WO 2006/ 011802 PCTI NL2005/ 000558 1 Title: Method for conditioning Iiquid,
neutral products, and the products obtained and obtai nable therewith The
invention relates to a nmethod for conditioning liquid, neutral products

whi ch are W aneslerd8d2or consunption or for processi ng i NPETMNGRRWS/000558
particular, the invention concerns a nethod for setting, nodifying or

ot herwi se controlling the gas conposition in such products at any tine or 5
during the conplete treatnent process. Further, the invention relates to the
products obtai ned and obtai nable fromthis nmethod, which products possess

| nproved properties and in particular an inproved m crobiological quality.

Preferably, apjtleaMétholdT8r PémHtichind HQWR, hbatral pRRIUCEY, @Rid 12 redaeysns t he

treatment of past | ETeT Ta B FATgE=1N oducts whi ch have "‘an i nproved 10
shelf life and/ or%gﬁé%gngrag\(}ggitgﬁaﬁ%ﬁjyg&Lr% d, neutral products which are

I nt ended for con tion.or for rocessi I nt q..foads,.in,thi scription
and the appended%rgp.alinr’fﬁ?tlg?éef)aﬁ?%&ﬁP%e%ﬁggg(ﬁ'gc tﬂ%tflﬂgzﬂﬂ"ﬂﬁp%%‘agg]ghase and
proteins, an%&dﬁ&s‘v@hﬁcﬁeare R forediistnt taiflolfoe fpRbedibing Mitb Rsodsange of
5.5-7.5. Preferably, these 15 products also contain a fat phase. Exanples of

such product paatieuldrqgthelinvggtionrvohkernisiagmiethalcfor settimg, Ikogifypngars, cream and
cream product cooki n {ea astry cream pancak 1 X,, SO m | k and

ot her 11 qui doUBEERRe GRBmalling e cah ymipasiatmin S1ch progycks 4t any time or

Char act er isst i figdihy thd 85ApleRs B¥atinentbPoceby TEehés, tHOMvditidd Rilhtes $hThé at s
for mcroorganisns and are therefore 20 subject to decay. Producers and
processors ofpreduttsrobiained, ard chtathable thoot thia meethihdy whinheproduwats possess y
faced with the stringent requirenents imposed upon,such,.products from a
bact er i of ogi CHIPTRECHPIRReTHPR ART AR PRRHCU R imBTOvRd piigEAbiSlgical quality.

product” shoul d  @5RiRabRASGIADAY U bithot hilows B! B iven Bk B hept o

25 to take steps as ear e production chain to prevent
decay, at | azestnaerst oftpasteirézeddiqiidpneutedl productsowrhith vy smimproddct s. WO
2006/ 011802 R eI Srlor i smpréved quality.

Liquid, neutral products which are intended for consumption or for
processing into foods, in this description and the appended claims, are
products having therein an aqueous phase and proteins, and a pH in the
range of 5.0-8.0 and preferably in the range of 5.5-7.5. Preferably, these

15 products also contain a fat phase. Examples of such products are liquid egg,
milk, liquid neutral milk products, cream and cream products, cooking
cream, pastry cream, pancake mix, soya milk and other liquids based on
animal and/or vegetable proteins. Characteristically, these products are
typically good nutrient substrates for microorganisms and are therefore

20 subject to decay.

Producers and processors of such neutral, liquid products are therefore
continuously faced with the stringent requirements imposed upon such
products from a bacteriological point of view. At the same time, however, the
product should remain reasonably priced. In practice, it is being attempted

25  to take steps as early as possible in the production chain to prevent decay,

at least quality deterioration, of the liquid, neutral products.



The use of preserving techni ques based on increasing the tenperature is not
a practical or even a realistic option for protein-containing products,

such as egg-protein containing products. Soon, denaturation can arise with
attendant ®x2oé/eisan. 5 Conventionally used net hods of PETAILRIHG0SISe
occurrence of decay and preventing quality deterioration of the products to
which the invention relates conprise stogage and transport at |ow
tenperature (typically lower than 7C, and preferably | ower than 4C)

therm zing or otherw se heat- treating; activation of possibly naturally

occurring anti bagterial genzynes in 10.suc roducts, as i ) 1k and in

aut o egg.and. ai ikt BEYaut Ferdtigiss babeg an ipfteasing yllempdifyre

i nstance, mu HONRL ; Itk ; Lk and in
part cul ar T o FrEREEAcHS: SRR RAIRLEIPHOR Tof BRVblinfortanl i prd iy

exenpl ary pr cuichtas egg-proteisemntaiping produets. Soen, denatmiration choairtbervotth be

construed as btgin limted thereto. 15 Cooling raw mlk inhibits the growth
of nesophi | i AHERIAN QAEWANIN- extends the storage stability of milk before

it is to e procqsmRfnti ganggg%fheﬁbdyémméﬁ%]&&u&@c@gg%%ﬁ%n@act eria,

however, is not inhibited an sonet | nes actua sti mul at e noreover
t he danger ofpyeventingquiatity daterimratign pf Vledhpriduehtocwhichathiesinwentioni ns
present. Although 20 these bacteria are killed off upaon a therqpal treatnent
of milk, thi sreg%% CH@PrlsﬁcﬁtQFatgP@éld&FaﬁworEﬁEf‘}%@’%&?a&}%@i (tﬂquaﬁgsléwer

m cr oor gani s Pt Gl idd DASER: enzymes
are capabl e g@acrilegragﬁgﬁ?%?ggélﬁ?%;%Hélﬁhg@sl’rp%%%%nﬁﬁg %3 [ an’g'rbte’?eﬁa& ar

prot ei ns and fraatingsactivadiont dfepdssibhy ngturgllglocéwrriig fmtdbadtesial enzymédkirand t he

quality of dairy prqoducts prepared.25 therefrom.is adversely affected. Thus,
the preseifce Bichprgduets, an ik gpd & liq %ﬁﬁjl%ﬂé’dﬁtlpaﬁ PEeTerERidyes.

M crobial prot eas@x?excnt?%tl% e?rstfar%%t%rﬁéé‘,‘?ﬁﬁch ré’é*ébiﬁ]g% E&?é/r?ﬁoﬁé""ﬁngitﬂ s

degraded, which is u vor able for, I'nstance, cheese pro Ueti on
fromthat m |additioniof GOwtmilkaindGaPpdritiediartotireshiy ovdlad edillpsyhkiehot r ophi ¢ 30
m croorgani snms causing.m | k _decay. Thus, King and Mabpitt in J. iry WO
2006/ 011802 FerrdNchbwald bgotsed as an exemplary product in this description, but the

invention should not be construed as being limited thereto.

