1 A METHOD FOR M NI M SI NG POST- ACI DI FI CATI ON I N CULTURED PRODUCT FI ELD OF
THE | NVENTI ON 5This invention relates to a nethod for m nim sing
post-acidification in cultured product. Mre particularly, this invention
relates to a method for mnimsing post-acidification in a cultured product
by controlling the anbunt of protein and | act ose present in the cultured
product, controlling buffering capacity of the cultured product and

mai ntai ning pH of the cultured product within a predeterm ned range. 10
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short, about 21 days under refrigerated conditions.

Many efforts have been made and methods have been developed to extend the shelf-
life of cultured products. However, the methods developed thus far often involve
30 modification of cultures, use of special strain of yoghurt cultures or probiotics or involve

expensive processing treatment.

For example, US2010/0021586A1, US7563436B2, US2007/0292561A1,
EP1893032B1 and Ongol et al., 2007, “Yoghurt fermented by Lactobacillus delbrueckii

35 subsp. bulgaricus H'-ATPase-defective mutants exhibits enhanced viability of



15 acidification of the fernmented soy mlk during storage, under chilled
condition of 10C for 28 days. US2010/0009034A1 however descri bes a process
for preparing a fernented m | k beverage and extending the shelf-life of the
beverage by keeping high viable cell count at anbient tenperature. The m |k
beverage produced by the process can be“stored at anbient tenperature for 1
to 6 nonths. This process however 20involves the use of a special strain of
culture to prepare the beverage. Alvarez, F., et at (1998), "Fernentation
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30 industrial application as there is a limit on the amount of lactose that can be reduced

through ultrafiltration and diafiltration.

US2008/0063752A1, WO 2009/065724A1 and WO 2009/065725A1 disclose methods

using low lactose or fermentable sugars protein ingredients to produce fermented



4 ratio of protein to lactose is in the range of 8:1 to 9:1 when the

cul tured product contains probiotics. In accordance with an enbodi nent of
this invention, the predeterm ned pH of the 5 cultured product is in the
range of 4.0 to 4.5. The pH of the cultgred product is nmaintained in the
range of 4.0 to 4.5 by buffering action”of the protein and buffer salts in
the cultured product. In accordance with an enbodi nent of this invention,
the predetermned value of the 10 buffering capacity of the cultured

product is_i the an of, 0.0042 to 0.0117. Th uffering.ca f the
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| evel s of Ad)ldrdjaﬂvantagat& tieedchethoddn b{Eébrdance wnth this invention is that the method is
simple and inexpensive to implement as it can be used without having to genetically

20 manipulate any cultures or involve any costly processing treatments or pre-treatments

of any ingredients used in producing the cultured products.

In accordance with an embodiment of this invention, a method for minimising post-
acidification in a cultured product is provided. The method comprises determining a
25  first value that defines a ratio of protein to lactose in a cultured product, determining a
second value that defines buffering capacity of the cultured product, determining a third
value that defines pH of the cultured product using the first value and the second value
obtained, controlling the amount of protein to lactose in the cultured product within a
predetermined ratio, controlling the buffering capacity of the cultured product within a
30 predetermined value, and maintaining the pH of the cultured product within a

predetermined pH.

In accordance with an embodiment of this invention, the predetermined ratio of protein
to lactose is in the range of 2.5:1 to 6:1 when the cultured product does not contain any

35  probiotics. In accordance with another embodiment of this invention, the predetermined



10 Figure 3 is a graph showng the pH profile of yoghurt nade from yoghurt
cultures supplied by three commercial conpani es. The yoghurts were prepared
frompea and mlk protein ingredients containing 3.5%protein and 0.6%

| actose stored at 30C for 10 days. 15 Figure 4 is a graph show ng the pH
profile of fernmented m | ks prepared frofh pea protein and pea protein/mlk
at 0.4% and 0.6% | actose. The protein solutions (3.5%protein) were

i nocul ated with 0.04% of Lactobacillus(t) rhamosus overni ght at 37C and
stored at 3QC for 10 days. The protein/lact ratfiqs for 0.4% and 0.6%
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show ng t heorp&inppadbidties.of yoghurt prepared from pea protein and pea
protein/mlk at 0.4% and 0.6% | actose. The protein solutions (3.5% protein)
were inoculated with 0.02% of yoghurt culture and 0.02% of L.rhamosus
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t her nophi lus, L. del brueckii ssp bul garicus, Lactobacillus(L) acidophil us,

Bi fi dobacterium (B.) | actisand Lactobacil.lus(L.)casei)  and stored 30C.
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fermentation (S. thernmophilus, L. del brueckii ssp bulgaricus, L.rhamosus

and L easel). Figure 9 is a graph showi ng the predicted pH val ue versus the
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put forth Parranes BLALindbp SPiAI Bois et onichehes SRR HRE N or
"cul tuzed prooidedt " as used herein refers to all products obtai ned by
cul ture,
In accordance with yet another embodiment of this invention, a cultured product with
probiotics comprising protein and lactose in a ratio of 8:1 to 9:1 and having a pH in the

range of 4.0 to 4.5 obtainable by the method in accordance with this invention is

25  provided.
BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present invention will more clearly
30 understood from the following detailed description taken in conjunction with the

accompanying drawings:

Figure 1 is a graph showing the pH profile of yoghurts (3.5% protein) made from
various protein/lactose ratios and stored at 30°C for 10 days. Varying levels of lactose

35 were added to 3.5% protein blend from pea and milk protein ingredients. The yoghurt



25 that is, not only the liquid culture itself but also the cells contained
therein. For exanple, cultured product includes, but is not limted to,
yoghurt and fernented products containing live lactic acid bacteria and/or
probiotics. The term "buffering capacitﬁ" as used herein refers to the
ability of protein, or protein 30 and btffer salts in cultured product
and/or cultured product fornulation to resist pH change. Typically,
buffering capacity is expressed in ternms of the amount of strong acid or

base reqwr o _chan the pH of tio
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of |actose® tﬁtaéiﬁlfe 91 e formulation. In one enbodi nent of the invention,
the prodein to lactose ratio is in the range of 2.5: 1 15 to 6:1, depending
on the typg of cultured product use a case e

