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WD 2004/ 015144 PCT/ US2003/ 026209 JTJI CE PURI FI CATI ON

SYSTEM Thi s International Patent Cooperation Treaty
woatemisiappl i cation clainms the benefit of Uni Pedus2003/026209

St ates Provisional Patent Application No. 60/403, 594,

her eby i ncor por at UICK PURTFEIATENE SYISGEMnNn. 1

TECHNI CAL FI ELD The present invention relates to a

process system for the production of sugar along 10

wi t hrok rrﬁfenﬁﬁ&qﬂqia&ni C@Hﬁ&%@%a@%ﬁ@k Bpp'lgsahb'ﬂl 6Rims the benefit
obtained fromplant material, such ‘gar cane,

ofsUgied BettsProvisiongleRatent dnyhigationNe. 604%3359 rhefebiy tipgerporated by
r.el at &s t.o apparatus and methods to produce sucrose

ref SRS I j ui ce having a reduced amount of dissol ved
material. The invention further relates to the
conversion of conventional sugar process systens to

I pr odGEETVICA. BEBL? ze such sucrose contai ni ng j ui ces
that have a reduce anmount 15 of dissolved nmaterials.
1. BACKGROUND Sucrose, Cl12H22011, a disaccharide, is
a CoTHe preddrt diventibe edldtes tolairotdss kystam éor tﬁé)pgidudimmf sugar along
nonosacchari de and one fructose. rmogosaccgarl

wath qther Preucty BomsUET0se F?,ntfilﬁln qd trom p atit material, such as,
5%?9 gﬁrfébk r BEett 12 sREARbrdhRLY IR inSéthion FartRdt alafed A apparatus and

gar sieet sorghum sugar pal ms, or sugar
nmmldesto ﬂbéumnmuﬂseoéonwmngsalcprhm'u@d ﬂ@s}uqﬂdaﬁngur&at?f dissolved

) ndent on netic strai
el | BT P TORER i EOHAPoRscpptigge! sugar process
sYHEQNY ) prb e AR 6 Btikle RICRBhcrfies®BEning PEEQahAhakrak weducy amount
or the treat ment between harvesting 5 and
opdissdesl maferizlsong many factors. Sucrose may be
concentrated in certain portions of the plant, for
exanple, the stalks of the sugarcane plant or the
ISuUgaBA®eGROMND The entire plant, or a portion of the
plant in which the sucrose is concentrated, may be
harvested and the pI ant juices may be 30 renoved or
extr %ﬁ{:l%g te ﬁézpa a %iéabﬂh%ﬁg} Oi@t:f"c (ﬂ‘ﬂs 1oﬁeﬂ%ﬁbﬁ‘le that links one
concen oY ucrose ypically, the renoval
gﬁmbgeambnmmfanjdenanésmé ifamtase mmlomhm@l $uwoﬂev®surs naturally n

K di ff bi nat |
KRN TN SR —_——

s&gﬁuﬁx éJ%% Ching, yéﬂ)dugﬁr hE18. TUB @MmoGAINST sttrdk&rodi&sd Wams can be

ne sta be cut ‘'up into pieces having the
dd;mdemdors |tlzeegemtic tstrein, peis oe dertilizagsinghfagiors, evesthep conditions during

f}zgglgg%;edéh é’g‘i{}é l('ﬂs%gs% degreev\q ngcué{y o]fiiﬂ‘e éeatment between harvesting

and processing, among many factors.

Sucrose may be concentrated in certain portions of the plant, for example, the
stalks of the sugarcane plant or the sugar beet root. The entire plant, or a portion of the
plant in which the sucrose is concentrated, may be harvested and the plant juices may be
removed or extracted to obtain a juice containing a certain concentration of sucrose.
Typically, the removal or extraction of juices from plant material involves milling,
diffusion, pressing, or a combination thereof. Milling is one of the conventional methods
for extracting juice from sugar cane stalks. The sugar cane stalks may be cut up into

pieces having the desired size and then passed through rollers to squeeze out the juices.
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This process may be repeated several tines down a

series of mlls to ensure that substantially all the
weugaroisiame juice is renoved. Diffusion is consCuaisem®3/026209

to be the conventional nmethod for extracting juice
Tiiis opsmcé'sstmey rteotepedted Hreveralg amebeiklwn SUWS demdllsvipy epsure that
u?)l [ ceg qL%Ft hi n st r s.called,"cossettes" that may

RisRtiyy #lht éﬁ%ﬂfé‘fam? G IOHEYh of a diffuser while a
diffusion liquid, such as warmwater, enters the

ot her. Wen such counter current proceSS|n%§|s used
abo uDlﬁ&lorp tsr osiderstl torhs the cpmwatipna methed dgsadragiingjuice from

et nat.er| a T | ;
g OB QD sy el 2p BB HTPY Sflca TR, i bl cBd vcossetos
thathfa§ - then! b€ iniRdaedd @%o Ofic aﬁii‘bf 4 QifSiserohilé raaﬂfﬂlklen 11qu1d such as

di ffuser can still be very wet and the juice,
W VRier gnitpps) theether; Wheg Sich eouBhioB R AT HAEGE fped about 98

phfl FOE AHELOREm HRCcRAHRA! SalbodGhltcilll @RI Rioved.  The

press In a screw press, or other type
re@ﬁltmg eaeroset eomsaining Aruakis witeh calisdcdiffusion jofcet"ndire agssettes or beet

ST Bl S0 180 0 SHB B P i,
as%@élﬁt%d'@ﬂﬁ %éfﬁ rb%ﬂ i 148 Bhdef HRRIse. Thiee E&Rbtkds! AWObMIsHices may,

may contain 15 about 75% noi sture. The addition to the
theredfore, bepaswil i atstom pressh@zrcgtb@t tppeskiags, W wWyeezgrs much juice out

r the noi.st nt b 1
ok Soaice MRAVERED o an pAr By Rupel dodifvgg oot vaiue
of b S 210 in GHMe Shids Us téﬁlﬁn&[ s 9iffitver. s Th@ ksahidg pulp may contain

i nvol ves a noving bed of flneléﬁprepared sugar cane,
alpive 6% wastwd Ther asldifion ﬂﬁéh%lplfeﬁ% f of catinRihghargrd pressing aids can

sucr to b t.neo
B P B et SRRl BB 88562 o et s cn
alRb BREgHRYed batdiffesion e anllctiﬁusfwm procpd;salht su@waneahvolmm a moving
bring plant juice into aqueous
n

, |
bed,pE Enely mﬁ%nafﬁd@ga@a%? Pigess n?é%?diﬁw&‘% Seldifisa &“ngg‘i}ila sucrose
tov‘@ei)ﬁ%cheybﬁt Qf"trhgﬁ M anount of the non-sucrose
su

ances jUIce obt ai ned by these processes
can vary and may include all manner 25 of plant

deri'yed subst ances dn pl ant derived subst

i ncl Jgp ﬁéﬁﬁbﬁy{n IEECs; ﬁ g process, Ol BIOSCsTss %1@? Iéleﬁno%fe juice from
pBME I ASal PbABENS P jice SBol aqRdbis l@tEun, aedhltsHI wijhie containing

materials, such as, “fertilizer, sucrose, saccharides

setrbe; nohancrossubsncasy gathiveteand he mefije Ad ameRnisefghe son-sucrose

an C. |ds ssaol,ye
S‘gt}ﬁ adlges glghnge gfgtla@gd\ﬁ ﬂospﬁi&? Cessh %Euf'v{@ ang%z{ (ﬁgiu‘c\le all manner
o€ PBIP ldBrivdd QibstadtddEndUibn- pzantrmgme@ sbBELAnOesS Jinclipdiag bnsnot limited
colored materials, 30 saponins,  waxes,

S, .Qf gune
tq'Fusalulls Swésrisl Gk s, plank 8o S sgiljnagiclesy af&itewl%lﬁ pipegials, such as,
f#iﬁ 60T ncrodd S Jﬂﬂﬁﬁss WP Sfars R0 %@gan?d' %n@flh anic non-sugars,

'y S¢olorize ermal 'y unsta or ot herw se

orgﬂn&r icdse dissdlhed gasbalpnotpme,mae@amg aside,psgamc acidsphesphates, metal
npact the {qual ity
1ons (for example, iron, alummum or magnesium ions), pectins, colored materials,

saponins, waxes, fats, or gums, their associated or linked moieties, or derivatives thereof.

These non-sucrose substances are often highly colorized, thermally unstable, or
otherwise interfere with certain processing steps or adversely impact the quality or

quantity of the sugar product resulting from the purification process. It has been estimated
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quantity of the sugar product resulting fromthe
purification process. It has been estimated 2 WO
waQouk/@didi44 PCT/ US2003/ 026209 that on aver ageComs2003/026209
pound of non-sucrose substances reduces the quantity
thaff os uagarage prmdpmmdr efs nbu-isweyofer &rhstmeeSpmdllﬁffSc i g#pntity of sugar

B S BE uPREG BRI L e pounds. 1 may

dIRTBISUERSE 43LBS laapsiBsn DERRERL Rsh-fucfi¥e GubstRsE \@ﬁarﬁﬂfed Nfrom or
the juice resultln%tfron1the di ffusion, mlling
T

reotolved from ﬁmlm@ e $rofe mfﬁlﬁlp@emf lingn th@h?_ﬂ Iaﬁﬁhods used to
nmat er.i.al 0
reg;é)vg daice gr'ome e ep? g gnfla}téé%%r Fﬁt ggo%’ &gu ur n aﬁl){i M@ﬁl’ﬁma’ce 25-30%
&ﬁi{gﬂ POKitiBS. eRStuY@HquIIC ancarbshation phdss vdamr&lan hr:duce this level to
17 20% however is stil] econom cal due to:, heat

1788y pyoveraik oo aHllsormmiSal 8, 10" Reti ARy ORI gfpter saved.
waﬁg‘yagrlgpo@%]ga&edu%g@%ﬁ%a&qecolv@m@onvent i onal process

Ste mal ning plant material, or the
jUIce(S) resulting fromthe diffusion, mlllng or

O e 1o 5 BOESTDY eH S5u BT b mgllor e uice)
re li‘l'ilﬁ ;&dﬂ?%he ﬁltﬁégonoﬁllu% %@%ﬂﬂa@ ;metRod3iked 20, reﬁ‘l@%‘ Ju1ce from the

ere I ncor porate by reference, or such as thos

pldetsmatetield simh asshg@rdesmm’qyl Iétgyed States Patent Iané, @gé}gﬁ 5,928,42;

s UDRA S BB g B RS oo bR py S
T&Siinblogp B6L884d Carie Sane Muﬂlﬁacmﬂdanﬁopow vAn N (el fa’oal (1998);

ugar Manufacturers and Their Chemists b

"BetSugarChrshnoloayiheflited by dhdu Moiinmis £hyrd Beition gé{%ﬁ qgagqqe Sugar
Hggcil%ogﬁsA{ﬁgﬁ@aq ?\I égmebélue%a? MG RE Rurerd %]ﬁ& é[?eu@wﬁﬁﬁ? B?tJ fmes C. P.

ypes o roc ui ces; prepared from
Chbg Cerj ChhChop) apth E&ﬂtlenl @po3y escéphembyedndarpnm@ddjy reference
process juices during their clarlflc

hgg}n,, 19 eelTYn Vaowy PES pﬁlm@cesg IHsEs: 8ol dgl}gp@g%d from the remaining
pﬁtﬁ%@fsﬂhﬁ& degélﬁéﬁ fropd! Sidth C}ﬁl’)ceﬁéjﬁﬁc%% Qufihy ﬁ{eﬁl dlér?ﬁ‘dﬂttlBﬁ QWrification

sugar or sucrose contalning juices;
ot refindigs sugarsmcdmcmsy shataliizg juicas; sﬁgaswga;ncrgse cxglg’@ﬂggé from such

alon wi th the various co ons, .per,mt a
B dh ctetoss cople T o RBH LR RERRGT CoBu gy D guear o
s@crl)s%v Slon8fwHITRRY VAARS oaibih ot permbifatibhe b3r rodads, or derivative
steps deéscribed herein or any portion thereof, or

pmductanhyregf,.aaplz duving a Hevel ofriwusitiposonsistengswith the process steps
con wi th con ent
RRRRE R et RO IatRs, 8 ABHANY ik, HAE cRbayetion, or
C%&%ﬂéﬁ G @%ﬁﬁeﬁﬁoﬁl &ﬁihdﬁlﬁﬁ eor a(lgyp;er ek iof fprq)dnct inchaking, but not
een renpved such as exhauste et cossettes, | p,
llmg’@dggeammal deqds rconiginigg pknt mgt f@é‘bd‘ﬁ’;‘i e lazﬁs]ubéaen removed

IR 55 R JEIF U B pAGE e fom
pYéRbsy juices;griver gererhted lnsing gdat netetab font whivhijviee has been removed

turbine(s) in order to ke . . .
as a fuel to 01] water fo generate hféﬁ pressure steam to drive turbine(s) in order to make

electricity, or to generate low pressure steam for the process system, or to generate low
grade heat; syrup ranging from pure sucrose solutions such as those sold to industrial
users to treated syrups incorporating flavors and colors, or those incorporating some
invert sugar to prevent crystallization of sucrose, for example, golden syrup; molasses

obtained by removal of all or any part of the crystallizable sucrose or sugar, or products
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30 electricity, or to generate | ow pressure steam for
the process system or to generate |ow grade heat;
weyoupisiangi ng from pure sucrose sol uti ons sucRCa4S2003/026209
those sold to industrial users to treated syrups
derived rfpan amblagses) anoresamplt behgrissacler aldobgkdistilled from molasses;

i ncor.porati sone invert ar r event .
blepepaliteeto 9L R Susay e SR SHe put dgrids (SO
a PRAARSE Seer®abdde6r Bt SRBRMKAl byOhoiBhd siroRRItY sBdr codfaining juices

t he crys%alllgable sucrose or ‘sugar, or products 3 WO
urid eesenti g drypivive ssza0irnaadtog refimed yatefsegan ordrom §ayp(s) which

one exanpl e.bein reacl e: ohol djsti
o TR B SESon i, A s et 0 o
"ReITRIat galYinStik fUhitdd Hingdsingr sthef partsliodHudepd, $22dpfemed to as

a bl eaching. agent ; | uglgter I or gur generated by bo%lpi g
"eyeparaied cane Buerirn denNarthiAracrcan dediral faedy indutiohio ‘F@e a free-

dryv: j.uice ' £ [ :

o, A LD o 5 Gt coe of
protadging; @iiylsd aahé;zaddmearas anescovigar sapetitien paséley tetinpp raw sugar
“unrefined sugar” in the United.Ki ngdom or other

W%;Ptf@nd?e OB psrcent spepesy (g balanogsbeing iplsseh ag.cUifeother trace
eléﬁe{éﬁtg; Bée aehp §1 o r%‘#hA&E kit Tin@ adhdhtell AR BAUBNIGY bhdkd upon

scri ow ng, single-crystallization cane
"ititps” quudity specifred dydhel Nationel Softi iimaAsspeigition being water white and
processing; mlled cane;. denerara, nuscovado, .
orlgt B9 kP TS0 PSFALY WA, WaS “UFD Ainf I AT deing suge
st SiheR 8GR erAHE 5058, brbhf shgdra iee chfbd@amith@ifedhy spraying and
ash, and other trace elenents; refined sugars such as
blending Whitee refined (fugarewithamplagsea wrigh icey bgaligyt Qppéatk brown sugar

"bottlers’ quality.specifle h ' I . .
copPfe ALt B RristotsEPR G i Bho ipcet B MRl B quBth ooy i varions
dNBEREHN fibeHeED 5§ pudieieind finiihict sugaghr 8 posdehmisnd which may

caster sugar, 1cing sugar, . sugar cubes,. or preservin
fusifgapontain SRR SEiGH 108 ofieh chmmials & RReEtakinge 4 i ist is notmeant to

¥ . ¢ . .
SSRGS ARl Pt Gl R USRI Rl g procos
sydepes) bun gather, tithis mémnt dc tpeoviidd b dew ofxatriples ] the segymans variety of

powder ed sugar de | n various .degrees of fineness by
s QQCF%SiSH@t%ﬁ’rIEE&%St@Gt YRGHITRda powder mi Il and
which may further contain corn starch or other
chemcals to prevent caking. This list is not neant to

be | Asican g wadeistoods pawentianal heocpisosicms, waprsh gowigrise steps that

. from cponvent.i onal. sugar. pr.oce 20.sVysS b . o
RS VR il SRR R e s miti. o
oBBPHFHRs (BEd & Yen@fve jGlég Fonp HIQCHIaRt MYRtigINTypiallgt Sportion of the
that are generated. As can be understood, conventional .
insplobleser wyspended matprig)dnisucrosmpetaiaingjsjss depyed from plant material
i ncreasi . clari (WOAS ' i L .
oS5 FRRNRT bt b YorpbipfcaR b Rtitick  §5lalng, mhe resutin
sdredeagsiceiselibnt derivedniiom sughcieeets; Gmexmpiel may comthir dbait 82%-85%

Typi.cally, a portion of the . .
by XnPeight we}{cer, abgut 13-15% %y werzllght sucrose, about 2.0-3.0% by weight dissolved

non-sucrose substances or impurities, and some amount of remaining insoluble materials.

Typically, the resulting sucrose containing juice or juices, which can have a
volume of 1000-2500 gallons per minute, may be treated by the gradual addition of base

to increase the pH of the juice. In certain conventional process systems, the pH of the
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i nsol ubl e or suspended material in sucrose containing

juice derived fromplant nmaterial can be renoved
waagisae or nore nechani cal processes such aBCT/US2003/026209

screening. The resulting screened juice, when derived
jufdeamnays by erised dfadrg befveen ekeutil. epHrtapbows it thup bobetween about 11.5

2% 85% i ght. water, about 13-15% b I.ght . -
o 16 bt L 3EBUP Btle $ESning TRt URCH T in such juices to
A RUCFRSR T BSL ABGAS pointd. "HUIS dtée s oftdidreFai®l RMMUNreliming".
of remaining insoluble materials. Typically, the

Howevart thegubsegnenaise of this termds peij means to jipiicths stepipf @dding base to

can have.a_ valu . 1000- 0 p ] : -
sipen®!Filng JBiog)B: Rl RO 0HR PRS Huh Wil rofer to thi
addEd1L B5 Datd1@s ﬂbl‘dﬁfnﬁh@ﬁ‘ jKaif;Hee.it khoulé riicanmileestovde thiat dmahe various

process systens, the pH of the_ 4 2004/ 015144 .
COUPRIIERD HEIOPBOER SYFIEE & Ay bp ée$ré¥§éa frstarihse bagsel raise pH of
. ) ted
3 AR P 8 ARMBPLLAI o o Ui
Statds Plasme ds cha3 BB0E &,750,288cdr the likesintion exdmope stap ias described in

respective_i so- ric ints. Thj ' ft
BHGHb Rt 03P a0 0 h TG o FIReE SR arent B SutfSq Shi 2785863,
44986591 &M 331 88305 Fod W4, BEAY ik al didihatbBRpBY 8Rp Qs described by

addi ng base to 5 $ucrose contalnlng Juice or | uices
UsisedISpate Pateos dNasr Se66294y 913325 78h 41985 88%r 44182.68.54,412,866, or

i.tion of .base as.” Lmong”. ther (it shoul

s JRAas b et RGO e s Raien R $aleS Patent No.
48986 S oS YBS &Ik, iphad Yefaeatid@Shy dodceibb® By Miitedt States EPatent No.

base to raise pi—| of juice prior to a subsequent )
6,0 bod&sordhe pikespropess sysiems fhat add apiiverapierials tedhecfing) cgrbonation

by .Uni t ed.. St . , : : :
v P deStingg B CRIGERERS PR Nb, 1035 2 ey of g lSnative o
thar Edrivehtidial giice Neocets Qs bB2naiar litiigt &di StrdbeaioRatkesit reference

Nos. 3, 618, 589, 3,785,863, 4,140,541, or 4,331, 483,
heyelygBroomperateg by préenengedereine hr onat ogr aphy step as

described by United States Patent Nos. 5, 466, 294,

4,312,678, 2,985,589, 4,182,633, 4,412,866, or

5, 10Th658¢ of thehderhi Kbasebrinvolved theafipd imatenislpthait g eapable of

.described hy United States Patent. 4,432,806 r
increseR pRieedvied st it S CIBLURY Ipdh B Chtpe e e underfiow
fishfbfseesdal elt dRizelBmb. OPe QD of ke tdim I'iike’ t@iQdBSHIvolves the
systens that add active materials to the final i
smeaifowsstafoprickime of calsiumeerddesyiormes, by heating cglcigna {generally in the

Pat e . 4,.045, 242 hat . an \ad i :
RS mouR i SR Eei bR salf T BficB] it BE A, Brdhred in many
A pRRERRBlR and s6MistLb L4 SipRnsibie be bylciunt hydrokidt €Ca(OH),) in

by reference herein. 20 The use of the term "base"
agagydrnge withihe fpdloving BAFHANS t hat are capabl e of

i ncreasing the pH of a juice including, but not

limted to the use of Iinme or the underflow from

dgp%%féﬁgscggﬁ)'zurtlgjsi@ ~lime. The use of the term

typl y Involves the

The term "iso-electric point" involves the pH at which dissolved or colloidal
materials, such as proteins, within the juice have a zero electrical potential. When such
dissolved or colloidal materials reach their designated iso-electric points, they may form a

plurality of solid particles, flocculate, or flocs.
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specific use of quick linme or calcium oxides forned by

heating calcium (generally in the formof |inestone)
wonoaxygiem to form cal ci umoxide. MIk of |i mePC$/US2003/026209

preferred in many 25 juice process systens, and

consists of a suspension of calciun1hydroxide

%) 9\3 la 1%6%%6: gr d@gﬁg egl?anc%g%yh %ﬁw& & cluﬁ)nq carbonate
J[e?i‘aIseJLoe jéfléé Cwl’ﬁ@h %nctio‘ﬁﬂﬂ’}b \&:$n tah&orP Hradub¥ddté Rrith which the solid

|sso ved or col materials, such as proteins,
pamtlt:las nr ﬂh@:qlajcs:@smaaﬁe Bhig ercwe@I inoreases Hie qm wieighijor density of the

0 nat

peHERs HEEPy AT RAUTE DechiElpn B RNRERT Pyl RERles og moterits
aftl e bty QffropPtdequigar ti cl es, floccul ate, or flocs. 5

WD 2004/ 015144 PCT/ US2003/ 026209 Fl occul ati on may be

further enhanced by the addition of cal cium carbonate

mat erj al s ' l 0 |y r

sub S:[};%tr sutlt%%% Wi \M% %’?H@Qg,o ‘ghélpgl?lttei C %gg ghl‘?}uﬁl? cartBhate, solid
partieRsE, Uﬂaéoﬁﬁam?eﬁ sorcfl@dse mayhthsn mkom%ﬁsteldnﬁor ﬁﬁ)saﬁlenhprocess steps as

d ty ticl t
dessBibrd ol ﬁ‘a‘?‘f%g Sgé?éﬁ‘%n]g’lt A, ’Z?Bargrtos Ftﬂ?‘ig“r‘?lésc é?ss% cfh T %llanﬁcatlon
p?@ﬁédtl%heﬁe%unm 6F Llﬁée% cABttdd fherﬁ’fﬂ}vﬁjocé‘sﬁlﬁg‘c;frh%gar beets, the

il Xtlre o J uice, ‘residual
nextoesay kst ibe mlbjactbd) tad egldsndin dimm@step td ggblhze the sohds formed in

ff?&gglgfal{}%%g%rﬁﬁ%gcg g}aélbglgrégt Q%gmgg éli\lf'lq ggvgn of about another

ng@gd/f 1ifR! By wetdH: biTReRhed jicd (& ﬁbe&@;ﬁm&Mﬁt(ﬁm}feOdjuahty of the
clarlflcatlon purification, or refinin j ui ces

gaémmdaue:d) bydmelp ef oteppasetersoiopteens el 38:51@%@‘368 {Jeatigrade to
lﬁ Hre % L ESLy be subjected to a cold main |imng

abqut 30 d5ercp bFMigads he solids formed in the prelinng

step. The cold main limng step may involve the

addi ti on of about another 0.3-0.7%line wei ght _of )

pr el iThe @o}dum@@ irwed frapemay Sesadhalptanaip H@lﬁlﬁf& ﬁuﬁgefoéegfade invert

I, ) ta t t

s%%a? v\aéé ﬁﬁla @Egr&l gétﬁgteaégﬂ gt %b%(%nt st ﬁ%fqﬁf%lﬁdlf%ﬁlﬁg Hay involve
tidefithes additibn of dde. tonmaseCtﬂerHmf thel ]lm’redj jyice toeineeepse toem level of

be hot main_I|ipe Lnvert
bEiYTER BB LA G $0 EPOHELLS o (LGS HAVES i b iprions pEghe fjgble non-
ﬁ@‘b& L DGs RN Weﬁéohc\(te aff&@ecf B Hretddies aadidiohi Mb&e or lime to
me to cause the pH of the lifmed juice to increase to
decdnaposk. Imfpablectul\sﬁrehotabmuthmmg ofthedinagshiutdem®y gobieverhegmostability
resul s in %Sﬁ)ort n of the sol ubl non-, SUcr.

