DESCRI PTI ON

TI TLE OF | NVENTI O\

YOGURT AND PRODUCTI ON METHOD THEREOF, PRODUCTI ON METHOD OF LACTI C
ACI D BACTERI A EXTRACELLULAR FUNCTI ONAL PRODUCT AND AGENT FOR
ENHANCI NG YI ELD OF LACTI C ACI D BACTERI A EXTRACELLULAR FUNCTI ONAL

PRODUCT

TECHNI CAL FI ELD

[ 0001] The present invention relates to a producti on net hod of
yogurt containing an increased anount of a lactic acid bacteria
functional product and to yogurt produced by t he producti on net hod
of yogurt. The present invention also relates to a production

met hod of alactic acid bacteriaextracellular functional product,
t he production nmethod all owi ng enhancenent in the yield of the
| actic acid bacteria extracellular functional product, and to an
agent for enhancing the yield of the lactic acid bacteria

extracel lul ar functional product used for the production nethod.

BACKGROUND ART

[ 0002] An intake of | actic acid bacteriaandfunctional products
thereof is known to i nprove digestive bacterial flora and confer
advant ageous ef f ect s (mai nt enance of good heal t h, reducti onof risk
of ill ness) tohosts. For exanpl e, Lactobaci |l us del bruechii subsp.
bul garicus is one lactic acid bacteriumused as a starter for

production of fernmented mlk such as yogurt. Many strains



bel ongi ng to Lact obaci || us del bruechii subsp. bul garicus produce
exopol ysacchari des (EPS). EPSare known to contribute not onlyto
physi cal properties and stability of fermented m |k products but
al soto amani festation of probiotic effects. For exanple, it has
been known t hat EPS produced by Lactobacillus del bruechii subsp.
bul garicus OLL1073R-1 strain (hereinafter also referred to as
"OLL1073R-1 strain") may prevent autoi mmune di seases. Fernented
mlk produced with the strain is also known to be effective in
activating NKcel |l s, reduci nginci dence of conmon col ds, preventi ng
i nfluenza and the | i ke (for exanpl e, see Patent docunents 1to 3).
By utilizing EPS-producing | actic acid bacteria and EPS produced
by lactic acid bacteria and the |ike, functional food and

suppl enments with health-pronoting benefits can be obtai ned.

[ 0003] Inorder to effectively produce such functional food and
suppl enents, it is necessary to increase the content of EPSin the
functional food.

[ 0004] Vari ous net hods have been previously proposed in order
to increase production of EPS fromlactic acid bacteria, not to
menti on Lact obaci | | us del bruechii subsp. bul gari cus. For exanpl e,
Pat ent docunent 4 discloses that culturing lactic acid bacteria
capabl e of produci ng kefiran such as Lact obaci |l | us kefi ranof aci ens
in a medi umcontai ni ng peptone, yeast extract and an unsaturated
fatty acid or an ester thereof allows production of high
concentrationof EPSinthe cul ture medium Patent docunent 5 al so
di scl oses fernmentation of m |k supplenented wi th whey protein or
soya protein with Lactococcus lactis subsp. crenoris can
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significantly increase EPS fromthe |actic acid bacteri a.
PRI OR ART

PATENT DOCUNMENT

[ 0005] Pat ent docunent 1: Japanese Publ i shed Unexam ned Pat ent
Application No. 2000-247895

Pat ent docunent 2: Japanese Published Unexam ned Patent
Application No. 2005-194259

Pat ent docunent 3: WO 2011/ 065300

Pat ent docunent 4: Japanese Published Unexam ned Patent
Application No. 2011-250756

Pat ent docunent 5: Japanese Published Unexam ned Patent

Application No. 2011-51268

DI SCLOSURE OF THE | NVENTI ON

PROBLEM TO BE SOLVED BY THE | NVENTI ON

[ 0006] An obj ect of the present inventionis to provide a novel
met hod t hat all ows an effectiveincreaseintheyieldof functional
products fromlactic acid bacteri a.

MEANS FOR SOLVI NG THE PROBLEM

[ 0007] A production nethod of yogurt according to an aspect of
t he present invention includes a pHbuffering agent addition step
and a fernentation step. |Inthe pHbuffering agent addition step,
a pH buffering agent is added to a yogurt starting material. |In
the fernmentation step, the yogurt starting material to which the
pH buffering agent has been added (hereinafter also referred to
as "pH buffering agent-containing yogurt starting material") is
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fermented by lactic acid bacteria. The lactic acid bacteria my
be added to the yogurt starting material before or after addition
of the pH buffering agent.

[ 0008] As a result of exhaustive studies carried out by the
inventors of the present invention, it is nowfound that, as the
producti on net hod of the yogurt as descri bed above, fernenting a
yogurt starting material after addition of a pH buffering agent
thereto can increase the period of tinme during which the yogurt
starting material has pHat which lactic acid bacteria can grow,
resulting in anincreasein the yield of functional products from
the lactic acid bacteria in yogurt. Therefore the production
met hod of yogurt can effectively increase the yield of functi onal
products fromlactic acid bacteri a.

[ 0009] In the production nethod of yogurt, the lactic acid
bacteria preferably include at | east |lactic acid bacteria capabl e
of producing |l actic acid bacteria exopol ysaccharides. The lactic
acid bacteria capable of producing lactic acid bacteria

exopol ysacchari des preferably include at |east |lactic acid

bact eri a bel ongi ngto Lact obaci |l | us del bruechii subsp. bul gari cus
Inthis case, thelactic acid bacteria capabl e of producing lactic
aci d bacteria exopol ysaccharides may be solely Lactobacill us
del bruechii subsp. bulgaricus or a mxture of Lactobacillus

del bruechii subsp. bul garicus and different |actic acid bacteri a.
[ 0010] I nthe producti on net hod of yogurt, the pHbufferingagent
i s preferably aphosphat e salt becausewhenthel actic acidbacteria
used are a m xture of Lactobacillus del bruechii subsp. bul garicus
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and Streptococcus thernophilus, growth of Streptococcus

t her mophi |l us can be suppressed whil e pronoting growth of

Lact obaci | | us del bruechii subsp. bul garicus. The phosphate sal't
is preferably an al kali nmetal salt. The phosphate salt is further
preferably at |east one phosphate salt selected fromthe group
consi sting of di sodi umhydr ogen phosphat e and di pot assi umhydr ogen
phosphat e.