15 Cooling raw milk inhibits the growth of mesophilic bacteria, which
extends the storage stability of milk before it is to be processed. The growth
of psychrotrophic (cold-loving) bacteria, however, is not inhibited and
sometimes actually stimulated, while moreover the danger of post-
contamination by psychrotrophic organisms remains present. Although

20 these bacteria are killed off upon a thermal treatment of milk, this does not
hold true of all enzymes secreted by these microorganisms, particularly not
of proteases and lipases. These enzymes are capable of degrading different
milk components and in particular proteins and fats, so that the keeping
quality of heat-treated milk and the quality of dairy products prepared

25 therefrom is adversely affected. Thus, the presence of lipases in milk gives
an unpleasant rancid flavor. Microbial proteases contribute to bitterness,
while moreover casein is degraded, which is unfavorable for, for instance,
the cheese production from that milk.

It is known that CO2 hinders the growth of psychrotrophic
30 microorganisms causing milk decay. Thus, King and Mabbitt in J. Dairy



Res. 49 (1982), 439-447 have investigated what the effects are of
concentrations of 10-30 mM C02 on the growth of such organi Sns in untreated
whole mlk. On the basis of their work, they conclude that "the inhibitory
ef fects of WOGRO&MA®ZNot due to increased acidity or to PETHLYB YR ent of

di ssolved Oz, but to the presence of C02 per se which induced an increase
in the duration of the |l ag phase of growt$ and had only a small effect on
the logarithm c phase". Hotchkiss et at. teach in J. Dairy Sci. 82 (1999)
690- 695 that in pasteurized mlk, the addition of C02 in amounts of 8.7 nM

and hi gher o) th the u | er f Ins i.n packages,
ext ends shelf @gaé)pg‘%? V%aqve 1P8?“&%?§P‘g hr?i% tk ’?'Fgloff life has been
found to Incrc%%@nmtuanglanom%m U@z{cn%%%%‘tﬂgfgugh ddlidms il t her, the

addition of C02 to mlk is also tau as-Madiedo et at. in J. Agric.
Food Chem 4euigtreaigy vibelz-maksOarthei SEmfthﬁmcebl‘keShe}!Lebﬂbé@dmﬁiat 212 (2000)

1656, 1968 (200- 1008k FiniBitoR attbcts CROR: ke ol dte 40 TnkabaSEd apidity 00 5
5266 (2050 ) aibtoadloESFARRIYGI O, 8 01§ rondibelFI0) AV LASO

(400- 2400 ppm, CGuillaune et at. in J. Dairy Sci. 85 (2002)" 2098-2105 (to
pH 5.8). 20 Al so,infcehan Bacreasmid t‘h&]durlﬁztuonwf$he lag phagooigrosgh 2 meisiaal

descri be that carbona m |k .addi ng 002 in anpbunts of at
| east 600 ppm h %&gﬁhage%thee]f’g%tb%ﬁ’ guri zation. In particular,
this effect is %ﬁ&ﬁchkwseéi‘atlgtehgﬁi il Ba6h s o) £56.60B3paRLAl | . CD2 s

descri bed as a processing ai e renove romthe 25
pr oduct agal npdsteamped/ mmilk, the additid?r efCOL & gmounss obBA rth ah&hsghe(rin Food

G s A S Bl U n e BESH W B B
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30 cl ai ned. Vﬂcﬂﬁﬂﬁ[lﬂﬂthﬁ&sEfg’l’BNhﬁDDEmOOSSB 4
Further, the addition of COs to milk is also taught by Ruas-Madiedo et
al. in J. Agric. Food Chem. 46 (1998) 1552-1555 and in Eur. Food Res.
15 Technol. 212 (2000) 44-47 (both to a pH of 6.1-6.3); Ma et al. in J. Dairy Sci.
84 (2001) 1959-1968 (200-1000 ppm), Roberts and Torrey in J. Dairy Sci. 71
(1988) 52-66 (20-30 mM), Ma and Barbano in J. Dairy Sci. 86 (2003) 1578-
1589 (400-2400 ppm), Guillaume et al. in J. Dairy Sci. 85 (2002) 2098-2105
(to pH 5.8).
20 Also, Ma and Barbano in J. Dairy Sci. 86 (2003) 3822-3830 describe
that carbonating raw skim milk by adding CO2 in amounts of at least
600 ppm has an advantageous effect in pasteurization. In particular, this
effect is attributed to the pH decrease which the CO2 entails. COz is
described as a processing aid, which substance can be removed from the
25  product again by applying vacuum. Previously, Loss and Hotchkiss (J. Food
Prot. 65 (2002) 1924-1929) had already found a similar positive effect in
milk with 44-58 mM COg; both are also cited as inventors on the United
States patent application 2002/0127317, in which the combination of COg
addition and pasteurization for inhibiting or reducing bacterial growth is

30 claimed.



In practice, there seens to be consensus about the fact that at C02

contents | ower than 300-400 ppm no anti m crobi ol ogi cal effect is associated
with the CQ2. Simlar effects and activities occur in the other neutral,
liquid, 5 PPEBIOKBOZLLG preferably al so fat-containing FCTOURB00SE t her, a
great deal is already known about the oxygen content of a product and the
effects thereof. In an article by Murray gt at. in J. Food Science 48
(1983), 1166-1169, passing nitrogen gas through raw mlk is connected with
an extended |lag 10 phase and slower growh rate of psychrotrophs and lactic

acid bacterl o P BELER Shol Sl LPHE Rk By LS RS, ot 41 e

"De-aeration of apegrower an enmaker",

Annual Techni ealtehisdoeret 1023 BO0400 ph ndBht{ricasbiblogidat affecinis, asdodhtridde
Australia), describes that a | ow residual dissolved oxygen concentration in
15 liquid fooﬂbthﬁthé\ﬁgés advant ages for the storage stability, the

o ganol epti ¢ pr aggit esradahBRoAYHd:'dofiAln MR difir fSuBRISAALE, t echni ques

for lowering the ~'0oxygen concentration, stripping w ogen’ gas or

carbon di axi dgroyein- iand greferably Alsé fatleexyigengnprsduces. carbonation of liquid
foods or biological products b 20 injecting nitrogen gas or carbon dioxide
gas into themis Bwg eu@m‘aﬁé%alw almadx-knomsabmt.ﬁlemmemgnm ofgl it is
descri bed that_the oxiqgn gonéﬁec@t i @ foods and drinks can be reduced
utilizing asc%’?ogélfiéa]a Fa5SECCPRE % U S. Patent 2,428,044 describes the use

of vacuum techni qiesn a#ficle By MR S IIBSESFdddosaibhced s (FoBMIS1166UT1d,r, a
nunber of publications have appeared which discuss the effects of oxygen on