! eecteRotiomp i soa¥ Rk sy aiish g S qirspiyed mon-

S@ﬁoggggbﬁmsllne to deconpose. In particular, hot naln
[imng of the lined juice may achieve thernostability

After cold or hot main liming, the main limed juice can be subjected to a first
carbonation step in which carbon dioxide gas can be combined with the main limed juice.
The carbon dioxide gas reacts with residual lime in the main limed juice to produce
calcium carbonate in the form of precipitate. Not only may residual lime be removed by
this procedure (typically about 95% by weight of the residual lime), but also the surface-
active calcium carbonate precipitate may trap substantial amounts of remaining dissolved

non-sucrose substances. Furthermore, the calcium carbonate precipitate may function as a
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by partial deconposition of invert sugar, am no acids,
am des, and ot her dissolved non- 25 sucrose materials.
weéRb@risahd or hot main linmng, the main |inedPUUS003/026209
can be subjected to a first carbonation step in which
fileRraitbin it phiysiealgamoralrofizelid andérteds fraint e mhedn dimiad dndmagbonated
juice. The carbon dioxide gas reacts with residual
Jucte in the main linmed juice to produce 30 cal ci um
carbonate in the formof precipitate. Not only may
residual linme be renoved by this procedure (typically
abou’fhega%lﬁgd ywteyprodunét abitinedeEpanihe firstnesrbongtien ateﬁ gnay then be

urfa t.ive calci mcarb t e
subiegisd st et s e JPRRL SERE| GrfinalbP A  alfBing steps,
m&ﬁ’ﬁfaﬁb' %Itﬁﬁﬁtr&ti&lssft@ﬁ CélFombioEiadpRy BQfamtlohl”s&:pe adrdbtBxchange steps as
carbonate precipitate may function as a

6 VO
abp@e 4 1ibed orROMbUSEO0S/IBPBYEHons Pf derivations fhergofato further clarlfy

o S 1 ] ORI proces e

offnGefteled dbbhatthRduice'am t he first carbonation step may
then be 5 subjected to additional |imng steps,
heati ng steps, carbonation steps, filtering steps,

FTErTbﬂ{ﬁF M&r&;ﬁﬁédg]ﬁ{de% "ilif ﬁf?ﬁce'cﬂl 'Féttﬁﬂké}%Yby evaporation of a

separati on steps, I on exchange steps as above
pattieie roff el water combdnit riatyiicld s pméumwem@ally) rreferred to as "syrup".
derivatiopns thereof, to frrthe

p
Eyapogasiophphi2nBeFieR o) fife VRIS S5O0 eé’? %Wat o?lo Q(F%E&I 2" Rt-stage

exfa?ﬁfé't&r' ‘Olis 'tébhﬁl(%% CRRE Hebdis€it i9hh Efficielt @y off ubiag aﬁ‘eam and it can
In julce This further clarifi deIce or "

alpaiccate wagthbie lower lgeadied stepmewhishr eani ba used 4o gsbiet thSnsubsequent
er content .to yield a product conventionally

wat
°WS?‘@VP%‘W8°%§§ Qy%“iS’S Evaporation of a portion of

the water content my be performed in a multi-stage
evaporator. This technique is used becalése it

ef f i Ehetcksagd eprified Hiceare AFURNEAT Be RlaFpdiBtos %‘iﬁ%’?%a?’@i"h may
tygg;g 12 %E))ld |69Vi‘3{1 s 9t ﬁgﬁ% al {ﬁﬁ@c&\ﬁhﬁ& GREn l?ﬁorb‘%@aﬁeﬂ R’ lﬁﬁle&eoff until

seqguen Crys I zat1 on process, desired
cdﬁdﬁldﬂﬁlaeé(ﬁgmdfoc bmroéa @‘dsugan agstals td g;qwapBecmlﬁe femay b@ difficult to

oo AT MDY VBLCELLY L0 60 LBE P

adtidliith 1rf1tor£)ce CRRE FhRRSioAr ©nké q{étcrffs@z'ils Sk &6@nQhe FdGRihg mixture of
crystals to grow. Because it may be difficult to get

ciybtalssandr iesmimng $uiga carc by separaed.o C@mwtmallly, asohrifugesedte used to
c rose .o ar are

stal s of t
spis Qe P vEbs Speesth s of bk ROVl o Ml 4iCto o desired
nfo?s%tﬂjetcbﬁﬁnﬂbé%w ®i packed, stored, transported, or further refined, or the like.
For example, raw sugar may be refined only after shipment to the country where it will be

used.

There is a competitive global commercial market for the products derived from
sucrose containing plant materials and juices. The market for products produced from
sucrose containing plant material has sufficient size that even a slight reduction in the cost
of a single process system step can yield a substantial and desired monetary savings. As
such, there is great incentive to perform research in sugar or juice process systems by the

sugar industry to yield process system savings, by independent researchers and by
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crystals and remai ning juice can be separat ed.

Conventionally, centrifuges are used to separate the
wowen4/0Thig4 separ at ed sucrose or sugar crystals BCE/USk®B/026209

dried to a desired 25 noisture content before being
digteibliets whb aiigthe paidhapoovebpiocas shstemhdhemicafld meldequipment, and in

the like. For _exanple, raw sugar nma e, ref.ined onl
Somfe GBS WS AKNED AR VSO PG AL PR HETR PRFed ot eBipeentage of
e 1.S: L ?R@ [Fa¥ager-Toey mar ket for
1th§ﬁ%$U%ﬁ%Pgﬁg@§F%%EM??%h Sgnsucroggkg%ntaining pl ant

materials and juices. The market for products produced

fro sucrose contai ni ng pl ant terial.-has. s LCi .

o1 zelieREterogEn Goun GRbes Buebs B R eHEcRRae! Syposf Bhntaining
juRle8Blof PErPES PR HREREShRE eanesthisHe@asdifpronéd aporafed at least

desired nonetary savings. As such, there is great .
1Q08cgeats, veadt spepié’vxcfaﬁy withesesard bp swgas hgsls, drerp diage been commercial

rocess systens by th r, i t =13 : :

PIRFEE égite’g%sﬁ% moggﬁaﬁlgg?o §§§f§’n d pg‘% et?}a%ﬂuélggﬁégfgfgﬁegt Megntive to
gd¥ratd i¥ffRo= 88 4ritE Rt sikar b HROOBI00E A Sems] sipmifibartt reblems with

who may be paid for novel process system chemicals and
regayditp therprocessiagiof Juises abtaingdEom plant Bajegial 1KBRIR-ncent i ve

by additi onal paynents based upon a percentage of the

savings within the process when i nprovenents are nade.

5 Howesgiificemeprobleau glithpeavestionsy sugarsprbosssingesystems can be the

purification of sucrose containjn i ui ces frogm
e e AR B S e ok SwbE it ofthe sucros

. ' A MeRFigls. ARWiscussed above, calcium
Cdé%%%@%f@%ﬁ?i&v&h{éﬁ(ﬁg&ﬂaﬁ%&:ﬁg Hgﬂg ar beets, there_have . )
otide ror cminienchyalroxige anays be syldede b jiioe tongaise tthepHh @llowing certain

years, and even though.there is gre ' ni i t . :
AR LB SamE AL oL IRIR gl Floop fRETb ks, Lalcium oxide
isSYSTe AP obtaindd ifirbG 2N tal S Siresliiésidhe alfkot@gai evhich thedimestone is

processing of juices obtained fromplant material .
heaterhimna kilnsingh¢ prasemne ofr GRSerPRiil prrbem dioridegs dpleasggdesulting in
Cgr.ocessl#ng systens can be the expense of obtaining

AU g base, such as calciumoxide, to raise the pH
of the sucrose containing liquids or juice(s)

obtai ned fromplant materials. As discussed,above

cal cAEnshesoRY digeie SafdsiBaamy Btb PP (EPREY HECHTedt Fguires the
p%b%s?iog?%é' T?i'(l)r? 548?,’2%8%&' U PPAP fE (4] Jﬂlclll qg g890bMUesbal, coke, or the

ut of® solution as solids, _
liké,oatutanbe combhisted $o rasd theutempxratioe of she kh caffigiently to release

obt ai ped .t hrqugh cal ci.nati on [ . [
I s D A T S
iBleERAD A e RENSGHe KN hid %géﬁgge fheQuiliend GaldighaRs®rom the kiln

resulting 1n cal cium oxide. o )
must also be provided along with equipment to scrub certain kiln gases and particles from

.

the kiln air exhausted during calcination of the limestone. Naturally, labor must be
provided to operate and maintain the equipment, as well as, monitor the quality of the
calcined limestone generated and also to monitor the clean up of gases and particulates

released during operation of the kiln.

Additionally, the calcium oxide generated by calcination must be converted to
calcium hydroxide for use in typical juice process systems. Again this involves the

purchase of equipment to reduce the calcium oxide to suitably sized particles and to mix
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As shown by Figure 5, calcination can be expensive

because it requires the purchase of the kiln (40),
woioamisre (41), and fuel (42), such as gas, oPCT/USZ®B/|026209

coke, or the |ike, that can be conbusted to raise the
theeneticiesiwithofatéthie dehémtesmafdium ihgdtolkidet cAgagh,datye must be provided

carbon dj oxj de g}ﬁS fromthe linestone (41). Ancillary
toé@ﬁlf mAtan ipmete 25 | i mestone and the fuel
to the kiln and to renove the resulting cal ci um oxide

fromthe kiln nust also be provided along with
equi pmeHy, the umesmmntm ¢quipmeant knd e assaeiated ayith e age of calcium

f.rom the n. exha teddrln cal ci nat
o;piielseg{ca%enl%z]\l& mcg?alsgp ae g 1n§rregvelrs] de'!gl%? I%Ly tuweolve the
ineRS{cAtA &E%diﬁh'é’“f&' the ta'd@m@ﬁal' 12P&No, mass abl@itibnAdsamounts of calcium
nmonitor the quality of the calcined |inestone

hysoxidetveith dwiee, arsib may yAlvesn tmeen@qnéadrﬁxaﬁn%wws@ge equipment
h%’ﬁ?%&ae% ghf‘{%dﬁlt ac%tg sheia gpea%lﬂ Bpﬁlre"ﬂléeon of the

e ca é generated by
cal ci nation nust be converted to caIC|un1hydrOX|de

for use in typical juice praocess s ens, Agaip this .
| vopegier e s HdSEasH PRI B Groigtas of i Use of base in
' férmed wh
RGBS T8 A BT R R B e BOPrdRel rmed when
theitiabe wate lvv1t1001gemeraatds ot alocgamin djdl disdodfeed ingla jwicel diopexample,
nmust. be provided to erate an |nt |n this

W BRECSSEDAET Yes S o NS CAEEIIR Sab PrilfeSdngior purifying

i@ e ARSRRI AlBRiNh chrbbhate U8 8ttel sARl ohHEa, ofte@ERABd to as "spent
Inérenental |y increases as the anount used i ncreases.

hfﬁhl',swﬂh_be pmp@lrtmateht@ the r@@m@n’eaf Emeeaddedh tn fheriaiceo Sippdy put, the

onal r nal bot u
st duf derauel 17 g R B 0 1868 o BRI fenetill Ble Hnount of
ezswaﬁg tiorngedt Quriigethe qanbpﬁatnh std’pa\IlhB Jegbedition linmdmtygbe allowed
capacity or having greater power, or the |ike.
torgrdiariorthe bgﬁ@mu of &br Cabrnapien xessel PFBBESHRA wmqﬁ%nes referred to as

pilﬁ}%uﬁhd"” 170G R fbeb?e??{ra'té?l b APSERY KGRk it §5Blate and
Asystels “can I Sposa XCEess ase or t product
framierpRebs TR prdiduet ftﬁmed liscthet salledt himerqgiell. c The ﬂldE ake or lime mud

|norgan|c aci ds dissolved .in the c For .
AR L Wb F B pPIATEG B LAt By e b, SHERED Ghner organic
o tnfcﬁgauh@ n?elt%f' &Y iva@r. OTheRb Isbparhtld précipifes ilgeahﬁﬁﬁuzﬂﬁvaﬁf handled

um car bonate or other salts fornmed, ofte
sepafaely ecbnh othes pfosmn;ystilﬁ wastes'and wialy) fop @xgmp;lpobq slamigd avith water

o o g o B LR Ao b P g B

generally the greater the anount of preC|p|tates
formed during the carbonation step The "carbonation
| i me'Alienyptdly, thel eaxbenation line.t lime tud, nar Bwet eake oFant e recalcined.

H[Cogvreg/grr,] %flelz ggst %%Sasr% alglgfn@ 148 éﬁﬁaﬁle p%nﬁﬂ&?lt éc{ﬁﬁﬁnérﬁftg réc@ﬂ%me spent
lime can be substantially more expensive than a kiln for calcining limestone.
Furthermore, the quality of recalcined "carbonation lime" can be different than calcined
limestone. The purity of calcined limestone compared to recalcined carbonation lime
may be, as but one example, 92% compared with 77%. As such, the amount of recalcined
lime required to neutralize the same amount of hydronium ion in juice may be
correspondingly higher. Also, the carbon dioxide content of spent lime can be much

higher than limestone. As such, not only can recalcined lime be expensive to generate, it
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a "lime nud". The Iime nud can be separated by a
rotary vacuumfilter or plate and 20 frane press. The
wonrodwasi4iorned is then called "line cake". Thecriuse03/026209
cake or lime mud nay largely be cal cium carbonate
caﬁfa%bi Rybiaé thebuse ofaybstdmially darpai gus sugduit andeduépment gamiansfer the
|nor anic matter, or wa These separat ed
geﬁ?@&ﬁ t16em Feealginipgssea| @w g5 gF o V10 APy, to move the
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Furthernore, the quality of recal cined "carbonation
lime" can be different than cal cined 30 |inestone. The

pur i AMotBbr SighiFich@chrbbismst/ it oo duge precasing Systiems may be
carbonation |line nmay be, as but one exanpl g,
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mﬁrle fneﬁg'aﬁr?oqm} O DRt JsBh if ﬁgdcg c@?jragcs Uhtle Bect of this problem

ronitimirton 1n julce my ndi ngl'y hi gher.
méir%@ thath ereais olimiti to xXhel emowmt afindr refe apemich [lineecandre produced or

prggégdgghg?pee{pgﬁggsgesl %’Eﬁ;ég Pﬁgu@%d}i;ﬁg{e, estgr%,l ¥r§1 6\%3 calcined to
p%ggéej ?&é&é%ﬁ@éﬁ&%@ 3182628 BaseGa Fuie §fbcéé%ck{3*lstéﬁlst rIﬁe amount of

use st ant | arger gas condult and equi p
lmne prodnede mayh be @am@r an dyy @vElabiliyn ofe ligicsione.nkils pfén@cﬂy, fuel

NI ET NI T TR e
systdf® may ir$ Baseet BRY sis) Rid, lok AEnoust 6 fh@dﬂﬁd gé)rﬁeratra)n equipment,

ponds, "landfills, or by recycling, the eater t
am@bhtlalmr, ori the like.i Anqtéar asaeca ob Hns proflear coy lefcfgétsthe amount of lime

ener aI
530 ALl b7 RO Gl ARuS DO Bt s o i

pl"Mcésh syBteMe Nincessdd Sd¢QeTbaps, Guels as tiges mmﬂm regyirdthe k0 of larger

an increnental decrease jn E%ocess syste hroH% gg ! ¢
C@ﬁam@@pbar@% FORfREs, &R the Hke fepagtam;t 8 f{h¢ ggne volume o

#Eount of linme used in processing juice(s). One aspect

7% this problem may be that there is alimt to the

amount of or rate at which |ine can be produced or

provided to ess As .di scusse

Pl e oot figsthoge: apERn it v g R R GaRE R fams may be

e}?deb@ﬁm&sowitﬁfn lﬂa?rﬁ n?a‘%er?&l Baf@atbdplish 6 @xRAQIRDT tiiyjslk@liBice. Organic
he anmount of l'ime produced may be Iimted in b

aradaad;tadsr a buﬁﬁemfg sryrstfmlsmothe acidihage equpbbtivy of fthgplant cell, in order to

maintain the required pH value in the plant tissue. The origin of these acids can be

divided into two groups, the first, are acids taken up by the plant from the soil in the
course of the growing cycle, and the second, are acids formed by biochemical or
microbial processes. When the uptake of acids from the soil is insufficient, plants may
synthesize organic acids, primarily oxalic acid, citric acid and malic acid, to maintain a
healthy pH value of the plant cell juice. As such, juice extracted from the plant tissue will

contain a certain amount of various organic acids.
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availability, or the Iike. The rate at which |linme can

be nade available to the juice process system may
woanos/bsised on the size, kind, or anmount of thecriuse03/026209

generation equi pnent, available Iabor, or the |ike.
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RN e i
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certain anou various organic acids. 10 WD

b DeutAOLB trise ATy NIE26 e joive tondesireddalvei on to this
naturally occurring amount of organic acids within the
pl ant tissue, acids nay be forned during storage
pri mambthér I%gn{ﬂ(ﬁﬁpﬂoﬁlenpw\ixh&ﬁ)ﬁﬁéntloﬁﬂdugar pletesingrsystemy may be
pl ant materi al may&generate | ar ge ama
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AR pafilld o ip BicAshiRioR0 OB, Al RaHSnic B

Another significant problem with conventional sugar processing systems may be
the formation of scale in containment vessels, such as, evaporators or sugar crystallization
equipment. The calcium salt of oxalic acid often forms the main component of scale.
Oxalate has low solubility in solution and that solubility can be reduced as the amount of
calcium in solution increases. Even after juice purification to "thin" or "thick" juices

there can be sufficient calcium in solution to force oxalate out of solution. The process of
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organi c acids or inorganic acids within the juice, the
greater the anpunt of base that may 15 be necessary
woaowmisk4t he pH of the juice to a desired val BET/US2003/026209
Anot her significant problemw th conventional sugar
re{ovRgS Séalg fﬁimsttlﬁ‘rsunMS o eqtﬂpmenplcamtben@tpen:’;iaé Sinolmding, but not
juice(s) treated h an{i nm cr obi %hem clal S

g ave .. .

lifyiteeh éo, ‘aetslue s PrANCIPh SlovGRIRE 28 AIAICIRY Ihse Ang regiction in
sul fur dioxide (SO2) or 20
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or interrn'ttently to help <control m crobial grovvth or
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juice purification to "thin" or "thick" juices there

can g ot fsigh Etﬁf&h@rﬁ@bm Wlﬂhrbo‘ﬁ%mioln!lnsdgﬁr pREeBIngXFkieing may be
out of sol ution rocess of 11 WO 2004/015144
tlra@wgasm@/smwoélssql@dogqsm og ethes mraietals pduble, iy gcedsygh as CO,

pnent can be
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ekfrddt&d en @iffdsﬁﬁlsﬁﬁce @ky tnb’etd thaunddnd Ipossabletﬂa:ealkwfeddbimeve toward

life of equipnent. 5 Another, si nlflcant robl e
cqwHrEmEy @%omawreg? SRS RgPhs R TR HES Bh SeJoHeR Tixture of

pglftla[ oQntes! 6f gtta &’ ¢& Iﬁéth'hﬁﬁé ' s%bseﬁy'c@ﬂ%i‘lhoﬁ:ﬂ sugar process

proc ses used Btai n jjurce from plant materi al
p@ﬁﬁc:&idner Aar suchg dxsmlvabnmmmts that ceulﬂrm&ﬁep dtameferred from the

Wth ect to diffusors ract ui.ce

csftpsd B0Vt (B A0 Ry o afnphER ol ekl hivture of

g%?e%oﬁl'%fe%? reditdlg f):i}ﬁa c368tdd &r @bndngafioD6Lthobd dissbl eelimaterials in
e alteréd or reduced during the diffusion 10 process.

twm@ﬂfueuonampeor@mem to Ieirectby mt@bntﬁﬁyomdwalw cpnmb@tenl%}ycom unction
a.lac reco nition. that
’P@’PEHFI ’f‘éﬂ‘ 8%‘-’@86 3 %‘ FIPiGE thfrlce tr om?cgu % 8 pH of the
@E@sﬁotﬂ'ﬁh@é(‘s)abnor to or at the time of performing pre-liming, 1mt1a1 liming, lime
addition step(s). Lower pH can result in the use of additional lime, as described above, to

achieve the desired pH of the juice.

One aspect of this problem with respect to conventional diffusion of sugar beet
cossettes (or other conventional methods of removing or extracting juice or material(s)

from plant material(s)) may be that convention diffusion equipment (or other convention
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alters or reduces the pH of the juice obtained

differentially. To the extent that inprovenents in
wdizbdagsiam t echnol ogy have generally resul ted PAT/US2003/026209

increasingly lower pH values of the juice obtained,
equip@sent ap@hﬂbabmes onexdravejuieds: dieaahatenily frbmoptanttieaterial(s)) does

| ut ded by th
Dk PERHA OB AECVHSD I R gRr RS Hir DRTGER s BASER fice or
cgﬂést EdtRai t:%&ractteﬁ% P | ﬁlaﬁyﬁﬁe@ﬁﬁﬁsandjt&%‘é%ere or other

ases, or er materials soluble in juice (such as
selscRed omrdes@zi mtmaxf@aw; toallommta@uals edjm e diffusion juice or
t s or add

o S S0  ROBRD, FEHARE B o

c@"hi&%{i the® WOME shBwaftfhlly a8didel thE icsMtcdkration ©Quidt Bfasdrials in the
at nospheric parti aP/ pressures or a selected

juisiexr otter Gfuidp aentpiaingsrdrgetad esregrovgdaiant eicHAlst o
pre-limng steps in conventional sugar process
purification. As such, dissolved materials that could
haveahe®er bﬁp%ﬁﬁ belie (i)rélﬂ&m ibe beetkbtr eatventjorrak lmgzafcbeebdlfﬁlsmn
di ffusion juice(s) to the atnosphere or  other sel ect

mﬁ’qhmi@preequprggmdg%g@er @q@p@w‘l SRR élS?S]a {IEmOVE Or ex ac{j juice or

otREES Rt §s Pont Hi q%ﬁﬁgxtn?% Qfoe§ % &rGHids Yu¥Rent re-circulation of
rmterlaSIn USI jUIce remain to directly

at@osphidrioupatislopessures |ararth¢rysedﬂ¢tﬁtdr pastielepisysusenpliseses.opvithin the

ecill\fﬁéf?ler&te’rgﬁr q?ﬂr? da{)agk eﬁ%oq%%s ?nglﬁ'n etsgi?cﬁru' Cgﬁszdncentratlon of
dﬁséUl&IQl( fhtdial O thO j@be @k Je lidui® contaR@id eXtRAcREl or removed plant
pre-limng, initial limng, |ime addition step(s

mhtevie} theHcaapotewgllytbei eouilfbeated svith the aantiel pressures %ﬁegaS%t%presented

at; tEF G I ed abgeﬁégiz %o Pe leﬁ' %%ng‘éaf%mel) dtﬁé fléesgl%gg tBIfltlatl h&: possible

reﬁﬁ&‘i’cﬁﬁbf PR redlicioU Siatstialf irs ugadiffieivh JuGIQSSIthheS l(qord containing
ot her conventional nethods of renpving.or extract.i

extuctad Qﬁrrernamirplmt(réateﬂ#lr Smsptta W%@%hl@% )2 C%Rle'iséq“ﬂlbﬂum

ttgfraq:/ré a%@%ilgfé@%r%g Iggg%% %%Eﬁg@ @[1@?%51%%1‘%06 and the partial

p@@smwmhgasbssﬁdsoﬂmldh@fevthr dows et fu}'theraedlmuontlh @pncentration of
material s from pl ant terlal§‘ilsdt$lhsf .not provide,
PBregicing materials, qm& 508 22565 11 e AWML e bet ween

the diffusion juice(s) or liquids containing

extracted or renoved plant material (s) and the

at moaplidrde aspeet of fieis preldbmcmeyi her thde sonvedtionat tsuger bget-diffusion
a}ses to allow materials d{dSSO ved | t he .di

f
o3 o5 TR T Pt aeTveibs BanBEiehl ol Haiids g %' remove or
eit?dé@ylﬁée B} 8ihkr HRteRTalsadrSm RO ReriNWHHaypbe tiehtid dibfubiomjuice(s)
that "woul d substantially reduce the concentratjon of
arsundt wmiredr sudficiently toallojvythe esngire yelyEe, (oF gusufacient volume, of the
%ﬁlgicﬁ{e ?111(2 Bgﬁtﬁe f &%dgéog?ao ée&tﬁlzt%@tornﬁe%\ﬂe&”ﬁant materials that
cariveRttooalredicgan ihgdt i Mcfvustbward equilibrium with the atmosphere or

other mixture of gases presented at the liquid-gas interface.

