method may also be
adopted in which the lactase is added to the aqueous whey
protein solution after the lactic acid fermentation. In this case,
preferably, an enzymatic reaction step is provided in which
lactase is added to the aqueous whey protein solution after the

25 lactic acid fermentation step to allow the enzymatic reaction to
proceed separately from the lactic acid fermentation step. The
enzymatic reaction step may be carried out immediately after
the lactic acid fermentation step. Alternatively, the enzymatic
reaction step may be provided, for example, after the

30 homogenization treatment of the aqueous whey protein solution.
In starting the enzymatic reaction step, if necessary, the pH
value and reaction temperature of the aqueous solution may be
further properly regulated while taking into consideration the
optimal pH and optimal temperature of the lactase.

35 [0058] In the present invention, the amount of lactase
used is, for example, 10,000 to 100,000 1U/g, preferably 30,000
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0.36 18 39 26 Strong feeling of sweetness 4.0 5.05 0. 39
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to 70,000 IU/g, more preferably 40,000 to 60,000 IU/g.
[0059] In one preferred embodiment of the present
invention, when the enzymatic degradation of lactose with
lactase is carried out at a stage either both before the lactic
5 acid fermentation and during the lactic acid fermentation or only
during the lactic acid fermentation, both sourness produced by
the lactic acid fermentation and sweetness produced by the
enzymatic degradation with the lactase are adjusted by
regulating the fermentation time, whereby the flavor of the
10 whole whey preparation can be adjusted. Specifically, when
~ the lactic acid fermentation time is excessively short, the
fermentation per se is unsatisfactory. Further, in this case, the
enzymatic reaction also does not proceed satisfactorily. On the
other hand, when the Ilactic acid fermentation time is
15 excessively long, the lactic acid fermentation excessively
- proceeds as compared with the enzymatic reaction and,
consequently, the lactic acid-derived sourness is excessively
strong. Accordingly, preferably, the lactic acid fermentation
time is set so that the sourness produced by the lactic acid
20 fermentation and sweetness produced by the enzymatic
degradation with the lactase are maintained at a proper
balance.
[0060] Regarding the enzymatic reaction, after the
completion of the reaction, if necessary, a deactivation
25 treatment (for example, heat treatment) step of deactivating
the enzyme may be further provided.
[0061] In the present invention, after the lactic acid
fermentation, the resultant fermentation liquor is homogenized
to reduce the size of the coagulates contained in the
30 fermentation liquor. When the fermentation liquor s
homogenized, the homogenization is carried out in such a state
that the lactic bacteria (or yeast) and metabolites thereof are
contained. That is, the fermentation liquor as such is
homogenized. The homogenization of the fermentation liquor
35 as such is important from the viewpoints of imparting suitable
viscosity and stability, that is, excellent texture and flavor and



16 37 26 Strong feeling of sweetness 5.0 4.69 0.52 15 38 32 Moderate
feeling of sweetness and sourness 6.0 4.51 0.59 17 36 34 Mdderate feeling
of sourness [0083] Exanple 2 (Conparative Exanple): Preparation of 5

fermented whey preparation (where | act a§f was not used) A
~test and evaluation were carried out in the sane manner as in Exanple 1,
except that the |actase (|l actose degradation enzyne) was not added in the
| acti ¢ aci d Highnshotragieostability, to the fermentation liquor.