Ul tured” prBGE 1 oh PRSI 415 B8, PPk, BRbIA ratd et L FuR Y

pr ef er abl ysupplied @y rtiaieg ecoafmeicial écﬂn;ﬁhrﬂes e ypgrefriarvedrt ypréoaréd frdimepeanantht s of

protein and.l actase in. the Itu ed ct. 1S I e 20
b Chin a ol B R SR g B aa PR w FEH el SRR AARE B0
protein présent in the cultured pr oduct, or i ncreasi ng or reducing the
anount  of | actose present in the cultured product. For exanple, if the
protein/lactose ratio falls below 2.5:1, nore protein can be added to the
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to the formula provided by Frangoise SalaUn et al. (2005), "Buffering
capacity of dairy products”, International Dairy Journal 15, 95- 109:
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Two cul turfednolamsc\mr;e g 105 amkaBplrespectiely oghurt products may have a simlar
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capaci ty ofigtifeet ¢sibtgrapid spowidg ahe fobt pnofitet ofoyoghsrts §Bi6Y%obtotzint preparedi frdm n a

different protein ingredients: skim milk powder (control) (5.41% lactose) and other
30 protein ingredients that contain 0.4% lactose. They were inoculated with yoghurt
cultures and probiotics (S. thermophilus, L. delbrueckii ssp bulgaricus, Lactobacillus(L.)

acidophilus, Bifidobacterium (B.) lactisand Lactobacillus(L.) casei) and stored at 30°C.

Figure 7 is a graph showing the pH profile of yoghurts prepared from different protein

35 ingredients containing 0.4% lactose stored at 30°C for 4 weeks. Yoghurt cultures and



10pr edet erm ned range by using ingredients of known buffering capacity and
nmeasuring the buffering capacity of the forrmulation to confirmthe val ue.
The pH of the cultured product is determ ned by using the protein/lactose
ratio and the buffering capacity of the protein ingredients and/or cultured
product formnulation 15 obtai ned theret8 to calculate a value that defines
a preferred pH of the cultured product. In one enbodi nent of the invention,
the pH of the cultured product is preferably in the range of 4.0 to 4.5.
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within a predeterm ned range by controlling the | actose content and the
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variety of buffer salts are available for such use. For exanple, the buffer
salts that _may 30 be suitable for such e |n the t ho f the invention
hol ude. bEEUE & Fadrpahebding o bttt SabBpteits p el aeeSe Rl e and
DUt 1 o1 Mg BaDaCI Ly L0, Pot BALn Lhe. Aot T LA, ho prodet o m nod 1 ange.{ or . as
Pong as eBELISAoskapHEn g ers SR Bk o0 B o oy o BE B RRd o
i nportant p®biokies pkkrei Lkedffoecthe t feemantatiod i (Sy @eensdrals,- Li fdaeiotiedhie ssp
35cul tured, product [C_J T%ﬁ thod in accordance with the invention is able
- AHRRE

to producePdIifus 7 U$hat has a shelf-life of at |east about 28
days, stored under non-refrigerated condition (about 11 to 30C) or

refrigerat 1 1l it h mnimal change in pH and
5good tul tﬁgéﬁ%bﬁ%é‘gm#ﬁ&m@w count of about 1 x 106 cfu/m
or nore. The inplenmentation of the method in accordance with the invention
makes it p@sii.gl e to mnimse the post-acidification in the cultured
products deft heir | onger storage tine even at non-refrigerated
conditions. The degree of post-acidification can vary 10 depending on the
conpositiopn of the culture gnd the amount of .protein/| act ose used, However,
Che. post - abhaielotiad P SRsys FEarTS MEAPOS AL RUEMoBaErs QT he
case 0fo cubthermask. pradse afs intaidedxangereral }eghitiohs and tshbulddn ot Waayc tmitahe | onal

met hods. Weak post.-acidifjcation is accoppani ed by good culture/probiotics
survi val . i@?ﬁeoﬁh}%BE?SSP{ {NENTH Ih s g’g sbéoﬂ%eag[i A By [Pr'{tgtf nbel\/?\;e h any
convent i onahdensthhding ofipedolfoningpdedriptiong cul tured products. The nethod is
suitable for the preparation of all types of cultured products, including

t hose containing protein and | actose. Exanples of the cultured products

i ncl ude, bUie &re ‘RAtturet IProéd@dt’t &5 uskal harepr ethrs tts all poodudéd ohytaiped dyodustue,

bl ends,_ Ex l es of dairy praducts include, but are not limt 0,

yoghur%s, n@g? &t oY ”%%i"ﬁ'}“ﬁi ?"ﬁt,““f 6\??]* iﬂ’Frﬁlﬁ%?he‘f ﬁﬁglls- Ftaiped v&ﬁ%ﬁé" i1k,

m | k sol i dexantpieadultiasd grogudti ikeludddpnbudaisr yotplimdedttts, goghwened afetrpeedduct s

not made b i1 K. anpl es ,of . non-dairy product,.include non-dairy yoghurt,

but are. nob RV FRASUE Bayactsann fanet M FTonbl he [ ke, Exanp! ea of

bl ends include, but are not limted to, soy/mlk, pea/mlk, soy/pea, and

the like. ‘Fhse term “buffering capacity” as used herein refers to the ability of protein, or protein

30 and buffer salts in cultured product and/or cultured product formulation to resist pH
change. Typically, buffering capacity is expressed in terms of the amount of strong

acid or base required to change the pH of a composition in a given amount.