A fourth aspect of this problem may be that conventional sugar beet-diffusion
methods or equipment (or other convention equipment or methods used to remove or
extract juice or other materials from plant material(s)) do not heat the diffusion juice(s) or

other liquids containing extracted or removed plant material(s), to a temperature that
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10 net hods or equi pnment (or other convention equi pnent

used to renove or extract juice or other materials
wobnramwopsiamt naterial (s)) does not provide suff PCTRIS2003/026209

re-circulation of atnospheric partial pressures, or

su(ﬁﬂidientlys etducese thep aolubidity mfeths udiffusion jyisesy, other Hiquidsheontaining

crciel oF St Ben Trer g ce Al S arrnon SEBH yedpeing material

toMROR! todardl,Nort étﬁll]i&ht%ewﬁ{ tRé RBAcehtrftidninC MidtpRirtid] R@essures of gases
extracted or renoved plant 15 material that can

prmnmdt atatheylipd-gguiiinteiface: o @ vehthenpoiplapf icapiliprugsifchsthat the

coggerrg@?log Of B a%eﬁﬁg\l} at at%zﬁli Ss g:%rci l#ée géﬂuged( 0 qflé Ql%ﬁrédo ﬂ%?ential or

pdRSISE ErRentfABUC b ﬁi@v@&ox@dﬂd rcﬁ:dzlqﬁﬂ]lbmtmmr llhalpartlaih pt‘dssure of gases

diffusion juice or other liquid cont t
raoni g S it 8t (B T ARBLToa OF AR (he Potential or possible

okl N GPABRhEA BAMARE! U Det ween {he
pressur of gases presented at the l'i quid
|n|terface and the partial 20 pressures of gases in
sol ution prevents or_slows the f reduct
conc ot rig et b Farh g raianslahen RO OR gilergs may be
thgtaégxlsac{eﬁ dr Iaffﬁg:'l&f H#5de@ atdU1fRredAo Ittive dowa @G hilibtiuid) bf equilibrate
roblem may be thHat conventional sugar beet-diffusion
Wrth,t hbespdierie qpartiake rresganes oot edthero ikt of @gies pheving op higher

C%?IBT?’[%QPSO %?‘%Fﬁ%bl{:%%?rﬁlﬁgl}aés t}g? Pg%;beﬁpagse%{'gd ﬁ t?é lﬁ“ﬁ[&g fof the j juice

additfdodfsl ORs) diffG86:S Juids or Beter MauRE ufdiding @Rirhgted or atthowed plant
the entire volune, or a sufficient volume, of the

mgietinLigiod the ssnhd@hfdrofotaﬁeesnhp@@ B#cE 8h P@%W@“@)& (ERGS @ increase.
AY 8%16 tt evc?o%cgnt?a]_l%{l rg?t Ss(es %{r %tﬁep g{atexﬁ%nth% é’dﬂtb% &1&01\}33 1nto the juice

equl rrumwth t
(1}?61{{&1%@ bt Qotkimited Iﬁele'ﬁeﬁlﬁthﬁgE mafergmé amypinasest asdthatd1ﬂﬁlse0n juice

d f f
ccp)lflg %@h\?&éﬁ}{lg}% %{(ﬁggleecsgiq}gﬁttyl og ﬁrg]tlcr)]sgga\gcre 8§é g{cr%t?clrsf a54iffpsion juice
cﬁ% jﬁ’g%s %ggfﬁ&%éﬁ atoRf 58RIl abb APl dueidg %Wﬁ&pﬁb a range

( renove or extract juice or ot her
oﬁﬁdmpelrah& bestmlplahnmt 208Ceta 307G prioddo it preetimingher liming steps.

géésﬁllf%s'gcgg %gslg%glsﬂ) 1ad| &tﬁ%js%#gt %f!dgj ?850 %?l%’gl mtur% of gases having
sfBERAS ﬁrﬁil%t&ﬁ@ﬁe of O MO AR HaAdier SACOTH/ thiSRAEsGPEHDS) increases

sufficientl'y reduces the solubility of the diffusion
themoneermatlon o€ CQi iguthel sllf@lfm%umerrglaﬁés’( fo thet @moynt present at higher

nt_nateri al C -at |
teﬁr};qeraénérggl hﬁe ﬁ%cir%%seglcgnc ‘gcgatt}r(%xv@iJ ¢8 If%l% (ﬁ;frfﬁ%glllij ﬁazgmg% reduce the
pMi bhthet fugceC ORGERichatheOifcteasddneonpaitidtioh ¢ff €6s wr esthaf gases in the
ases presented at the liquid-gas inte {ace
i

ditRsiopcitine TBY ERqITF iAdiam of I FRO MO e EEAE SHbseghent lime

ad] 11:15)1J1_| é’é‘? ﬂg’lglk%g]i &ﬁ%ﬂfﬂlﬁ%%te%@[b Rfidveduesited & deb&sary pH.

Another significant problem with conventional sugar processing systems may be
that the partial pressures of gases presented at the gas-liquid interface of diffusion juice or
other liquids containing removed or extracted plant materials to be effective in
establishing a concentration gradient sufficient to volatilize, move, remove or otherwise
transfer the necessary or desired portion of materials dissolved in the diffusion juice or

other liquid containing removed or extracted plant materials to substantially increase the
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possi bl e concentration, or nove toward or equilibrate

wth the partial pressure of gases presented to the
waqasodoisuied i nterface at the rate desired, or BCTHISE003/026209

potential or possible equilibration rate that may be
pHIeSithe diffisicic ftigy edredhbe Arotdieentsitioni dfi o medywingh matarials in the
W th conventional sugar processing systenms may be
diffgien gies act ed or diffusion juice(s) are allowed to

nove toward equilibrium or equilibrate wth,

at nospheric partial pressures or other mxture of

gas eBhchareseny imvehfighprovides ageint peicessrsystenpidvekvingchatly apparatuses

materials that may b resented.to the surface of the
arplapodsbatiaddisg ach CRAAGAIEH GO Ot B0 hor
l'iquids containing extracted or renoved plant 15
material cool the solubility of atnospheric gases or
IIbt heDPISELASWBEJDF FA¥ENTIQN | ncrease. As such, the
concentration of gases or other materials that can be
di ssolved into the juice (including but not limted
t 0 phbdoR@HEiyNd BrBAE®bbRESHf BRYinvetoaasa st pwvide a juice process
di ffusion Juice cools. As but a. single exanple,, .
systsimulei geneiataoprogueHd &pmewcaoswntﬁlﬁagel&%@ %{duﬁ% phfaingd, from plant
| Ui [ofe]0) f g : : ;
mighE OBt R Lt B RO AbiagHi Qo conventionsl
julRrmefghupcbst erm(@boNs s2dCtlicoin3aEiqr carprovidehea entire process

re-limng or lLimng steps. osure to atnospheric
B o e Soueb B, S g FRARE hm sucross
cd?ﬁa\{hiﬂg 1iqﬁl%{sf ‘%E%E‘%t@'t ARRESHPAspPESTIHIE Brédd ket icn klt®Wrovide juice

transfer o o the juiCce as it cools, increases
probess caystean tuegtiddsnconipagolr vitht deavetitionak judee puistgar process system
relative to.that. unt pr.esent .at higher
metiader Auioolis ek e RLBUER PEnddiPSHPEsiopt and prpapstos that can
bd i T fddsd B, idbiaes, BRYnIERUERVERDNAD ndithadlk dddeappatates used to
As such, the increased concentration of CO2 or other
pyasss su¢mse ¢rmtaiing ligyids ot jui¢d®. nay require addition of
greater anounts of |inme during subsequent |ine
addition, pre-limng or other limng steps to achieve
a degi k@dn@broRT 66l Wi it irdentidie carsitgedice aht qostobf gemerating

wi th conventional sugar processing systens nm e 0
produets tfam (FaFrope (coptaidig, iguids for GHICES @séﬁ?@dg%&li Hg’e“ of the

iq%%ﬁﬁclﬂl G 6 %@I&Eéa@g ?ui@ T Esfsutﬁfo%?hﬂnﬁitﬁﬁ Bhy be! fMSkhole or in part,
I'quids contal ni ng emneeg or extracted plant
lifdee by alvsildbilityefdbses stidhvas & reduded tasildbilityrod liznestone or the a lack of

concentration. gradi ent sufficient fo,.volatilize VL, - .
CHBRIY & %crnvsﬁﬁ%g%?% to Ffﬁﬁ'@? gyidpyy ¢ %E‘é"s;gfli}tlh_sli a%?_sé{? f Zhjs object
cAPBS 10950 lie TRLE! dadlngs B S6RIcHRANE Bmbhi@ Fiblabd)Shélad 1h€,8hat has to

or other l'iquid containing renoved or extracted plant )
berasedrtb pracespswsndss caniainang Yquideergaise inth @rodpgtsyg. third aspect of this

004/ 015144 PCT/ US2Q03/ 026209 H t .. f usj
° JGFtc%Pil?e FEaRen tcﬁ%on o cé%?%tﬂilégﬁmgpmpgfr‘@g ic ng?a@ed, such as a
ré@REE6 A the biolieof sPérdtfited. on j ui ce.

A third broad object of the invention can be to provide a sucrose containing liquid
product or juice product resulting from use of the invention. One aspect of this object can
be to provide a sucrose containing liquid or juice product having a reduced amount or
reduced concentration of dissolved material, such as aqueous acids, volatile organic

compounds, dissolved gases (e.g. CO; or SO;), ammonia, or the like. A second aspect of
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The present invention provides a juice process system

i nvol vi ng both apparatuses 5 and nethods that address
weaali/efi4t he above-nentioned problens. [11. D BCLOSkRE026209

OF | NVENTI ON Accordingly, a broad object of the _
thisrobgmnt tanbewnpoeidt @ speowd cetaning ihqelc{mrdu@g produgt Bythasm higher

to generate products from sycrose contai Qi [ Lauj . .
b vald Ak OIS HEGP R PRI Wi g el SR L BF s obiect
cahMeSto Pr@Ade 8RILGBEe EdtfaiRBgIRUIT SVjulte prodiRt Rt ha 4 WightopH value

conventional juice or sugar process s¥stemc§). As
aften tleatment i pcesndangn vatintheriavangen aithont theasgraf @@y dase. A fourth

syst i ncludi ng.h :

o5 T B 08 tR3L rBRRAL B30T A8 of S procuc i
hdsW BfsheApBleeRmdwasP as tanunt bf dadey sach abjlies ocdhe bed¢rfow from
provi de juice 15 process SKSt' m et hods 8§ at.i bl e .
copventionah PERePIRE oL j iticee obrthe Jiksy hpt Seek @ ?rfr’soﬁ"é‘m to treatment 1n

SWi ioh. ORJ i i eY BRSVide a sucrose
ac%{dﬁlg% "sYF@B%é ghn Hﬂé%lpagat usaipﬁgf()ﬂctgir? %&? %ﬂrp;b her quded
con@aining pliqude , produdtroati fuicec prodant: ithoh dias netrbduded avagacity to generate

apparat,us uysed_ to rQcess, .sucr.ose. cont ai ni i qui.ds
RB ot S0 SreB BRES BuBLEH IR uSEBL IR e s
cdn®finih® 166 uicBBroRiet thaf reGARRNEE bAE tolthiesl ety fo Disired value,
sucrose containing liquids or juices. One aspect of .
isoelestrizbjfems dissdlvesl niateriai(s), operfoam preliming e Bake linipg esteps m
rocess. t hroughput that may be, N '
o558 b0 A2l Wt A froducs fom

S@Y&Elc@ﬁﬂﬂiﬁ%ﬂ_i@ﬁdé érjamk@ne or the a lack of capacity
to convert Tinestone to calcium oxide, or the |ike.

Anot her aspect of this object 25 can be to provide a

cost ,sayi ngs uGi. ! of.. 0

e AR Sl ph ARG 4B PRn bR gt Ao and

afparda fiad geduice tieden@unt ot beeentritionprfaiiksolved méaterhal frdjuice obtained

aspect of this object of the invention can be to . "

frpracitjee mpaerial by By SHioRplgtise GEFSTIGR BEpoedyrey,Sugh ag pressing, milling ,
bh O ﬁfmﬁj {orbVi n2%hd fYedbing the amount

O{)(?gfg\l(gj%gbj@gg% S‘%‘{w? e |nv%(%%?tgﬁ§@apr{b%lg€ £ 0 provide a s .

oS deicesatimn bAidiisolyed ingptenial witloot dhe edditign f hasedugeessitating the

a(iq%sl(glll t@%l?agei orr%nwlfl %(g gl%];aélt(lgi%giﬂ?ﬁegetai 1§ g%(:‘,ogézls%%ﬁ ?f; ‘%l%s?%bd'ect can be to
p}r&ggiéi HnRihddUh&can el Tphayicﬂ% gorfjestitioadvigauntenthe addition of
u

ced concentration of dissolved material, such as _
basgUecinsTare| adgtaining diquids erigines do rediepdha@gougl 5 gpRcsgtration of

oSG et PP B TR G st L O s
tHabiaSsi@bji Gbduwaiy bR drBout ot dacentstion efalisohviedimatagals in sucrose

liquid or juice product that has .a hjgher . pH val ye
coiteiBing: s ABCY. n A oBHRRES ST OPISEL FMROIBSAvIdRa methiod of

retdtﬂlicfng G3Reda A atdriH SinORIcRSE containing liquids or juices compatible with

conventional juice clarification or purification methods, including but not limited to,

preliming, main liming, ion exchange, or filtering, as above described.
A fifth broad object of the invention can be to provide various apparatus and

methods to increase the area of interface between the sucrose containing liquid or juice

and a desired partial pressures of gases.
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can be to provide a sucrose containing liquid or juice

product that has a higher pH value after treatnent in
weacowrodsiace Wi th the invention wthout the userPof/uaz3/026209

base. A fourth 5 aspect of the invention can be to

pr ovAciixth wuad object o thei invenjioni epui ke tor pjoyideevasioys @pparatus that

. that has a higher. pH.eyen when. an_ anmm .

ke P O EHE HGHEY DT DS LB VCREPO ALY uice obtained

M QERS Shateiff Orél £Bect OF tHidBbjkitkean beas phakede apaetusioiintroduce a
to'treatnent in_ accordance with the invention. A

mitirerpfgapescintafuieeniospropide @rmixad sieam Of jyies copapysing the juice and
sucr.ose.__.cont aini i.quid product or juice product
m?ﬁﬁ?“%é@ﬂgﬁpg%ﬁcgggféggﬁity to generate 10 hydroni um
ion. A sixth aspect of this object of the invention
can be to provide a sucrose containing |ligyid or
j ui c& %?W@}%FB&TO%% gbiesteef the davengien cpa bg 1§ provifle yapons pparatus to
sehgr[a?e &elﬁ b%d m‘fﬂ!u#b%’of ghstl ihs‘l’lﬁg E6iha6 td PEHSL GH RaRltE Bquilibrium with
erial(s), pertormprelimhg or main limng steps in
the @isgelveil ammadriahy erqmstial pystwesof ghsey caitaingd/ley, or disgelved within, the
. or otherwi se generate products from sucrose
JUGnt ai ning 1iquids or juices. 15 Another fourth broad
obj ect of the invention can be to provide nethods and
apparatus that reduce the amount or concentration of
di ssAhveghtheiread abjeitnof] thie devesbipnicaede tpraspaspl manitor, generate, or

materi al .py conventignal. j Wi t] 0 r ‘
w35 LS, PR SFeE 36 KOOSR et o
teffpetdtin® Q) @Ghp&airde &0 tompwiatieesa athishald tof (eidtucinmyually or
t he anmount 20 or concentration of dissolved material .
awtpmaberllyd frerespenseito ar withsespect tae@eelapse of itREs arcencentration of any
addi.tion, of e L Qr . iti . hass ¢
PSS PR ot oAy 0, R pheascfor ey
t thrtofladrwize proess siett liguidsy ntethodi of extragtings tanaoving, toh diffusing
or arfter, the addition of = base to sucrose ¢ nt ai ni

sychqutggals ﬁqr@ F'&“é‘spl?‘la RdgiRleot Y TAffish Ot Breparation of Stofige of such
liﬁl%ﬁ? g&‘%&@f)ﬁs‘ﬁ”% ?gnﬁ% ?dg%io%iﬁ@ dafiRE§ ot &blubllits Y6 Mdtdtileto fontrol the

aspect bj ect can be to provide a nethod

c@ehtnattorasfahatesals that sducs ergpotdnsiabiyredace pH of such liquids.
concentration of dissolved materials in sucrose

containing liquid or juice. A fourth aspect of this

obj eat niaANHRE bBjeef O4hé erv@ntig Schedlo prowde eppigatus and methods of
di ssol ved material in sucrose containing |iquids or
tieatingedifisimpatice| as liguids contrining mnasprials pxiracted or removed from plant
clarification or. purifi ' . j '
e PR B o st e RS euAE M Qp e presented
aPthellidui®@Bhd Biterfise R0y € tesiaitiabadtiti@d oflifuefdrisubsegaeht additions of
object of the invention can be to provide various
ligggpar at us and methods to increase the area of

i nterface between the sucrose containing liquid or

juice and a desired partial pressures of gases.

A tenth broad object of the invention can be to provide apparatus and methods that

allow the desired or necessary volume of juice to interact with the liquid-gas interface to
allow the desired or necessary transfer of materials from the diffusion juice to

atmospheric partial pressures or selected partial pressure of gases.

Naturally, further objects of the invention are disclosed throughout other areas of

the specification and drawings.
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16 WO 2004/ 015144 PCT/ US2003/ 026209 A sixth broad
object of the invention can be to provide various
wapparasiys that inject, introduce, or otherw seCmiU$2003/026209
desired partial pressures of gases with juice obtained
fromplant material. One aspect of this object can be
to provide apparatus to introduce a mxture of gases
into juice to provide a m xed stream of | uice
IVCONMPBR AN ERORIPHICHE OFTHHE DRAWINGS red parti al
pressures of gases. A seventh broad object of the
i nvention can be to provide various apparatus to

sepat.ate pr.remve mixtu i

g Rl S FheRTR B G TR amount o
subBhdek din, julle GtREb@|fropi @t megerdd] thats sludes taajuiedtrimsfer means

or dissolved within, the 10 juice. An eiég[ht h .br‘]gi)%grj £iui
hagisjeer migpre Hfeeasehaing Siversh tpgheiyicg {& generatpg puixgg siream of juice
withk o %ﬁﬁgreocgf JTB RiAd A AhESineRAE 3l fisNEstABLRI @bh&it, such as

Bxtracted of Ferbve pfant material at a tenperature
chafindle opgroat ey withindie juerpensumesnsady ths impeliay of aipubier

manual |y or 15 automatically) in'response to or with

respect to: an el apse of tine; a concentration of any

par tFi%Hl‘eaQ SRR 4 okl enARAGR B ik HOBKtRINNRA produce a juice

therei'n; a specific process(es) or step(s) to purify
containinp arrediwed pmovstsf ssbsténcei qui ds; net hod of

extracting, renmoving, or diffusing such materials

fromsuch plant material; or any manner of preparation

or SFi%h?eQ? sRdwSsebnd bartiviler émb&Eal dfhe inveatigre toproduce a juice

specific value(s) of solubility to materials to
cantainingla redieced 20108BHBBHERSES | on of naterials that reduce

or potentially reduce pH of such liquids. A ninth

broad object of the invention can be to provide .

appaF%h%M ahewEehiRD gartiofilar tmbdadiiegt df fifelisiventignuioceoduce a juice

l'iquids containing naterials extracted or renoved from
citapng m@@eﬁﬂnquatgﬁ%lggmqe&m ni mi ze, or control the

partial pressures of gases that are presented 25 at

the liquid-gas interface prior to the initial addition

of | Figareos shovee g uenticudmtcintbaimentf of thenmventiqre i produce a juice

broad object of the i.nvention ca t Q. _pBrovi .
co%@g}ngt adjgedlalﬁe(f %ng 8I§ SVW&lElL)eSa‘]VﬁJ&% erdgg}lge\éslqtﬁg jse of liming and

cAIBGERDAY MBh By driyfuei®y bch iR tirtductibe of water content to
Iqui d-gas interface to 30 allow the desired or

prodoessyany, or pains foeerygdllirgitonrdfspgarf rom t he di f f usi on

juice to atnospheric partial pressures or selected

partial pressure of gases. Naturally, further objects

of t Irgyuiré \E Blidva a Gy ticlil@Cérabatimbht ofi giwirtventidreto rehse a juice

of the specifjication and draw ng}?i. . .
containing a reduced amount of substances which further includes the use of ion
exchange to further clarify or purify the juice prior to reduction of water content to

produce syrup, or prior to crystallization of sugar.