UHT- heat ed ni P4ssigbitregeyagas Buough mawinilk dacentnegtedawitheam extended lag
130 190C 1 e S e b BRI Ao e, S350
WO 2006/ 011802 PGihihéHHard)99bfftarce D.B. Allen, in an article entitled
"De-aeration of liquids" in "The Australian Grapegrower and Winemaker",
Annual Technical Issue (1993), pp. 1562-153 (Ryan Publications, Adelaide
Australia), describes that a low residual dissolved oxygen concentration in
15 liquid foods provides advantages for the storage stability, the organoleptic
properties and the nutritional value. As possible techniques for lowering the
oxygen concentration, stripping with nitrogen gas or carbon dioxide gas is
pointed out.
Deoxygenation or carbonation of liquid foods or biological products by
20 injecting nitrogen gas or carbon dioxide gas into them is also described in
US-A-4,766,001.
In EP-A-0 442 781 it is described that the oxygen content in foods and
drinks can be reduced utilizing ascorbate oxidase.
The old U.S. Patent 2,428,044 describes the use of vacuum techniques
25 for removing gases from liquid foods.
Further, a number of publications have appeared which discuss the
effects of oxygen on UHT-heated milk, and in particular milk treated at a
temperature of 130-150°C.
Andersson and Oste, in Milchwissenschaft 47 (1992) No. 7, 438-441,

30 remark that upon such a UHT-heating, chemical changes occur that depend



on the oxygen content in the mlk. By using sufficient oxygen in the
headspace of the package, it has been found that the free nercapto groups

in the mlk responsible for a cooked flavor are oxidized, so that this
cooked fl aX/8R060180h essed | ess. 5 Also Fink and Kessl SICTANRE05090558 e
conclusion that the -SH groups produced in an UHT-step are oxidi zed by
oxygen in the mlk. The Japanese publicatfon 2004-201601 concerns a

hi gh-tenperature sterilized cream in which the cooked flavor is reduced by
t he oxygen regine. The French patent specification 782 803 describes the

di spl acenent . LESS ’”%%1 L:QX] 0 1 k that is
sterilized. Iérqup}]%&g%?&%%gt%@ggﬁner ?%yggilrj scfg&i%ﬂ;gﬁ%%ér gﬂc af t (1976) 27,
no. 14, Beilheddespacsof theqlackabeyrit has bpen fduddthatiths dase wrddpto @rogan
content in sterilized mlk _are studied by determ nimgjg t he ascorbate

content. Effe@thegnilkespensiblg fana capked; fivor sae oxiize, sodhat this capked t he
greatest inf 13%&8)9%8&%1]6 s%w&t&.ai ning a virtually constant ascorbate content.
e

US- A- 3,065, 0 scrioes e preparation of sterilized concentrated mlKk

products. §or thesleo FiskuadKésatar dofite wiheadnclusionnthaplthy S-SH Edupsi N
connection with off-flavors caused by sterilization._ The_object of the

present i nverpioducedin ay (R siepgre neidiped Lyoomyigentinghe mdki n |i qui d, neutral

products or int oduct i her. 0 _Qqne_qr. re of the
ol owi g advant hETEgHck MLLARGES b0k AGTRIT cbiteetfiSn figh WBefiadd® |
physi cal and/gerililedtfdim, Shabhichithe 2b6kesdhBavorl ik reduded Byree odyigebSregime.
endeavored to |limt the ogperational costs. It has now been found that by

i ntervening in pathq Ergneh patenhepecifjeatioss 782803 Hescaibpgdhe cisnlacamentcnf
orererat iy SHTbhTSRIA LR AN BB R SRRy, o o e
i nvention concer My thetikioby DeclhtdidntDaiticeke Mﬂchhﬂi&ﬁs@haﬂﬂﬁl@?@lﬂpmgy&,t
i ntended for consunption or for processing into a 30 food, conprising
carryi ng out Beilllehemsmittebpabar dhprHIINechangpsofthevsygen eontendo06/ 011802
PCT/ NLZOOSlOOsQ;g%%zeg milk are studied by determining the ascorbate content. Effects of
degassing and airtight packaging proved to have the greatest influence on
15 maintaining a virtually constant ascorbate content.

US-A-8,065,086 describes the preparation of sterilized concentrated
milk products. For these products too, the oxygen content plays a role in
connection with off-flavors caused by sterilization.

The object of the present invention is, by managing the gas composition

20  in liquid, neutral products or in the production thereof, to come to one or
more of the following advantages: an improved microbiological quality, an
improved physical and/or chemical stability and shelf life. Further, it is
endeavored to limit the operational costs.

It has now been found that by intervening in particular at the level of

25 the oxygen content and, preferably, simultaneously managing the carbon
dioxide economy, one or more of the just-mentioned advantages are
obtained.

In a first aspect, the invention concerns a method for conditioning a

liquid, neutral product intended for consumption or for processing into a

30 food, comprising carrying out at least a step in which the oxygen content in



this product is set at a value |lower than 500 ppb. The beat results are
obt ai ned when in addition a step is carried out conprising the setting of
the carbon_dioxide content in this product at a val ue between 10 ppm

pref erabl y WYBE'WEMSZnd the saturation concentration of REI/HSA0SM0e8de in 5
t hat product, nore preferably between 120 and 1500 ppm and nost preferably
bet ween 150 ppm and 500 ppm In a furthergpreferred enbodinent, the oxygen
content is set such that the value is eventually less than 250 ppb,
preferably | ess than 150 ppb and nore preferably |l ess than 100 ppb. 10 In

this description, the abbreyiations " ! ) wTespectivel mean
"parts per bith‘ﬁ dbllgﬂssse.tgﬁ&va&g?i%w%g%aﬁ%%ﬁ&gfatfet%s?r?mlg%a%epb and ppm
val ues can bepéginedWiatlid AdditisRstepks ei¥tiddodk BdnkltBd seitindef thart, for
i nstance, for oxygen, in-line with an O bisphere 3636 or off-line with an