[0062] The viscosity of the fermentation liquor may be, for
example, 10 to 300 cp, preferably 15 to 250 cp, more preferably
20 to 200 cp. When beverages are produced with the
5 fermentation liguor according to the present invention, the
viscosity of the fermentation liquor affects beverages to impart
a suitable viscosity to the beverages. When the viscosity of the
fermentation liquor and beverage is excessively high, handling
is sometimes difficult in the actual production. Accordingly, if
10 necessary, in consideration of handleability in the production
process and the like, the production conditions of the
fermentation liquor may be changed, or the viscosity of the
produced fermentation liquor may be modified.
[0063] When the homogenization treatment is carried out,
15 for example, with a homogenizer, the homogenization treatment
may be carried out under conditions of about 10 to 60°C, about
10 to 50 MPa, and about 100 to 1000 L/hr, preferably 12 to 25
MPa. If necessary, the homogenization treatment may be
carried out a plurality- of times while changing the
20 homogenization conditions. In a specific example of the
homogenization treatment, the homogenization treatment may
be carried out in such a manner that first-stage homogenization
treatment is carried out at about 20°C and 8 MPa followed by
second-stage homogenization treatment at about 20°C and 4
25 MPa.
[0064] Beverage
According to another aspect of the present
invention, there is provided a beverage comprising a fermented
whey preparation according to the present invention. A desired
30 beverage may be produced by adding any desired component to
the fermented whey preparation according to the present

invention.

[0065] An example of a flow sheet in a production process

of a beverage according to the present invention is shown in Fig.
35 2

[0066] Specifically, an additive component, for beverages,



10The results were as shown in Table 2. 27 [0084][Table 2] Table 2
El apsed tinme [hr] pH[-] Acidity [oh] Lactose [g/L] ducose [g/L] Gal actose
[g/L] Flavor 0.0 6.35 0.14 102
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including a stabilizer is dissolved in water (for example,
deionized water) as a starting material, and the solution is
mixed with the above fermented whey preparation. After the
mixing, if necessary, the mixture may be further emulsified
5 followed by high-temperature sterilization. Conditions in this
case are high-temperature sterilization conditions commonly
adopted, for example, in beverages, for example, 100 to 150°C
and about 1 to 30 sec.
[0067] Accordingly, in another preferred embodiment of
10 the present invention, this beverage is produced by further
adding additive components for beverages to the fermented
whey preparation according to the present invention and
subjecting the mixture to high-temperature sterilization at 100
to 150°C for about 1 to 30 sec. |
15 [0068] In a preferred embodiment of the present invention,
the high-temperature sterilization treatment in the beverage
production process may be carried out under conventional
heating conditions well known in a person having ordinary skill
in the art, preferably under conditions of 110 to 140°C and
20 about 1 to 20 sec, more preferably 115 to 135°C and about 1 to
10 sec, still more preferably 120 to 130°C and 1 to 5 segc,
particularly preferably 120°C and about 3 sec.
[0069] In the beverage production according to the
present invention, any additive component (additive component
25 for beverages) may be used without particular limitation so far
as the additive component is commonly used for beverages.
Such components include, for example, stabilizers such as
pectins, soybean polysaccharides, and CMCs
(carboxymethylcelluloses), sugars, granulated sugars, liquid
30 sugars (for example, glucose fructose liquid sugars), caseins,
crystalline celluloses, proteases, perfumes (for example, orange
flavors, apple flavors, and yogurt flavors), fruit juices (for
example, fruit juices of apples), fruits or purees (for example,
apple purees), and acidulants (for example, citric acid).
35 [0070] The amount of the additive component used is, for
example, about 20 to 40% by weight, based on the fermented
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whey preparation, for example, for sugars and fruit juices, and
is approximately a few percents by weight, for example, for
perfumes and acidulants. The addition amount in the
above-defined range is advantageous for the production of
5 beverages which maintains flavors and textures inherent in the
fermented whey preparation.
[0071] After the sterilization treatment, if necessary, the
resultant beverage may be further homogenized. The
homogenization may be carried out with a homogenizer, for

10 example, under conditions of 80 to 85°C and 25 MPa (first
stage: 20 MPa, second stage: 5 MPa).

[0072] Thereafter, if necessary, the step of cooling (for
example, cooled to about 25°C) may be carried out to produce a
beverage according to the present invention.

15 [0073] The beverage produced according to the present
invention is a beverage having excellent flavor and the like and
may contain particles, for example, having a size of about 0.5 to
5 um. Although the beverage according to the present
invention may contain such fine particles, in this case, the

20 percentage settling upon centrifugation is preferably not more
than 2%. This means that the beverage has such a property
that precipitation hardly takes places. '

[0074] In the present specification, expressions of values
using “about” or “level” include a variation in value which is

25 tolerable by a person having ordinary skill in the art for
attaining an object by setting the value.