Figure 7 shows a particular embodiment of the invention to produce a juice
containing a reduced amount of substances which further includes filtration steps such as
ultrafilration to further clarify or purify the juice prior to reduction of water content to

produce syrup, or prior to crystallization of sugar.
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17 WD 2004/ 015144 PCT/ US2003/ 026209 |V. BRI EF
DESCRI PTION OF THE DRAWNGS 5 Figure 1 shows a
weoaodioasi4ar enbodi ment of the invention to redBC®US2003/026209
anmount of substances in juice obtained from plant
rrat e]Fﬂgaﬂe 8 bhxtws that aglds tampematuee of arjeicer diffsins Junawrnqher juice

[ red the juj &

pre%ﬁr% tde incrpates, the F<§ * s\'}tﬁ%ﬁm‘teﬁre 585 & gomponents
o‘iilga%?él Wl‘ﬁ*ﬁh%ﬁc}?ﬁﬁbef Hfffu@ﬁh l]lhl@@ |oha| Shedjdesprotast !hq’@ﬂdtdaﬁ? decrease.

el ement, such channel's or grooves within the juice

transfer neans or the inpellor of a punp. 10 Figure 2

sho rtlcular nb d| n

o ookl i Sl AR OBl SHE R  proces g
beet eestset&rsqn afTh SiHee thiht sém& GeaBndgibpanddsdnpalp jeidear idififmsion juice

of the invention to produce a juice 15 containing a
liquadijeréat te pEulmingMeSances Figure 4 shows third

particul ar enmbodi mrent of the invention to produce a

juice containing a reduced anount of substances. 20

Fi guFigufe Bhshisyscanoétret iparticalar embodinwehof the inmtion to process sugar

invention to prod@lé urce qﬁ% liquid
beghBRATELIES TN SUBEEh Ef eé FeRRIR S alt°ﬁ%t“38’é§ ?THBI"ﬁQ%O"STS 1ques

to further clarify or purify
pﬁé%%?%@go%aﬁiﬁ%%’ﬂ&ﬁﬁér&gpscuon of water content to
produce syrup, or pri or to crystallization of sugar.
25 Fpgure 6 shoms a.n ul-ar di.nent. of the
i nveRtgiEn! k $hosrs SRy %’g“n%gnFQFn?ﬁﬁhg T educed
anmount of substances V\,hl ch further includes the use of
ion exchange to further clarify or purify the jui
pr i oFi 1gum F2sheuttsi aotiep oiewief @partiewpreerab chmelﬁ)terdhﬁ:@V@}Hq}i‘pmdlcanng
é%# ghcrystalllzatlon of sugar. 30 Figure 7
Crgﬁ% ftti cul ar enbodi ment of the invention to
produce a juice containing a reduced amount of
subst ances_whi ch further inclyde f|| tratign ste
suchFigre {7 shoyrs FidgMiahooss seGHoh &rAQE g parigH tr'fd?qdymm of the
lntVng%l HUéh%%nR{ﬂP?éuréq reduction of water content to
produce syrup,-or pri or to crystallization of sugar.
18 WD 2004/ 015144 PCT/ US2003/ 026209 Figure 8 shows

Vor oMigp{ e bEuE S Ry f et Ao O, Sl Ui T 1

of certain substances, materials or conponents

Generally, the invention involves a juice process system to purify juice without
addition of base or with reduced addition of base prior to evaporation of excess water
content or fractional crystallization,of sucrose. Specifically, the invention provides juice
having reduced dissolved material, reduced dissolved gases, higher pH, or lower acidity

for use in juice process systems. »

As discussed above juice can be obtained from plant material such as sugar beets,
sugar cane, sweet sorghum, or the like. Naturally, there may be large commercial
markets or niche markets for products that necessitate obtaining juice from other types of
plant material and it should be understood that the invention is not limited to juice
removed, extracted, or obtained from any particular type of plant, or any portion of the

plant or plant material harvested. Moreover, the term juice can be broadly understood to
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contai ned within such juice, diffusion juice, or other

juice process liquid can decrease. 5 Figure 9 shows
weevariasidaparti cul ar enbodi ments of the inventi 8aTIS2003/026209

process sugar beet cossettes in a manner that reduces

beCiytsbioss bhisthiainpeiaice or pighid 4t, uird@nprangtistepun iaoy p]qupﬁ@esystem prior
[iquids prior to pre-limng ste)

ognrserspliraou A EheshHeAT St PO e R B plant material

bypfngl g%riﬂ&@fng stéhs Sle’éhe‘ﬁﬁﬁéerﬁshﬁt%ng frof (HBIREDE of hﬁﬁtfusmg the plant
ertarn substances in juice, or juice process

mbtierjall ds bup rtworemmpdﬁsnamuum aIAS pfuether desabast abpye, the term juice
art i cul ar

mFlﬁg ﬁqlaﬁ c%htga\{\r"lsef_p% §PSIOSEy DO 81\,}\%'056 %%sﬁg{é‘égw%c} %&r that can occur in

velRfub pfod o@ﬁorﬁ"ﬂégghdiﬁi@:bn(lﬁe hherd oivehetplan rn:{tehla.'lammthe steps used to
cross section ure 12 shows side view cross
regegt juiee Kom the planémﬂﬁflﬁl dtimay be deERDIRsIqLeRPVE plor a portion of the

SR KRR GBS B o i

1nteﬁ?fié@é Weth certalhl SrocEsig 8tps Sy attesrsdly 11ppaqtftlye jrudlite or quantlty of the
wi thout addition of base or with reduced addition

sugas erqgurbFesping Hiprr the PUR fightion, Progess a i sESeses iftiifine liquids

re%ﬁltlgé 3rh @ F&l &ﬁ%ﬁg ol POt ﬁéé@i()ﬁss?e s are also included in the

cal e I nvention provides jUIce havi ng

teﬁ_ﬁquieed di ssol ved materi al, reduced di ssol ved gases,
hi gher pH, or |ower acidi ty for use in juice process
systens. As discussed above juice can be obtained from

pl anp, BREBF bAboditfitsaT the Sventdiindolve IRe Fan@dhal 6meeast a portion

sweet sorghum or the like. Naturally, there nmay be
of thegiissobretematerdls, volatite matesialsn Hishalverhgaset qpets acids, or the like,
oduct t hat .necessi t at t |
Bpobechbol IRbmRE RS Al MELR BAbEEnELATLOM it cenr

h§f(ﬁ@ﬁ1u¥nh§)rﬂ BV §3titicH) chén C?%Othe |doﬁ¢dnﬁdt1d§r0 of Mydnemulne v axdthe juice, or
extracted, or obtained fromany particular type of

quEauﬂlepfélofﬁtwu}@értlon of the plant or plant material
harvest ed. Moreover, the termjuice can be broadly
understood to 19 WD 2004/ 015144 PCT/US2003/ 026209 be

any Suesameple,onlicai jnica @ojlvainsesuﬁ'rcidnit qaticohs gy droidé toprfpH can act as

o G Aot R, CETGENO ufbr o= bt i e cagponate fons
(DU, AR SIS e Do 09100 peskds o s
acldf fHisvaver, tvl?lﬁ:nghﬂ:ntcontams enjindufficienttnumbenef estignp teallow dissolved
C rzeto Jf(g'lrlng ce:arbéAr?atff: or lglgae {)ona?es 1%rn|s ba%deqaﬁ%\ﬁ%m }egﬁtstb%[\géénl{:'afb%n dioxide
and carbonic acid H,CO;. Carbonic acid can act as a strong acid in the pH range that
juice is obtained. The consequent production of hydronium ion increases the existing
concentration in the juice resulting in values of pH that can be lower.

Similarly, sulfur dioxide (SO;) or ammonium bisulfite (NH:HSOs3) can be
introduced into the juice to control, reduce, or eliminate microbiologic activity, sucrosé
hydrolysis, formation of invert sugars, or loss of sucrose, or to adjust pH lower. Again,
when juice contains sufficient cations, such as calcium, sulphites, such as calcium sulfite

can result. However, when juice contains an insufficient number of cations to allow

dissolved sulfur dioxide (SO;) to form sulphites, an equilibrium results between sulfur
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5 includes |iquid containing sucrose, non-sucrose
substances, and water that can occur in various
wonropmisi4ons dependi ng on the nature of the pl 2a01/US2003/026209
material and the steps used to renove juice fromthe
dipkidet (SO esilfirous! dcidai,$@;)desd salfiré add r@b0e). aSblfanc acid and
portion of the dissolve erials becau t he
SRRy D o8 198 85 SERRE ATy ToRBronioprog s B omium ion
1nhféta§ersf {8k eexﬂtﬁlg SREdRaRoR 1P FRS i re%ﬁl%iﬁ% iArvaRfdy &S Yhat can be
Impact the quality or quantity of the 10 sugar product
bmesultlng fromthe purification process. The sucrose
containing liquids resulting fromthese various
clarification or purification steps are also included

i n t R@gittoRhINy,i dthe?rea uBss dckdd @n BoRestirmed by the plar dunng normal
i nvention involve the renoval of at |east a_porti

g% tiofnd lethed iagigls laveegeneeates bsangcmbl@l aetivily mp@pgaw not limited to,

di ssol. ved .g S h
ofPBEIe BroxragogORARLT s B i G Seld, Ralic SHETaRBinic acid
fudgdritSadid Abctie Aeid ag19colfcyﬂbid2rpymmhldom -tarbexflistdctd), foriarmgsl, acetic
the concentration of h dron| um i on in the juice, or
agidipityiqecidmaeicerid, jaghie acid g thelik %exanpl e, when juice
contains sufficient cations, hydroxide ion Of can act
as a anion, which enables carbon dioxide CO2 to
di sstoteovent athérthiissoliied enaterialgrsncinas emimoni NHEOS)-12, geperated by
as blcarbonate |on(§k0r 3-. The disspci at.i,on

f 3. .
therbscakdewn ot Fage bt conRRPT maRHAS A 5 BeBjuice such as
HAERARBiATENSUT fi cient number of cations to allow

to form carbonate or bicarbonate ions,
an equilibriumresults between carbon dioxide 25 and

bani d H2CO3. ac t
el a NP RGN PERGEN R g Jo 4l SiBpdfiea be s hO8fon can
cGRPS KAHPBEInP HRiBIClt ioBtaird ﬂ‘tkﬁlﬁﬁﬁt thiaterial(2) Itki:di aedstase dffpases (3)ina

exl st ng concentration in t uice resul ti ng I
maaherdbategengiiatas atinareased interéige :surfeq?r?r%?e( ) Bﬁtmeplaﬂwmce (1) and the

mgorhDf B G Y opsriond TR iReed Wb RN between

uice to con uce
iRl juien@y endritermixiot of gaseaQB) ) viht yransfacrats ef variods (bjrgcs |o£ dissolved

RRIRSE (B PP, Gt 1o b aRFiF o8 G Gpfgn be Hordiled as the

C Mcﬁfr?ﬁ(ﬁ{%f &a%fl cBih onéft' of t}ﬁsdlé‘s‘%l%li Yter$dl (P inbess, oS equilibrium
as calcrumsulfit can result. However, when juice

withnthai coscentrating wtfftha;tl entponenttierthofmisans ofigases (3).| She mixture of

S48 SPGB Soselenist i Bt S SRR 1R Bopsgmecessary
t(P gfé&%%g%f Qﬁ@@%des‘i‘ﬂeﬁ’&ﬁ@lv@@%ema&i (152 fedrf tige Aeded(1) to the mixture

B), and sulfuric acid (H2S04) ul furic acid and
of gases (3). The mixture of gases (3) can be reﬁeshed or the partial pressures of the

gases adjusted, continuously or periodically, at the increased interface surface area (4)
with the juice' (1) to prevent equilibrium between the mixture of gases (3) and the
dissolved material (5) from occurring, thereby maintaining transfer of dissolved material (

5) from the juice to the mixture of gases (3).

When the invention is utilized dissolved materials or volatile materials, such as,
volatile inorganic compounds, volatile organic compounds, or dissolved gases (e.g.

carbon dioxide, sulfur dioxide, or ammonia) can be removed from the juice. The juice
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sul furous acid can act as strong acids. The consequent
production of hydroniumion increases the existing

woanm@smati on in the juice resulting in val ueBCofuspid3/026209
that can be lower. 5 Additionally, other aqueous

prédicy $eth&ﬁ1(§;u@org ese bathednsntivheap have reduged nijssolyedmiaterial, reduced
growt h and other acids, ,are generate m cr.obi al

diggetvei psssncledeiedy CAPRAY nét gg‘?nﬁfalt%dg}"%xmu’ﬁhdgﬁ’hcﬂr j @ decreased

coﬂgé ].'atIBM Q)ffggfﬁfoﬂfdrﬁ' 1&?'1%615&551% lof addithr p¥l Ad bsmpfédto the same

I C aci succl ni ¢ aci d mari ¢ acid, lactic
Juﬁ:el wh,thcgityappllcailoacoﬂthepwemiqnd drsebdapso g);qmme,a&qedconcentratmn of

formc a cetic 10, ac ut yr.ic,.aci i . .
cagrg dpi 1k G oS o n et Byl IpeRaiiibSoheric parta
priisBRR| M8 GsBRUE st $he filiée) T® sHITGINtha jiNB préduet bESulting from the

generated by the breakdown of am no aci é)s or

th
procss eas have o pHmeales that i higlsdyt @01 pE. QiR %%(Pﬁf/ 83 SH, 0.4 pH,

o STEENHRNTHE b oy MPLDFIE 409, PR e o g on

pIEKPOSH NG, pHL 9€2.0H, Qi@l'w&ivélﬁ any tyoward|adjuistoneait ef thfl pH 23lue drom the

a mxture of gases in a nn t hat t
fipbass qfﬁh@wta%aéedsluwfﬁ&e% reghiiap  AYOSHRHIRBADEAY SFyigsand can
be (o@nds to6m %)pr el o g oﬁﬁt) of &@ RE R R o@fthe pH value

HePs ncrease erface sur ce are bet ween

fréethé Hitsl rﬁl)falaél getidrallyriotend s umin t@akm;l z(nda)qahtyhd Julce treated by

transfer rate of i.ous t es of dissol ved
th(: 51)1vqnplgm tha &xjent @}elt%(: iljlcr?qf,e er{ace: SYF O frep £8Rda g)thregamut the
. Q)‘f“r 131@@ &fle @ é&l’(’iﬁ of %ﬁ{bctﬁetrﬁlﬁfu'r@ Bf Psc® AChsFRRPRNE e increased
I SSO material (5) noves toward ‘equilibrium
mvmrfahe tshefacfo amargmaxtatadn and thé pertiad rli?p%’ﬁ‘efﬂi providesein the mixture of

m xt ur e o ases )
SE | i ) g s bliRenl % BED vty SR Nk i regppet to the
eﬂ%ﬁédﬂn@h‘t bf ﬁﬁ:sllﬂ{l&ﬁloﬁaﬁﬁﬁéér Yo? Qxﬁrﬁplal kraxyinigr #he Sfoﬁfm@br amount of
t he undesired dissolved material (5) fromthe juic
juicp)traatedt e upit simey but Qihergissasinghe sapprecraodigpRt Qfﬁhegl&g@glon can
refr | pressures of the
y%?saegl?%aen?l}cr%?&ggﬁ%l n %8@\%@ pgﬁgp%éral Ogl cally, at the
increased interface surface area (4) wth the JUI ce-

(1) to prevent equilibriumbetween th
gasedhe Fyvenfien ?%’gfuﬂé%@&‘m’ée theatien ?é‘iegk‘%lj‘g% u:ﬁ%ilount of base added

p&cﬁﬁﬂ rvéleﬁght %1}1%11? R nHRE R 3haiifige ttfe%féaf ®ith Qhe dhwn@by @8 achieve a
3 fromthe juice to the mxture of gases
nécaysaryVoe rdesined ipHy exohoaniration @tfuhydz@dnullss,obwe@idlty as compared to

materj al.s or vol ati | rmter{als such

AR B SoROBRLRST PEICARS et BT ¢ THOAPISURUET bigf added aftr

r&AuSH %mﬁgolg&is ‘?ﬁatéﬁalgm theél dﬁi@@ 15 %aﬁﬁentSWithUﬂled irméhtﬁiﬂl can be
or ammoni a) can be renoved fromthe juice. The juice
substantially 1ess to establish a desired pH value, such as, between a out 11.0 to about

VO] r

-

12.0, or between 11.5 to about 12.5, or the range of pH used to "prelime", "main lime",
"intermediate lime, or to establish a pH value corresponding to the iso-electric point of
any particular non-sucrose substance in the juice, or required to adjust the acidity or
alkalinity of the juice to a desired concentration. ~ With respect to lime usage, for
example, a reduction of up to about 30% can be achieved by using the various
embodiments of the invention as compared to untreated juices or conventional process

treated juices.
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21 WO 2004/ 015144 PCT/ US2003/ 026209 product resulting
fromuse of the invention can have reduced di ssol ved
worb@roisil44 reduced dissolved gases, reduced capamiSLop3/026209
to generate hydroniumion, or a decreased
CONQEHY kefbiriig Rimitig tORigure 2, @mbolibneits @ftthelirvgntiar can comprise a
higher pH as conpared to the sane juice wthout . .
mixPBE € 88568 (3) haticHa cPMPESH FBRSPIEELCISATSS o AE AiLAlFgFRIteriE jgases or air
| b Etlao iriulcB Corl tHisG8st AR Rliminate,
th"?tglglﬁggé&gé%g%haﬁ%?%hﬁ%%\%gh&at rmsp(h)éri C parrtisal_ ] 9
noprigskgica particuisse cort bioktgidap panticlpuii(geh Fhdapleriaf virhses, pollen,
juice product resulti fromthe racess _can hay
misEpsgamiG dlors g% f%ugah?fgqﬁﬂ% RhogeRy; im,ﬁ’s .efcpﬁ%seso‘?fzalf)ﬁ?,a?have been
pa@ﬁ_e‘ﬁ ?fﬁ] u% 4nBiical OscrutbEls @r BotRétwisd prétdssed. & Rdneldteda desired
pH, ail H 1.1 pH 1.2, pH1.3, pH .4, pHL.5 pH .G,
copbHntatiop idr régepH copeentrafions-pf pastishsessuees ol gasas; gurified gases; or
adj.ust ment of e val.ue fromthe 10 initial pH
Cokl?gilﬁaéloé‘f" ofﬂmq’roé‘gﬂgaecﬁfui ce can result in a
substanti al nonetary savings and can be inportant
commercially. The actual anmount, of upward adj ust

! ] . ment
of tPastipler, gmbedinienisof Hee inyentign ooy (aibel s 3 g3 filter (6)

depends ony th i nd . ' f i
BRI B BRI B GP Thlig APSbptaPle o
beFoe! € CarfbER cgRd aftat, adzak Hoaugdetdtort (T made | flmdiclyfresponsive to the
juice, the duration of tine the m xture of .gases._ is 3
e e e B 1o ERsalie AOUESTaSivR i ficlew of fie AR of sases (3)
e , d e j preay: hitichAg icro-
CAIFIFLE HBLALF LU TRE, SERE BT S or i
pdrtieulptel fidrue Aciditional yrefilters megpasy beaisefdo epbudinsdinles in the
of the invention uti.lized. Eor exanpl varyi ng .1
m{pe gL ggﬁesmgq Glbtpl‘ln% e 5as ﬂpgagegar%goéi7h QF {r}ﬁ i n&s@tﬁﬁﬁter the gas
ﬂ%%@ﬁ%&?b&%ﬂ&téﬂﬁ@@mep@pdi ment of the invention,
ca

yield a different increment in change of the pH
val ue. 20 The invention can further conprise the step

of reduci t.he. anpbupt _of . [ |
o AR BRI FIRHELy 6 IR D8N R Rt
thtr&J%@ﬂﬁie Q¥EN stARGRSERrY9P bndl éfeh rthebuplthec gasciow rgatérator (7). The
of hydroniumion, or acidity as gi&g‘gar eﬂ to %El[gr eﬂ ed Ut
piefiltetsd gnixtnn o8 geses sa thep Slost drey g3 hilterd®) {pigpa filter, or Ulpa
mount_..of S d | j .99% of all
e s
p&tibleb@s salallsdsaabounbBymiceas temowsd diohi e mixdesiafegisgsH3) when a

i Y 0 S5 il % 5B g icrons
AR RN A 5 b PYIb R Mt b e
gawiratt opbe respyngies to the inereasethingarface swrfangirseande beivween e juice (1)
a%uij iﬂfeeﬁlix(%lrlreroefqguaisése&).t Rs '%lc():I jo&l%% eItnlggdi%?ein si ct>fyth8 linvention, the mixture of
gases (3) or the juice (1) can be exposed to short wavelength ultraviolet radiation source
(10) in order to reduce the number of pathogen particles or bacterial particles. The
invention can further comprise temperature control means (11) for establishing a desired
temperature of the mixture of gases (3) prior to making them responsive with the juice (1)
or the increased interface surface area (4). The temperature control means (11) can be
made responsive to a temperature sensor (12) that can detect the temperature of the

mixture of gases (3) or the juice (1) and can signal or cause the temperature control means
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30 alkalinity of the juice to a desired concentration
Wth respect to |line usage, for exanple, a reduction
wofoupisad about 30% can be achi eved by using tReT/US2003/026209
vari ous enbodi nents of the invention as conpared to
(1upnto egteadhé wmmsanre e anixiweal gpsesqBper therjeme dd), or both, to a
juices. 22 WD 2004/015144 PCT/ US2003/ 026209 Now
dq&éf’%@ﬁlﬂ%ﬁ“ﬂﬁ marily to Figure 2, enbodi nents of the
i nvention can conprise a mxture of gases (3) that can
conpri se atnospheric gases , or air;, atnospherjc gases
or aiith felysct havertdire embpdinsats ohﬂmugwrxblne, the mitwre of gases (3),

Wf [ ht Fl?ﬂrtggpéﬁfersg,rqap@mug? gt.%}'rg Ir(l% :a%éﬁlt Xréﬁll ngn?]% lcofel of the increased

1n{e§fé9@ s@PacR AU . AaFoV bxad§RS juie®(1)%aAn be tHEhSRAEE AP gas 1nJ ector (13)
['ora or fauna, or other pathogens); atnospheric

b}o graauty ﬂeenbor tran&felb@iehndep @g@e@retm@r@@ﬂ hepreg (14 or other liquid

B [ U N e

erﬁéﬁ%ﬁﬁﬁnj@ﬁto@ @¥san @twldtfpbﬂ@@)aﬁm which juienfi)) pgitd tha gas injector
pernmutati ons thereof. 10 Partic r errbodlrre ts of
(1Bheiir dosst one Bape B TRFEA ) APl wHIDALS PR Of g3pes () can be

n t Qﬁm{y shsed(
def']ﬁ/g% %{q’%l GQSt %é?rtlég\r@fgfée Itvocat %lﬁ cgf(gflr)ecgogllor cd aﬁ}thm or passed
thk@fg&ttﬁ@lg@ﬁhﬁbtoral”gas flow generator (7) made fluidicly
responsive to the mxture of gases (3). The gas

filter (6) responsive to the flow of the mxture of
gas eWIfeﬁ)the %Qﬂuﬁ%r('ﬁfh% deR i dukdtiofr for Bétcl@p%c@@smg of _]U.lCC (the

filter, macro-particulate or mc
gpantectou I1sapmdd1¢a1kyrﬁlle,dommdtelmn1i@ﬂ) fhedtliet peit €1 i)@}ld ahes @1115b?é POI't (16)

sed.to ca re cles n r
s TGI8 RSP CREL P OB ol iE REP bl By A5 B, Whon the
gREnHe A (?é)tlﬁrs al d?ﬁlﬁgﬁ\ﬁtloﬁ IFESvpLBRERS BV prvebsimg (ﬂ@as ﬂbw dfhbe juice (
gas filter (6). An unfiltered m xture of gases

3)
1 beandhregwemiodiceldy dimpinished o mipsruptasstp|ipcspase 898146ﬁé¢1t1m2@f e Juice (1)

mE %{rg h s{vgg %ec %,? q%gvétglg gﬁag J:An%%lol{s%m@fifbc&%ﬁ@t (grs’geam of juice

(1 glﬁvdzsr ch)nﬁﬁ?@fﬁtﬁeﬁ]r@%h thé gms iif @Wrt(th) algtrovigh ehegyeese 61 vdleme of juice
afilter, or

(i 1I)1Qvélil¥ thrpmgh tBe gps i ect?ﬁ 10y e 2 fsabf%eg’&ieg POt fJ>) and the

owet?,gﬂ%ggjac%b@éﬁ aRarticles as small as about 0.3

ons r'enove romthe mixture of gases (3) when a
Hepa filter is used and up to 99 99% of all particles
as s cronf renoved

m xt éo&ﬁi‘g% éJ 1{11§?t %@]ﬁ 1y enfi ?fn(uétpr %tf %aggsdéﬁ can be injected

befe QitiPa sOATEHRLBIe, Qﬁ alsQERMIE ipY&siir@, Inheflth a pattern of
thncreglgeé;a?ntler?&fce surface area (4) betpvveen t he j uice

d(sﬂr)butlande ghéiffused or 2 sofialbidbies) B) genagate theglepiggd increased interface
sur ac%d:!trgae %) betweeplethle rjll\l/i%(g t(llf) ahd ttﬂ nm(ﬁéj of g%es (3). The increased

interface surface area (4) can provide the interface at which at least a portion of the

dissolved material (5) in the juice can transfer from the juice (1) to the mixture of gases

3).