Or bi spher e 3680bomdwxidentontemthisnthds preditet at a-valwe bekweemt0 ophi, sphere 15 3610
or off-line with a | spher e 54. . Upon_an ox n shpck, that .,s. in a

ol tuat i on wndrereRBYGLQHERRe aa 4R6 SarrRpRe YiatEton Phhon Bt 1«
temporari by aghtpidHictOmere prdfBratdyBbiwdtan 20PLRd 1800 tp@hﬁfaﬁ‘f@ﬁb& l'ower than
250 ppb, nore preferably |lower than 150 ppb and nost preferably | ower than

100 ppb, an iprpfesably batweenild0qgine andZ®0ppahi Inya ferthbr prefedrednd hence a

| onger shelf life. Th t hod according to t i pyention .can be i.tably
used for "t hoRbmaL e dieen FEtentdf setamiel at Hirvaldy if Aen gl bR | on
and the appengigd Zﬁl?%ﬁﬂé préﬁkﬂﬂtygéé%dﬁvlﬁﬁ le‘é((f‘ﬂ)n;‘ﬁl?ﬁnc'i %?édr@%rﬁfe&QHE’t leks BRADS

"products with mlk constituen constituents” i1ncludes

mlk, whey, piOmett.e, milk pr otein (in particular casein, caseinate and/or
eI ARCTUT A AL SN R 4 W IR SNl
P e ek SRSy geRL s TR
attai n a WO 3406 /~ahieR02anPeTd dde PMiyte dDid0sd banngr known to those skilled in the
art, for instance, for oxygen, in-line with an Orbisphere 3636 or off-line with
an Orbisphere 3650; and, for carbon dioxide, in-line with an Orbisphere
15 3610 or off-line with an Orbisphere 3654.
Upon an oxygen shock, that is, in a situation where the oxygen content
in the neutral, liquid product is temporarily adjusted to a value lower than
500 ppb, preferably lower than 250 ppb, more preferably lower than 150 ppb
and most preferably lower than 100 ppb, an improved microbiological
20 quality is obtained and hence a longer shelf life.
The method according to the invention can be suitably used for those
products that are liquid at any time.
In this description and the appended claims, "milk product" (also
"dairy product") means "products with milk constituents", while "milk
25  constituents" includes milk, whey, permeate, milk protein (in particular
casein, caseinate and/or whey protein, whether or not in concentrated form)
and milk fat. Examples of such products are milk-based drinks, vla or
drinks based on whey and permeate.
Thus, it has been found that pasteurized milk or a pasteurized milk

30 product, which products usually have a shelf life of 7-8 days, can attain a



shelf life of about three weeks when the oxygen content in the packaged

mlk or the packaged m |k product is |owered, according to the invention, to
bel ow 500 ppb and preferably to bel ow t he above-nentioned preferred val ues.
51t is poW&iWe14892di spl ace the oxygen from the |iqui dl,’CT{gh%"P%{?oofﬁsoduct by
passi ng a non-oxygen containing gas into and/or through these |liquid
products, optionally conbined with interiy degassi ng using reduced

pressure. For instance, good results are achieved by passing through
nitrogen gas, carbon dioxide gas, |aughing gas, inert gases, in particular
10 argon, or _m ' Ofy. .t |ert gases
I's not pref esgl;lfge&tc]j.fé &ﬁgk@ﬁg%e v#e%;{\é%na%ge%ggﬁgéﬁte&ftgéitggﬁag%a}ée[af needs to

be taken intmilkeeaHspatkdded Milk roduttais 16waRAD hedriihgefd thetiaventiogtoar e not
al ways desirable; in such cases, the gas is to be applied in such a way

that in the WelovaS0pmpdand praferabdy tq bglow the abeweimentienasipreferrednsori |y
perceptible 1 htlgreshol d. When oxygen is to be displaced froma product
whi ch contain asfatty phase, it may be necessary, at |east desirable, to
heat the product It dy@sﬁﬂs to amg\m:etﬁh@ xR Eéh RGP thdliqhid Meatradiprbdect it
present in that oduct, in order that oxygen trapped in fat crystals be
rel eased frorpashdg a hpnHxyeerdt eontaining gagine andier thmughcthﬁsebbqwly tably

carried out by first separating the neutral | i qui.d product, i nt o an aqueous
phase and a frépgyctsh%%ténae}ﬁ'dcqxﬁl@ﬁmﬁgyﬁﬁ%teri(nhéleggqsg% S‘H‘&gel,'ed%? i nstance t he
cream fracti Qresdiitd, FEPERAARG, igbod P¥ults ar@atHRIved By pddith@fiu@agh fraction,
for instance the skimmlk fraction, a sinpler nmethod will then suffice.
Preferably, frdtrogeyges,sagbon (digtide gasJanglsingegaisningybgasaseiniparticiBacause in
addition.to fat fractiagns rotgti[? nol ec @(egs have, al so been, found t? retain
oxygen, i i STE8Y FBPRUreS tesedk 1B KEvhe n°°F€5wg]9%PS%P B3 8258515 MF

times, while hetpal WhEn QSHELE Tor RiFPMRe, S4B didMade gdb B nebdsitd Be takdHUCt
nmust be allowed to rel ease oxygen to the fat- and protein-conprising 30
aqueous phasentoEc006tB4t1die spchasibponlqod=iRctf which are not always

desirable; in such cases, the gas is to be applied in such a way that in the

final product this gas falls or remains below the sensorily perceptible
15 threshold.

When oxygen is to be displaced from a product which contains a fatty
phase, it may be necessary, at least desirable, to heat the product to values
above the melting point (range) of the fat present in that product, in order
that oxygen trapped in fat crystals be released from them. In a preferred

20 embodiment, this can be suitably carried out by first separating the neutral,
liquid product into an aqueous phase and a fatty phase, and then heating
the fatty phase, for instance the cream fraction, and rendering it low in
oxygen. For the aqueous fraction, for instance the skim milk fraction, a
simpler method will then suffice. Preferably, for degassing, flash vacuum

25 techniques are used.

Because in addition to fat fractions, protein molecules have also been
found to retain oxygen, it is desirable to repeat the oxygen removal step one
or more times, while between the oxygen removal steps the neutral liquid
product must be allowed to release oxygen to the fat- and protein-comprising

30 agueous phase.