The present invention relates to a method for minimising post-acidification in a cultured

35 product. In an embodiment of the invention, the method comprises the steps of



The met hod of the present invention uses a conbination of the |actose
content and the buffering capacity of the protein and/or cultured product
formulation to predict the end pH of the cultured product according to the
formul a bel ow. 30pH = 118.58*Bl a*L-2.0382 +3.171 wherein Bl = buffering
capacity at pH 4.2 of protein ingredients and product fornulation a =
3.85"EXP(-7.156) 35L = |l actose content in the product formulation 10 The
nmet hod allows final pH of the cultured product (with probiotics) to be
predi ct ed re accurately i he.l act ose content, i.s.in the ran of, 0. 05%
P00, 6ut 1 HEBTRPEr frgt vl Jormet "R HEniGE oS oot plipSpatiuds °py
4.2, and t hed peteinsining@osdcend valae ithiat idbnesShuffange cajacityof the Joteiflingredisnt
advant ageous, t o nuf act u s of cultyre roducts as it all th

mana actur o Buas pERUEL e Rrrofoad B BTG ED b Bl e Ll 1o
obt ai n a cthletcutecdpsrodunt tusibgrthaffirst ngluk iand toaikécone \alueabiatained Bteréta/ gireur i ng

storage_ te ratyre of 30C or |less, wthout having to, extend the.p uction
Fermoncit | BRTIRHRS TiBeres-Sefe s piofite: PRt pd B ool 15
ext endi ng tillerahpiotiudtiwithirofhegdeddtethinddratiodcantrolindithd leaffeting tcapadty pf dduct s

N i ' he. qual i f the cul d product s, hod, al
of tors. mant AT Bt Tt B et Sruteoelle, o B e B DERp ST B EUNR on’

of pr ot ei npiodgctedinénthe prebEtennined pton- dai ry), protein concentrati ons,
starter cultures/probiotics and tenperature of storage and distribution of
the cultured products than other conventional nethods used in the

pr oduc1d oninothe ecndthad efcthprimadutiors .the fi'st Valuaddit defings thb eatmudftproteth tpriadoss s

B st ol e ol alGie T dRie i SFuh Y B biBle B netfrtoad st T Safet 95 °°°

product s f e peesptayesafidotssengpntend m thaédromitationt ol er ance, obesity and

di abetes. 20The nethod of the invention is sinple and i nexpensive to

i npl enent as it can be used w thout having to genetically nmanipul ate any
cul t ures o eomeverhbadiaayt eXxtpe irvendom tiecpesim breat matint is il e rmegdot2atso
does n reguire any. pre-treatnent . of the ingredi ent sed i [ 1ng the
cu tur pPacTetilaBloRh SPRGE St kel SrEh T RigHRS ob A oo ser
comer ci al thg caltaied givbduct rgmtaihis gmbisioticEhtherproteddtof lactb e ratial it preferably ipkheof 25
the cultured prodycts. to be in ia.nﬁod within the preferred range after the
products a'?aé‘gg ggﬂgggﬂa%raﬁfeﬁ%@%@t orage of the products, wthout having to
change any production process and/or extending the fernmentation tinme during
t he productjon process. .This in turns reduces nu i ng

di'str1 but 1 S 2mBhaS oIt g Bahte PlaspRC G cUREnRen ek Rrepeqnno be

i nventioon, withic al gredetdrnpined varigeott mcreabing doyeduvingritiehangowtt of heotgin @sesent

i nvention | rovided. The cultured product in or.d i
vent | on RARESTER Rroc e ke, BriRHGhg e, BRBERCHISHM bR they ¢ o
t he cul t uredtuprdopeciuctof Ebreekamgat if che qootemilastose saticatalldi ejow (21, more
conventiongl, culture roduct . ner al the culture [ ) shel f
life of a oa%e na‘t:é é%ggg%g%dtégscuﬁrgﬁ p§%Ap%H?a%®(9 tﬁﬁ r%tlosft-:-%a ee\gﬁ'ﬂﬁt%téz;?ﬁoeﬁ%nd
st or ed undétherwnteiréiacioge raticeid greateli thao6: 1 alvetacidse cbbh Heoa®®G)to dine culture
refriggrat ndj.t.i (about, 0 1O . breover, the cultured product of
t he igz\?’entF?rggll?ﬁégbétn%{rﬂlgtrgﬁon%t%e‘f‘" r(‘:"f'égig Foaé\'/iq)b in the range of 2.5:1 to 6:1.
In a case where the cultured product contains probiotics, the protein to
| actose ratig is.ipn. t ange of, 8. 0. 9: b T :
o | ot ng exdeliPdsRad Beshotfialie B bl e PBIALS Lebetin]dt fepdbren
parti cul aringedienfs & #rebodturehtpsodifct tand/oprtes enttuiedveotudnforrawdtiar. e In théio way
to be cons Lmt.the invention LEI . 23,
conditi Onsr%éfrﬁggooﬁggéilﬁegHén,dtgg csrel%BFéa(ij? IH%?E%Q&%%E&%I@E{E@?%%‘%C@gr?TfretPeci al
yoghur3o cutulturesispradactps dbieatined dccamingi thftee énmtnuuprplvided bydirengaisst 8alaamd al |
\i\ErE)?a?rBIO\ém%ta? (Esoﬁyl‘él?ﬁbelri%g c%\égatyf(g)frdaﬁrgeprgélfc?sngln@e(‘fh%ofn)ﬁ Bglr)(; %LSngle?S, 95-

109:

dB (weight of 0.2M HCl or 2M lactic acid added) ®X Molarity efthe acid

dpH (weight of samiple) % (pH change produced]



Figure 1 is a graph show ng the pH profile of yoghurts (3.5% protein) nade
fromthe followng protein/lactose ratios (Table 1) and stored at 30C for
10 days. Varying levels of |lactose were added to 3.5% protein blend from
pea and mlk protein ingredients. 20 The yoghurt culture used was S.

t her nophi lus and L. del brueckii ssp bul aricus (0.024% . Yoghurt culture
survival was shown to have at least 1 x 106 cfu/g at 10 days of storage.
Ratios of protein/lactose were obtained fromthe conpositional values
specified by the 25certificate of analysis of each ingredients present in
the cultured product formulation. The pH values of the cultured product
wer e obt ai rne@héjefmb@dlmgntaofphb rmbﬂlion fhdmujfeﬁnguap/éonalof \weesprotam mgreseia‘bnttssinng MRS

agar. Tablg 1 ti,0 J,u ro f hurts 4. 3%: 4.48
5955: 174, s ey Susthclyiiohing oBfirBq Brdhg gy S BesteriBy il oBied § o7
:1 4.80 to0085022to 0.0117. The bufferlng effect of the cultured product can affect not only the
5  pH, but also the taste of the cultured product. Two cultured products, for example, two
yoghurt products may have a similar pH value but the yoghurt that has a higher

buffering capacity may be sourer than the yoghurt that has a lower buffering capacity.