[ 0011] Further, in the production nmethod of yogurt, the yogurt
starting nmaterial preferably contains solids-not-fat at from8%
by wei ght to 20%by wei ght. The yogurt starting material inthis
context neans the one before addition of the pH buffering agent.
[ 0012] In addition, in the fernentation step of the production
met hod of yogurt, the pHbufferingagent-containingyogurt starting
material is preferably fermented by the lactic acid bacteria at
a tenperature in the range from 30°C to 40°C

[ 0013] The yogurt produced by the production nmethod of yogurt
contains the lactic aci d bacteria and the pHbuffering agent. The
yogurt contains the pH buffering agent honpbgeneously di ssol ved
therein. The lactic acid bacteria and the pH buffering agent are
as descri bed above. The pH buffering agent in the yogurt can be
det ected by, for exanpl e, chromatographi c techni ques such as hi gh
performance |iquid chromatography, nuclear nagnetic resonance
(NVMR) techniques (for exanple, see Szlyk E, Hrynczyszyn P,
“Phosphat e additives determ nation in neat products by

31- phosphorus nucl ear nagneti c resonance usi ng new i nternal

ref erence st andar d: hexanet hyl phosphor oam de phosphat e sol uti on”
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Tal anta. 15 Mar 2011; 84(1): 199-203, doi:

10. 1016/ .tal anta. 2010. 12. 046) and the I|ike.

[ 0014] The yogurt preferably further contains a lactic acid
bacteria extracel lular functional product (for exanple, lactic
aci d bacteria exopol ysaccharides). In this case, the content of
the lactic acid bacteria extracellular functional product is
preferably in the range from40 ng/ kg to 100 ng/ kg rel ative to the
total anmount of the yogurt.

[ 0015] A production nethod of a lactic acid bacteria
extracel lul ar functional product according to another aspect of
t he present invention includes a pHbuffering agent addition step
and a fernentation step. |Inthe pHbuffering agent addition step,
a pH buffering agent is added to mlk as a raw material. In the
fermentation step, the mlk as a raw material to which the pH
buf f eri ng agent has been added is fernented by | actic aci d bacteria
(hereinafter also referred to as "extracel lular functional
product - producing | actic aci d bacteria") capabl e of producing the
| actic aci d bacteriaextracellul ar functional product. Thelactic
acid bacteria may be added to the mlk as a raw material before
or after addition of the pH buffering agent.

[ 0016] As a result of exhaustive studies carried out by the
inventors of the present invention, it is nowfound that, as the
production nmethod of the lactic acid bacteria extracellular
functional product as described above, fernmenting mlk as a raw
mat eri al after additi onof apHbufferingagent theretocanincrease
the period of time during which the mlk as a raw materi al has pH
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at which extracel lular functional product-producing |lactic acid
bacteria can grow, resulting in an increase in the yield of the
functional product fromthe lactic acid bacteria. Therefore the
production nethod of the lactic acid bacteria extracellular
functional product caneffectivelyincreasetheyieldof functional
products fromlactic acid bacteria. Thus in the present aspect,
the pH buffering agent serves as an active substance of an agent
for enhancing the yield of the | actic acid bacteria extracellular
functional product.

[ 0017] The production nmethod of the lactic acid bacteria
extracel lul ar functional product descri bed above nay be descri bed
as, in different standpoints, "a method for enhancing the yield
of a lactic acid bacteria extracellular functional product by
addingapHbuffering agent tomlk asarawmaterial and fernenting
the mlk as arawmaterial by lactic acid bacteria”, "a nethod for
enhancing the yield of a lactic acid bacteria extracellular
functional product by adding a pHbuffering agent to mlk as a raw
material", "a nmethod of adding a pH buffering agent to mlk as a
rawmaterial inorder toenhancetheyieldof alactic acidbacteria
extracel lul ar functional product”, "use of a pH buffering agent
tomlk as arawmaterial for enhancing the yield of alactic acid
bacteria extracel lular functional product” and the |ike.

EFFECT OF THE | NVENTI ON

[ 0018] I n the production net hod of yogurt accordi ng to an aspect
of the present invention, fernenting a yogurt starting materi al
after addition of a pH buffering agent thereto can increase the
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period of tinme during which the yogurt starting material has pH
at which lactic acid bacteria can grow, resulting in an increase
inthe yield of functional products fromthe | actic acid bacteria
in yogurt. Therefore the production nmethod of yogurt can
effectively increase the yield of functional products fromlactic
aci d bacteri a.

[ 0019] In the production nethod of a lactic acid bacteria
extracel lul ar functional product according to another aspect of
the present invention, fernenting mlk as a raw material after
addition of a pH buffering agent thereto can i ncrease the period
of time during which the mlk as a raw material has pH at which
| actic acid bacteriacangrow, resultinginanincreaseof theyield
of the functional product fromthel actic acidbacteria. Therefore
the production nethod of the lactic acid bacteria extracellul ar
functional product caneffectivelyincreasetheyieldof functional

products fromlactic acid bacteri a.

BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

[ 0020] Enmbodi nents for carrying out the present invention are
herei nafter specifically described. However, the present
inventionis not limted to the respective enbodi nents descri bed
herei nafter.
[ 0021] -First enbodi nent -

Yogurt accordingtothe present enbodi nent i s producedt hrough
a pHbuffering agent addition step and afernentationstep. Inthe
pH buffering agent addition step, a pH buffering agent is added
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toayogurt startingmaterial. Inthefernentationstep, theyogurt
starting material to which the pH buffering agent has been added
(hereinafter also referred to as "pH buffering agent-containing
yogurt starting material") is fernented by | actic acid bacteri a.
[ 0022] Yogurt in the present enbodinent refers to "fernented
m | k" and "fermented m | k drink" defined in Mnisterial Odinance
Concer ni ng Conposi ti onal Standards, etc. for Ml kand M | k Product s.
It is defined in Mnisterial Odinance Concerni ng Conpositional
Standards, etc. for Ml k and M|k Products that "fernented m|Kk"
is "the products which are obtained by fernenting mlk, or mlk,
etc. containing an equal or greater anmount of m |k solids-not-fat
with lactic acid bacteria or yeast and then form ng a paste or
l'iquid" or suchmlk and m| k products that are frozen. Fernented
mlkisbroadlyclassifiedinto"firmyogurt (solidfernmented mlk,
set-type yogurt) obtained by fernenting and solidifying after
fillinginto a container", "stirred yogurt (paste-like fernented
mlk) whichis fernmented curd crushed and filledinto a container™
and "liquid yogurt (liquid fernmented m | k) obtained by further
crushing stirred yogurt in a honogeni zer in order to increase the
fluidity". It is defined in Mnisterial Odinance Concerning
Conpositional Standards, etc. for MIk and MIk Products that
"fermented mlk drink" are "the drinks which are obtained by
fermenting mlk, etc. with lactic acid bacteria or yeast and t hen
processing it or using it as the principal ingredient (excluding
fermented mlk)".

[ 0023] Theyogurt startingmaterial contains at | east one of m | Kk,
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amlk product and am | k protein. Exanples of the yogurt starting
material include animal m |k such as cow, sheep or goat m |k and
processed products thereof; mlk as raw nmaterials such as
pasteurised/sterilised mlk, skimmlk, whole powdered ml Kk,
partly skimed mlk, powdered skimmlk, whole fat concentrated
m |k, concentrated skimm |k, cream butter, butter mlk, whey,
whey protein concentrate (WPC), whey protein isolate (WPl),

o-lactal bum n (a-La), B-1actogl obulin (p-Lg), a-casein, B-casein,

k- casei n and non-protein nitrogen; sugar, sacchari des, processed
starch (dextrin, soluble starch, British starch, oxidized starch,
starch esters, starch ethers and the like), dietary fibre,

sweet eners, organic acids (malic acid, citric acid, lactic acid,
tartaric acid and the like), flavours, water and the |ike. The
yogurt starting material is obtained by m xing conventional raw
mat eri al s as above and di ssol ving themwhi | e heating. The yogurt
starting material may contain agellingagent, athickening agent,
a stabilizer such as gelatin, agar, pectin and
carboxynet hyl cel lul ose (CMC) and the like. In this case, the
yogurt starting material is prepared by dissolving a stabilizer
and the | i ke such as gelatin in a solvent such as water and t hen
m xi ng the aqueous solution of the stabilizer with other
conponent s.

[ 0024] It is preferable that the yogurt starting materia
contains solids-not-fat (hereinafter referredto as "SNF") at from

8%by wei ght to 20%by wei ght. Thisis because whenthe lactic acid
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bacteria enpl oyed are EPS-produci ng Lactobacillus del bruechii
subsp. bul garicus and Streptococcus thernophilus and the pH
buffering agent enployed is a phosphate salt in the production
met hod of yogurt accordingtothe enbodi nent, the flavour of yogurt
can be suitably maintained while increasing the content of
exopol ysacchari des (hereinafter referredtoas "EPS") i nthe yogurt.
More preferably, the yogurt starting material contains SNFat from
8.5% by weight to 18.5%by weight, still nore preferably from9%
by wei ght to 15% by wei ght and particularly preferably from9.5%
by weight to 14% by wei ght.

[ 0025] I n the present enbodi nent, the pHbuffering agent is not
particularly limted; however it is particularly preferably a
phosphate salt. It should be noted that the phosphate salt as in
t he enbodi nent enconpasses hydrates thereof. Exanples of the
phosphat e salt include nonosodi umdi hydr ogen phosphat e ( NaH,PQy) ,
di sodi um hydr ogen phosphat e (Na;HPQ,), nonopotassi um di hydrogen
phosphat e (KH,PQy) , di pot assi umhydr ogen phosphat e ( K;HPQy) and t he
i ke. These phosphate salts nay be used i ndependently, or two or
nore ki nds may be used in conbination. In the production nethod
of yogurt according to the enbodinent, it is preferable that

di sodi um hydr ogen phosphat e (Na;HPQ,) and di potassi um hydrogen
phosphat e (K;HPQy) are used i ndependently or in conbination and it
is particularly preferable that disodi um hydrogen phosphate
(Naz;HPQy) is solely used.

[ 0026] Inthe pHbuffering agent addi ti on step of the production
met hod of yogurt accordingtothe enbodinent, it is preferabl ethat
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t he anount of the pH buffering agent to be added is in the range
from 0.05% by weight to 0.55% by weight relative to the yogurt
starting material. This is because when the lactic acid bacteri a
enpl oyed are EPS-produci ng Lactobacillus del bruechii subsp.

bul garicus and Streptococcus thernophilus and the pH buffering
agent enpl oyedi s a phosphatesalt i ntheproducti on net hod of yogurt
according to the enbodi nent, the pH buffering agent added wi thin
t he above range can maintain preferable curd strength (curd
tension) and flavour of yogurt while pronoting growth of