As indicated above, at CO2 contents |ower than 300-400 ppm no

antim crobiological effect is associated with the C2. It is thus surprising
that a conbination of the relatively | ow oxygen content with the relatively
| ow car bon VP eR0/8H8®RoNt ent has a synergistic anti nmi cr obiPETEF2005(00056% ect , at
5 least inhibits the gromh of bacteria and other m croorganisns. Good
results are obtained according to the invgntion with nmethods in which the
neutral, liquid product is selected fromliquid egg, mlk, liquid neutral

m | k products, cream and cream products, cooking cream pastry cream

pancake m x, soya,ml nd .qt her | kgui PpeN} r...10
veget abl e protei nés ‘glc%eeﬁl a%gg g’rﬁ'&{:g?‘ 8‘?&%@?@%’# ?Q%ﬁe@#@&;ﬁé@aw good
results are obh@ihi@@bidlogieall éffdct iy AskociasePFSHLHRNCOL AW i8Bh & badpristhg
veget abl e and ani nal Ol‘lagl n (fruits, mlk, egg) which from the natural

net abol i sm exphati enrabination ithg selativebrelem eryigen cantenireithdhp geladively a

hi gher carbon; di oxhde gont.ent hei .l t. 215 | nei ally, it is
known from Un}otwe g gt(ﬁ "lﬁgg 8%%9%3?%%& %@lg?&éhé%@%&t %)3‘316 nC%? (rag?qrﬁt"tl’ _figui d- egg
products t® aleaepirhibitethé esswilafbattdiaantlothér meeBbAKliymst ated in this

publication that the renoval of oxygen nust not be carried out with carbon

di oxi de gas. AccoEdohyesudts ane qhtainedtaccording tothe invenbipnrwitb ametbedsinxi de
gas is preferred ecause ihe content of this,gas 20 st _be.set. as, well. In
a preferred eﬂ%’b@f ﬁben?e%tlrai’ﬂ]@"‘r‘fg% of; (S 816tRY 06’13iﬁ€lr$ﬁ%%n‘?f’%n¥‘q&§3 far as
it is appliedpbgtril Iilk pERRRtA cPedn? bRl FEahiAbdA&tsOPEodkdh sl bioadiypabbdsgen s

taken up by the mlk, starting fromthe oxygen content of nmlk'in the
mammal  fr om wetteam, tiamcake mixssayist milkexnd @henliguids basedion aninted dywldgr of a 25

mammal has, an_ox cont.ent that is very |l ow the oxygen content in mlk
E deternf%edvﬁ#gﬁ%pdggelgﬁrﬁsem’ﬁiaﬁ Wﬁ‘}%’ﬁs&ga%‘% n bl ood, the oxygen content
is | ow because i}oré P @bREkal OzdoaTRENRPhTL ohYABKEER ﬁé\?clrﬁﬁﬁ%c% Baded@n

content is high. In cows, the total gas content in mlk in the udder is at
a val ue of 4r&wanaterialg ofwegetabls andoanivial vrigom ffirvits.ngillss eggrwhichdromi de,

about 1 vol .9g.0f 30.nj trogen. and, Less Lhan O, L vol 20l QY8%ha 49
exposed to a higher carbon dioxide content than their environment.

15 Incidentally, it is known from United States patent 4,524,083 to
remove oxygen from liquid-egg products to a content of less than 3 ppm. It is
expressly stated in this publication that the removal of oxygen must not be
carried out with carbon dioxide gas. According to the present invention,
however, carbon dioxide gas is preferred, because the content of this gas

20 must be set as well.

In a preferred embodiment of the method according to the invention, as
far as it is applied to milk, steps are taken so that no or hardly any oxygen
is taken up by the milk, starting from the oxygen content of milk in the
mammal from which the milk is obtained. By nature, milk in the body of a

25 mammal has an oxygen content that is very low; the oxygen content in milk
is determined by the gas content in the blood. In blood, the oxygen content is
low because it is bound to hemoglobin, whereas the carbon dioxide content is
high. In cows, the total gas content in milk in the udder is at a value of
4.5-6 vol.%, with 3.5-4.9 vol.% consisting of carbon dioxide, about 1 vol.% of

30 nitrogen and less than 0.1 vol.% of oxygen.



During or after mlking, the mlk conmes into contact with air, whereby an
equilibriumis established, and so the mlk wll take up oxygen. As a rule,
t he oxygen content will stabilize at a value of 8-15 ppm At the sane tine,
a large pd¥?2WPONRR carbon di oxi de diffuses from the mPCR/NLRPOS/O000458 | 5
enhanced 5 when mlking is done utilizing vacuum techni ques. By now
ensuring that the mlk does not cone intogcontact with oxygen- contai ning
gases during and/or after mlking, the content of oxygen will substantially
not rise. Thus, for instance, mlking can be done utilizing vacuum

techni ques, 10 [ ' | S,: | A - oxygen
at nosphere pr evgﬁﬁéwrﬁbﬁéﬂ%@ Slpé)%%:gl"(ﬁ)#%t’uﬁ% iéng(r)] ?ﬁ%t%rvééns%ﬂaﬁrha?%spher e
with an oxygemegailibeiim i ebtabliched, sndastt thetrilk willnekeXaigegygénf Adsesule Nt 0
the mlk. Such an atnosphere_can for instance_be created by bubbling an
excess of noMepEygen cgntentwid abilize atia valueehBdSpny. Atithe samertyne i s
pur pose are 1 - . . SC [ e

di spl aci ng Ox%é%i}grt%;efgcggsczg?ﬁo? 8%%%@ﬁé%§&n%% sg'meéfD gﬁeﬁggé %IE]}?I 5e

products anaewhbh enilkingvik dofé WHizigF vacuum tedidiiaed. ar anaerobi ¢ growth of
Clostridia, is a risk, the presence of carbon dioxide is desirable. Carbon
di oxi de i nhi bi t s Bnhinew ensurslg thiat ghemibk does notstoms nte gonbach with exygenso t he

formati on of |ipases and 2 r ot eages t hese organi,sne. . This copiributes
to an incr eas@&‘gﬁn&%%gﬁg%sa&ﬁgggﬁaﬁrtaﬁ f S ?%%F%fteﬁgﬁf ?’&Tgeﬁr% ct. In
t he enbodi nenulfs@antiilly nof gisbon di oxi de, as stated, is by nature present in