The gas injector (13) whether configured to operate as a batch, pulsatile,
intermittent, or continuous embodiment of the invention, can further agitate, move, stir or

otherwise provide mixing means (18) to further distribute the mixture of gases (3) into the
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gases (3) or the juice (1) can be exposed to short
wavel ength ultraviolet radiation source (10) in order
woaowadsiae t he nunber of pathogen particl es or PCT/US2003/026209
bacterial particles. The 30 invention can further
julk@nq@y)i ®e firgiep egcnktite thonhdredsedeiatesfatd Burfaar area (4). Where the
establishing a desired _tenperature of them xt.ur.e

copfigeatipmpT fici g5 ImectbUBh geraiant 3 SLEahel e flb i Sontinuous,
pd(l%;;tl‘fe Tc#lc).htsc&ﬁmh&fs @%Et%%s% bitki6tef 8£%a %1% r(@?‘iﬁtoaﬂﬁajmce (1) can

erat ar nmeans can be
gehempoNaiivel dtream dfgnie (H)urkheseinboe of ga_s)es inhithe n@aﬁd Stream of juice

d
HELSCt B TR e T b6l A5 5L Bl
cHafhR1S, OJ)r ﬁ’f‘@ﬁﬁe 2ap M@ #0048/ Rleribf4uttedd IBIROFaO26i20Qr (13). The

to adj ust the tenperature of the m xture of gases
ext@isiams o fvhapnelcean( 49 orienteditst ereate @ desirgd peiterdation of the stream of

Ju*(:lqg%%ﬂgtéﬁ% §%1njqc{;'?é (ﬁ,?}:)xt ! 1tng?n ga é;gf% %@E@%@f&’ﬁ& ?rHQJtlon pressure

adj ﬁsl,utn@ﬁt R8arkd(b0) ok kidh tieagasowigatbritor (79icon be réspsnsite fonncrease
tJ formati on of the increased interface. surface

o depreaRuihicqxenTieer VP URSCHI(thS TURArE Sepehia} Il FHe, of sparged
n%:na glé Jbe gt @5} ; (§:3 )somgy?rg%&ﬁfnteﬂtsf &ethe gnvteﬁ @3S @E" Bfbction pressure

e generate or ot her

adﬁhﬂtﬂﬂeﬂt m&ixf%r(af))%an&hélﬁﬁimhll}é HShm qmsioh \mmat}omodompr(s& 3)vagiably adjustable
ave an inlet port t hr [ | Ui 1) .

regiicEpr meps l9gated hf‘@"&%% he(gpg ylo a&‘?ﬂS‘iﬁl é‘b %@ﬁ’iﬁg k“i%}m’fl PEHHU7-

which juice (1) exits the gas injector 10 (13), and at
| east one injection port (17) through which the
m xt The imfentios esith saspmmo vertainl eibpdineants, gaw generfte detal dissolved

porti f .t.he volu W
ol e i st e Copletel Ferep () BRSS! Qnge we v
abdtk eQf Qinek 1B RSerration fthatukatidobe fobtaildt By saﬁmﬂﬁgst}regjulce at
of juice (the 15 gas injector is periodically

atamSphﬂrmpre@}qu Adeipigsserepdrthe migyres{Easesd3h gt]q:cé@d ;‘%q fhe juice (1)
%‘%@%R?ﬁ%%gﬁ t}}:>'3e1 ﬁli S%%r?%% shp I%E%Mt%q?%g?qgas I nj ngreésﬁl% of about

260 b3k, has a configurati on for pulsatile flow processing
(the flow of the juice 1) can be periodically
di m ni shed or | nterrupted to increase residence tine

of t@ﬁﬂi e ctdr@ (ﬁ) EHSPORSIY fr §&idshs Elaﬁarhﬂd:leﬁﬁ@ leach gas

(13) uous ow processing (a stream of
111]&Ut@Ieca&th(Vk)mﬁltlngasanjdcnmopeﬂtsy(lt?l)rabuagbstarﬂgllga]@ same location or

d{f%,&&h%éé&%ﬁ%bggg ﬁé}aﬁaj@ T?Cg 3{1]8}{‘[?((1%\%?1 ﬂgd By Fhe separately or
?‘Téﬁ%fsscan %}Ieﬁ Cwith lré;s{pe&CtBtthé yehinRNhdt n}_%‘gssuféuéﬁ @k mRhire of gases (3)

di scr As to each e di ment of the
injeateditin dhe juice (iir) xtTheevariabfja ediysteble injastipe Horsd7kgan be made

résgpllfqu%qo@;{l]q ‘}roi %P Jlﬁ%ell\h&ﬂ tth% r%su;egf% lt1%ﬂet ofvtﬁli Eflﬁge 119{heagas injector
(13), the concentration or amount of dissolved materials (5) in the juice (1), or the

concentration of dissolved gases in the juice (1), or the like.

With respect to other embodiments of the invention, the mixture of gases (3) can
be injected into the juice (1) prior to the pump (14), whereby the pump (14) can act to
distribute the mixture of gases (3) with the stream of juice (1) to generate the mixed

stream (19 ) and increased interface surface area (4). As to certain types of pumps, the
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distribution (e.g. diffused or as small bubbles) to
generate the desired increased interface surface area
wO4)odmesmeen the juice (1) and the m xture of Ba$ARS2003/026209
(3). The increased interface surface area (4) can
mixed ¢irean (%) ¢ant @mipise ahleashd % miktire af gases yatht substapfially 100%

sohR A ofany e ppced 1 HEh prties of b TEEEe o et 6y. s but one
ex-egﬁgleg Q%hbﬁ‘ﬂe ?hﬂl ahBe WBE I S efaddhle @Mk &TstiAnO@ 8). a81Rm&s Pump,

at ch, [e, internittent, or continuous
hemWaﬂcorpmatedfbytm&remv dnteirprA pbaailtfymf pwaps Gig) can be run in series or
stir ot herwi se. provi de.m. x t

il b ecied fo Bt erer e o it G T iglailog raton of
tirgé WO 2004/ 015144 PCT/ US2003/ 026209 jui ce (1) to

further generate the increased interface surface area

(4). Wiere the configuration of the gas injector (13)

gen r ¥ GSe (1) can b

e <G Rsaf b O Ao e SUSHRR! pSeSHBIGHE: (1) can e
fugiB&eorifiglirddnfoOprohide] aiv&rurf tjfectaor oﬂﬁmsaﬂeveiopmnedhoed pressure

stream of juice (19). The e of
romonete 5o febsfieom plitkis ) cqg% b TmBtra o Rases () 1o the stream of
h ﬁgﬁﬂ uice (19) b
Jufcﬁﬁ g&llé{ehx?g%lgﬁl%hgon%ﬁﬁ&h ot%an]e Ilk(e CZJupI)/ed to
the interior surface of the gas i nj ector (13) The
ext ensi ons or channel iente reat
dosi Rath TBoeCL S B ProrooRRe i Frsmonqries jp Eigf pf the sream

oft fife4@§ nhd}l BEERostd B theTlﬂﬁ(tlhrB\(ﬁ:#ab&rB?afFof léf(él’ﬁple if the juice (1)

rovide a’injection pressure ust mnent means (2 )) to
comttriinha dve aglagnh‘ ¢ﬁﬂw&9éwérraat@nal @) thmthg streass gbHEes /) can be split

aqﬁn 9%{1}? raai)eo 1orb 8@ gge%%lgp)% ﬁ ?ee(g{oe%%)%felgmﬂé o\f%&’éggﬁ)f Tflé1 ?t(r)eams of
jubdeq 1) slinCiBied fhier bbﬁ*ecﬁﬁﬁﬁin@ﬁh@lﬁiﬂ prepdsions désired. nventi on,

the injection pressure adjustnent means (20) can
individually or in conbination conprise a variably

adj ugt abl . og%%%agﬁi,]g@ FIERDS L ) %?{%g eﬁﬂb%dﬁﬁéns of the

fl ow gener I'nf ectlon port
inlvBiviEsH, ijwite (Wi ddn beesgreydd thoougbra mice @stbbmlmnllementéﬂ'l) such as a

| .d L ved hi
A S (S bl s S i aopi

(ZtEE 'ofpaﬁﬂ@]lepe Q@u IP S ﬁ?ﬁgtgeﬂé}at%é AR fctdaSe CANERADS E@tdceRrea (4). The

ned by saturating the juice at
Jlmemaambe;praye(ﬂ) nemsa.armoanwtapnm glesnent (23) endﬁlwtrwcélr@pf gases (3),

DS B ILEELE PR DA 500 BRI v
Lﬁ‘ceoﬁl%?%\ftr eJlﬁcf:e 8RPYE disdRargdl e $he WYl rbEiBh ®fJRS aeration containment

I njectors can be used in series or_in _paral]el,
elamdme(@éh (Qg@st/la » sprex norzleamdribsrecxpaped tothe pruTerpfgapssdd) passed

t oug }a’n%}l C%Hglsntn?erﬁ& eﬁn{e\ﬁt ﬁs %&Hﬁgtok'%gseg [(3) can be passed

through the aeration containment element (23) counter current to the direction of the of
the juice droplets (22) to increase the efficiency of transfer of dissolved material (5) in the
juice (1) to the mixture of gases (3). The aeration containment element (23) can be, for
example, a 150 gallon tank but it can be appreciated that the size and shape of this tank
can vary depending upon the quantity of the juice that is being processed.
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different locations in a series or in parallel. Each
injection port (17 ) may be separately or 25 variably
woanidroasised wWith respect to the vol une and preBeuUS2mB/026209
the m xture of gases (3) injected in the juice (1).
The ncértdbh endilinsdnsdbe thenineattioanthp aetatiof koptaoeamert eelement (23)
made  responsive tgQ the volu of ,J ujce ), the. .
caneiilen entein el ite diREibptin éur?f%et({%‘é)' ghgcq ﬁ']f e gF digtgyted to the
Jufl(!%edl RO s ﬁ‘x?fh(%n(ﬂ t@ e #futle? SRruadd qﬁkﬁﬁé@klﬁf&@)area 4).
I'n t e juice concentration of dissolved
Agaﬁeﬁmmcmhbe ﬂwchag@dl)n,to the topeegich @f tBY agption p@tgggment element
to oth odi.nent s..of. the inv t.he mi x
(298 5865 5y TR MBS O PR AHEI PR SO PP e pyrture of
odsb€ (Buﬁsédlﬂl}ou SHNBE QBMtibA @oﬂdﬁiﬂleﬁﬂ-é])enﬁ:ﬂﬂ(ﬂzt Adin, the mixture of
[

di str te the mxture of gases (3) witht estreamof
ggses (3 qa etpassedibrougle therrsrationegntainesd slepeyt (23) ggunter current to

th%;%eégg iffj rguﬁ%ri rtﬁat?ctg ?@gg @%eg%gﬁa 1@21‘ Aﬂﬁé diib&idPhd face (24) to
inCkehbd DR AIBEIGRE 200 ranTer ©d dBbsleamat:tih] (53 in denpiceyE) @tthe mixture

| east 35% mi xture of gases with substantially 100%

okgaset @3k on of the streamof juice (1) with bubbles of

the m xture of gases (3). As but one exanple, a

Shanl ey Punp, can be used to generate the m xed stream

(19) AsStardaely cﬁﬁmhase aebalimentscof ghe anechtion ntlizingnihe aeration

herein. A plural 't of, S n, be ru
ety APt 81) e e HSREn G AMUERRL B B0 8 acraion
j ifeifgsis sy shdatre@n of  tine.
%talﬁegggé%%mt ogj;dtlsahér e}rbodlsrre%;s of rt he invention, a
stream of juice (1) can be further conflgured to
a.ventur.i

Pred\ljbgav la:fegglgg ngma.[%y F X WSL} \}% fﬁr 1%1 ﬁega?ﬁgo e 1nv:ent1on juice

(1( Je)antue raYriddgo uldr @nein@s @%enfcd} (29)f and the rﬁtxmamf gases (3)
juice (1), whether pulstile, caontinugus

camb%m’ﬁoml@ﬁdt intovibetivice §Dewt spaeipgthediise 4o di h‘?éﬁ?%ur&f and volume
e inventi.qn

% % % of ga aSes g%‘) d;¥a{1%et uts{eﬁq%lgt{rnéé %?thé tv{)l%.ﬁ{y ogﬁlc%gil)ca%d the size
oL M i&: cd>rfta1hhﬁnl Hleﬁﬁn‘( @2)5) I&wmmmdmmlmbMVelammanoﬁuﬂher be
di ssol ved materi al hen theét)r eam, of hw ce (1)
cempingd vath the a%rﬁa%mrgtalamﬁ@rethfawt 3)dgeeribget @Boyer )

exposed to the mixture of gases (3). The streans of

juice (1) can then later be reconbined in the

propg tdenaml déis¢useidn dO\gas edtsprptiog  providedi by Cbelﬁicgh rEngineer's

Hangbals SR Gl MSaoi B SIomRT B Spbret .0, (1950) s bereby

iffopfoh Rl tyCR LA theZktent S16dks@§ for aflQmdbStandid@ of the general
juice distribution element (21) can create a spray of

puiecipalf ofiga§ alisowptignopl et s

It can be appreciated that a variety of conventional conduits, valves, or other
devices, for example, pressure gauges, can be provided to generate relevant information
concerning the transfer of the juice (1) to the gas injector (13), aeration containment
element (23), or juice containment element (25), the amount and pressure of the mixture
of gases (3) injected, sprayed, or sparged, the amount of dissolved material (5) in the juice
(1), or the like.
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(22) or particles. As such, spraying generates an
increased interface surface area (4). The juice can
woeowmsied i n an aeration contai nnent el ement PCR2R52@8/d26209
the m xture of gases (3), whether or not filtered or
scr ubjen referdies priiaeith ab&imye Carthd sveripas een fgthendnclude a gas
ets..Juic

SePHEG! L) Rofsleaat DR SEPS D ORC AL Aol el materal (5

tra%lsf’e?ﬁﬁg:ro@@ e ﬁféte \th @eraif I%fn%)édﬁfbﬁé SHthé@ifehthe) where an aeration
exposed to t em xture of gases 32 passed throug
cotenraent a¢lemantc (23 db midined, eaSeﬂ@ntlb ghoveriee grssenagates (27) can

o esgla%rf{gﬁ anl 15 %gr?lgob;} c%an L%:%?t Cuﬁg@tﬂ;{ll%wu?? ﬁhe mixture of gases

agéerdeﬁﬁ(bl%h ok ddhfiodf contdi@minti €lemeritol g disCRzyed tb atmosphere. In
I ncrease the efficiency of transfer of d| ssol ve

thaset @mbastimesty of ithe ingergyn;whese theigps ijegtei(lfy ﬁ?fapléseé@ sparger (20),
ases r.at tiel ‘i
353l (5 A HEPHE ASTRRELSRA of g 1 ot
disdopFeRiC hﬁte&ﬁﬂttbabe td’ﬂ@hsngz@ tangtnskphree.of It thase t embodimemis of the

méé{t@dwgﬁéé‘ s haloud) DB e e e Bt b anigg stream of
juldd zrth Fﬂ%) gdfn%ﬁt &reglfn bh$uitd Y BI)! hiRtheh %oﬁ@fﬁﬁ)hb Oﬁulsa’ule or

con enent can  furthér contain a juic
1n€brmﬁﬂtenlt1utamferﬁedrlfla0®n@mplosedj from z(tm)osp‘tmne ﬁbe gas separator (27) can

di stributed to_t but
et Aot 6P b UE Bl ThDAEH b 3 LG Bt i
c&u@ied toA%anspﬂe% cespaifidagyditee Nas Q%aﬂatﬁro(m eﬂtudta;ly coupled to
gl on of the aeration contai nment el enent 5

ataqosplasie owe rcotipeist i pwtion of the gendsH canfizyrcd 1022y h)aﬁag restriction

T R L Y Y L
the m xture of gases (3) can be passed through the

aeration _contai nnent el ement count 5 ent .
t ne Semefanlya Pﬂ%@Qqﬁeﬁﬁf%tlﬁat(’ftﬂﬁegf}ﬁﬁeﬁ@af@i; Piegnbedn ifgigase in the

glevo(ijdrﬁé bk ﬁ‘fétc'oﬁ&]ul H)rsfpgegaﬁ {he foax eH%t érﬂ‘%fﬁ%if@r f(h'é)%ntenor surface of

P ency trans rraterla
tHef‘tﬁmﬂullt @@n(cléasé thet fesidemcettime tha:l,Oerb igersese tb@}urfa&g ares when, the
odi nents of th |nv nt|o

each of these %‘ﬁ d
oIS a DA SO RO (P HHSHRCT| GO ( 29)coriRe bR of the gas
«%)g%t&egﬁgthg @fl@éj cﬁ{‘ﬁe @Qverr hr QpEbe bk s@ﬂi’cﬂinﬂg Narge to allow the

enent as many tines as na
ndesia ofl gaks (Blpwrithéd elner Jmﬁga ﬁr)ltnaiub$t9ntt3é1YF¢Cglﬂlﬂ§af4 wiithy atmospheric

DRHEBIERPEPRY & TS S AR ERR b ek Sevepty A5, e interior
stirtfedoft heeohf spass (B3) capabe Herthont condigard lonpmvidaaeextensmns

juice (1) by sparging the juice (26). The press n
comigates, ofovemeomihet lilee to fuihes aBix( &) agitte fe p @5 é’&l%m the gas

separa% ¥297) 18 1h18astFhé' The A WhitCthe (hknfBSs tglﬂ%ss(B)z €an be transferred

from the juice (1) to atmosphere.

A gas flow of the mixture of gases (28) transferred from the juice (1) to
atmosphere can be generated by coupling a source of reduced pressure (29) to the gas
separator (27). Reduced pressure involves generating partial pressures of gases at the
increased surface area (4) of the juice (1) that are lower than the partial pressures of the

dissolved materials (5) transferred to the mixture of gases (3). As can be understood, the
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20 of the juice containnent element (25). The juice

contai nnent el enment can further be conbined with the
weaen@Etoidia4 cont ai nnment el enent (23) descri bed abovaiS2083/026209

general discussion of gas absorption provided by
soGhenefcaldusigpreeaire $29)Hamdbo atmosphere ywhandthe pariGrlapvesdurds of the

Book Company, .. 668 et . 9 is h b .
s oMb OBl e drevel TR 30 ERORICEELAPS pigp excecds
aﬁ%@gﬂgféﬂg rp%s@ﬁ!l‘é' Witﬁfr%sgg@c 0 QBRE dmboRrhditd HRIhS ifendis, as described

rption. It can appreciated that a variety of
abovave sbinonalf educkdi pressureaa(2R sandre perseated Bg\ineteasing de interior

xanmpl e, pressure gayges, ca { ded t t
oAb PRRSR TG niR PR 1Y) R TP EPBEP' S reduced
pre&8rd W PHCcnl Alsd Dbel F&G%ﬁd by £6heuunt pnp, ackaitidN or other device

containnent el enent (23), or juice containnment el enent

fiidis)y, caupledatonhe sassratgics §2 0 &l hsfpartind DRISKITG 08 2assp ggagasd at the

. (3) i;njected, s . hes. .
inebsed) PG oRatret A Of gy Phiof REE NEth "y RLAL QRired (cg. below
atfabspMerid QR4ds0kD 1¢t thcR¥add 1B200:81e0 2412 09 theAgaiturercdfgasesi (A containing
primarily to Figure 2, the invention can further
dipspdvaddnatariglald) Spnihsmaixed strgamy G9) @f WiEe t he ni xture of
gases (3) which contain dissolved material (5)
transferred fromthe juice (1). In certain enbodi nents
of thetd sreetmbodimehes thegas agrasdtoean fosherdinelnéna relief valve (30)

Orgjlélgfggrgi&l@ %g)gﬁgs’r@gfgle@réggﬁlﬁz@geﬁﬁgé gfe? Wabc%?/%rg%lgc%d %?éc’ssure (29)
thAEEAL hOResHBRi A TR UNRILIIRNL, 8 pavkNgretdueesnd X bikee wiithin the gas

gases passed through the aeration containment el enent
sdpfaralmr @73 chraragponsive ot Ausimsion . in| dissolvedsmaiernls dinndgtiyice (total

of the ipventiaon where the i njec . . i ses.-
o D G BafPs, RSk D SRR i, o
cEHREhtk AR JF ceRtinEssbived Maxdritl®), Hfedgetiorsin(ad)dityitias fuidegalkalinity

di ssolved material to be discharged to atnospherg. In )
of Hssjgicemb dhereasesingrH ©of dhel giien w& e GATRICe tidh émﬁaeges sufficient

inj.ector, (.1 N t ] X of gases (3) into
d’_ﬁs‘g}"’? eIRﬁ]ie%fﬂgﬂa}SL]f F%Ié&%%?&feg %@gﬁ%@@gl)m xed stream of

juice (19), whether continuous, pulsatile, or

intermttent, transferred jn a conduit closed from

at mﬁb@, apventipp gaty gtgthgé brg?lgieos}oreﬁyr Q%Yey%ﬁﬁ?iﬂ%eeméxture of gases
(ﬁﬁ bh@ihid) d%ﬁv%%ﬁﬁls&&ﬁ&vefduﬁ&ﬁ fhe RAQVhEES ORI discharging all or

Interior ol une urdicly coupled to atnosphere.
a Poeiinf focathlogpherdie Iy asrtaie prabadiorenfs2df) the linvention yhe ousgtsdof gases

to 15 atnosphere ca i se. tion. of th ad Yy

CB PG BIPIVD! TBHTHA FHG Peatice Btorto B St B0 g can be
ulilifed b Barbfidioh RRpFhe @b ib @MY E, b8 bui Snd RaPPRsi ve to

at nosphere. Specifically, one configuration of the

gas separator (27) can be an increase in the
The invention can also include the addition of antifoaming agents (33) to the juice