Lact obaci | | us del bruechii subsp. bul garicus as well as enhanci ng
the yi el d of EPS fromLact obaci |l | us del bruechii subsp. bul gari cus.
The anount of the pH buffering agent added is nore preferably in
t he range from0. 08%by wei ght to 0.45%by wei ght and particularly
preferably in the range fromO0.1% by wei ght to 0.35% by wei ght .
[ 0027] In the present enbodi nent, the lactic acid bacteria are
|actic acid bacteria capable of producing an extracel |l ul ar
functional product e.g. EPS (hereinafter referred to as
"extracel lul ar functional product-producing lactic acid
bacteria") and are, for exanple, lactic acid bacteria bel ongi ng
to Lactobacillus del bruechii subsp. bulgaricus. In the present
enbodi nment, the lactic acid bacteria may be any strain of
extracel lul ar functional product-producing |lactic acid bacteri a;
however it i s suitably Lactobacillus del bruechii subsp. bul gari cus
OLL1073R-1 strain (FERM BP-10741) which produces EPS. In the
present enbodinment, it is preferable that Lactobacill us

del bruechii subsp. bulgaricus is predom nant; however
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Lact obaci | l us del bruechii subsp. bul garicus may be used in
conbination with different lactic acid bacteria producing EPS
(hereinafter also referred to as "EPS-producing lactic acid
bacteria") such as Lactobaci | | us bul gari cus and Lact ococcus | acti s
SSp. crenoris.

[ 0028] The EPS-producing | actic acid bacteria may al so be used
in conbination with lactic acid bacteria other than the

EPS- produci ng | actic aci d bacteria, for exanple, other lactic acid
bacteria that are general ly used for production of fernented m |l k
such as Streptococcus thernophilus, Lactobacillus gasseri,

Bi fi dobacteri a and Propi oni bacteria. Thelactic acid bacteriamy
be used together with yeast. 1In the production nethod of yogurt
according to the present enbodi nent, the lactic acid bacteria are
particul arly preferably EPS-produci ng Lactobacill us del bruechi
subsp. bul garicus in conbinationwth Streptococcus t hernophil us.
[ 0029] In the fermentation step of the production method of
yogurt according to the present enbodinent, it is preferabl e that
thefernentationtenperatureisintherangefrom30°Cto 40°C. This
i s because whenthe |l actic aci d bacteri aenpl oyed are EPS- pr oduci ng
Lact obaci | l us del bruechii subsp. bul garicus and Streptococcus

t her mophi l us and the pH buffering agent enployed is a phosphate
salt, EPS content of yogurt can be increased. The fernentation

tenperature is nore preferably in the range from32°C to 39°C and

still nmore preferably in the range from 34°C to 38°C.

[ 0030] The extracel lul ar functional product-producing lactic
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acid bacteria according to the present enbodi nent preferably
produce the extracel lular functional product at from40 ng/kg to
100 ng/kg relative to the total anount. |f the anount of EPS
produced is within the above range when the lactic acid bacteria
enpl oyed are EPS-produci ng Lactobacillus del bruechii subsp.

bul garicus and Streptococcus thernophilus and the pH buffering
agent enpl oyed i s a phosphate salt, it is observed that theratio
of the yield of EPSwith addition of the pHbuffering agent to the
yi el d of EPSwi t hout addi ti onof the pHbufferingagent i sincreased,
namel y t he ef fect of additi on of the pHbufferingagent i s enhanced.
It is nore preferably that the extracellular functional
product - producing | actic acid bacteria produce the extracel |l ul ar
functional product at from42 ng/kg to 100 ng/ kg, still nore
preferably at from44 ng/ kg to 100 ng/ kg, even nore preferably at
from48 ng/ kg to 100 ng/ kg and particularly preferably at from50
nmg/ kg to 100 ng/ kg, relative to the total anount.

[ 0031] In the production nmethod of yogurt according to the
present enbodi nent, the yield of the extracellular functional
product is preferably 1.05 tinmes or nore higher, nore preferably
1.1 times or nore higher, still nore preferably 1.2 tines or nore
hi gher and particularly preferably 1.25 times or nore hi gher than
theyieldthereof without addition of the pHbufferingagent. Wen
the lactic aci d bacteri a enpl oyed are EPS- produci ng Lact obaci | | us
del bruechii subsp. bul gari cus and Streptococcus thernophilus and
the pH buffering agent enpl oyed i s a phosphate salt, the yield of
EPS with addition of the pH buffering agent may be 1.25 tines or
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more higher than the yield of EPS without addition of the pHbuffering
agent.
[0032] -Second embodiment-

A lactic acid bacteria extracellular functional product
according to the present embodiment is produced through a pH
buffering agent addition step and a fermentation step. In the pH
buffering agent addition step, a pH buffering agent is added to milk
as a raw material. In the fermentation step, the milk as a raw
material to which the pH buffering agent has been added is fermented
by lactic acid bacteria capable of producing the lactic acid bacteria
extracellular functional product.

[0033] The production method of lactic acid bacteria
extracellular functional product according to the present
embodiment is the same as the production method of yogurt according
to the first embodiment except that the yogurt starting material
is replaced by themilk as a raw material. The "lactic acid bacteria
extracellular functional product" as used in the present embodiment
is identical to the "extracellular functional product" as used in
the first embodiment. The "milk as a raw material" in the present
embodiment is animal milk or a processed product thereof such as
cow, sheep or goat milk; pasteurised/sterilised milk, skim milk,
whole powdered milk, partly skimmed milk, powdered skim milk, whole
fat concentratedmilk, concentrated skimmilk, cream, butter, butter

milk, whey, whey protein concentrate (WPC), whey protein isolate

(WPI), a-lactalbumin (a-La), B-lactoglobulin (B-Lg), a-casein,
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B-casein, k-casein, non-proteinnitrogenor thelike. Themlk as
a raw material preferably contains solids-not-fat (hereinafter
referred to as "SNF") at from8%by wei ght to 20% by wei ght, nore
preferably at from8.5%by weight to 18.5%by weight, still nore
preferably at from9%by wei ght to 15%by wei ght and particularly
preferably at from 9.5% by wei ght to 14% by wei ght.
[ 0034] The yield of the lactic acid bacteria extracellular
functional product according to the present enbodinent is
preferably 1.05 times or nore higher, nore preferably 1.1 tines
or nore higher, still nore preferably 1.2 tinmes or nore hi gher and
particularly preferably 1.25 tinmes or nore higher than the yield
t hereof without addition of the pH buffering agent.
[ 0035] <Exanpl es>