that product. In a preferred enbodi ment, accordingly, steps are taken to
keep this carbon Bhusifercinstandee miking can be|donegitdiring vecaatciechniqRss,mai nt ai n

the m ik Bt Reen PR i i fia 1R o ek i SR Bt APafP Rk the
mlk can be sgisvhdimslintidhedddpResloiHaAR; atleaSPAR atfaospREreSRHtHUIA | ON
concentration is about 2900 ppm for carbon dioxide; however, a content of
up to about 160@epsontentrorogthat substentially agyoxygen didusesdinien theymilk. WO
2006/ 011802 Pgt-ll-clrthéx%% 1%/0%8 eSr5e8canlf<))r instance be created by bubbling an excess of
non-oxygen gas through the milk. Especially suitable for this purpose are
15 food-grade gases, such as those described above for displacing oxygen.
Because in low-oxygen and non-sterile pasteurized products anaerobic
growth of bacteria, in particular anaerobic growth of Closiridia, is a risk,
the presence of carbon dioxide is desirable. Carbon dioxide inhibits this
microbial growth and, associated with this, also the formation of lipases and
20 proteases by these organisms. This contributes to an increased biochemical
stability of the liquid, neutral product.
In the embodiment for milk, carbon dioxide, as stated, is by nature
present in that product. In a preferred embodiment, accordingly, steps are
taken to keep this carbon dioxide in the milk, or else steps are taken to
25 maintain the carbon dioxide content at a value by introducing carbon
dioxide into the milk or the milk product.
Thus, for instance, in a cooling tank, the milk can be saturated with
carbon dioxide. At some 4°C, the saturation concentration is about 2900 ppm

for carbon dioxide; however, a content of up to about 1500 ppm carbon

30 dioxide already provides advantages.



I n managi ng the oxygen content according to the invention, it has
furthernore been found for a nunber of neutral, liquid products, such as
mlk and m |k products, that the photostability (light stability) of the
mlk or tﬁ’éoﬁq%P/RUﬁ‘Poduct is inmproved. Wien a | ow oxyge®CHINLROG5/000558

| ow- oxygen 5 m |k product according to the invention is prepared, a

|'i ght-stable product is obtained. Furthegpmre, the invention relates to a
packaged |iquid, neutral product which at packagi ng has an oxygen content
| ower than 500 ppb, preferably |Iower than 250 ppb, nore preferably | ower

than 150 ppb, and_a 10 _carhon di oxide content . bet n.100 m.and t he
sensorily percept Pﬁpga%&ﬁ‘?.oﬁlﬁ%ﬂ g%Q‘FgBPF?%?r%]@rgct\é%?FB‘Pge%%ﬁ? T-:]ag t he
anount that ifargigireiort Been fndfdr'2hiRber aﬂﬁéuﬁm%ELid ?h@dmé,%cﬁ%ends
inter alia on the product tenperature, and for mlk, for instance, is at

some 300 ppmmik andindlk: rreduptsy thatathephojestabivy Klight stability) of the wilkf i ci ent

to obtain 15 m crohj al gdvant.a €es. consequence, .al so, .l ess stringent
requirenents or g o ( pﬁg,m&r}ﬁ ﬁ?%e%§iw%ﬁ BF : Ré&éﬂ"&d‘a@aﬁlng its
gas barri g RIRAFOILESaRBELIBERE Ehe idvention i prePirelak light-RAMBYrbiE& isSi NCe

sone increase of the oxygen content in the package does not |ead to an
i mredi at e decohdained. of the microbiol ogical quality of the packaged product.

20 Moreover, for those products that accqrding to, the j.nventio 0ssess an
2 e ot RGBT St ASPL LG e fRME L BRfOsSese an
taken to ”eaﬁroHﬁ@t_ ﬁﬁﬁhaﬂepédka%ﬂfgﬁﬁé hﬁ'&xy\génf‘céﬂtéﬂtslb%&e%%.‘énm 151? l'i ke.

That is, no attention or l'ess attention needs to be paid to |ight barriers.
The above- nermieferabilyaldwentthge250mpdi, mare greferablydowar sy 150 Ppbnand faur t her

erbodt Ty B ER OB ShE Sl R AR SR ™ O
Car bondi oxi G Qunt Ao hepily pORGPURIETRoaN 1 the ot Aat 1o NelPing© 11e
stability. They appeined panel mentbes, ther vedne dependicind¢endkiabnfthe pr@dudthi s use is
in fact determ ned the, saturgti,on concentration. 2006/ 011802
PCT/ NL 2005/ 00 rag e, and for milk, for instance, is at some 3(\)/89 ppm.
As indicated above, an oxygen shock already proves sufficient to obtain
15 microbial advantages. As a consequence, also, less stringent requirements
need to be, and can be, imposed on the package regarding its gas barrier
properties and especially its oxygen barrier properties, since some increase
of the oxygen content in the package does not lead to an immediate decrease
of the microbiological quality of the packaged product.
20 Moreover, for those products that according to the invention possess an
improved light stability, no measures, at least fewer measures, need to be
taken to treat the package in connection with transparency and the like.
That is, no attention or less attention needs to be paid to light barriers.
The above-mentioned advantages entail economic advantages.
25 In a further embodiment, the invention relates to the use of a gas
mixture in milk or a milk product, such that the oxygen content is lower
than 500 ppb, preferably lower than 250 ppb, more preferably lower than
150 ppb, and the carbon dioxide content is higher than 100 ppm, with an
improved light stability. The upper limit of the carbon dioxide content for

30 this use is in fact determined by the saturation concentration.