The buffering capacity of the cultured product formulation is controlled to be within a
10 predetermined range by using ingredients of known buffering capacity and measuring

the buffering capacity of the formulation to confirm the value.

The pH of the cultured product is determined by using the protein/lactose ratio and the
buffering capacity of the protein ingredients and/or cultured product formulation

15  obtained thereto to calculate a value that defines a preferred pH of the cultured product.
In one embodiment of the invention, the pH of the cultured product is preferably in the
range of 4.0 to 4.5.

The pH of the cultured product is strongly influenced by the buffering action of the
20 protein, or the buffering action of the protein and buffer salts present in the cultured
product and/or the cultured product formulation. In one embodiment of the invention,
the pH is maintained within a predetermined range by controlling the lactose content
and the buffering action of the protein and other ingredients in the cultured product
formulation. In this embodiment, the cultured product is buffered by the protein
25 ingredients itself, that do not require additional buffer salts to maintain the pH within the

predetermined range. The protein ingredients are substantially the only buffering agent.

In another embodiment, to maintain pH, one or more buffer salts may be added. A
variety of buffer salts are available for such use. For example, the buffer salts that may
30 be suitable for such use in the method of the invention include, but are not limited to,
citrate, phosphate, lactate, carbonate and acetate, etc. The buffer salts used in the
method must provide sufficient buffering capacity to maintain the pH within the
predetermined range for as long as necessary. Maintaining the correct pH of the
cultured product is important as the pH will affect the stability and shelf-life of the

35  cultured product.



17.50 :1 5.22 to 5.61 The results show that when the ratio of
protein/lactose is in the range of 2.5:1 to 6:1, the pH of the yoghurts is
inthe range of 4.0 to 4.5. Wien the ratio of protein/lactose is not in the
range of 2.5:1 to 6:1, the pH of the yo%hurts is in the range of 4.51 to
5.70. 5 Exanple 2 Figure 2 is a graph showi ng the effect of buffering salt,
sodiumcitrate, on the pH profile of yoghurts made frommlk protein
concentrate (MPC, 3.5% protein). The yoghurts 10 were inoculated with 0.04%
of yoghurt culture and fermented at 43C until the pH val ues reached about
4.3. The yoghurts were then stored at 30C for 9 days. Control yoghurt was
prepared f TbenidR©dainlagcadahaet i thpaglentiors ishebde toaprptunge 4 evilrsd pfodsctdhatm

131, 2HSE, LoolREo YORRM bt 5 SUEY ke SR AL S Bl

obt ai ned f b 80FE) ©o nefogeraiedreahditiah (mmuspmnm@)dwmy ntmnmatemangbnnat-leartd_f
The pit val de8 G BBBEIRou P Rt L Fah! 50 R S g T G et e
addition (/0) pH of yoghurts pH di fference 0.00 (Control) 3.76 to 4.39 0.64
0.05 3 82 1'I'ﬁ)e ﬂingf&mgnt t?on of]tﬁe %e‘cr?h |R acco%gance%tthg 9nvent|on makes it possible to
minimise the post-acidification in the cultured products during their longer storage time
even at non-refrigerated conditions. The degree of post-acidification can vary
10 depending on the composition of the culture and the amount of protein/lactose used.
However, the post-acidification is always clearly lower than that observed in the case of
cultured products, for example, yoghurts obtained with conventional methods. Weak

post-acidification is accompanied by good culture/probiotics survival.

15  The method of the invention can be used in conjunction with any conventional methods
used for producing cultured products. The method is suitable for the preparation of all
types of cultured products, including those containing protein and lactose. Examples of
the cultured products include, but are not limited to, dairy products, non-dairy products
or blends. Examples of dairy products include, but are not limited to, yoghurt, no-fat or

20  skim milk, low-fat milk, full-fat or whole milk, milk solids, cream, and the like. Non-dairy
products are generally products not made by milk. Examples of non-dairy product
include non-dairy yoghurt, but are not limited to, soy, pea, wheat, rice, and the like.

Examples of blends include, but are not limited to, soy/milk, pea/milk, soy/pea, and the

like.

25
The method of the present invention uses a combination of the lactose content and the
buffering capacity of the protein and/or cultured product formulation to predict the end
pH of the cultured product according to the formula below.

30 pH = 118.58*Bl + a*L%%%%2 +3.171

wherein
Bl= buffering capacity at pH 4.2 of protein ingredients and product formulation
a = 3.85"EXP(-7.156)

35 L = lactose content in the product formulation



3.89 to 4.38 0.49 The results show that adding a buffer salt such as
sodiumcitrate, the difference in the pH drops after fernentation is |ess
and the end pH of the yoghurt is higher than that of the control. This
shows the buffering effect of adding bu%er salt, sodiumcitrate. 25
Example 3 13 Figure 3 is a graph show the pH profile of yoghurt nade
fromyoghurt cultures supplied by three comercial conpanies. The yoghurts
were prepared frompea and mlk protein ingredients containing 3.5% protein
and 0.6% | actose stored at 30C for 10 5days. Yoghurt culture survival was
shown to have at least 1 x 103 cfu/g at 10 days of storage on MRS agar.
Tabl e 3 Yoghermetbod talioves fikhlgdH wb theu ctiltuyéd poddiudt Rdtht proBiodics)Yo-id prediiledd. 31

(0%, 20 oA o ebt e et AR Ruh i 9 B R O™
commer ci al cymegityid indhi tange of 80042 es D 1A d phed drdethaprisih cohtept Btieithe and
I act 0S€; us?adngienoft1n}3 tcy g%hl'i!h'fs iissa -\/Qnttageeon r(‘)gr%ar?tjfac%u%i’slo} c(:)ult%:reld ;I)Er)é)%ﬂals %s4|t 15
allows the manufacturers to target a specific pH with minimal post-acidification, to
obtain a cultured product: containing live culture of about 10°cfu/g during storage
temperature of 30°C or less, without having to extend the production fermentation time.
The method of the invention provides a solution for extending the shelf-life of chilled
10  and non-chilled cultured products as well as improving the quality of the cultured
products. The method also offers manufacturers of cultured products a much wider
range of selection of protein ingredients (dairy or non-dairy), protein concentrations,
starter cultures/probiotics and temperature of storage and distribution of the cultured
products than other conventional methods used in the production of cultured products.
15  In addition, the cultured products produced using the method of the invention have very
low levels of lactose and simple sugars. This method is therefore suitable for
manufacturing products for people suffering from lactose intolerance, obesity and

diabetes.