(1). Juice contains a large amount of material that can be surface active or that can alter
the surface tension of water. As such, air inclusion within the juice, or dissolved gases
transferred from the juice to atmosphere, can result in foam. There are many kinds of
antifoaming agents that can be used to reduce the amount of foam. Including, but not
limited to, fatty acids, oils, or the like. To accomplish injection of the mixture of gases
(3) into juice (1) or to transfer the mixture of gases (3 ) containing at least some dissolved

material (5), as described above, can further require the step of adding an amount of
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internal volume of the conduit to spread the m xed

stream (19) over the interior surface of 20 the
woanmisi440 i ncrease the residence tine that, BCTHUS2003/026209

i ncrease the surface area when, the juice is
anfifasintthg |agesiosipluitandons atith sphe rabpubnthebtimb. the fuiceris @kposed to or
. enbodinents._of the gas . sepgrator (27), the juice can
1nﬁéte§&1%§1e&PéFe%m§Wé)cf§a§%szg' sufficiently large to

allow the mxture of gases (3) within the juice (1)

to substantially equilibrate with atnospheric partia

pr es@ueethe esicad dnoount afi dissnlvesf metedal, wplatilef materialy disgelged gases,

separator (27)..The interior 25 r f aces. of aS._ 1 s
R Sy of S Tty HeGh (BB frogh i Hy doF dgulting juice
prBdtcR Reh BB SransSRfed 46 %‘kﬁﬁn% GheR \PeSoesP faciliRs Ifbk RurtheP clarification or

further m x or agitate the juice (1) within the gas
pwiisatian. o Alieamyely,che nereusssnhadémenys ef the imentipntqga be incorporated
. mxture of gases. (3 n t f . 1
o S SRR S e B RS 4000 bt

of gases (28) transferred fromthe juice (1) to

at nosphere can be_ generated by coupling a source of .. e

redudew nsfesEag te Figag 5y gVithnesRret to Sugas PIpesss Fysfgms which utilize

Red ! ' 09 | .ot | . i itiall
w8 PUFRFYL Rl DYELYES RERRIAL L0SiBANH ol pBfEus Bl
rehdlif@the igo-tleetric point lob tervativesmutee als atissbbved pr ths guicel)odr as part

o%q%vgﬁ@%? A 01{ glgei_li%;lggg ilgg;]e k;gal Pﬁi’ﬁ}g{ é?ep%g&c? ﬁ%oﬂ‘g or é% c%ﬂne’cion
whB Qi) Shd K4 RAPARL02 @212,911151&%{11@1@ (9%) sraeliee@ediate liming (36)

pressure 23) can be atnbsphere when the parti al
agaite separats Hmt bie in reorjunetionofvithas efirst earbanationgstep (37) or second

i ssal ve erials (5),temved.fro j Ul C

chiBOph Siop bt Babite T PSR b CaRip RO D trop ot
1686t 4 PBrticAventteOron-afrstessubithiads R0 MAe j@cs QLY 6@ thdi the resulting

reduced pressure (29) can be generated by increa |qg )
clatified nr gniiGed uige lcambe oﬁlter‘?de(‘g%)rm@ir tt0 i SYaREAlgR E‘Pﬁé of ‘the desired

m xed strea 19). f o
oS0 B P S MR o e, i o
pRAVENE Yhilce pRbduet hevingeviwed didsoiveld ahatertdupl reduded dissolved gases

gas separator_ (27). The partial preﬁgure of gases. 1
copstrtauh tar 1afrodusHon ifer @k W Bave 48 Al oL hyse) CopveRtippal steps, or

cér#}jeﬁf‘for}%f‘ Qte@y albdPEeaa@i tHe ee@nR Bleshit 89m(iBe IhatiSeAWics of the juice
at nos

pheri €t pressure) to increase the transfer rate of
trédted m accordanaf wiglathesin¢@itiogont ai ning 10 di ssol ved
material (5 fromthe m xed stream (19) of juice. As
to sonme enbodi ments, the gas separator can further

i ncl ﬁﬂqecaﬁ beehRbcinal e (d@tiorPEad YE WB&T td Rsdubél@istolved materials
signal generator (31), coupled to the source of

withtutedujzegsiurte anp ylditioh o bess Becauss pemiivertiqrcan substantially
.accumyl at{on qf r parti RI- , it D .

incFRasy pﬁ;o%@gg?eatgg Iaéi?% ffl {hg H“@%é%% %@?@Iet otf g@s}qﬁem& &Un@entlonal
pfeBgifd bPMalmlighirgsatpsadniatreducad.s Alterhdtelyj iti these protass systems in
which the underflow in the process system, such as spent lime, is used to neutralize some
portion of the acid in the juice, or used to reduce foaming, the under flow can be

introduced either before or after utilizing the invention

Specifically, a method of purifying juice utilizing the invention can comprise

obtaining juice (1) from plant material (2) where the juice as above described contains
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di ssol ved naterial, certain dissolved materi al s,
concentrat! on of dissolved nmaterials, or
woaneenswat i on of certain dissolved material s) PC&#US2003/026209
reduction in acidity of the juice, alkalinity of the
subtok€, enordBudrower afdsentes, phdovatehe Ptilizieg the iovénsion in the various
neasure, that indicates sufficient _dissolved.mteri al .
e et SRk oF SrSFRbR P sHRERaISe (P RH OOV Of the fice prior
to LPMERNLLQE3 @A jdiks t 0Bld hp! MR IE Py RO Guis (OVIIRY Bageliging (35),
@Ee n1g3uf£?bg gases (32 po%ﬁa?&ingudiggolved ) g (33)
orfmtler cal Ise nilimeden conjonetimewitlycarbondimg (AVE3Hs Where calcium oxide

di schar,gi.ng.al | ti . .
or sl D EHEH Pare o o PSR e prgfuing (23 or main
1ifBR2E34)(39)btBpd) lanehrblrRsioh LRY (W) procipitatihg oalcivhe carbowate (39) can

(e.g. containing carbon d|0X|de§ can be 25 utjljzed
refwt inctzaripinzet loast snepionef the sepisheasapibyiancesdn ghg julfedl). These

exanpl e he inv [ ' it .

u theé lpderisitanesn @imeale imengn offethe invention, an
e e o e el AT SEE YD cop
] , | ' )

dj dga: - Ui
oS 0N SRRl SIS ARE (PGS, orore of el
nodf-suceobishbsiaoes Rgemvingt daktiurs aartivsate peekipitatese@il eart yield a juice
anmpunt_ of foam .| ncl udin ot, |.imted 5 .
(156]1%]‘,5&1&65ilqysren&wrfgwga!fjeg lgggfeir%&{gg 38 r%? Idg%reldnam&?n’t c éﬁéfd desired
! ’ - cor jection
s (fsl}sjﬂt Witerafel P as@tallitiag (47)itRe bwtr6® doddenOwithin the juice can yield
transfer the mxture of gases (3 ) containing at |east
suganprodisis #8)ed material (5), as described above, can
ESBZ?SESreqUIre the step of adding an anmobunt of 29 WO
( 144 PCT/ US2003/ 026209 antifoam ng agent
si MUNbANRMSinWipkinarly t@Fighe 6] witherekpereto higzai pravess systems that
exposed to or ‘injected wth, the desired m xture, of. .
uigjézecion (Byhangn (49 areplaes s eRliRpgheal g raeljalrpprification steps in
materi al 0 ' Lal ' v .
g Broseibc el S MBFbpE abp, 3EFULES pidaTod R Linled State
Piteet Nod. (7851963t He331ek80] bf Ag4P.Gi tecachherby tingaporbied by reference,
el ARG TG GRIOHOGIo PIEGFILHESE] DR R dPREEH gy be fllred
€ t ' . ;
pﬁ&e to’ %gﬁg@%gwm S tPtedeGrateNbBNdxicRihpeamatRflal to generate the
I'ncorporated ~1nto sugar process facilities to produce
calcﬁlunefdfam/sqwglat tetm?iar had gnﬁ |thcemr1]qca1s errhangpd foy galciumpor to reduce
w referring.ta Figuyre W th respect to sugar
aga&%% §16§V§F gﬁg %Fg‘ﬂmﬁ%"i PiOSEhase, such as cal ci um
oxi de or cal cium hydroxide, to raise pH for the
purpose of initially reaching the iso-electric¢ pojnt
of t e theseitppes ofeirepssssss the wyentiaageannbe wied; teil‘@éuf(elt}l? amount of
SR R LT B, FPROOL, ALyt MRS o o i
conjunction with pretreatment of the juice, or to reduce the polar load of the juice prior to

ion exchange, or to reduce the acidity of the juice after the ion exchange steps. Each of

these can be accomplished by processing the juice in accordance with the invention.

Now referring primarily to Figure 7, with respect to sugar process systems that
utilize filtration or ultrafiltration to replace conventional calcium carbonate purification

steps in the sugar process system as described above, it can be understood from United
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with further steps such as cold limng (34), main

limng (35) or internediate limng (36) 15 again
weoeepariasa4f rom or in conjunction with a first PCT/US2003/026209

carbonation step (37) or second carbonation step (38)
StitbaPatei@ Ns.e5482 306) hareby cbmotattbypfefaahas that baschineh e lime can

(39) to trap .at |least a porti he sucrose
bedigprd fopreleeat fyign e that it may ‘(ri)"eagﬁy$ﬁg‘ﬁtefeﬁgg§)esul ting
clarified or purified juice can be filtered (44) prior
to evaporation (45) of the desired anount of water,
t he Inethbsedtypesdofippmessessshe inwshiiomgan he user; mradyee thenamount of

be utilize uce a e product
digsglyisd sg2i§ria ’ol"fléés ﬁ]&Fg S\ e 6’# uceb‘ﬂ ssgﬁe i}g RHgy to or in
coﬁ Slist Sth drefredtMbhtOsiUGE f@te Wthbasier allsw Iilibﬁ-eucrOSe Siiblstances to
t hese conventional steps, or conventl onal

reanijlcﬂlenr wetegtl‘tch@lléi pechagaregatie AETO Qtherivase generate SO?ld Pamculates that
teri tlc cc € b
rh ?Lﬁﬂrgd tasa Euggygl Hﬁ r?o%tgcﬁgggglg'c é\‘f%e dEEﬂ‘?BF ese can be
ackE Hiﬂeﬁfbyfp%bebﬁnglﬂﬁquibelﬂ a&ﬁdtﬂandﬂ witlotheddventibar i al s
within the juice prior to any addition of base.
Because the invention can substantially increase the
PH og,ye ?&'ﬁn% iRl tB 1%51 Qetﬁeuin‘%&tlc;nhgalﬁ[ﬁ%lﬁme &paratus for
base use vent pr el I'mng or main |imng
plﬁtcfspﬁhg canmethode d)tﬁ qﬁebessﬁhg diguirdsedopfaining tswerose, prrodidiysion juice(s),

ystens in he underfl o ole
w@a@ e duguae v e o SaEBY B pRGrRATBRERRE iR Hhis as
s 'c@ﬂtaﬁfmé BGuids iaft héhtdd el s¥lubaity OF cofgifl thateridlel ituding gases,
oam ng, the under flow can be introduced either

smhfasr@O@randf$@2 dﬂ:crelase§4 n@s sted, ithe gnsien oSiss maigialy from such

11%&.? Eaélgliﬁ, ﬁnét Iéﬂ%?sﬁg Eheecﬁél e(i%:g*)&gfe&lﬂ dhrﬁ’(ﬁg(% gfr&f‘a fmxture of
pdrdl MREK RSt dTes Ak @eena&h@bm\een@teﬁﬂrdobmmmfetwans&rreapomuld not
20047 015144 PCT/ US2003/ 026209 sucrose, non- SUCr ose
bes fiinthenimaséerrediig sugh partial Pressyuziof gasen &t ¢ lavesk didpid tPRPERETe-
various enbodi nents shown or described to either
raise the pH or lower acidity of the juice prior to
pr el Nown@fdany ptiberilytcBigutiod,ca paticulin embaglipsuf oft the invention is
juice (1) or hot main Ili r both
sty iopich UGB APl FOIFERS L Frecapbicad g S e3757(39) BBically with a
] OXigdEbERS &em 51) can b
C(W{/%fr egﬂ cgr'sdf{fir% ggyeaﬁcé)ﬁl)e&l?sn% ﬁ%@rﬂé’cgpl mgﬁ? 68o (51) can be
11ﬂf@dﬁcedl direetly (124) ¢ 3Bysetie efifiisea G3) bsingt aopmgp §4X 371;1 particular

e plgg(%ﬁ}%lﬁéaojttﬂg élgV?p 1'31![I gb}% ggsrﬂlg%elf%g 9%158 t?es Lfé?)g%ré 11;1tr$(ﬂlced into the
rrggé[}s(ts@? Cthie slugalt H&ucass%aes( 191) MBesethid BRCindidr G626 bé 3RPposed to a

ow renobva the trapped non-sucrose substances

pettioay aitalhof tfe ctltfgswjl ivieseor(efflugnt 63) dromn Precostsite difliser %%) before
oiebaneraCE p PGS TIa R Rt R B0, AL an

addi ti onal carbonation (38) step can

In the diffuser (53) the sugar beet cosettes are treated with heated water (59)
(typically between 50°C and 80°C), sometimes in a counter current fashion, to remove or
transfer sugar beet juice (which can contain a variety of other soluble and non-soluble
substances and materials as described above) from the sugar best cossettes (51) to the
heated water (59). The heated water (59) now containing sugar beet juice diffused from

the sugar beet cossettes (51) (sometimes referred to as "diffusion juice") is collected and
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be perforned. Again precipitating calcium carbonate
(39) can allow renoval of trapped non-sucrose
weubsHiafi@es. Renovi ng cal ci um car bonat e preci pPCatUus3003/026209
(39) can yield a juice (1) that after by renovin
trafefeeied dgnanp (6@)5 the rhixer (8iin edsingleumtincanltiplee¢ffluent streams
desired syrups (46). Alternately, crystallizing (47)
(5pKeSsucrose content within the juice can yield 15
sugar products (48). Now referring primarily to Figure

6, with respect to sugar process systens that utjlize
i on Ieyohtantyy Wkit) diffosar dgihaclogy day bean; usad forcdgcadagndt has not been

carbonate purjfjcation st i e th u
S5 SR BeEUb 53R BT S BRBAa y o s
tradR] e‘£r g@l csttAh 88bstihcERGISHH rddBingInE3a18 E3in the ABTsB Beuids resulting

4,140, 541, each hereby incorporated by reference, . .
intdafesitmaivéce which cascantaip apennts of gertain sePsimges Ipatpiizls which can
so that .it re.seadi fil Sfmek | Oirveition tak
b% %‘i‘ilgﬁ &' s*%"gg%i"‘?‘%g)%}ﬁ‘t ?)h%r g%’gﬁgornét eﬁ e a%téﬂe wveRton T
advahiapé of thban@ened edntperiteres aaddodurimgf diffnsiew of $ver béeg cossettes and

ol ar | oad of _the_ juice is exchanged f.or.cal ci.um, or .
whigh redsigg soleilidl 95/ FHSjaRses SoRrTsA 1R GHIEE i Pulp tiquids,
di?ﬁl&%ﬁ?l 68 - ordRe e | &R M0VY, R8GuR or RIACRS S6%ain kiMstances or materials

i'nvention can be ‘used to reduce the amount of o
suth 318 @llcohdlsratdehydas, sketanes,distss Initeidesg swldes, pyragiagsiccarbon dioxide,

acidity of fhe.juice prior. ta i n,.conjunct i .4h
coppns adidnaitor Giodse Dbt farydrepiGl yotd Shlshle Uit forous
addl, %ﬁ?c JabHdC @xRlié Qkidt Quedific MAEGhANGRIc Bdid! Dictiedisd dlhevlic acid,
acidity of the juice after the ion exchange steps. :

peuiloné-carboxyliaed, Farmis aciss eestis |aFidh Bty By agidomales§ #r4d, propanoic.

the jui.ce in accor e.\W {. ' i . .
s LRI P, BT b Faloht A 2ihetMesancie hoxanoie
héPtAoRS or Bt @e@. that  utilize filtration or

ultrafiltration to replace conventional calcium
carbonate purification steps in the sugar process

stem as ' d i 1. . : e h
AR G0, e ek RSB HOBE g o over
difaiksRatlighds with 82 c8ffigurhtorsmf thainvergonased asyhose shown by Figures
reference, that base, such as .|jnme can e used 1o
Lot PR L] bhchs b ARrOPS DRI BES SRRt b dppgeratures
(1%@9) sol ﬁlligh&s LY RRI OfnaRHIN RFIRS di fhubon| IRNAI drafiffagion juice can
e used to reduce the amount of 5 dissolved i )
oct eati dhes diffnsedi €801 iself gasals vaeusr denatiensad@is dphgipfin Figure 9

b Eap S e s B P DA gl o e it
95990 Y RS QiSRG &erk OT)(2GHCI04) b&i be adieelie tihe tcmaintain juice
points and aggregate, or to otherw se gene_r ate solid o

op diffuistaul jaiasstot gstablish ermaintain; tPmBFEWTY PbHieIHSCReREFTH Fhgut 60°C

arllcli %gckuq é?)gét iggri&{s c%@eocﬂiﬁ‘”srftg of BF IvBlitidGRA HeddrPEn establish or
maintain juice( at about 60°C, about 61°C, about 62°C, about 63°C, about 64°C, about
65°C, about 66°C, about 67°C, about 68°C, about 69°C, about 70°C, about 71°C, about
72°C, about 73°C, about 74°C, about 75°C, about 76°C, about 77°C, about 78°C, about
79°C, about 80°C, or other temperature as desired.

As such, there are numerous embodiments of the invention which manifest a

variety of configurations for use with diffusers and diffusion technology of sugar beet
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acconpl i shed by processing the juice in accordance

wth the invention. 10 Now referring primarily to
woizgquroesB4 the invention can include apparat usPEDUS2003/026209

processing or nmethods of processing |iquids containing
cossweg seertanr oflittidse sonfigyratioms( &, showi h shawe bydVignteal e(showmg

o Syl 5L RO BB BEAPTHGELGhS of e evenion

subgat %s@ RRowR Ib’jy’ *Flélit%é’ l@fto ¢2 Lh@BscrBEE bhidwScand putitiighed) which
gases, 15 such and S02 decreases. As suc t he

providesf enffsfent rmmqufe nlnhsstrstwer ekarsplen to| make aadcuss the various

€ Iq%&i}%lggtgdﬁé o Hﬂi&h}?ﬁed{ﬁess A tllé’][mpr xamp ple? ea&éf\?l%[] 1o l’é% hcon51dered

1iBNRB Witershdee e aﬁd@&arﬁquwhwaﬁtatdo@nwmsﬁte m‘&sdmwmr
coul'd not be further transferred to such parti al

pressure of gases at a lower |iquid tenperature. 20

Now ref &f o ﬁ‘nﬁ?)d{?ﬁéﬂf@rokltﬂ bfebitiGH! rcS gns@ aR@hnib B @kchange rate of

enbod? Rent e rnvention s wn i n which sugar
atﬂeqiheﬁe geetidlasedshity ar endimtbhine dupatiali piessuge of geses ((62) within the

il ot o fescion ad ERGHAT Sastet phuPeeBRS B PLORYSURE Eierials from
hedfed Hl%@ﬁﬁﬁgl?&s iQ@ﬁCMt}hn' ﬂfeodl?qué?S(%g%t fnHohid 8@bodiRdhts of the

using a pu In particular odi nents of the
iniventiont the rdlffmsem(ﬁ&) lgars bgmodi:f@étto tedulstaddisiopgliffuidiecoupling with the

|ntroduce into th 25, m xer t he
e e P S Bl JRCs B8 e syrface of
the hth@& i @sio juidd. | In &thet &ﬁb@ﬂlﬁl@ﬂt@ldf Rh¢ iiveRtie a @hf lﬂuemgenerator
(55) fromthe cossette diffuser é%%before bei ng

(66 amlsfb@r msthlleg veheserthe (csniigttr@thrh ef Sleffuser &mqusf@r modified to

“{&'reégf't 86 the ?feg{fg %[le ‘is%‘g‘)% E*%%ﬂ[it %fga éle t(555 arﬁlcreased

V&@ﬁtﬂﬁ(t@p@ay ReHRince® smhntha e@t@bllmhedl gasl ﬂbwnwu]ﬁlasthe drf;ﬁ,lser (53).
to renove or transfer sugar beet |ce whi.ch

Agsorradh ckemeni(sHBY) @ﬁnf& meRitars U frabstie o LR Pugiices fom the
t b

AR 6, TPy SR 4 e e

su"BbﬁnkEsaieadeemhe difise) liquids eatmasphierig psitighpresmieas (puptber selected

dlffused from the sugar beet c ette
RS O 88855 BF BT BDIRORE S GISFHIog G U0y Jyige interface can be
cstloegt ed and 32 WO 2004/ 015144 PCT/ USZOOS/ 026209
trans ‘erred by punp (60) to the mixer (52) in a single
inmultiple effluent streans (55)(58).
;2?0 8\2/23' mq"é‘t“ Iphgagldi?,yoztg glilrgurtee &Eﬁgggyerﬁlﬁﬁrrﬁgﬁg dfsﬁlg invention

cdiBSh RO hehtBy aiffisih jultai(66)nensfeitd 5§ mdads pf & pambf(6@)or other liquid
prevent or reduce transfer of certain substances or
cqyNeyanga dp igcoriiempR] demen oy hihat imereases t |Sﬂ¥f?‘éf‘s area of the heated

dlrfﬁl%%lnt jurf& (66) to provide a greater reduction in concentration of pH reducing

materials (or the desired level of pH reducing materials, such as CO2 or SO2) or to
generate a more rapid transfer of the pH reducing materials from the heated diffusion
juice. The increased surface area (or the desired surface area which could also be
adjustably variable) of the heated diffusion juice (66) can be obtained in various ways as
described above by injection of desired partial pressures of gases to strip the diffusion

juice, sprayed into a containment element, or delivered over a increased area substrate.
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in diffusion juice which can contain anmounts of

pertai n substances or materials which can be reduced
wonoaaedgdance with the i nventi on. Enbodi nent sPot/ushm3/026209

i nvention take advantage of the increased

ten’p(éafraahmreaﬂoadﬂﬂdltsimf thg divefitisi oan cmclsdg apontséner (67) having a

cossettes and 10 whic educes, sol |I|t of c
subsfpataly CRREN IR RN gﬁ‘%ﬁ‘i Peyide a 5y Eﬁnag SaFp >° BohidthTwhich for
coh{f«gﬁér%’cancﬂafvfe UStBcddUtis€ op&iing 6 thahdfer trbfled AMBMEON juice to the
uce or transfer certain substances or materials

mixag . setliag caotko(68), qlm@éﬁﬂk oF ofhes trapsfeiomgans. The heated juice

(6&1&” | gdé@;ﬂ%fr 'chﬁf;? i 61%8‘?41 ir ¢ a{ogao otﬁ%: g&’ggﬁgr (67) such that the

hel¥driarBl (86) BasP& kebstatially - durfﬁda| dred oith’ regpecdio atmosphenc
citric acid, oxalic acid, succini¢c acid, fumaric

a
PalrfaaltpressatﬁiSleﬂgwb% cptainer. s ghovgy i Blgugronl- e R?fflm&nt of the
acid t
g PGSR SraBShLE 108 e BPLBE Bl BPELER it
hedfedguicp epieadiodver e idterior watlh mimmndrme syfficExtfooeacto spiral down at
hept anoi c, or lactic ﬁCI d. .The nitorin

leash@ IP%?IE) @f the beighrotithe “&Pﬁ‘l“?ru%]ir fe tqj}nézgeag% H}epreelaFrbcgrhme in the

C&ﬁaﬂ%%E 20 diffusion liquids with the configurations
I'nvention (such as those shown by Figures 1 to
7 and 11, 12, 13 and descri bed here|n) to take

advant age of hi r te ature omer Ql I

pH r@a l}gl %Blengpgﬁ)cfl%e?tso& em&?rf ]fOE}S enn} ] qeurl c%' intllo'iﬁ{ct%frl of the
hediddfjHRE Ghtol tHE E6ht&iABr (69F €4H bedthe tnitanslbf fnu&agmg &&) sulrﬁasehlfea of the

or at various | ocations as shown in Figure 9

he@RAQN{c20(Ep) 20y the ccnrrt@a@r (67) perpecanly| tp goni@in #pd eqjlect the treated

eat .diff
B L e s Yk e
sthednd bfMeated joRE RRADLE nddif&l towredle hdditiomd sunfadeeardza)ﬂuldwly coupled
establish or nmaintain tenperature of the JUIC het

th%mGﬁp]f@UG or egivesbpat RS IR f G SRR Op{Gvision into

o T AR RSB SR B0UbEN R . Tabout sac

about 64C about 65C, about 66C, about 67C, about
68C, ab ,
about 69 about g C, .about 71C, qbouhmag {és . of the

aboufltymete sphodiments of ghy,dnveggon gog, ptt
C&Rﬁgél‘ %353 ahatize tﬁeqfﬁcreaww su806e af¥h oFUERckEIHERAbLI ECE (66).

As such, there are nunerous enbodi nents of
FOMampW@ ruhe mntanmrcmn aveé & eiseular oncgnical %Dncﬁguratlon or even a variably

f diff
g{]{iﬁllﬂ %@g@é‘%g 1 %glgtg\e/ﬂaﬁogrsl%a (Ef/ (Be%@a%ﬁ&% tfhE: YUGHALL area of the
hgagﬁ WD Bt 6e0 8ntoCids Sohlagfer (6BF fifade @hd tthe $esidence time on the
configurations are shown by shown by Figure. 9 (show n %
swesapphithy dopiener oAs 1p 30D @2(99911(%?) ofghe fyeRtirn &1@ confainer can be
var
oS3, OIS GO S it i
chsingiwire dimosphaic partial pressures or the desired partial pressures of gases can

be injected into the conduit to strip the heated diffusion juice of pH reducing materials or

undesirable strippable components.