Pr ef er abl e Exanpl es of the present invention are hereinafter
descri bed. However, it is to be understood that the present
inventionisnot limtedtothe above-nmentioned enbodi ments or the
fol |l ow ng Exanpl es and may be variously nodified withinthe scope
of the clains. Lactobacillus del bruechii subsp. bul garicus
OLL1073R-1 strain (hereinafter referred to as OLL1073R-1 strain)
used in Exanples is a lactic acid bacterial strain deposited in
accordance with the Budapest Treaty on 29 Novenber 2006 (date of
deposit) with the International Patent O gani sm Depositary,
Nati onal Institute of Advanced I ndustrial Science and Technol ogy
(Tsukuba Central 6, 1-1-1 Hi gashi, Tsukuba, |baraki, Japan) under
Accessi on Nunmber FERM BP-10741. Streptococcus thernophil us

OLS3059 strain is a lactic acid bacterial strain deposited in

16



accordance with the Budapest Treaty on 15 Decenber 2006 (date of
deposit) with the International Patent O gani sm Depositary,

Nati onal Institute of Advanced I ndustrial Science and Technol ogy
(Tsukuba Central 6, 1-1-1 Hi gashi, Tsukuba, |baraki, Japan) under
Accessi on Nunber FERM BP-10740. The National Institute of
Technol ogy and Eval uati on has succeeded the deposit of patent
m croorgani sns fromthe I nternati onal Patent Organi smDepositary,
Nati onal Institute of Advanced I ndustrial Science and Technol ogy
as of 1 April 2012, and the National Institute of Technol ogy and
Eval uati on Patent M croorgani snms Depositary has noved to Nati onal
I nstitute of Technol ogy and Eval uati on Bi ol ogi cal Resource Center,
2-5-8, Kazusakamatari, Kisarazu-shi, Chiba, Japan as of 1 April
2013.

[ 0036] (Production Exanpl e)

(1) Preparation of yogurt starting material mx A (SNF = 9. 4% by
wei ght)

50 kg of rawmaterial mlk, 5.49 kg of powdered skimm Ik, 1.5
kg of unsalted butter and 43. 01 kg of water were m xed. The m xture
was heat-sterilised at 95°C for 5 mnutes followed by cooling to
around 37°C to prepare yogurt starting material mx A
[ 0037] (2) Preparation of yogurt starting material mx B (SNF
= 10. 2% by wei ght)

25 kg of rawmaterial m |k, 18.4 kg of concentrated skimm |k,

0. 96 kg of powdered skimm | k, 1.31 kg of unsalted butter and 45. 75

kg of water were m xed. The m xture was heat-sterilised at 95°C
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for 5 mnutes foll owed by cooling to around 37°Cto prepare yogurt
starting material m x B having a higher solids-not-fat (SNF)
content than yogurt starting material mx A
Exanple 1
[ 0038] - Eval uation of effects of ambunt of phosphate salt on EPS
yi el d-

Alactic acid bacteria starter (yogurt starter) which was a
m xed culture of Streptococcus thernophilus OLS3059 strain
(hereinafter also referred to as OLS3059 strain) and a strain of
| actic acid bacteria produci ng pol ysacchari des, Lactobacill us
del bruechii subsp. bul garicus 1073R-1 strain, was i nocul ated into
yogurt starting material mx A so that the lactic acid bacteria
starter accounted for 2%by wei ght of the total anount. Thereafter
the yogurt starting material mx A containing the lactic acid
bacteria starter was di spensed at 20 nL each in 5 test tubes to
prepare 5 sanples 1-1, 1-2, 1-3, 1-4 and 1-5. To sanple 1-1 was
added Na;HPQO; so that Na;HPO, accounted for 0.5%by wei ght of the
total amount. To sanple 1-2 were added Na;HPQ, and NaH,PQ, so t hat
Na,HPQO; and NaH,POQy account ed for 0. 4%by wei ght and 0. 1%by wei ght ,
respectively, of thetotal amount. To sanple 1-3 were added Na;HPO,
and NaH,PQO, so t hat Na;HPOy and NaH,POQy account ed f or 0. 25%by wei ght
respectively, of thetotal amount. To sanple 1-4 were added NaHPO,
and NaHPO; so t hat NapHPQO, and NaH,PO, account ed for 0. 5%by wei ght ,
respectively, of the total amount. No phosphate salt was added to

sanple 1-5 (control). The sanples were i Mmersed in a thernostat
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bath at 43°Cfor fernmentation. Wen pHof a sanple reached 4.4 to

4.5, the sanpl e was cool edto 10°Cor | ower toterm natefernentation.
Each sanpl e was neasured for the tine it took to conplete
fermentation (fernentationtine), acidity, EPScontent, the nunber
of Lactobacill us del bruechii subsp. bul gari cus cel |l s and t he nunber
of Streptococcus thernophilus cells (see Table 1).

[ 0039] pH was neasured using a pHneter with a gl ass el ectrode
(TOA- HVBOV, avail able from DKK- TOA Corporation). Acidity was
measured as foll ows: 500 pL of phenol pht hal ein was added to 9. 00
g of each sanple. The sanple was then titrated with 0.1 N sodi um
hydr oxi de with t he end poi nt of titration bei ngthe point when pal e
red col our sustained over 30 seconds.