I n managi ng the oxygen and carbon di oxi de contents in conformty wth the
present invention, a nunber of negative organoleptic, quality and
nutritional value effects, such as oxidative rancidity formation, photo-
catal yzed AY¥200&811842avor and/ or odor fornation, oxygen- PAUENER2ESEWSIUr 5
reactions, color fading and volatile conpound oxidation, do not occur or in
any case do so to a reduced extent. In aggition, it has been found that

m cronutrients such as vitamns, and in particular the B vitamns and C
vitam ns, remain intact to an increased extent, which also enhances the

quality of the neutral, .liquid product. 10 \Wen. the steps according to the
i nvention are taﬁ‘éﬁ}a%‘é%F P ge&o*\v‘é#ﬁ"é’é@% digxide eontentt BYFEHPrBINY ity are
obtai ned. Th V. ge ioR€a o ; E@ﬁm be
obt ai ned w tﬁﬁig1 ?ﬂeeﬁirgsgat ?B‘%igltogb? d%l?%ﬁ)f@%%@%ﬁ?%%%ﬁl@%‘é@ ri secgi1 ﬁeati ng
up to a tenpanttitivrabvalt®-effecis, such avexidative rancditydotmatiah, plastbeur i zat i on
step. 15 For that tfer, gdvantages are, al so obtai ned when_ | owering the
oxygen cont eﬁ%t%gsa"é*‘feffﬁf‘gﬁév‘ﬂfaq‘mgﬁb? r formgHAn PFRgead ﬁ?‘%ﬁ%’lfvg'écordi ng to
the invengio p | : e.q | se, too,
advant ageé o?e&e@it%gﬁd%ﬁgpfsat@rléggaI@%Agﬁgggm%gﬁlﬁrr%}%g%’ SP oﬂ&)ﬁéotg@%rua Ity are
obt ai ned. | nahgads®tlo 3o to apeducsd] etteht. Ihidddition, it haslbeen foasd thet t o obtain
the 20 conventjional shelf |ife whilst packaging in cheaper, at |east

qual i t ati vel JRicronpdriegbsench ahvikaging andiigmazticulpgdhe B yibamiag angiC keepi ng
the oxygen copbenhe! QhAAAKERRHN iR asER RN, Y RIAE AR e thd"
according to the Invention are already carried out a e site Wiere

m | ki ng i s dquelitypofitHeknewtvalytigaid ptodust.obt ai ned which 25 is not only of

hi gher quality in _conposition and, mcrobially, but also has a_|onger shelf
life whi B9t presd¥hamihe #erpassording torthpdryerizon arq takemapspeckdly an econonic

et 202 ¢y igh B okl oY RS TR SR b
of ten. VO 2006tRd a5d2 oPERE NEZARN69 65 DS obfadndii kit & thésmbacidnEiesen to
saturate the m |k upon the mlKking step, at
which conventionally comprises heating up to a temperature of 50-60°C, or
even with a conventional pasteurization step.

15 For that matter, advantages are also obtained when lowering the
oxygen content and setting a particular carbon dioxide content according to
the invention take place only in a later process stage. In that case, too,
advantages of extending storage life and the improved product quality are
obtained. Instead of an improved shelf life, it is also possible to obtain the

20 conventional shelf life whilst packaging in cheaper, at least qualitatively
lower-grade, packaging material.

Where the steps of keeping the oxygen content low and keeping the
carbon dioxide content high according to the invention are already carried
out at the site where milking is done, a milk raw material is obtained which

25  is not only of higher quality in composition and microbially, but also has a
longer shelf life whilst preserving the positive properties. This means that
an economic advantage can be achieved in that the milk needs to be

collected or transported to the milk reception stores of milk processing

plants less often.



| east to load it with carbon dioxide to a high extent, then, at the
reception, preferably, prior to the separation of the whole mlk into a
creamfraction and a skimm |k fraction, a degassing step is used,
convent i ondYP$4PHER 4 5 heating step to above the melt PEE/NIGIHSOPMS i e of
mlk fat. This is because carbon dioxide dissolves well in mlk fat and
hence nmay possibly entail problens, at li@ast inconveni ences, during |ater
processing of the cream fraction. Incidentally, the creamfraction too,
after being obtained, can be heated and subsequently be degassed. 10
Presently, the i ls | fur ' . | . fQll ow ng
non-limting examgé.l %%%%nse %‘%g%{ggéqﬁ&%%e?e%%#)éh %%EBP%LEEFG& %[,
whi ch shows tlegstiteduhd $t withsdazbew dibxiidectcd high exteht, theupastlef rddeptigh, to
June 16, 2004. 15 Exanple 1 Lowfat mlk was subjected at a tenperature of
70C t o bubbl invgfesrbly, priorite dbe separationgd $he wheleymitkinte acrepm &xpeiden bel ow
500 ppb were ' i tQr X ) | owf at
EFRAER witkstheBion, b doRRBRAE sHEIs AT, comtSRHEERET 336r

mlk was fill under —anoxrc co rons=rnto no ran: Pes, as
wel | as figl | esbatirighétep t8 Abbvd tled HB1tAE téhpértufeest hilktfaMBhi@ls BYARE _
contact, so that the product then cane into contact w th oxygen only during
filling and tdarbemHicxidhdisgelvesiwell inhmillfat and hrochowmysprssiblpentaik bott | es.
For conpari san lso l.qwfat mlk.not s{ri of _oxygen filled,

noxi cal Ty orbtebfadd atJehqtihedhvefifhitbs; iR e pro iR ke otanst o hown
Variant 1 2 %récti&gﬁﬁbﬁ%lléﬁ&hy Qfedi FRtioARSY, £Ftdr Bdihg db¥fifed artse N0 30
WO 2006/ 011802 PCT/ NL2005/ 000558 13 Exanpl e 2 Exanple 1 was repeated but
the | owfat nhedtedandsmbsegupnilebe degassedvacuum at a tenperature of 55C

| nst ead OJ.fO at 7C’Pr|ege1:[1t}f3§, fh%'ikgt\%ti& %v?ﬁ lbg further elucidated in and by the

following non-limiting examples. In these examples, reference is made to

Fig. 1, which shows the results of standard bacterial plate counts of May 25
to June 16, 2004.

15 Example 1
Low-fat milk was subjected at a temperature of 7°C to bubbling with

nitrogen gas to degas such that oxygen values below 500 ppb were measured
with an Orbisphere gas meter. The degassed low-fat milk was filled under
anoxic conditions into non-translucent bottles, as well as filled without
20 imposing particular rest;'ictions on oxygen contact, so that the product then
came into contact with oxygen only during filling and through exchange
with the gas in the headspace of the bottles.
For comparison, also low-fat milk not stripped of oxygen was filled,

anoxically or not so.