20  The method of the invention is simple and inexpensive to implement as it can be used
without having to genetically manipulate any cultures or involve any expensive
processing treatment. The method also does not require any pre-treatment of the
ingredients used in producing the cultured products and the method can be employed
using existing, commercially available ingredients. The method further allows the pH of

25  the cultured products to be maintained within the preferred range after the products are
produced and during storage of the products, without having to change any production
process and/or extending the fermentation time during the production process. This in

turns reduces manufacturing and distribution costs.

30 In accordance with another embodiment of the invention, a cultured product obtainable
by the method of the present invention is provided. The cultured product in accordance
with the invention has a pH in the range of about 4.0 to 4.5. It has been found that the
cultured product of the invention contains less acidity than conventional cultured
product. Generally, the cultured product has a shelf life of about at least 28 days when

35 packaged in a sealed container and stored under non-refrigerated condition (about 11



Figure 4 is a graph show ng the pH profile of fernmented ml ks prepared from
pea protein and pea protein/mlk at 0.4% and 0.6% | actose. The protein
solutions (3.5% protein) were inoculated with 0.04% of L.rhanmosus

overnight at 37C and stored at 30C for 10 days. The protein/lactose ratios
for 0.4% and 0.6% | actose formul ati ons ?Dwere 8.75 and 5. 83 respectively.
Culture survival was shown to have at least 1 x 103 cfu/g on MRS agar.
Ratios of protein to |actose contents were obtai ned fromthe conposi ti onal

val ues spegifi.ed by .the cg reif [ esent
B the cur ESE sBlrtiriaet eohdlifiisboll o AN Sufea@rile SUBBLRRANRLY fofhg
a pH net ertheTa\kdrﬁorihEQarprdtelhltolachsetreilm/nltaera)@e afatﬁ btd}hd ﬂrh-la@ése weelgeoghurt
Pea proteip 0.4% ]| 12 Pea i t

286 1o . B eulielGo8iT s il e Lge el b 6 4GS,
and m | k p8dtteion, Prédétablg@ e 5.83 3.89 to 3,93 The results in Figure 4
show t hat when different types of protein are used, the pH of the fernented

ml ks can still be maintained within the range of 4.0 to 4.5 when the
amount of mh@fcﬂ!bwingmiah@tesm@pmm&mfurtherﬂlestre&e]aeddetdribs pagticutar specificat i 0s

of 8:1 ander%b%dn‘n Fs ofﬁhg%rés%rn r?tgonfriah a eml’]nt c'>rv]v%y% %Q'c%tngﬁ‘ééd to limit the

invention to the specific procedures, conditions or compositions described therein.
10 EXAMPLES

Many commercial yoghurt cultures and probiotics from different supplier were tested

and all were shown to be suitable, even for the strong acidifying cultures.

15 Example 1

Figure 1 is a graph showing the pH profile of yoghurts (3.5% protein) made from the
following protein/lactose ratios (Table 1) and stored at 30°C for 10 days. Varying levels
of lactose were added to 3.5% protein blend from pea and milk protein ingredients.
20 The yoghurt culture used was S. thermophilus and L. delbrueckii ssp bulgaricus
(0.024%). Yoghurt culture survival was shown to have at least 1 x 10° cfu/g at 10 days

of storage.

Ratios of protein/lactose were obtained from the compositional values specified by the
25  certificate of analysis of each ingredients present in the cultured product formulation.
The pH values of the cultured product were obtained by using a pH meter. Culture

survival was monitored using MRS agar.

Table 1
Ratio of protein/lactose pH of yoghurts
4.38 : 1 4.26 to 4.48
5.83:1 4.32 to 4.38
7.00:1 4.51t0 4.70

8.75 1 4.93 to 4.98




Exanple 5 Figure 5 is a graph showing the pH profile of yoghurt prepared
frompea protein and 10 pea protein/mlk at 0.4%and 0.6% | act ose. The
protein solutions (3.5%protein) were inoculated with 0.02% of yoghurt

cul ture and 0.02% of L.rhamosus overni ght at 37C and stored at 30C for 10
days. The protein/lactose ratios for 0.#%4% and 0.6% | actose formul ati ons
were 8.75 and 5.83 respectively. Culture survival was shown to have at

| east 1 x 103cfu/g on MRS agar 15 Table 5 Formul ati on Protein/lactose
rati o End pH-of the yoghurt Pea protein-0.4%|actose 8.75 4.10 to 4.15 Pea
protein O. 696Iacﬂ6§§ B 83 3. 84 #8040 8¥%pea |and mi | k protein 0.4% actose
8.75 4.23 [fo 4. 2% Bgajand mi|l'k profiekw10. 6% | actose 5.83 3.90 to 3.93 The
results inLEigure 5 show that when using alconbination of yoghurt culture
and probiotic, the pH of the yoghurts can still be nmaintained within the
range of 47Qe tésufts 3nSWWARTWHEMEhE TRIELS Srlotd/RIcRIsE |§ﬁ'dth|e&§h§§ ef psedid ;1f he

fermented mlks is in the ratios of 8:1 and 1. Exanple 6
the pH of the yoghurts is in the range of 4.0 to 4.5. When the ratio of protein/lactose is

not in the range of 2.5:1 to 6:1, the pH of the yoghurts is in the range of 4.51 to 5.70.

Example 2

Figure 2 is a graph showing the effect of buffering salt, sodium citrate, on the pH profile
of yoghurts made from milk protein concentrate (MPC, 3.5% protein). The yoghurts
10  were inoculated with 0.04% of yoghurt culture and fermented at 43°C until the pH
values reached about 4.3. The yoghurts were then stored at 30°C for 9 days. Control
yoghurt was prepared from MPC only and other yoghurts had varying levels of sodium
citrate added to MPC. Yoghurt culture survival was shown to have at least 1 x 10° cfulg
at 9 days of storage on MRS agar.
15
Citrate contents were obtained from the compositional values specified by the
certificate of analysis of each ingredients present in the cultured product formulation.