[ 0040] EPS cont ent of yogurt was neasured as fol | ows: each sanpl e
(10 g) was wei ghed and placed in a 50-nlL tube to which 1 nL of 100%
trichl oroacetic aci d was added. The content of thetubewasstirred

andthenleft tostandat about 4°Cfor about 10 m nutes. The content
inthe tube was then centrifuged at 4°Cfor 20 mnuteswthrelative

centrifuge force of 12000 x g and t he supernatant was transferred
toanew50-nL tube. Wiilestirring the supernatant, col d et hanol

intw ce the volune of the supernatant was gradual |y added to t he
super nat ant and t he super nat ant was t horoughly m xed with t he col d
ethanol. The m xture was then left to stand overni ght at about 4°C
fol |l oned by centrifugation under t he sanme condi ti ons as above. The
super nat ant fromt he m xture was t hen di scarded and 10 nL of purified

wat er was added to the precipitate in order to conpl etely dissolve
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the precipitateinthe purified water. The aqueous solution (150
puL) thus obtained was injected into HPLC with a syringe attached

with afilter having a pore diameter of 0.45 um The EPS cont ent
was cal culated as the ratio of "the peak area of a single peak
detected on an Rl detector at around 16 m nutes after injection
of the sanple” to "the total peak area"”. Analytical conditions of
the HPLC are as foll ows:

HPLC system Aquity Hclass (Waters)

Col um: OHpak 806HQ (Shodex) + SB-G ( Shodex)

Col um tenperature: 40°C

Solvent: 0.2 M NaC aqueous sol ution

Flow rate: 0.5 nmb/mn

Detector: Rl detector 2414 (Waters), detection tenperature: 40°C
Sanpl e injection: 150 pL

Duration of analysis: 50 mn

[ 0041] Effects of different anounts of addition of phosphate
salts on the EPS content are shown in Table 1. Sanples 1-1, 1-2,
1-3 and 1-4 contai ni ng t he phosphate salt had | onger fernentation
time than the control sanple 1-5 and al so had the acidity at the
end of fernentati onof 1or higher. Thus, addition of the phosphate
salt resulted in an increase of the EPS yield in yogurt. The EPS
content was hi ghest when only Na,HPO, was added as t he phosphate
salt (sanple 1-1). The nunber of Lactobacill us del bruechii subsp.
bul garicus cells was increased by addition of the phosphate salt

whi | e t he nunber of Streptococcus t hernophilus cells was decreased

20



with an increase of the concentration of NaxHPQ,.

[ 0042] It is believed fromthese results that addition of the
phosphate salt could extend the duration of fernentationin pH at
which the lactic acid bacteria could proliferate, resulting in an
increase in the nunber of Lactobacillus del bruechii subsp.

bul garicus cells. Further, growh of Streptococcus thernophilus
was observed to decrease by addition of the phosphate salt,
particul arly NapHPQ,, and thus it is believed that the decrease of
growt h of Streptococcus thernmophilus also contributed to an

i ncrease of EPS fromLactobacil | us del bruechii subsp. bul gari cus.
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[£4

[Table 1}

Number of 1.
Number of 5.
EPS content delbruechii ssp.
Na:HPO; | NaH,P0: | Fermentation thermophiles cells
Sample No. Acidity pH Bulgdaricus cells
{wi%h) {wth) time
Relative Lo Relative to Relative to
mg/ kg cfu/mL cfu/mlL
Control Contrel Control
1-1 0.5 4] 4 nh 15 min 1,04 4.49 47.7 1.3 4.1 x 108 9.5 3.6 x 10° 0.4
12 0.4 0.1 3 h 50 min 1.09 4,471 42,2 1.1 2.8 x 10° 6.5 5.9 x 108 0.6
1-3 0.25 .25 3 h 30 min 1.0% 4.48 | 42.7 1.1 3.0 x 10% 7.0 1.1 % 10° 1.1
1-4 0.5 0.5 4 a 50 min 1.3 4.51 4% 41.2 1.1 3.5 x 10° 8.1 1.4 x 10° 0.1
i-5
G 0 3 h 00 min 0.81 5,381 37.%6 1.0 4,3 x 107 1.0 9.9 x 10° 1.0
{Control}




Exanple 2
[ 0043] -Eval uation of effects of the type of phosphate salt on
EPS vyi el d-

Alactic acid bacteria starter (yogurt starter) which was a
m xed cul ture of OLS3059 strain and 1073R-1 strai n was i nocul at ed
into 500 g of yogurt starting material mx A so that the lactic
aci dbacteriastarter accountedfor 2%by wei ght of thetotal anount.
Thereafter the yogurt startingmaterial m x Acontainingthelactic
acid bacteria starter was di spensed at 20 nL each in 6 test tubes
to prepare 6 sanples 2-1, 2-2, 2-3, 2-4, 2-5 and 2-6. To sanple
2-1 was added Na;HPQ, so t hat Na,HPQO, accounted for 0.5%by wei ght
of the total anmount. To sanple 2-2 was added KoHPQy so t hat KyHPO,
accounted for 0.61% by weight of the total anount. The nolar
concentrationof KoaHPOyi nsanpl e 2-2i s thesane nol ar concentrati on
of Na;HPOy i n sanple 2-1. To sanpl e 2-3 was added NaCl so t hat NaC
accounted for 0.21% by weight of the total anount. The nol ar
concentration of NaC insanple 2-3isthe sane nolar concentration
of NaHPQ, in sanple 2-1. To sanple 2-4 was added NaHPQO; so t hat
Na,HPQ, account ed f or 0. 3%by wei ght of thetotal anmount. To sanple
2-5 was added Nap;HPO; so t hat Na;HPO; accounted for 0.1%by wei ght
of the total anobunt. No phosphate salt was added to sanple 2-6
(control). The sanples were imersed in a thernostat bath at 43°C
for fernmentation. WenpHof asanplereached4.4to04.5, thesanple

was cooled to 10°Cor lower toterm nate fernmentati on. Each sanpl e

was neasured for the duration until fernmentation was term nated
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(fermentation tine), acidity, EPS content, the nunber of

Lact obaci | | us del bruechii subsp. bul garicus cells and t he nunber
of Streptococcus thernophilus cells (see Table 2). These physi cal
val ues were neasured in the same manners as in Exanple 1.