In certain embodiments of the invention, the partial pressures of gases to which
the surface area of the heated juice is exposed can be controlled by evacuation or desired

exchange of selected mixtures of gases to maintain a continuously lower concentration of
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provide a sufficient nunber of illustrative exanples
to make and use the various 5 enbodi nents of the
wonvamtisiam. These illustrative exanpl es are noPCTaShm®3/026209
considered limting with respect to the wide variety
de@rﬁ%@gmahpieesméﬂaoﬂ pies te inntase owsier 6B theadgsired gases or materials
enbodi nents _of the invention conprise IIed
froum ealigied ditfusion Juice Mg $% ShaptiEAs %F%@?&ﬁr‘
mai ntains a partial pressure of gases (62) mnthln t he
10 diffuser that provides for additional transfer of
subsNawcefsrrang pimaelyuoiHignmdd en ifether fembndﬁ@@t ef the invention can

dlffu3|on es 05). within:.th dlff
coigpis® arpgep et & BEeT gt RyBeee Srmhinty iRl Ed aadlage process
11qQ1"iH‘ REesD ek &5 dbui ZEpaisas eliquarenah efddtﬂbdutCZSCpnmﬂs PEr square
% the "atnosphere to allow increased exchang

meu)rmstph@numepm peit ofraaseagrisisciar (The 4% dﬁ%e@ée%ﬁboreh dhe process
11q @tgﬁg/ b%lﬁnf f%t% tc? BFMWIS gté%dé r%g?% P)eélgﬁ?‘g@@ ME%aQJ sothﬁﬁhty of gases

1n|t]ﬂ§fn®bbs@d1q\tm§ secH §1eCOQIN0,gusiatilc@nganic ¢dmepaﬂ11nﬂsf s @platile inorganic
cannot be nodified to excha

CORPYBHN OF PEhepViss SesceBed,itiersor g DHCPR LRI (A8gr air or other partial
prrl: ?feg%‘?g%sea\ég '&Eél# <At iugnnj(eﬁl i %egﬁo&% ﬁrﬁ\ﬁ@% fHetlﬁje&tﬁﬁl port (71),

OW W't ffuser

thé\s;ﬁesésaﬂrquldalogm (ap{fEsdd Wi ac lgasalaniid cﬂepamm (ﬂahw@ﬂ@r in some
certain substances fromthe. djffuser,l ds. .t

emrf@nga%tsafaw BAFROGRE P APRPREE BIF RSB Cpor ta can achieve

foF@%Q gggutrf@ﬁletn‘ﬂ@s éﬂvﬁ&' bTh@?ﬁ@ﬁqlﬁﬁtsWﬁoi ) dllf)\fvsl $@tial pressures
I quil

s or atnospheric par pressures (or other
ofs ghses tigj@ctedi intou thes protesg lepad ¢ tppapﬁer aipssg]wg@ £IFBs ngatﬂe organic

co%%?ﬂupgf ?oté a'to dln{ofgg%zri, ?circ])ﬁg)u 'Bﬁr?s torgt %%1%';8 %‘wgetila concentration of

|rrar|

thesRhteBAROH tHE Prscesd liglie. | v edthé emborﬁﬁleﬁfsmﬂﬁhs d@svention, the gas-
heat ed di ffusion juice (66) transferred by means of a

lignishpep@atpr sian chena reoniainer dhatceomiaiaieePoeess ke 47 AnApner that

1nﬁ§3§e‘§:}he é&#s isllg‘g Hﬁg% gla\?iggsltte{ﬁcesé‘i c{\/aﬁfég tl%rtg:rﬁlg%fr g?%tenals from
the @Rltdss tuidntocthe afiésphsredn acdhortbt dwralion ofjtimenat &heal ascentnﬁlgal

ga{@:lzqgtycg Sqna?%%rrzlg %érlrde z%’lltﬂg,hgﬁggé reg %gg]ﬁegirgtg '%E%]Sﬁ%égslts ﬁ]gﬁgif AR spread the
p@% edsh 'ﬁgfﬁ'ﬂ' %ﬁé{u G GndTBe ?hffﬁrl:es T @Meiigribf atQfaiflér {(418icaBh other

he increased surface area (or the desired
ccmﬁgfumtmnacem bemsehac wealldwithSorchein soiie syla@rlyalmb@mmet}ts of the

1nglglilt§cgﬁ QP \ﬁgt?lgtd ggllr f%ﬂ%lc gllrgglégrl C%g% (F %%/ %?an Jproc é)sgfﬁr?l!(r)l €flek the inside

Slg”ﬁt%b rdnPayfihd@caP bORBMELSS e @AGHEgd Gasligid sleberator mcreases the
diffusion "juice, sprayed into a contai nnent el ene

aren. ofehé w@nwh@@eﬁor @them Petied @Eesairen of aw@)rmoeessamuvbmterface by
P et O, oF Toka 4 JEO 3er SR UALRRAM BRI Blses in he

nclu cont ai
process liquid can be transferred to. A gas rellef system (73) allows partial pressures of

gases transferred from the process liquid to atmosphere. In some embodiments of the
invention, the process liquid from the gas-process liquid separator (72) can enter the pre-
liming step of convention sugar process systems, or enter other processing steps as

described above.
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substantially open top and can further provide a

substantially open bottom (which for conveni ence can
woave/tasueduced size opening to transfer treatedT/US2003/026209

diffusion juice to the mxer, a settling tank (68),

or MR 0} (Ebbdinentodbfide invammﬁe rpumga (&t) oFhethéreptosess liquid

juice 5 (66) fromthe diffuser .c ntro uce
taber Elsget CERECBONPSohSIUIGE, LGN CRREFIPhGIHiaL B ouch as 2
nokiﬂe C;S & &Edub ¥R I?roééég’ ﬁﬁﬁiﬁtﬂl @lﬂl%nbﬁﬁlﬁﬁﬁﬁﬁdse‘é i @fRsEHeRS (or other
respect to nDsE eric partial pressures wthin
T

pafthﬁ prasstral afegaseshy qiid slurfgcm @reao In spae cithodimens the liquid
of the  inve

6 e hAET B G o SR, 3 HAma SRk

or S RHS dRWEIutoR 1dndn® hloves wWielor SttRn gamahpﬂ&@swe of gases through the
sufficient force to spiral down at 10 |east a port

i

dispfersidre of prragiess bauidHe firherrallow gag P%@O%gut}?&‘?’“éas%‘sﬁi%ed gases,
idence tinme jn.t e

ol ara ol ARpaRS R e e, B HrERAP liquid and the

pakti] Rebd6ie @ted intiddacedbptiedggsudisteibitior niangoklonimseme cases, the

3 T KU B e
be> Sé%etec'r Ot 1R ﬁfénhﬁécﬁoﬁn& 8R! igpdrsdd rdce@aligid from the liquid

usion juice. In these enbodinents of the invention
dispheesiowefdngut 76)oto mbke the proodss of as artitivhingeelt g8 fitippgg more

AT AT -
gefﬁ'éleﬁe?iuﬂri ﬁ'leolfl @%ﬁﬁn@i’hea&st@}ﬂltﬁﬁung%ﬂ ga%t dt@;spmgl pwcsm NA mesh or

I Nt o I'e st reans, spraylng¢ rop et formatio
Scmendtdvmg\AﬁMurﬁoofﬂd swtzhlet 2@ Ao Hre liqydd dlspersmn element

| t.h h
(7égn gltglqg Pd1 Ct% tl%mlgﬁﬁ?l% @gf ;gnée tl?eﬁ %’d?a%% gghplgllquuéiua?ment (78) can be

10@’&@@ iRide Deotigiahrgt efbhtsi7oN ot Yascear(iidd) colulﬁnr Gasalipl eplume to

the container can have a circular_ or conic
the cgab i dggiribitianmenifeld 7 acarabs ggplg,hshgqi i %lgp% transfer element (80).

T %ggl 0 a\}o B Ladh ‘ft%ﬂia{t%is Iﬁeat it '?)%e?ﬁgﬁﬁ eﬁfalygﬁcdfecﬁé @8nditions

Yace area o jul ce I ntroduced
waRinothé b@ntﬁmnteat clemefif7Y) sitht abemimaldcandisione siidenthe progess liquid,

on the surfaces of the cont
sepaTsiRlY 9B A9 sompinafen. K 861 slﬁl% gieegané%lﬁ é]}vegﬁ?]n Hlee progess liquid

dtnr %fﬁ@flstﬁe | e HiAgn gl AYPLEr colerdtira ﬁ%’&ﬁlﬁr&ceﬁﬁ%ﬁtems or enter other

sterring the juice providing idic coupling
piroicédingtstapsph desceibpdiatiaval pressures or the desired
partial pressures of gases can be injected into the
conduit to strip the heated diffusion juice of pH

r edugAginBRiRIdiAEEs 6f the 3Wvantiee sad Akther Bicludppalbeum chamber (84)
conmponents. In certain enbodi nents of the invention,

intdn @V}pc:h pliogessgipid oarebe gﬁnsggg@; The wresese withan the, yagpwm chamber
SRLeEhabdd §t110 \obials fr
(858 S ReRSEI St e B acap e el Fom
tHE A3 108 f Pro@RS Eiguidopassidnthedughathe eatiiumi obahlyer| (84 (or achieve the
concentration of
desired pH). The vacuum within the chamber can be generated by a vacuum pump, or
with respect to some embodiments of the invention movement of liquid through an
eductor system (88) (89)(90). The amount of process liquid entering the vacuum chamber
(84) can also be regulated by a liquid control valve (81) and can be dispersed through a
second liquid dispersion element (82) to increase the process liquid-gas interface area.

The process liquid can then be transferred from the vacuum chamber (84) to the pre-

37



10

15

20

25

30

35 WD 2004/ 015144 PCT/ US2003/ 026209 desired partia
pressures of gases to increase transfer of the desired
wqgasadid4smaterials fromthe heated diffusi onPLuIUS2003/026209
i ncludi ng gas stripping as descri bed above. Now
limief estep of conierdionl sugho pEoagsi eystems, sorf enteth ether pragssiRg steps as
of . tEe i nvention can 5 conprise a punp (70) or other
dep P @PP¥ensfer el enent that achieves adequate process
liquid pressure (between about 20 pounds per square
i nch and about 25 pounds per square inch) at the an
i nj elte ioMergiomt ca@ffuaherg@;mprﬁj? aciest sysren (9lasrera yarppeepmponents

r oce ui eat
Qi DRR ¥, Pyt DS, GerR LY 96l g0 o vent
co'lchtIo'iheccﬂﬁﬁﬁé’S@3b lllﬁtdhﬂhlcﬁ laﬁfhn&Sfo@Z;geﬁman bohdddd ‘élrough an anti-
or gani ¢ _conpounds, or _volatile |n 10, conpoun
foamn agenledigpesaion @é%mqnbé%ab“a%ﬁelm?%s JS@@]@@@@ p FE%V?P‘ collection
co’é'\fatir?er é@é)r call thgfl ety ehjealfronﬁ BRSPALESD GhnBesas)as the  pre- -liming
are Injected Into e process liquid at th
stépp L Cdnventipw rstlga(r7pk¢cess tshsterps, oresxer| atheri ptoc%ssmgateps as described
transferred to a gas-liquid separator (72) which in
abg¥fre  enbodi nents of the invention can be a
centrifugal gas-liquid separator that can achieve
forces of about four times gravity. The gas-1liquid
sepaNewaefefri®) prhbrdygo Figurisal2 gnddds an egbadment @féb@ gwvention can

|n ected .i nt essll |dtotra
g an\?dP%?F(%Teé‘PIB?TS i‘pg%ra ngs juigedt %{Fe {al ?ie?rf‘e‘ﬁ (@%@) which
canMRLIHALEMARBRIUMER Beda BEKDMID Elilesquard n@F ndzake or a BEX PSWSQ
concentration of "these materials In the process

widecpmigte: fullhsquerresianih oerzie 109).ofSoe Her pxapate

lon,the gas- —
r e j
e SR SR 50, b R 8hud Has 02,
o h NRBRNR 6f RRABEDS fattiHli pteisnicebf aasesalsuchnias gattriospheric gases, or
transfer of materials from 20 tgg?grﬁo ss Liquid t

atpieepheTivoEAsPre FUPPI SICA ety $EPPEd P sigofl RATAL. f‘c‘/%‘ﬂél‘r‘?% having gas
@?&Tté’ﬂstlgégﬁﬁt algﬁ?f é{J §t ot ?egﬁr te%ﬁbétélcb'sﬁ%% s @ _ﬁfléé {o%gﬂ gas. An

orces e pr OCGSS | QUI can spr ead
adjudigiss sgab lfdpw zeneretor t(383) neint@ns ar flew eofosaid gas (302) sufﬁcwnt to

cyli.ndrjcal container th h ot her fiqurati

i oldas SIS RCS (o PR e e 41 Ty fe§fiBnce time,
oRMRaslifert %hé’ﬁké)h%rhldlf‘éﬂw kransfef ofdidiht fe@stronkl siBstance from said

gravi ty Spreadi'ng the process | IMEUI d over the inside

Juide E)ug:i:a(ﬁé)Z&;f A fgas @sqhngp. dementG)HB a4 nallowfgas gentaining substances

tri f as-| i gui e :
e BORL OB Rl gHRRE G AFSRFERCE, b St o coine
lcﬂﬁ’@cﬁﬁbr BE Afehargbd @k desirddegrbesse obynto nidesirad prcmgs&astep Gas flow
col um of gases at the center of the cylindri

(308) emn gagggblaahe@ b a prgle €as dischpiqlacaomer by %@tfpé? gaydischarge
locgtlons @ 3 3).! ol & $1er ré‘gﬁgﬁlﬁl@g’% R hORR RS rf F?é is m@&&‘&?&l to a gas

‘trans om t he process qui d
dﬁtﬂmapﬂ eletent (B 19 ecteadrhd igaedittsibofiont hieg ﬁﬁ)wnmd‘hgmr@ A3 (providing

néggrgﬁgggg%ékscﬁgﬁn fg;rnf{)gpé)t h"‘gl‘?egg%é) (51str1 lslaorll ieﬂg'lie%t serves to generate

desired gas flow characteristics within the containment vessel (312), whether counter

current or otherwise.

For example, juice (301), diffusion juice, pulp juice, diffuser liquids, or juice

process liquids dispersed at about 60 to about 110 cubic foot per minute (about 500 to 133
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limng step of convention sugar process systens, or
enter other processing steps as described above. 36
woRRE4015144 PCT/ US2003/ 026209 As t o ot her PCT/US2003/026209
enbodi nents of the invention, punp (74) or other
gallb s p&Smiriuey)i displersed Siiter flos efrgad génerated air abopt 5@ 4850 cubic foot

pelﬁ I@%;{Ug Jagd%ﬁgl}létrf qll g@g@% %r 3 ndgljggqenlaeué fl?]w olfcncgﬁtﬁl& substances
subif'ak aléaﬁ{)f‘ Sadn Se af H&%ﬁ’é‘ %ees(e@ra%tﬂ%r a f¥idd, al pyrazine, carbon

pressure 6 gase process liquid surface area. I'n
dISdea arbyodd aaadl sllfuln ehd»m«tﬁ,l |ph0@hdns peids hpdroehlerie aeid( ygfuric acid,
an create. dro ts or a.spra a t
s 55 S Bt 3B SR, R R, ol
acﬁi J aﬁ?foll‘abH@EarB@iﬁicahcl@r el Qcidf agarescid,hbwtygh delie maleic acid,
dispersion of process liquid to further allow gas
prplamom acidhi hgxeltie’dmé@twm pejd dpujanpiqagidspentapgicadsid, &> methylhexanoic,
hee( oa1g,|rlg é)iaé‘lé) oun 1%r %CY(? o@tthé ik ci ‘é\ﬁith Pésgéctﬂ &0 lehitBdinhéhts of the

parti al ‘pressure gases
inbé&itioRdkueR @s buoste fb@nﬁgﬁradd)ﬁst ghiolt mcmgmm i12 ahnd. 13| o ggoftew (302) in

cubit feakRlcbaubiput HECE s Y PG GHPPRRER T3 e ot S50 to recuce
th8%nf %Hpgfl R éfye&t s%gﬁh&%ndﬁl?ﬁﬁBh Qﬁ‘ic@f()biaﬁf‘ed%&ﬁ%ﬁ?ﬁ%eets. See

process from | T'quid dispersion el enen
Eia?@led 0 thrkghthe Pindbkelys thef juias optainedt frmnlmgledrsug@scane can be
stripping mare, efficient_ A foam di spersi on
e GRS S ENEFPHE BB OB B S ce Gopersed and
he bdtiputhtidtchR e bR6d 8% iok fuMiiFlg coponent
thgggggaérv%%p?rﬁgdp?%ge@sg ,& mgs grl 15 scf(glzgr}yr?aw ng 71 opfponents
coaapmiding the inverdion wan hblusedinzsriener inepayalied to tra jpicy lgralaerated by a

di spers t 76
o RPh ST S 05 B 180 R g o giosion
jul® pek AfiRdtef i nside a contai nment el ement (79) or gas

partltlon colum. Gas flow volune to the gas
di stribution manifold (77) can be established with a

gas pg}?aglglf e%nboedn%% of (0 én ventiOf r 1hﬂ‘ﬁﬁé’ 9' éﬁBBleﬁféﬁtaP%as flow

regu in annun Pased upon anal ysi s of
géiRepdbt (306Y 1@ Qetérhtei suppleenentatons Iﬂmn(30§D @ﬂmﬂt c@ﬂ 9ymprise oxygen,

OEB A EIDpo P LTS RRTALPICEI 4] EokRe S AUQAT e e gf converting
pltntllgrﬁ MY &SHolL ntot @@g&i’gﬁ&iﬁ%t bigakydds Glarba%bt)@hct Réids.  Alternately,

[im ng step onventl on ‘'sugar process systens,
embodmieﬁts aftthe nnveptlon: fgtlien @cﬁ@@@pp@m@e@b exidanis 4308) avhich can be

a| n enbodi nts of the i.n ion can further
dlisﬂ?ﬂs th\‘?é‘&%’ﬁﬁ? RO %1“})22113 Kﬁg whi ch process
liquid can be transferred. The pressure within the
vacuum chanber (84) can be adé usted or regulated to
tranéfsedlss:meféleahowed aaedien (399)vetmtastabl l%t@’fr mgindain, grige at a

swgaﬁ%tgily (cgﬂi Int gt%r%ggﬁﬁlrla s %tgd RAGSE Ihd PBUHT doPE MBCHIE as said

I eve
juice (301) disperses into said gas (302) having gas characteristics which allow transfer of

said at least one substance from said juice to said gas. As to different embodiments of the
invention, juice can have a temperature as said juice (301) disperses into said gas (302)
having gas characteristics which allow transfer of said at least one substance from said
juice (301) to the gas selected from the group consisting of about 60°C, about 61°C, about
62°C, about 63°C, about 64°C, about 65°C, about 66°C, about 67°C, about 68°C, about
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desired pH). The vacuumw thin the chanber can be
generated by a vacuum punp, or 30 with respect to sone
wentadimemt s of the invention novenent of |i quPdT/US2003/026209
through an eductor system (88) (89)(90). The anpunt
69t ghout @6, labaui 711°€I1hbasutn7@°€hdaouada‘tﬁnabhah’lfé’€ ab@ut)75°C, about

can_al sg he r ed b u rol valve (81)
T6pdbeun’ e mﬁﬁ% ab(t‘ﬁry78‘3§g and f"&’égg‘% li quid
di spersion el enent (82) to increase the process

liquid-gas interface area. The process lQSUId can
Sommnumhmcm of drerigdlenttionrean ferthea inpludediadiasdP 1 ge)ingrgase the area

of R DA POIND I (o cud IRE QAP Aling o LRffactristic

Wit Ellow? HaREESd ME 166RRS sabstarte S bedjuadisaid Has.
i nvention can further conprise a vent system (91) from
vari ous conponents 5 (72)(79)(84)(90) to transfer

overf | ¢ C{n'1 B{ f ﬁglée b Q%Hcﬂb&f al%’J‘%C&ﬁsodcﬁlqﬁi 8 drQantMdent element

vent n contai ner I'nto which an
(3 m)t dsshewin@Bigote raanfidp &vlmiﬁlmhtdzd] nowe ghtransﬂamdl frorh emexit port (314)

ent di spersi on el enent Tt%e t
o P o TR b kot B BTSFRL 4 38 ggaiomen
el%rﬁ&ﬁ Fg D5t fnatﬂ&eeérﬁl%hlﬁqﬁ&@ ih %1&?@1@ WA FEEE s téﬁéﬁen‘é@ to a second

I|n1ng step of convention sugar process
consiiraes clanengnuze (30 Haran ;agmé@sdlm@d gay é@stj@l%ﬁc@@hdlspefsal

RO E R T ——
seb?ﬂ&(%nﬁﬁﬁﬁ&ﬁ%’[@me?ﬁ $®NeRidaEe §is Q)‘éi'tﬂﬂf prassliréewhiich I@Hb@ﬁtransfer of

enment (300) whi can as a non-limting exanple be
at eaBEOOCREDstNAC frayy waid duisp (3} roleweredaartipl BEoRsypes Hgas {518).
wi de angle full square spray nozzle (300). See for
exanpl e Juice (301), whether or not heated as

descrhdprbsa teduction deferdios stablishes ralnd malgmns(a%@éduced pressure
or a mxture of gases, or partial ﬁure of

(3t 8uenthas thy ﬁ%@ﬁﬁ e:roplgalrg)agg Selergq:nt (§ ent tcg gga 1spersed juice
(1Y pfﬁﬁ%@% gfess?fré gﬁ%? %fh?n Ia&eEGR 60?1@211%5&' e@ément (315) can be

pressur es aracteristics that al
vdrfednof eddjadtedat (ahmasitlcalbe @®ubshasty bassh vponl t]hcn tc@meﬁature of,

cq?’,%;q%%tggslg dgsnpgzsgwalgpeuébiﬁl éagg]?%%!é )%gv%]g e\? Iegrgli?etggtg)r f%lg)?'?:an introduce

! 380)ahRf HRY btbhd Toh@RSndd@reldnidnt (315) to transfer
agfr%'ggtggrsesﬁﬁﬁé;gg%g %hms gas resi derowe tinme, as( )

volatiligeilt yybstnceshéo | dtinedphete. chTld |SHpPInG: 888 <B20F cani gpuyrise air,
Ieas,]?tFi one sub t ance from% £ to gas (302). A

APLOSPRAC EREF YR ré’ﬁ%’?fé’ﬁ?’%%? EL?G Ijﬁlfgw gas cont ai ni ng
substances transferred fromthe juice to discharge to

the atnmosphere or be carried to a desired 25 | ocation
or bEexiiscérabagiments of the Snyeop e cdEhey; mefitdg 3 supplemental gas

re%%gﬁorne%eﬁ)ergtgf S(§213t & assgﬁsgﬂof/gductlon generator (317) in establishing or

maintaining boiling of dispersed juice (301) in the second containment element (315).
Similar to the first containment element (312) baffles (311) can be included in the

second containment element (315) to increase the area of interface between the juice