The pH values were obtained by using a pH meter.

20 Table 2
Sodium citrate addition pH of yoghurts pH difference
(%)
0.00 (Control) 3.76 t0 4.39 0.64
0.05 3.82104.31 0.49
0.10 3.83104.39 0.56
0.20 3.89t0 4.38 0.49

The results show that adding a buffer salt such as sodium citrate, the difference in the
pH drops after fermentation is less and the end pH of the yoghurt is higher than that of
the control. This shows the buffering effect of adding buffer salt, sodium citrate.

25
Example 3



15 Figure 6 is a graph showing the pH profile of yoghurts (3.5% protein)
prepared fromdifferent protein ingredients: skimmlk powder (control)
(5.41% | actose) and other protein ingredients that contain 0.4% act ose.
They were inoculated with yoghurt cultu :ﬁs and probiotics (S. thernophilus,
L. del brueckii ssp bulgaricus, L. acidoi ilus, 5 B. lactis and L. case!)
and stored at 30C. Except for the control protein/lactose ratio of 0.65,
all other formulations had their protein/lactose ratios of 8.75. Culture
survival was shown to have at least 1 x 103cfu/g on MRS agar. Table 6
Forrmul ation Protein/lactose ratio pH of the yoghurt Control 0.65 3.28 to
3.51 Pea pFgue B 8. & grahh26hdwingt tixb pHearoﬁledoﬁrydg}huptrmaeé firogh yoéghlr2Bultunest. 31

§0¥5847204P%5p£{|%§ i)‘)l/'t%%eséo n%]r(cj;la compé)r{lé)é[ ejl'lrn'e yoghurts \A:}'gretp?epargcp ernl 6(63059 ein

milk protein ingredients containing 3.5% protein and 0.6% lactose stored at 30°C for 10
5 days. Yoghurt culture survival was shown to have at least 1 x 10° cfu/g at 10 days of

storage on MRS agar.

Table 3
Yoghurt culture - pH of yoghurt
YC-350 4.32t0 4.43
Yo-Mix 300 4.31 to 4.36
CY 222 4.36 to 4.42

10  The results in Figure 3 show that the pH of the yoghurt remains within the range of 4.0
to 4.5 when different commercial yoghurt cultures are tested and when the amount of

protein and lactose used in the yoghurt is in the range of 2.5:1 to 6:1

Example 4
15
Figure 4 is a graph showing the pH profile of fermented milks prepared from pea
protein and pea protein/milk at 0.4% and 0.6% lactose. The protein solutions (3.5%
protein) were inoculated with 0.04% of L.rhamnosus overnight at 37°C and stored at
30°C for 10 days. The protein/lactose ratios for 0.4% and 0.6% lactose formulations
20 were 8.75 and 5.83 respectively. Culture survival was shown to have at least 1 x 10°

cfu/g on MRS agar.

Ratios of protein to lactose contents were obtained from the compositional values
specified by the certificate of analysis of each ingredients present in the cultured

25  product formulation. The pH values were obtained by using a pH meter.

Table 4
Formulation Protein/lactose ratio | End pH of the yoghurt
Pea protein 0.4% lactose 8.75 41810 4.12

Pea protein 0.6% lactose 5.83 3.86 to 3.89




The results in Figure 6 show that when different types of cultures and

different protein ingredients are used, the pH of the yoghurts can still be
mai ntai ned within the range of 4.0 to 4.5 when the anmount of protein and
| actose used in the fernented mlks is jp the ratios of 8:1 and 9:1 (when

t he yoghurt contains different types of probiotics). In 15contrast, mnuch
| ower yoghurt pH is observed for normal yoghurt ingredient and skimmlk
powder which has a rmch Iovver protein/l act ose ratio. Exanpl e 7 20Fi gure 7

is a gr aph Ik 'onf. e—of _y'8.1 hur+s P epai”‘ di-Ffer ent
protein ingredf B%Fhé 86%%‘& ‘}ﬁg B. 5% protein and| 0 ;Fé gg storled at 30C
for 4 weekslactdeghurt cul tures and probiotics (S ther m)phl | us, L.
del br uecki 5ssp-bul-garieus;—Frpamosys and—t—-case} Ve useeHfor the
ferment at i phea 638 MK AP H&Al has shaW®to have at ?ggicfé?BX 103cfu/ g on
MRS agar. Phcfbabl e 7 Fornul ati op pH of the yoghurt 16 Pea protlein 4.21
to 4. 37 Peag—and—mtk—protetn4-26to04-35 Sey proetetn4-15te—4-30 Soy and
mlk protein 4.30 to 4 31 The results in Figure 7 show that the shelf-life
of cul t ur eThpresdits irsFiguephstey fhabwheh differedttypes ot srotein a\@rugdu etﬁé!pHQﬁlﬂﬁ@l ni ng

cultures apd prohiotics c be extended, to, about 4 k under
e err 1 alBaa sl b8 T sl e Aatoes e AT I e RS Y hod
wi t hi n t heof piogsn afd factbstsédd In the fermented milks is in the ratios of 8:1 and 9:1 (when

5 the fermented milk contains probiotics).

Example 5

Figure 5 is a graph showing the pH profile of yoghurt prepared from pea protein and
10 pea protein/milk at 0.4% and 0.6% lactose. The protein solutions (3.5% protein) were
inoculated with 0.02% of yoghurt culture and 0.02% of L.rhamnosus overnight at 37°C
and stored at 30°C for 10 days. The protein/lactose ratios for 0.4% and 0.6% lactose
formulations were 8.75 and 5.83 respectively. Culture survival was shown to have at

least 1 x 10° cfu/g on MRS agar.

15
Table 5
Formulation Protein/lactose ratio | End pH of the yoghurt
Pea protein 0.4% lactose 8.75 4.10to 4.15
Pea protein 0.6% lactose 5.83 3.84 to 4.01
Pea and milk protein 0.4% lactose 8.75 42310 4.29
Pea and milk protein 0.6% lactose 5.83 3.90 to 3.93

The results in Figure 5 show that when using a combination of yoghurt culture and
probiotic, the pH of the yoghurts can still be maintained within the range of 4.0 to 4.5

20  when the amount of protein and lactose used in the fermented milks is in the ratios of
8:1 and 9:1.