[EXAMPLES]
[0075] The present invention is further illustrated by the
30 following Examples that are not intended as a limitation of the
invention. -
[0076] Example 1 (Present invention): Preparation of
fermented whey preparation (where lactic bacteria and lactase
were used) . | '
35 A sweet whey powder (manufactured by Meiji

Dairies Corporation) (140 g) was provided as whey proteins and



Slight feeling of sourness 5.0 4.67 0.55 96 0 O Moderate feeling of
sourness 6.0 4.48 0.62 96 0 0 Strong feeling of sourness [0085] Exanple 3
(Conparative Exanple): Preparation of 5 fernmented whey preparation (where

| actic bacteria was not used) 24 A test and evaluation were
carried out in the same manner as in Exanple 1, except that the
predetermned |l actic bacteria were not added in the lactic acid )

f er ment at i o'Wa® qisselurdint deiqnizedswalgs Wi@bve . agueousswhey weoteils shown

in Table 3. go|utions having a solid content of 14% by weight (aqueous
whey solution). Further, the aqueous whey protein solution

was adjusted to pH about 7.0 by the addition of sodium

5 hydroxide as a pH adjustor. The aqueous whey protein
solutions were then heat sterilized at 95°C for 10 min with hot

water.  After the sterilization, the aqueous solutions were

observed. As a result, it was found that coagulated particles

having a size of less than 100 um (average particle diameter 3

10 um) were contained. The aqueous solutions thus obtained were
cooled to 43°C.

[0077] Next, 0.1% by weight, based on the total amount
of the aqueous solution, of a freeze concentrate of a lactic
bacteria starter (separated from “Bulgaria Yogurt” (tradename),

15 manufactured by Meiji Dairies Corporation) was added to these
aqueous whey protein solutions. Further, 0.04% by weight
(50,000 IU/g) of lactase (GODO-TNL, manufactured by GODO
SHUSEI CO., LTD.) was added, and the mixture was held at 43°C
for lactic acid fermentation.

20 [0078] For each time point from the start of the lactic acid
fermentation to six hours after the start of the lactic acid
fermentation, the pH value, acidity (%), lactose concentration
(g/L), glucose concentration (g/L), and galactose concentration
(g/L) of the aqueous whey protein solution (aqueous whey

25 solution) were measured. Further, the flavor of the aqueous
whey protein solution at each of the points was evaluated
according to a sensory evaluation method by five expert
panelists.

[0079] As described above, the acidity was determined

30 according to Japanese Laws Relating To Cow’s Milk (Japan Dairy
Industry Association, March 2004), *5 Nyu Oyobi Nyuseihin No
Sando No Sokuteiho (Method for measuring acidity of milk and
dairy products)” p. 56. Specifically, 10 ml of water free from
carbon dioxide is added to 10 ml of a sample to dilute the

35 sample. A phenolphthalein liquid (0.5 ml) is added as an
indicator, and titration is carried out with a 0.1 mol/L sodium



28 [0086] [ Tabl e 3] Table 3 Elapsed time [hr] pH[-] Acidity [oh] Lactose
[g/L] Qucose [g/L] Galactose [g/L] Flavor 0.0 6.27 0.20 106 6

25

hydroxide solution regarding, as the end point, a point that a
slightly reddish color does not disappear for 30 sec. The
percentage lactic acid per 100 g of the sample is determined
from the titer and is regarded as the acidity (%).

5 Further, the Ilactose concentration, glucose
concentration, and galactose concentration were measured by
HPLC (column; Shodex Normal Phase Columns for Saccharides
Analysis Asahipak NH2P-50 (4.6 x 250 mm), manufactured by
Showa Denko K.K.), mobile phase; acetonitrile : ultrapure water

10 = 3 : 1, detector; Jaco 830-RI, measuring temperature; 40°C).
[0080] The results were as shown in Table 1.

The results of the sensory evaluation show that
the sweetness and the sourness can be freely adjusted by
regulating the fermentation time (reaction time).