[ 0044] Ef fects of the type of phosphate salt on t he EPS cont ent
are shownin Table 2. Sanples 2-1, 2-4 and 2-5t o whi ch onl y Na;HPO,
was added showed an increase in fernentation time and an i ncrease
inthe EPScontent withanincreaseintheanunt of NaHPQO,. Furt her,
an increase in the amount of NayHPQO, i ncreased the nunber of
Lact obaci | l us del bruechii subsp. bulgaricus cells and decreased
t he nunber of Streptococcus thernophilus cells. The factor which
may af f ect t he decrease i nthe nunber of Streptococcus thernophil us
cells was thus investigated. Specifically the nunber of

St rept ococcus t hernophilus cell sandtheli ke were conpared bet ween
sanples 2-1, 2-2 and 2-3. Sanpl e 2-2 showed al nost sim | ar nunber
of Streptococcus thernmophilus cells and EPS content as those of
sanple 2-1. Sanpl e 2-3 did not showan increase inthe EPS cont ent
or a decrease in the nunber of Streptococcus thernophilus cells,
t hus those val ues were simlar to those of sanple 2-6 (control).
It isconsideredthat thisis because NaCl di d not exert pHbuffering
action. Therefore, it was suggestedthat additionof the phosphate

salt may suppress grow h of Streptococcus thernophil us.
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Exanpl e 3
[ 0045] - Eval uati on of effects of ambunt of phosphate salt on EPS
yield and curd tension-

100 kg of yogurt starting material m x A was divided into 20
kg portions to prepare 5 sanples 3-1, 3-2, 3-3, 3-4 and 3-5. No
phosphate salt was added to sanple 3-1 (control). To sanple 3-2
was added Na;HPO: so t hat Na;HPO; accounted for 0.1%by weight. To
sanpl e 3-3 was added NaHPOy so t hat NapHPO, accounted for 0.3%by
wei ght. To sanple 3-4 was added Na;HPO, so t hat Na;HPO, account ed
for 0.5%by weight. To sanple 3-5 was added Na,HPQ; so t hat Na;HPO,
accounted for 1. 0%by weight. Alactic acid bacteriastarter which
was a m xed culture of Streptococcus thernophilus generally used
for production of yogurt and 1073R-1 strain was then inocul ated
i nto each sanple sothat thelactic acidbacteriastarter accounted
for 2%by wei ght of the total anmount. Each sanpl e containing the

| actic acid bacteria starter was di spensed at 85 g in a contai ner

with 85 g capacity and fernented in a thernostat chanber at 43°C.

When pH of a sanple reached 4.4, the sanple was cooled to 10°C or
lower to termnate fernentation.

[ 0046] Each sanpl e was neasured for the duration until
fermentation was term nated (fernentation tinme), EPS content and
curd tension (CT) (see Table 3). EPS content of the respective
sanpl es was neasured in the sane manner as in Exanple 1. CT was
measured as fol l ows: a wei ght (100 g) was attached to a sanpl e and

the elasticity at breakage of the sanple was neasured on the
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Curdnet er Max (ME-500, avail abl e fromAsuka Kiki). The elasticity
was regarded as an index of CIT.

[ 0047] The resulting fernentation time, EPS content and CT of
the sanples are shown in Table 3. Wth an increase i n the anount
of Na,HPQ,, t he EPS content i n sanpl es was i ncreased and t he CT val ue

was decreased (nanely, the sanple had increased softness).

[ Tabl e 3]
Ferment ati on EPS cont ent
tine
Na, HPO, Rel ativeto
Sanpl e No. (fermentati on CT (9
(wt % my/ kg sanpl e No.
was term nated
3-1
at pH 4. 4)

3-1 0.0 4 h 00 mn 40. 8 1.00 51.6

3-2 0.1 4 h 25 mn 42.8 1.05 46. 1

3-3 0.3 5 h 00 nmin 45.9 1.13 48. 4

3-4 0.5 5h 25 mn 49.1 1.20 43

3-5 1.0 6 h 00 nmin 51.8 1.27 33.2
Exanpl e 4
[ 0048] - Eval uation of effects of SNF content in yogurt starting

material m x on EPS yield-

Alactic acid bacteria starter (yogurt starter) which was a
m xed cul ture of OLS-3059 strain and 1073R-1 strai n was i nocul at ed
into each of yogurt starting material m x A and yogurt starting
material mx Bsothat the lactic acid bacteria starter accounted
for 2% by weight of the total amount. Thereafter each of yogurt
starting materi al m xes Aand Brespectively containingthelactic

acid bacteria starter was dispensed at 85 g in a container with
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85 g capacity to prepare 2 sanples 4-1 (SNF = 9. 4% by wei ght) and
4-2 (SNF = 10.2%by weight). Sanples 4-1 and 4-2 were fernented

inathernostat chanber at 43°C. Wen acidity of a sanpl e reached

0. 8, the sanpl e was cool edto 10°Cor | ower toterm natefernentation.
Each sanpl e was neasured for EPScontent. EPS content was neasur ed
in the sane manner as in Exanple 1.
[ 0049] Sanpl e 4-1 had an EPS content of 46. 0 ng/ kg, whil e sanpl e
4- 2 had an EPS cont ent of 48. 6 ng/ kg. Thus the EPScont ent of sanpl e
4-2 was 1.1 tinmes of that of sanple 4-1. Thereforeit was reveal ed
that using a yogurt starting material having high SNF content,
yogurt having an increased EPS content coul d be obtai ned.
Exanpl e 5
[ 0050] -Eval uation of effects of fernmentati ontenperatureonEPS
yi el d-