Example 6



Exanple 8 Figure 8 is a graph showing the survival of lactic acid bacteria
and probiotics in yoghurt 10 prepared fromdifferent protein ingredients
containing 3.5% protein and 0.4% | actose stored at 30C for 4 weeks. Yoghurt
cul tures and probiotics were used for t fermentation (S. thernophilus, L.
del brueckii ssp bulgaricus, L.rhamosus, and L. casei). Culture survival
was nonitored weekly using MRS agar plating. 15Table 8 Fornul ation Lactic
acid bacteria and probiotic cell counts at 4 weeks of storage (30C), cfu/m
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3% and | agt Q56 ! 3 . Do uffering capacities at pH 4.2
(0.0042 to O. Olf ).Vg%ﬂgfgﬁkgzoiﬁ%@uﬁgﬁﬁg%\%ﬁa?h yoghurt cultures and
probiotics (S. 5thernophilus, L. del brueckii ssp bulgaricus, and L.

aci dophi | uzéb@@d stored at 30C. Culture survival was shown to have at | east

1 x 103cfu on MRS agar. Table 9
Formulation Protein/lactose ratio pH of the yoghurt
Control 0.65 3.28 to 3.51
Pea protein 8.75 4.20 to 4.25
Pea and milk protein 8.75 4.20 to 4.31
Soy 8.75 4.17 t0 4.20
Soy and milk protein 8.75 417 to 4.20
Milk protein 8.75 4.40to0 4.44

10
The results in Figure 6 show that when different types of cultures and different protein
ingredients are used, the pH of the yoghurts can still be maintained within the range of
4.0 to 4.5 when the amount of protein and lactose used in the fermented milks is in the
ratios of 8:1 and 9:1 (when the yoghurt contains different types of probiotics). In
15  contrast, much lower yoghurt pH is observed for normal yoghurt ingredient and skim

milk powder which has a much lower protein/lactose ratio.

Example 7

20  Figure 7 is a graph showing the pH profile of yoghurts prepared from different protein
ingredients containing 3.5% protein and 0.4% lactose stored at 30°C for 4 weeks.
Yoghurt cultures and probiotics (S. thermophilus, L. delbrueckii ssp bulgaricus,
L.rhamnosus, and L. casei) were used for the fermentation. Culture survival was shown
to have at least 1 x 10° cfu/g on MRS agar.

25

Table 7

Formulation pH of the yoghurt




Protein content (% Lactose content (% Buffering capacity at pH 4.2
Protein/lactose ratio Predicted pH Actual pH 1.00 0.60 0.0035 1.67 3.59
3.66 1.00 0.40 0.0035 2.50 3.60 3.85 1.00 0.20 0.0035

16
Pea protein 4.21t0 4.37
Pea and milk protein 4.26 t0 4.35
Soy protein 41510 4.30
Soy and milk protein 4.30 to 4.31

The results in Figure 7 show that the shelf-life of cultured products prepared from
different protein ingredients containing cultures and probiotics can be extended to
about 4 weeks (or 28 days) under non-refrigerated condition at 30°C, with minimal

5 change in pH, maintained within the range of 4.0 to 4.5.

Example 8

Figure 8 is a graph showing the survival of lactic acid bacteria and probiotics in yoghurt
10  prepared from different protein ingredients containing 3.5% protein and 0.4% lactose
stored at 30°C for 4 weeks. Yoghurt cultures and probiotics were used for the
fermentation (S. thermophilus, L. delbrueckii ssp bulgaricus, L.rhamnosus, and L.

casei). Culture survival was monitored weekly using MRS agar plating.

15 Table 8
Formulation Lactic acid bacteria and probiotic cell counts at 4 weeks of
storage (30°C), cfu/ml of yoghurt
Pea protein 9.25E+05
Pea and milk protein 1.76E+06
Soy protein 2.27E+06
Soy and milk protein 1.07E+06

The results in Figure 8 show that the shelf-life of cultured products prepared from
different protein ingredients containing cultures and probiotics can be extended to
about 4 weeks (or 28 days) under non-refrigerated condition at 30°C, with good survival

20  of lactic acid bacteria and probiotics, with cell counts of about 1 x 10° cfu/ml.

Example 9
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Figure 9 is a graph showing the predicted pH values versus the actual measured pH
values of two types of yoghurts, pea yoghurts and soy yoghurts of a range of protein
content (1 to 3%) and lactose content (0.05 to 0.6%) and buffering capacities at pH 4.2
(0.0042 to 0.0117). They were inoculated with yoghurt cultures and probiotics (S.
thermophilus, L. delbrueckii ssp bulgaricus, and L. acidophilus) and stored at 30°C.

Culture survival was shown to have at least 1 x 10°cfu/g on MRS agar.

Table 9
Protein Lactose Buffering | Protein/lactose | Predicted Actual pH
content (%) | content (%) | capacity at ratio pH
pH 4.2
1.00 0.60 0.0035 1.67 3.59 3.66
1.00 0.40 0.0035 2.50 3.60 3.85
1.00 0.20 0.0035 5.00 3.66 3.73
1.50 0.20 0.0052 7.50 3.87 3.90
1.65 0.20 0.0058 8.25 3.93 4.00
1.00 0.10 0.0035 10.00 3.91 4.23
2.01 0.20 0.0070 10.05 4.08 4.20
2.50 0.20 0.0087 12.50 4.29 4.40
3.00 0.20 0.0105 15.00 4.49 4.53
1.00 0.05 0.0035 20.00 4.93 4.82

The results in Figure 9 show that actual pH of the yoghurt can be accurately predicted
according to the following formula if protein is 1 to 3% and lactose is 0.05 to 0.6% and
buffering capacity is 0.0042 to 0.0117 at pH 4.2.

pH = 118.58*Bl + a*L2%% +3.171

where:
Bl = buffering capacity at pH 4.2 of protein ingredients and product formulation
a= 3.85"EXP(-7.156)