15 [0081] Next, the fermentation liquor containing lactic
bacteria and the metabolite thereof was homogenized with a
homogenizer set to about 10 MPa and about 100 L/hr.

The fermented whey preparations (Example) thus
obtained were preparations that had desired flavor and

20 properties (texture) contemplated in the present invention and
were also excellent from a hygiene standpoint.
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Moderate feeling of sweetness 6.0 6.26 2 48 41 Moderate feeling of
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[0082] [Table 1]
Table 1
El;;seed pH Acidity | Lactose | Glucose Galactose Flavor
[-] [%] fg/L] [g/L] [g/L]
[hr]
0.0 6.32 0.14 95 2 0
1.0 6.26 0.15 45 25 24 Moderate feeling of
sweetness
Strong feeling of
3.5 5.20 0.36 18 39 26 sweetness
40 | s5.05 | 0.39 16 37 26 Strong feeling of
sweetness
Moderate feeling of
5.0 4.69 0.52 i5 38 32 sweetness and
sourness
6.0 4.51 0.59 17 36 34 Moderate feeling of
] sourness
[0083] Example 2 (Comparative Example): Preparation of

5 fermented whey preparation (where lactase was not used)

A test and evaluation were carried out in the same
manner as in Example 1, except that the lactase (lactose
degradation enzyme) was not added in the lactic acid
fermentation.

10 The results were as shown in Table 2.




24.0 6.27 1 54 54 Strong feeling of sweetness [0087]Product Exanples of
beverages 5The foll owi ng beverage products which are beverages according
to the present invention can be produced according to the foll ow ng

fornul ation using the fernmented whey prgparation produced in Exanple 1
(hereinafter referred to as "whey fernmented m | k") by the nethod according

to the present 10i nventi on. In the follow ng description,
rati o or % i[®08Aei ght [Tahles2] ot her wi se specified. [0088] Fornul ati on
Example 1 (Beyg e 1): 29 [ Tabl e 4] Table 4 M xing ratio (0/0)
Charged a "?Tz%_%?
gpse pH Acidity | Lactose | Glucose Galactose
time Flavor
[hr] [-1 [%] [g/L] [g/L] [g/L]
0.0 6.35 0.14 102 0 0
1.0 6.30 0.15 107 0 0
3.5 5.14 0.34 99 0 0
4.0 4.99 | 0.43 101 0 0 Slight feeling of
sourness
5.0 4.67 0.55 96 0 0 Moderate feeling of
sourness
6.0 | 448 | 0.62 96 0 0 Strong feeling of
sourness
[0085] Example 3 (Comparative Example): Preparation of
5 fermented whey preparation (where lactic bacteria was not
used)

A test and evaluation were carried out in the same
manner as in Example 1, except that the predetermined lactic
bacteria were not added in the lactic acid fermentation

10 (although the lactase was added).
The results were as shown in Table 3.



Whey fernented mlk 19.05 190.5 Sugar 9.00 90.0 d ucose fructose |liquid
sugar 0.60 6.0 Citric acid (2099 0.10 1.0 Stabilizer (soybean

pol ysaccharide) (San-Ei Gen F.F. 1., Inc.) 0.35 3.5 Yogurt flavor 0.15 1.5
Water 70.8 707.5 Total 100.00 28
[0086] [Table 3]
Table 3
El;ﬁf:d pH Acidity | Lactose | Glucose | Galactose Elavor
[hr] [-] [%] [g/L] [g/L] [g/L]
0.0 6.27 0.20 106 6 8
2.0 | 6.28 | 0.20 18 38 33 Moderate feeling of

sweetness

Moderate feeling of

4.0 6.22 3 47 40
sweetness

6.0 6.26 2 48 a1 Moderate feeling of
sweethess

24.0 6.27 1 54 54 Strong feeling of
sweetness

[0087] Product Examples of beverages
5 ~ The following beverage products which are

beverages according to the present invention can be produced
according to the following formulation using the fermented whey
preparation produced in Example 1 (hereinafter referred to as
“whey fermented milk”) by the method according to the present
10 invention.