25 In the following table, the variants are shown.
Variant 1 2 3 4
Degassing yes yes no no
Anoxic filling yes no yes no
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the variants are described. 5 Variant 5 6 7 8 Degassing yes no no yes
Anoxic filling yes yes no no Based on neasurenents of the oxygen content in
the variants treated according to the invention fromthe Exanples 1 and 2
after a feWQW&0118% st orage at 7C, fromwhich it foll oREANLAWS/00058 neasur ed
oxygen value in the enbodi nent of Exanple 1 increased to above 500 ppb, it
Is assuned that the nanner of degassing ¥ Exanple 2 al so renoves oxygen
fromthe fatty phase, whereas bubbling with nitrogen (Exanple 1) does not

| iberate, let alone displace, oxygen trapped in the fatty phase. 15 Exanple
3 Lowfat mlk Wafé trefletgd on May 25, 2004, as follows: (1) pasteurized

and, further untr ., tilled; (2) pasteurized and then injected with C02
to a CO2 val ue ofmi&apmomctepaﬁceﬁlﬂdtqﬁé 14w fa B BRIORhE holwodduaabed GadM t h
nitrogen to an oxygen val ue bel ow 500 ppb, injected with to a C02-val ue

of 200 ppm peatueun at ademneraturesd 5640 tnstead obats %L dnAbed foBoming:table t o

bubbling with,steri.le nitrogen tp an oxygen value bel ow 500 ppb, injected
with C02 to atbﬁ)‘éar\}%mﬁ@r&ﬁg%nb%gm and filled. 25 Fromthe bottles, sanples

wer e t akerp davhyianthi ch were subgectegl tom sigandard plate count. The
results of the plate counts are represented in Fig. 1. In this Fig. 1, the
horizontal |iPegassingcts the criyesalnwval uw of yebe nunber of bacteria above
whi ch the proggct. iaﬁ.not storabl e anynore. 30 14 CLAIM5S 1. A nethod for
condi ti oni ng ARPX§EHREheut ral pFBUUCYeS nt¥hded®f or consunption or for

processing into agj&aton ARNERGFEThEsRERY biFbedUontént BPHe hridRR thdhtdipi ch the
oxygen content in this product 1s set at a value |ower than 500 ppb,
addi tional | y saopdingitoghe imverdion frgmothet ixamples 1 and 2 after a few days'

10 storage at 7°C, from which it followed that the measured oxygen value in the
embodiment of Example 1 increased to above 500 ppb, it is assumed that the
manner of degassing of Example 2 also removes oxygen from the fatty
phase, whereas bubbling with nitrogen (Example 1) does not liberate, let
alone displace, oxygen trapped in the fatty phase.

15

Example 3
Low-fat milk was treated on May 25, 2004, as follows:
(1) pasteurized and, further untreated, filled;
(2) pasteurized and then injected with CO2 to a CO2 value of 200 ppm and

20 filled;

(8) subjected to bubbling with nitrogen to an oxygen value below 500 ppb,
injected with CO3 to a COgz-value of 200 ppm, pasteurized and filled; and

(4) pasteurized, subjected to bubbling with sterile nitrogen to an oxygen
value below 500 ppb, injected with CO2 to a CO2 value of 200 ppm and filled.

25 From the bottles, samples were taken daily, which were subjected to a
standard plate count.

The results of the plate counts are represented in Fig. 1. In this Fig. 1,
the horizontal line reflects the critical value of the number of bacteria above

which the product is not storable anymore.
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carbon di oxi de content in this product at a val ue between 10-1500 ppm and
the saturation concentration of carbon dioxide in that product, preferably
bet ween 120 and 1500 ppm 2. A nethod according to claim1l, wherein the
oxygen content is set at a value |owerl4 than 250 ppb and preferably stil

| ower than 150 ppb. 3. A nethod according to any one of the preceding

cl ai ns, mgﬁfqhﬁ;the oxygen content in a neutral, liquid product having a
fatty phaseAt erein is set during a heating step to above the nelting range
of the fat present. 4. A nethod according to any one of the preceding

o oy g ristio Y oA aTRbid Sed Sl psdu RS Kl LoRNREDR B HPY,

gherA ei n :1 b?cﬁxiylgﬁgg am?t ﬁmtprisﬁlg&aﬁ')flibgoﬁiasrehﬁ@iél_’eg ilow};lig_ﬂfheuﬁﬁahg@ cantecium st ep.
. ne accordl n 0 n one .0 e r edal Cl al.ns, er.el n e

voutrar AP B Bt e an 08 PabediaaalY sfmrine e SFHins P eut r al

m | k produgbsn dicxi@eoomad if Haaplodikt QU GhRe bs@kh NQ-156(CFsh aRd el tedtidAM

pancake m x, soya m |k and other |iquids based on animl and/ or vegetable
protei ns, C%eW?I‘P“ ofcarpop i in that praguct, prefosably betwgen! 20ja56,il 600 Rp8Ut r al pr oduct
which at filling has an oxygen content |ower than 1500 ppb, preferably

| ower than 250 ppb, nore preferably |ower than 150 ppb, and a carbon
di oxi de c@nt end nipthofeaspording to plainahdwhdrein shenexyeér gonprat tsegst pttd walegrowet . 8. Use

of a gas % b hd Brdedr il it #al 19y pduct, having an oxygen content
| ower  than %g%ﬁjppg?rpfgwgrabﬁﬁg{omer ﬁ%ah 250 ppb, nore preferably | ower
than 150 ppb, and a carbon dioxide content higher than 100 ppm for
| proving 3j[ he q n(%ertfl)(pd g:'c(())rg{n%%(l) al%/ugilel (;[f)(he preceding claims, wherein the oxygen content
in a neutral, liquid product having a fatty phase therein is set during a heating step to above

the melting range of the fat present.

4. A method according to any one of the preceding claims, wherein the oxygen

content is set by displacing oxygen using a non-oxygen gas.

5. A method according to any one of the preceding claims, wherein the oxygen

content is set by displacing oxygen using a vacuum step.

6. A method according to any one of the preceding claims, wherein the neutral, liquid
product is selected from liquid egg, milk, liquid neutral milk products, cream and cream
products, cooking cream, pastry cream, pancake mix, soya milk and other liquids based on

animal and/or vegetable proteins, as well as mixtures thereof.

7. A packaged liquid, neutral product which at filling has an oxygen content lower than
1500 ppb, preferably lower than 250 ppb, more preferably lower than 150 ppb, and a carbon

dioxide content between 100 ppm and the sensorily perceptible amount.

8. Use of a gas mixture in a liquid, neutral product, having an oxygen content lower
than 1500 ppb, preferably lower than 250 ppb, more preferably lower than 150 ppb, and a

carbon dioxide content higher than 100 ppm, for improving the microbiological quality.