L = lactose content in the product formulation

3 1.50 0.20 0.0052 7.50 3.87 3.90 1.65 0.20 0.0058 8.25 3.93



2.50 0.20 0.0087 12.50 4.29 4.40 3.00 0.20 0.0105 15.00 4.49 4.53 1.00 0.05
0.0035 20.00 4.93 4.82 10The results in Figure 9 show that actual pH of

t he yoghurt can be accurately predicted according to the follow ng formula
if proteinis 1 to 3%and |lactose is 0.05 to 0.6% and buffering capacity is
0.0042 to 0.0117 at pH 4.2. pH = 118.58 Bl + at-2.0382 +3.171 15 where: 8!
= buffering capacity at pH 4.2 of protein ingredients and product
formulation a = 3.85*EXP(-7.156) L = |lactose content in the product

Formul ati 0?he above is a description of the subject matter the inventor regards as the invention.
It is foreseeable that those skilled in the art can and will design alternative methods and

compounds that include this invention based on the above disclosure.



18 The above is a description of the subject matter the inventor regards as
the invention. It is foreseeable that those skilled in the art can and w ||
design alternative nethods and conmpounds that include this invention based
on the above disclosure. 19 CLAIMS: 1, A nethod for mnimsing
post-acidification in a cultured pr oduc?? t he met hod conpri si ng:
determning a first value that defines a ratio of protein to lactose in a

cul tured 5product; determ ning a second val ue that defines
buffering &gﬁiﬁﬁty of the cultured product; determning a third
val ue that "derines pH of the cultured product using the first value and the

second val ue obtained; 10controlling the anount of protein to |actose in
the cul turéd pr Oduethodi fonininignisite gesteadidifiragion an japcultured prodgefnttheMetief t he
buf fering g@gaﬁgiﬁ% of the cultured product within a predeterm ned val ue;
and nmai ntaining the pH of the cultured product within a predeterm ned pH
15 2. The net heetegpiBnoR figt value thatrdefinesvacebe af pradein te tpstasenn feerlitusgd o of
proteinstopj@etose is in the range of 2.5:1 to 6:1 when the cul tured
product does not contain any probiotics. 203. The nethod according to claim
1, wherein the peteasindent mEegond vialieothap dsfises bulfering carasity sofj thet fdturethge of
8:1 to 9:1lpags: the cultured product contains probiotics. 4. The nethod
accordi ng ?o claim1, wherein the predeternined value of the bufferin
capacity of thedelgriningc firdaatie that definereH afntge cottured poeduct ysipg dher frst 25

5. The net jQge 866 Heldrdnd 9a1Gé 8bnkg: Wherei n the predeterm ned pH of the
cul tured product is in the range of 4.0 to 4.5. 6. The nmethod according to

cl ai m 10 wher ei pentipdingHhgfaneient (fi| Rrafeld tp fasirset inj e 3phdiast arodeet WithiRia t he
predeterm ﬁr%@e@HnPﬂédl?é{fd‘; ering action of protein ingredients and buffer

salts in the cultured product. o _
controlling the buffering capacity of the cultured product within a predetermined

value; and
maintaining the pH of the cultured product within a predetermined pH.
15
2. The method according to claim 1, wherein the predetermined ratio of protein to
lactose is in the range of 2.5:1 to 6:1 when the cultured product does not contain any

probiotics.

20 3. The method according to claim 1, wherein the predetermined ratio of protein to

lactose is in the range of 8:1 to 9:1 when the cultured product contains probiotics.

4, The method according to claim 1, wherein the predetermined value of the
buffering capacity of the cultured product is in the range of 0.0042 to 0.0117.

25
5. The method according to claim 1, wherein the predetermined pH of the cultured

product is in the range of 4.0 to 4.5.

6. The method according to claim 1, wherein the pH of the cultured product is
30 maintained within the predetermined pH by buffering action of protein ingredients and

buffer salts in the cultured product.



20 7. The nmethod according to claim1l, wherein the buffering capacity of the
cultured product is controlled by adding buffer salts of known buffering
capacity to the cultured product. 58.The nmethod according to claim 1,
wherein the cultured product has a shel life of at | east about 28 days
under non-refrigerated condition. 93 met hod according to claiml1,
wherein the cultured product has a shel f-life of at | east about 28 days
under refrigerated condition. 10 10. The nethod according to claim1,
wherein the cul r duct at Se
consi sti ng?of yg %%}e[ﬂ?o ﬁ?geg %$ ﬂc er%l%h"??}@f%‘&ﬁé’?pé%téﬂndéﬁ‘er@“'tHF%’duct
and bl ends proﬁﬁdﬂskontubltedrt@cqunrmbmtermléwoiknomroﬂmftetmgsamnﬁwtw thenguliprest ei n
and Iactosg a ratio of 2.5:1 to 6:1 and having a pHin a range of 4.0 to
4.5 obtain {) tby t he nethod according to claiml. 12. A cultured
product with prob| otics conprising protein and lactose in aratio of 8:1
20t o 9 d ha nge. 4 0 o0 0 t hod
accordi ng ?o cl Elh% eqhgﬁaécfﬁfngrﬁ K thr E?rtg cutur%ﬁg)or&gd%ltﬂa?% tq@g I'ansll or
12, wher ei of atheast abouir28diays addertnonseftigpratetlcinditiehect ed fromthe gr oup
consi sting of yoghurt, fernented product, dairy 25product, non-dairy
product and bl ends.

9. The method according to claim 1, wherein the cultured product has a shelf-life

of at least about 28 days under refrigerated condition.

10
10. The method according to claim 1, wherein the cultured product is a product
selected from the group consisting of yoghurt, fermented product, dairy product, non-
dairy product and blends.

15 11, A cultured product without probiotics comprising protein and lactose in a ratio of

2.5:1 to 6:1 and having a pH in a range of 4.0 to 4.5 obtainable by the method

according to claim 1.

12. A cultured product with probiotics comprising protein and lactose in a ratio of 8:1
20 to 9:1 and having a pH in a range of 4.0 to 4.5 obtainable by the method according to

claim 1.

13. The cultured product according to claim 11 or 12, wherein the cultured product
is a product selected from the group consisting of yoghurt, fermented product, dairy

25  product, non-dairy product and blends.