In the following description, ratio or % is by weight
unless otherwise specified.
[0088] Formulation Example 1 (Beverage 1):




1000.0 [0089] Formul ati on Exanple 2 (Beverage 2): 5[Table 5] Table 5

M xing ratio (%) Charged anount (9) Wey fernented mlk 19.05 95. 3 Sugar
8.00 40.0 ducose fructose liquid sugar 1.60 8.0 Citric acid (20% 0.10 0.5
Stabilizer (HM pectin) (CP Kelco.) 0.50g

[Table 4]
Table 4
Mixing ratio (%) Charged amng;

Whey fermented milk 19.05 190.5
Sugar 9.00 90.0
Glucose fructose liquid sugar 0.60 6.0
Citric acid (20%) 0.10 1.0
Stabilizer (soybean polysaccharide) 0.35 3.5
(San-Ei Gen F.F.1., Inc.) ' ’
Yogurt flavor 0.15 1.5
Water 70.8 707.5
Total 100.00 1000.0

[0089] Formulation Example 2 (Beverage 2):

5 [Table 5]
Table 5
Mixing ratio (%) Charged ammz;;

Whey fermented milk 19.05 95.3
Sugar 8.00 40.0
Glucose fructose liquid sugar 1.60 8.0
Citric acid (20%) 0.10 0.5
Stabilizer (HM pectin) (CP Kelco.) 0.50 2.5
Yogurt flavor 0.15 0.8
Water 70.6 353.0

~ Total : 100.00 500.0

[0090] Formulation Example 3 (Beverage 3):




2.5 Yogurt flavor 0.15 0.8 Water 70.6 353.0 Total

[ 0090] For mul ati on Exanpl e 3 (Beverage 3):
Mxing ratio (%9 Charged anmount (9) Wiey fernented mlk 19.05 190.5

30

100. 00 500.0

[ Table 6] Table 6

30
[Table 6]
Table 6
Mixing ratio (%) Charged amount
(9)
Whey fermented milk 19.05 190.5
Sugar 3.00 30.0
Glucose fructose liquid sugar | 6.60 66.0
Sodium citrate (20%) 0.10 1.0
Stabilizer (CMC)
(Nippon Paper Industry Co., Ltd.) 0.40 4.0
Yogurt flavor 0.15 1.5
Water 70.7 707.0
Total 100.00 1000.0




Sugar 3.00 30.0 ducose fructose liquid sugar 6.60 66.0 Sodiumcitrate
(209 0.10 1.0 Stabilizer (CMC) (N ppon Paper Industry Co., Ltd.) 0.40 4.0
Yogurt flavor 0.15 1.5 Water 70.7 707.0 Total 100.00 1000.0
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CLAIMS

1. A fermented whey preparation produced by carrying
out high-temperature sterilization of an aqueous whey
‘protein solution having a solid content of 11 to 35% by
we'ight and a pH value adjusted to 6.5 to 8.0, then
subjecting the sterilized aqueous whey protein solution to
lactic acid fermentation, and homogenizing the resultant
fermentation liquor, |

wherein lactose contained in the sterilized aqueous
whey protein solution obtained by the high-temperature
sterilization is enzymatically degraded with lactase at a
stage before the lactic acid fermentation, during the lactic
acid fermentation and/or after the lactic acid fermentation
to enhance sweetness.

2. The fermented whey preparation according to claim 1,
which is produced by performing the enzymatic
degradation of lactose with lactase either both before the
lactic acid fermentation and during the lactic acid
fermentation or only during the lactic acid fermentation.

3. The fermented whey preparation according to claim 1
or 2, wherein, in the lactic acid fermentation step, lactic
acid is produced by fermentation with lactic bacteria or
yeast.

4. The fermented whey preparation according to any
one of claims 1 to 3, wherein the high-temperature
sterilization is carried out at a temperature of 91°C to 99°C
for 5 to 15 min or at a temperature of 100°C to 150°C for 1
to 30 sec.