Alactic acid bacteria starter (yogurt starter) which was a
m xed cul ture of OLS-3059 strain and 1073R-1 strai n was i nocul at ed
intoyogurt startingmaterial mx Asothat thelactic acidbacteria
starter accounted for 2%by wei ght of the total anount. Thereafter
yogurt starting material m x Acontainingthelactic acid bacteria
starter was di spensed at 85 g in containers with 85 g capacity to
prepare 2 sanples 5-1 and 5-2. Sanple 5-1 was then fernented at

43°Cwhi | esanpl e 5-2was fernentedat 37°C. Whenacidity of asanpl e

reached 0.8, the sanple was cooled to 10°C or lower to term nate
fermentation. Each sanple was neasured for EPS content. EPS

content was neasured in the sane manner as in Exanple 1.
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[ 0051] Sanpl e 5-1 had an EPS content of 43. 4 ng/ kg, whil e sanpl e
5-2 had an EPScontent of 51. 1 ng/ kg. Thus the EPScont ent of sanpl e
5-2was 1.2 tinmes of that of sanple 5.1. Therefore it was reveal ed
t hat decreased fernentati ontenperature coul dincrease EPS cont ent
of yogurt.

Exanpl e 6

[ 0052] Sanple 6-1 (control) first prepared was yogurt starting
material mx A Three sanples 6-2, 6-3 and 6-4 were prepared by
di viding yogurt starting material mx Bintothree. Alactic acid
bacteria starter which was a m xed culture of Streptococcus

t her mophi | us general ly used for production of yogurt and 1073R-1
strainwas theninocul atedintoeach sanple sothat thelactic acid
bacteria starter accounted for 2%by weight of the total anount.
To sanple 6-4 was further added Na,HPO, so t hat Na;HPQ, account ed
for 0.3%by weight of the total anbunt. Sanples 6-1 and 6-2 were

fermented at 43°Cwhil e sanpl es 6-3 and 6-4 were fernented at 37°C.

When acidity of a sanpl e reached 0. 8, the sanpl e was cool ed to 10°C
or lower totermnate fernentati on. Each sanpl e was neasured for
EPS content. EPS content was neasured in the sanme manner as in
Exanpl e 1.

[ 0053] SNF, fernentation tenperature, anount of phosphate salt
(Nap;HPQy) added and EPS content in yogurt for each sanpl e are shown
in Table 4. Sanple 6-2 (high SNF content) had an EPS cont ent t hat
was 1. 15ti nmes hi gher thanthat of the control sanpl e 6-1, and sanpl e

6-3 (high SNF content, |ow fernentation tenperature) had an EPS
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content that was 1.19 ti nmes hi gher than t hat of the control sanple
6-1. Further, sanple 6-4 (high SNF content, |ow fernentation
t enperature, phosphate salt added) had an EPS content in yogurt

that was as high as 1.37 tines of that of the control sanple 6-1.

[ Tabl e 4]
EPS cont ent
SNF Na,HPQ, Ferment ati on
Sanpl e No. Rel ative to
(wt % (Wt % tenperature (°Q ny/ kg
sanple 6-1
6-1 9.4 Not added 43.0 43. 6 1.00
6-2 10.2 Not added 43.0 50.1 1.15
6-3 10.2 Not added 37.0 51.7 1.19
6-4 10.2 0.3 37.0 59.7 1.37

| NDUSTRI AL APPLI CABI LI TY

[ 0054] The producti on nmet hod of yogurt accordi ng to the present
invention can effectively increase the content of functional

products fromlactic acid bacteria. Thereforeit allows effective
production of yogurt w th enhanced heal t h-pronoti ng benefits

t hanks to the functional products (polysaccharides and the |ike)
fromlactic acid bacteria and small-vol une yogurt sufficiently
cont ai ni ng an effecti ve anount of functional products fromlactic

aci d bacteri a.
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CLAIMS

What is claimed 1is:

1. A production method of yogurt including exopolysaccharides,
comprising:

a phosphate salt addition step for adding a phosphate salt to a yogurt
starting material; and

a fermentation step for fermenting the yogurt starting material to
which the phosphate salt has been added by lactic acid bacteria including at
least lactic acid bacteria capable of producing exopolysaccharides, wherein the
lactic acid bacteria includes mixture of Lactobacillus delbruechii subsp.
bulgaricus OLL1073R-1 (FERM BP-10741) and Streptococcus thermophilus
OLS3059 (FERM BP-10740), and the growth of Streptococcus thermophilus
OLS3059 is suppressed while the growth of Lactobacillus delbruechii subsp.
bulgaricus OLL1073R-1 is promoted during the fermentation step so as to
increase a yield of the exopolysaccharides.

2. The production method of yogurt according to claim 1, wherein

the phosphate salt is at least one phosphate salt selected from the
group consisting of disodium hydrogen phosphate and dipotassium hydrogen
phosphate.

3. Yogurt obtained by the production method of yogurt according to claim
1 or 2.

4. A production method of a lactic acid bacteria extracellular functional
product,

the production method comprising:

a phosphate salt addition step for adding a phosphate salt to milk as a
raw material; and

a fermentation step for fermenting the milk as a raw material, to
which the phosphate salt has been added, by lactic acid bacteria capable of
producing a lactic acid bacteria extracellular functional product, wherein the
lactic acid bacteria includes mixture of Lactobacillus delbruechii subsp.
bulgaricus OLL1073R-1 (FERM BP-10741) and Streptococcus thermophilus
OLS3059 (FERM BP-10740), and the growth of Streptococcus thermophilus
OLS3059 is suppressed while the growth of Lactobacillus delbruechii subsp.
bulgaricus OLL1073R-1 is promoted during the fermentation step so as to
increase a yield of the lactic acid bacteria extracellular functional product.
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