5. The fermented whey preparation according to any
one of claims 1 to 4, wherein the aqueous whey protein
solution is adjusted to pH 6.6 to 7.6.



31 CLAIM5S 1. A fernmented whey preparation produced by carryi ng out

hi gh-tenperature sterilization of an agueous whey protein solution having a
solid content of 11 to 35% by weight and a pH val ue adjusted to 6.5 to 8.0,
then subjecting the sterilized aqueous:$?ey protein solution to lactic acid
fermentati on, and honogeni zing the resultant fernentation |iquor,

wherein | actose contained in the sterilized aqueous whey protein solution
obtai ned by the high-tenperature sterilization is enzymatically degraded

"with |act t t b i i I dgt i th
Macti o aci b or ment at 15 Larorear ke rreperatioi dcbbralhg it dfy e
enhance sweet nessne f dlaémised nemtbedwhtesrgipy egheatthenstedbzed mgueoubai m 1,

whi ch is produce . per i t STvAY ol [N with

| act ase eit her b%%‘ﬂ{l'lg&‘ o{’gwﬁlﬁe@ a@?i c&c?ﬁ@%ﬁeﬁég aéjn@an%'je u@f&?jﬁhe

| actic acid fermontainen avagulatedyr i t lt@dgadates adiave erarerp a. 3.
The fernented W@ﬁ{’ﬁ%—‘f@%@% 8 fz_ag@or&j ggl& thl&iﬂﬂg&ugr (ﬁut}m‘?raesi gu hn t he

| actic acid fer n-st g th C|d|spoucedS y ‘Termen aglon W th
| actic bacteria isrsymj@sted4o the stepnehiactiotasyd feepenitationaccording to
any one of clainms 1 to 3, wherein the high-tenperature sterilization is

carried out at a tenperature of 91C to 99C for 5to 15 mn or at a
tenperature7of 100C tA Hed&rdge conmpriding e fefmeTitedf wheynpeep ahaion

preparation accaoy di ng,. n ne _ of i 04, wherein the aqueous whey
protein sol uti ona‘?%O Ii‘ast{%eﬁng'og%gl %Eé%t'%Fs?.}éO 632 6. The fernmented whey
preparation according to any one of clains 1 to 5, wherein, when the
sterilized aqueous sofutiaon o in t i.gh- atyre ri:| Lzation
cont ai ns coagul at es, hebééf&&gbgt ei’qﬁ%geglep%\?i c%ggﬁf ms#'ér %%ﬁéb# 100 pm
?nd t he aqueous @minl;tptdrmntaﬁmsbelveiragesbtce]g termented whey pfepacationaci d
ernmentation. 7._A beverage conpr.l Si : e at |
according to anya%%dd?gc i °1% (gigcgmig Bﬁ\r/“@r %?{}E{(‘?g{@ggh&d gﬁgl ng an
addi tive corr]Ponle@btémedbevmiagesetgta f ehighnttedn pbegtureepasrilbzationor di ng
‘to any one of clai 1 to0 ] &
obt ai nedni xt ur et $RP mqrétnﬁgljmg&ﬁ(ﬁi@gﬁgﬁt?r%%ts@&m at 100C to 150C
for 1 to 30 sec. 9. A nethod for producing a fernented whey preparation,
conprising carrying oyt high-tenperature sterilizati@n _of que whey
protein sol %’t'i on havi g 5“%5?9@ cgﬂEenPVBaUETQo 5%?Svﬁg\ﬁé'ﬁ%ﬁf1 a"Hﬁgi pH
val ue adj usted tprépardtio, Ocampribiran tcampgiveg uoait thigh-tenpetatuyet he
sterilized aqueouhseé_\gneai/.(grotigi n solution to lacti,c.aci q ferng,{lt ation, and
horpgeni zi ng t hesYeSIAGUOR oA RAMSUR WREYPYAFER eOIERT JihdRBed whey
preparation, solid Weentamt tdfe net twd3586pbiyseaseight sirepsa opHenmloet i cal |y

d di | act tai ned i.n_t iLized wh tei | uti
bt ai ned byt ho SGIEAet abusec Bt il | 2bt Fon N (PILTSIALUr Bef OPET ho

lactic acid fernenbpidting ther isterilized agiedarivwhégrprytiedn i solugioh ¢o af ter
the lactic acid ferrrentati%n to eﬁhance sweet ness. .10. HJ‘e net hg%
according to cl adftE agdr BIMEREIHRY naNFe PHERIFHIP 4118 1E5H5ENk t h
|l actase is carrifgmeghtation liquor to give the fermented whey
preparation,
wherein the method comprises the steps of
enzymatically degrading lactose contained in the sterilized
aqueous whey protein solution obtained by the
high-temperature sterilization with lactase, before the
lactic acid fermentation, during the lactic acid fermentation
and/or after the lactic acid fermentation, to enhance

sweetness.

10. The method according to claim 9, wherein the
enzymatic degradation of lactose with lactase is carried out



33 at a stage either both before the lactic acid fernentation and during
the lactic acid fernmentation or during the lactic acid fernentation. 11.
The net hod according to claim10, wherein sourness produced by the lactic
acid fernentation and sweet ness producegsby enzymatic degradation with

| actase are regul ated by regulating the fernentation tine to adjust the
flavor of the whole whey preparation. 12. The nethod according to any one
of clainms 9 to 1af auséageneithert hethabefareadhe tagtiermcidi tarneespatipactic
acid is produced aen [ i L R | ' [ i i~The

met hod accordi nga'?% %ﬁ@@ngﬁ%flggﬁg érrgldfa?%%m%ﬂg% g?n@?ﬂ}eﬁ@ﬁ;fgﬁ-ltég%erat ure
sterilization isacigh fereaestatian.a tenmperature of 91C to 99C for 5 to 15 nmin
or at a tenperature of 100C to 150C for 1 to 30 sec. 14. The net hod
according to any one of clainms 9 to 13, wherein the aqueous whey protein
sol ution is lddj ust ed Thepmeth®d @acroeding toTekaime il dwaeseinlisoy mMessny one
of clainms 9 to i n sterd lq S | Wiy ai ned
by the hi gh-tenplﬁellF%eMu(?éé&stri |82<!;1 (Jl‘:tg% %@rqt Jkﬁﬁ{l%@%u atae'z,8 EWe&}S%%EI at es
have a particl e pretwced diy 2 enzyroatid ndegdadabioamquedtis dactasen axre such

I's subjected to f ] bl T Hféﬁ FOon . 16 or
produci ng a beve¢ eléEggﬁngméﬁﬁgcgﬁ%ggpo : @l SH tgg]’%i B(gaaraﬁhgggptgi ve
conponent for beflevaped the avhiaenwineyd praparatiepar ati on produced by a

met hod according to any one of clains 9 to 15 and subjecting the obtained

m xture to high-tenperature sterilization 34 treatnent at 100C to 150C for
1 to 30 sec ¥a gi ve aTheveretgmd according to any one of claims 9 to 11,

wherein, in the lactic acid fermentation step, lactic acid is
produced by fermentation with lactic bacteria or yeast.

13. The method according to any one of claims 9 to 12,
wherein the high-temperature sterilization is carried out at
a temperature of 91°C to 99°C for 5 to 15 min or at a
temperature of 100°C to 150°C for 1 to 30 sec. |

14. The method according to any one of claims 9 to 13,
wherein the aqueous whey protein solution is adjusted to
pH 6.6 to 7.6.

15. The method according to any one of claims 9 to 14,

wherein, when the sterilized aqueous solution obtained by
the high-temperature sterilization contains coagulates, the
coagulates have a particle diameter of 2 to 100 um and the
aqueous solution as such is subjected to the step of lactic
acid fermentation.

16. A method for producing a beverage, comprising the
steps of:
adding an additive component for beverages to a
fermented whey preparation produced by a method
according to any one of claims 9 to 15 and subjecting the
obtained mixture to high-temperature sterilization



34

treatment at 100°C to 150°C for 1 to 30 sec to give a
beverage.