(301) and the reduced partial pressures of gas (318).
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(302) can be established by a single gas discharge
| ocation or by multiple gas discharge |[|ocations
wO020E)o1514m certai n enbodi nents of the inventi oRCGAS2(03/026209
first directed to a gas distribution elenment (310),
suchSasetdashogiaterds of thdittvietion cangcaiyorige a thifd gontaini®nt element
rovi di ng unmer ous apertures 13) in the ring). The
(%%5% T Btoh AseRNGd FEF SR o b e abihgd gash GriAtngh A iseRBg above.
r L@ tHons (M debbill b4iRaiARIBHPEIBIBAY (31SFBRbugh exit
h%g§§¥ﬁ9$%§?ﬁg?&%%ﬁ%§ef current or %thermﬁse. E%r ﬁ_ Hen exd
pex 893) end [dispesed 804 he thHird costaimmeptiglementotirqughus joice disbursement
di ffuser. |iquids, or.juic rocess. |iquids di spgers .
clgient it lante His Ttk e 6 sPRS PR FERSEE: (afs3ittow uice
(A9 kRink3Be BBonALARAMMEADASheR{B1 55200 B ARmERbred directly to the
gall ons "per minute) dispersed into flow of gas
prpimsngsteps ertfilithiden stamoriothe sEPE etprecessestas dg@Fedai nut e
can result in a transfer fromthe juice to the gas
flow of certain substances such as al cohol, an
al delTyeR, examlpik @fepeciiit @stcdliments of theiihention stelsheclfically intended
p%razi ne, carbon_ dioxide, carbonic. acid, a_lul {Jour Jity of
tafpeilertratipn of the breadsic BEReTiGy ARt | o Hidizig Ee e felubility o
naGLs uike syl E%’ia‘?l'frlsmgt‘éﬁgis, ghégg,' Gofdfiled co Féﬂﬂdﬁ a6idd, or the like to
succirnic acid, fumaric acid, lactic acid, g1yco|yc
affriratively malitodcaseess,arrivonirdl the acnatntritbrmoftthess materele through one
acid, butyric acid, |l ei c acid, ropanoi ¢ _aci
oBor capbidian of comtatne Bis hanon §ressiias BpEmes ROTE ad foythe surface
el X8Rk the NRRICARRIACH tAO HedtdE julie exposed to a
Oggl %J]%{)irfﬁl?@qﬁcﬁsefot h rgspeect to .erarlbodi rreﬁts jof th(g
desinednpartial presturasoft passe prionftp gerediniing sstetsowd hienadvantages of the
.Figures 12 and.13 a.gas flpow (302) -in L] .
iy s p bE e eRd YERntn B i s g dadBhol 65 s as time
t8StRE BSAUAL Of e § ugiBg ptddesstiERiHYr t® theprartitiing stemf
substance in diffusion Juice obtained from sugar
beets. See Exanples 1 through 3. Simlarly, the
é&%’f@?i‘ﬁ btained frommlled sugar cane can be treated
I

with simlar results. Dependi ng upon the
amount of juice dispersed and the gas flow generated

the configuration can be sjzed i ngl [ tipl
pen b SR e B e e A
c?ﬁtrr&?a?% aﬂcflalp%@@}‘ihﬁhtaf Srobip 8ath dlo_ %131%%?%}%{ alRehnBYIlRidentical 500

ypI sugar et process facili ically between

nilD@hquots 606 ditthdiampiics weie fgeneated. Hach elequeé withimtheepntrol group

agog E}iﬂaeié(??gﬁ{rnlgﬁtgg ggﬂlta ﬁ)@%fan%lgze%lietﬁ \é?%%%ﬁlntb% %%1; \Dai%e. Igg% Jc(éo?e%?lé ‘?ﬂiquot of
SUERhSERIRRL i98% ddne¥l 307 o GAILE A ascDBRS 6.3€ Easl gRguot within

ozone, air stripped of certain partial pressures of .
thpaexmsrol groupwyidhent awafyaibriirestmens esriitraieg toghi ke pH endpoint with a

s%%gg _%lf %0}%8 yvﬁ.g{og.legsiﬁgtri]cd E&ﬂ %a%ﬁ @{ﬂﬁ& &{thiﬁaﬂls? %§§éﬂlrﬁental group was

treated in accordance with the invention after which the pH of each aliquot was

ascertained and each experimental aliquot titrated in substantially identical fashion to the

control group to an 11.2 pH endpoint with a solution of 50% wt./vol. caustic soda.

The results are set out in Table 1 below. As can be understood from the
table each aliquot of juice prior to any treatment had a pH of about 6.3. The experimental

group after treatment in accordance with the invention had increased pH values without
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enbodi nents of the invention further include
suppl enental oxidants (308) which can be dispersed
wonov@/oifa4 di spersed jui ce through nozzl e (311) PCRASE®3/026209
di scussed above, a heater (309) can establish or
tirpaddittorn of anycBase! ad regubred antdwlet ysnoants bficdustic soda to achieve the
tenperature selected wi,thin the range of 60C and 80C
142 pH prfipoiniiag compeyes tefihe SEREAILIOUR o sai d gas (302)
havi ng gas characteristics which allow transfer of
said at | east one substance fromsaid juice to said
gas. As to different enbodi nents of the 30 invention,
juice can have a tenperature as said juice (301)
di sperses into said gas (302) having gas
characteristics which allow transfer of said at |east
one substance fromsaid juice (301) to the gas
selected fromthe group consisting of about 60C, about
61C, about 62C, about 63C, about 64C, about 65C,
about 66C, about 67C, about 68C, about 39 WD
2004/ 015144 PCT/ US2003/ 026209 69C, about 70C, about
71C, about 72C, about 73C, about 74C, about 75C, about
76C, about 77C, about 78C, about 79C, and about 80C.
Sone enbodi nents of the invention can further include
baffles (311) to increase the area 5 of interface
bet ween di spersed juice (301) and the gas (302) having
gas characteristics which allow transfer of at |east
one substance fromsaid juice to said gas. Treatnent
of juice as described above can occur in a first
contai nnent el ement (312) as shown in Figure 13 after
which treated juice is transferred froman exit port
(314) 10 to the prelinmer (57) or other process step
or can be transferred to a second contai nnent el enent
(315). In those enbodi nents, in which the treated
juice is transferred to a second containnment el enent,
juice (301) can again be dispersed by at |east one
second di spersal elenent (316). A pressure reduction
generator (317) can reduce pressure within said
second contai nment el enent (316) to reduce gas partia
pressures which allows transfer of 15 at |east one
substance fromsaid juice (301) to |lowered partia
pressures of gas (318). The pressure reduction
generator establishes and maintains a reduced pressure
(318) wthin the second contai nment el enment (315)
sufficient to boil dispersed juice (102). The reduced
pressure (318) within the second contai nnent el enent
(315) can be 20 varied or adjusted (automatically or
manual | y) based upon the tenperature of, conposition
of dispersed juice (301). A stripping gas fl ow
generator (319) can introduce
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a flow of stripping gas (320) into the second
contai nnent elenent (315) to transfer volatilized

weubsHiafia@es t o at nosphere. The stripping gas (BEOUSZ@®B/026209

conprise air, atnospheric gases, nitrogen, oxygen,
Tsblel desired gas. 25 Certain enbodi nents of the
invention can further include a supplenental gas

UngthatediJoieegenenanlor (321) | Treatedsiuige |gad r educt i| $h reduction

nerator (317) An_es¢aplishing or I nt-aining .
il1ing of di spedra%‘%tg“ %"u‘{u%‘c 2P1301) in %“S§1§§8£r11% Caustic Soda

cont gg nent el enent (XRLb)| 30 Spmlar to tnhe t1rst  16.6
contai nnent el ement (312)|baffles (311) can be

inclddd in the secdmd containfént |el enent4(315) to222
A tha ArAn ~ LNt Ao A tha 1oy AN

f 1 1 tf Ann ot
T VVC|

(301)and the reduce&' artial pressures of 'gas |(318) .22‘2
40 W@ 20047 015144 PCH/JISZP037 026409 | Sone ggbodi ment §5.8

of the invention can conprise_a thirid contai nnent

el emgn? (322) iln whid a teduceb.Spressure ban he 21.0

act ahlichpod ANnd nra: n docerilbod Aabhave Tau

t a1 nad Ao o oo
(301)6'%an be transfe#?ed fromthe second cgﬁt ai nrrentcls‘8

erement (31I5) through exi port (323) and di spersed
into the third contai nnent el enment through a juice
di sbursenent 5 elenent simlar to that in the first

(301) I RCERnE o SRR sodl b TeR BB 11 it Pl or e

AMigubtk DTS Hre e dhél exmeinentd] GréliLireNE® lin BEdd@daBEbE MEthOthe invention as
filtration steps or other steps or processes as

cgemareddo thdiguosefivice i e vaBeated centiohBraup s bstvrenahaut 15.8%
ainp\ég tizgrb%lre specifically intended 10 to be
iTlustrati've of the broader generic concept of
utilizing the lowered solubility of heated juice to
m rh terials, gases, volatile conpounds, acids,
dh3ke to affirmatively nonitor, assess, or
control the concentration of these materials through

one of or a conbination of controlling the parti al
pr essluiceswayf obfaimed byr exwentahal towen alifugiémoé sugh beehcesdettes. A

di ffusion jyices or. increasin he surface.are f .the. )
chalspbifof bl €5 rolimeRal 50"tk Wit oy o Salibypl identica
00 HBSEFuHE ioPthd QifRkRN|jhidt Meers beRsated e Al \udiqhi&O®Ehi@fthe control
the invention are to be understood even in the
o and ther expeementgli grauponias aralizad do gsreratsthpipkb valyg  As to each

SIS A A3 B SAP sl o
dbiyjuctonitieintthe dadtrdl @ratp withéul aing fudier sregiienb et titrated to an 11.2 pH

cossettes. A g .
endpoint wﬁ‘.ﬁ a solution of 30 brixs milk of lime. Each aliquot within the experimental

group was treated in accordance with the invention after which the pH of each aliquot
was ascertained and each experimental aliquot titrated in substantially identical fashion to

the control group to an 11.2 pH endpoint with a solution of 30 brixs milk of lime.
The results are set out in Table 2 below. As can be understood from the table each

aliquot of juice prior to any treatment had a pH of about 6.1. The experimental group

after treatment in accordance with the invention had increased pH values without the
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control group and an experinental group each
consi sting of six substantially identical 500 niL
wabkbguwes4 of the diffusion juice were generat edCTES2(193/026209
aliquot within the control group and the experinental
addfRMb VRS taBE|yd eetpied asedidedi amdue ofivilkalf dige wsachipve the 11.2
each aliquot of 25 the diffusion juice in the contro
phy ersineintiee compRas tthgeenB SIS, 3. Each al i quot within
the control group wthout any further treatnent was
titrated to an 11.2 pH endpoint with a solution of
TH2 W . /vol . caustic soda. Each aliquot within the
experimental group was treated in accordance with the
i nvention after which the pH of each aliquot was

a°“%&éd{§¥{1ﬂééj eac T SXPaVIREBE RiTraatdddUtce | il aBE off h % reduction
suhstantially 1dentical fashion|to the 30|control . )
grqup tomh 11.2 pH ghidwoi nt wi t bHa sol uti oAi®E 509 | Milk of Lime
wt 1/ vol ustic—sodp—Fhe resuts—aresetrout—i

Talle 1 Hefow As cah be uffler s{ood fpgﬁ1the table 28.3
eagh—at T ggrpt—of JUICE priof4to any {res nent had 3@ pH 27.3
of |about 6.3. The experinmental |[group after treatnoent
inlaccordahce with the invédtion had Pcreased pR-> 25.5
vallues without 41 WD 2004/-0151 44 PCFLUS2603/-026269

the addit§-bn of any pase, %\ﬁd requi reg'ké; reduced%‘:37 250
amgunt—ofggaustTc sofda to gghi eye thegell. 2 pH 33 26.7
endpoi nt as conpared{to the control group. 142 WD

2004/ 015144 PCT/ US2003/ 026209 Table 1 Untreated Juice
mL Treated Juice nmL % reduction. pH Causti .
Caus e reaueoriRur Fraowie Higk o mB T s L1 PRR lbpint for the
HaBtLoPivtedintthe 2xp&irderkaBe@up tbatdd 48 -adcorBaride Iwith €hebinvention as
ol el jptoimhe 76,5 1. SoQup reatd 1R e gorarte i T ) ]
coEhparec thutbe atiquatnof jwécedntheimtisated sontrol Srawpduat ketwegcgpout 25.0%
t 1 pH endpoint for the 5 aliquots of juice in
m%ﬂ@”%iaéﬁﬁhental group treated in accordance with the
invention as conpared to the aliquots of juice in the
untreated control group was betwee %bout 'd15' 8% and
aboutAlsey thedata set out in Table 1 and Table 2 provides a comparison of two
different types of diffusion apparatus and diffusion methods. Importantly, the data shows
that different diffusers or different diffusion methods can generate diffusion juice having
significantly different pH values even though pH values attributed to each type of
diffusion technology can be substantially internally consistent. See for example the initial

pH value of the untreated diffusion juice in Table 1 which shows a pH value of 6.3 as
compared to the untreated diffusion juice in Table 2 which a pH value of 6.1.

EXAMPLE 3.

Diffusion juice was obtained by conventional tower diffusion of sugar beet
cossettes and treated in accordance with the invention using the embodiment shown by
Figures 12 and 13 having location between the mixer and the pre-limer. Diffusion juice
dispersed at a rate of about 100 cubic foot per minute into a flow of atmospheric gases

generated at a rate of about 400 cubic foot per minute (counter current path of 72 inches x
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EXAMPLE 2. 10 Juice was obtained by conventi onal

tower diffusion of sugar beet cossettes. A control
waroudpisiagd an experinmental group each consi sti RQTAK2003/026209

five substantially identical 500 nL aliquots of the

79 fEas! \gﬁhl douGfer WakeniIFRE R 8- ofEfht akd %&ES)V‘gérféfdgﬂed transfer a

the control group and the experinental group wa

vanatlwaexlib!;tan@scfmm dha dtsp@scd—hm@ﬂ areidepigfiadobye gashcfzrgmatograph/mass

al i quot he di iin the control group
SP?@%?WW&’IS& oA iﬁ@ P%nélwbﬁlg aliquot within the
control group wi thout any further treatnent was
titrated to an 11.2 pH endpoint with a solution of 30
brixs mlk of lime. Each aliquot within the
experimental group was treated in accordance with the
i nvention after which the pH of each aliquot was
ascertai ned and each experinental aliquot titrated in
substantially identical fashion to 20 the control
group to an 11.2 pH endpoint with a sol dt 'q‘,ﬁ”‘ f. 30
brixs mlk of line. The results are set 30Ut3McﬂylhTtﬁbJ e 2
tan be understood fromthe tabl e Berch

juice prior to any treatnent :hadoge i st
The experinental group afters troeahmeabcin
with the invention had incre c{*%%al ues
WO 20Q4/ 015144 PCT/ US2003/ 0%

m. M|k of
.14.66533283

6
g. ?7?Tge [ e@ﬂgg
"
J

6
reach the 11.2 pH
u
c

% r educti on

[inme
endpoi nt for the 3a|lq‘UOSS of cg¢ in the
experifrental grdup trefpt¢d i acgofdancg with the
i nvent S | Lf J-uice Lo_the

unt r eatr80 36 ONEF O sogr oWp Was K etvve“en hotfe 252 096° "0 see=

5_

TABLE 1.

Table 1 shows gas chromatography analysis of samples SMBSC 1 and SMBSC 2
(condensates obtained from gas flow after counter current exchange with juice as
described herein) with the chromatographs of those samples compared with a gas
chromatograph of a sample of a standard mixture of organic acids listed as 1-9 above. As
can be understood, treatment of juice in accordance with the invention removed varying

amounts of each organic acid included in the standard mixture.
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10 and about 28.3% Also, the data set out in Table 1
and Table 2 provides a conparison of two different
woyppEn1sifi4 di f f usi on apparatus and di ffusi on nmePooas2003/026209
I mportantly, the data shows that different diffusers
or different diffusion nethods can generate diffusion
juice having 15 significantly different pH val ues even
t hough pH values attributed to each type of diffusion
technol ogy can be substantially internally consistent.
See fhu~exaAple the initial pH value of the untreated
diffusion juice in Table 1 whi chishowscarpH val ue of
6.3 as -4¢oapared tg the untreatled diffusion juice in
Tabl e 2.whbsh a pH{val ue of 6.
Di ffusi gfhops L€ Wag obtai ned b
di f fusi gp,8f, Sugar |
accorda iih thg :
shown bgffﬁfg;res 12 ahd 13 ha
the m xer andithe [
di sperséd®at_ & rat ¢
into a fFER 0L at
of about'2UE°¢ubi c
pat h of P?2°9°Aghes
PCT/ US2068¢9926209 72 i/nches with coun K current path

nventi onal tower
nd treated in

ati on between

juice 25

ijlc foot per mnute
raFed at a rate
unt er current

hei ght ofwcedvodt 144 \ilnches) generated tyransfer a |
vari ety ebosubstangeg fromthe dispersedijuice gg R _
identified bylga € |‘|';.an£_3&]'§!&£]/‘191888'2de5pe&;;tlrea)d&@?yz@icg 22.00
shown j,n.Tables 1°and 2 below. | Acetic 2 Propanoic 3

3- Met hyl butanoic 4 Butanoic 5 4-Methyl pentanoic 6

Pent anoi ¢ 7 5- Met hyl hexanoic 8 Hexanoic 9 Heptanoic
SMBSC# 1 SMBSC # 2 _ J~.

TABLE 2.

Table 2 shows gas chromatography/ mass spectrometry analysis of sample
SMSBC5 D (condensates obtained from gas flow after counter current exchange with
juice as described herein without use of reduced pressure with a juice temperature of
between 60°C and 70°C with the chromatograph of this sample showing various volatile

compounds rising above a base line having a curvature predominated by a variety of

alcohols.

Each of these compounds has been identified with GCMS and the kekule

structures are set out below in Table 3:
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WG 2004019M45. 0 0.0 7.0 8.0 .0 10.0 11.0 120 13. OP@%/1US2003/026209
Suez 5 TABLE 1. Table 1 shows,gas chronatography
anal ysis of sanplies SVBEC 1 ang\ﬁNBSdﬁzﬂx(condensates
obtai ned fromgas flow after counter curren?“@%%hange
with juice as 10edescriped her€n) with the
chr omat ogr aphs of se Iegitﬁﬁﬁéred with a gas
chromat ogr aph of a sanple of a standard m xture of
organic acids listed as_1-9 abovle. As can ,R8.is
under st ood, treatwBit of 1] Wce Tn actordance with the
|nygnt|or gegoyed varying anounts of each organic
acid included in the standard mtuyre. 1 WO
2004/ 015144 PCT/ OS/G@g;OQ u anceiﬁﬁé- Rrits
c r) 26000001 2400000- 22000001 2000000 9800000- 9

600000 9400000 9200000 b_j~9000000 800000- 600000
400000 200000 \\/'EQ 1

\/O\n/\/ \/O\rr\

e} (o}

Esters

NE\(\ NE\)\ Nitriles

—S— Sulfides
P % A0 \zq Substituted Pyrazines
N N

TABLE 3.

While there may be different types of diffusion apparatus and different diffusion
methods, there is a lack of recognition within the ordinary skill in the art that pH can be
altered or reduced during diffusion of sugar beet material or other types of plant material,
or a lack of recognition that different diffusion apparatus or different methods yield juice
or liquids having different pH values, or a lack of recognition that newer types of
diffusers typically result in diffused juice that has lower pH values. To the extent that
diffusion technology generates diffusion juice having different pH values using the same
diffusion technology or different diffusion technology, or that improvements to diffusion
technology have altered or reduced the pH value of diffusion juice, it can be understood
that these conventional approaches to extracting juice from plant material teach away

from the teaching of the invention.
As can be easily understood from the foregoing, the basic concepts of the present

invention may be embodied in a variety of ways. It involves both analysis techniques as

well as devices to accomplish the appropriate analysis. In this application, the analysis
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2.00 4.00 6.00 8.00 10-00 12 . 00 '"14.00 1 6.00 9 8.00
20.00 22. Tttt a--~ TABLE 2. Table 2 shows gas
wohomwmasagr aphy/ nmass spectrometry anal ysis of Peamsk®3/526209
SVBSBC5 D &gondensat es obtained fromgas flow after
teclyuguesrare diselesad asypatiad g rabults shpwin tebaachikysd by Hegivarious devices

desgzﬂg é{] %va asStelys s %c:a(rgén&eeeé\g %egthlgzags 3 U;Eﬁe%w ax%ehSémpiy tlhe natural result

oicﬁtﬂomg €M @fited fas tiftefdedodidl ®s&itRd Mal Adaitiodl svhile|sdine! ®vices are
npounds ri sing above a base |ine haV|nﬁ a curvature

dwleendmt hewd b@yméerv@pd thay thefe nef|cabhwicemplish ¢ogiein @ethods but also

oA AR 25 RS AR bl FE 4 ey BrBlng g thee

fa2 610 4h&11d bé AndREFib GMIBROEEH B aMmBESed BY thedidedssure. -OH OH ' v
"OH Al cohols O Ketones O Esters OON Ntrites $
" Sulfides ON O N Substituted Pyrazines N~ N~ TABLE
3. 5 ¢ GhilsT S50k &ﬂ&e%nteﬁdeﬁ' fof 48kBMs a b
appa}‘g%udé&ggég&; ﬁ?gggeéﬁt 3Pstf§§| on1 met hods, there is Saa asic
désaxiptiaf. The ogpdet stomldibe hivaret that the gperafiy diskadstoni may het explicitly

art,t H.can be tered duced .dur.i.ng

apribe,af sribg %%Poss@’i% ALY HtematiyEs e H@P{I%pgf algg may not fully
Rl AR L BeREiL Rhture Of the ihA&kioR bnd B&HAB SRty hbw how each feature
ifferent diffusion apparatus or different nethods

owelem@nq eAncectually b tﬁpmgnthfaw a2 drgader ﬁmCU@HOV af aegeatgrariety of

al?%/nﬁzﬁgvglq? fqlrug@% el&ﬁgrﬁ :,Zﬁsl nﬁlwge %%Xlﬁﬁ@%lﬁ}ﬁ Hely %\%léi H%%dl%closure

Witdl €. inlentidieiseddsetibedt ﬁhaﬁevwﬁ 6&&@&@&@&@&6@ egdh element of the

generat es diffusion jujice having different pH valu
deyd¢enignnliselyspgrtorms a function. Apparatus claims may not only be mcluded for the

device described, but also method or process claims may be included to address the
functions the invention and each element performs. Neither the description nor the

terminology is intended to limit the scope of the claims herein included.

It should also be understood that a variety of changes may be made without
departing from the essence of the invention. Such changes are also implicitly included in
the description. They still fall within the scope of this invention. A broad disclosure
encompassing both the explicit embodiment(s) shown, the great variety of implicit
alternative embodiments, and the broad methods or processes and the like are
encompassed by this disclosure and may be relied for support of the claims of this
application. It'should be understood that any such language changes and broad claiming
is herein accomplished. This full patent application is designed to support a patent

covering numerous aspects of the invention both independently and as an overall system.

Further, each of the various elements of the invention and claims may also be
achieved in a variety of manners. This disclosure should be understood to encompass
each such variation, be it a variation of an embodiment of any apparatus embodiment, a
method or process embodiment, or even merely a variation of any element of these.

Particularly, it should be understood that as the disclosure relates to elements of the
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di ffusion technol ogy or different diffusion
technol ogy, or that inprovenents to diffusion

woecalwsagy have altered or reduced the pH val reT’2003/026209
diffusion juice, it can be understood that these
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ulﬁilgfs@dcfd%gg'eﬁﬁl&’cﬁﬁy ARRY i de¥@iptiont | y 10 descri be

a enbodi ments possible; many alternatives are
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nature of t
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pdi&iRt raf‘ffl@eﬁ‘&?}l in%iﬁp@fatéﬂ oy egdencel Imadditon,as tcu)éach teprewged it should be
variety of alternative or equival ent el enments
und¢e&§@ et WPSSCHE | YHAAEPR BT, APRRGRIIGR ) BgpytdR Wi such

n¥\h tlo cé&%ﬂt$&[qn'a§% ?&Qeﬂmhﬁ BlewhdBsted 89 tR@rporated for

y, eac the 15 device inplicitly
edel rtémli ﬁh‘d allfdelﬁaitlom, altspiaiive tiersase had synomps sgeh of pgntg@ed in the

e omhpds b i

&8 h@@sﬁl‘bki%véln‘ﬁ% bath Nle BB6VE, @ SR kterdethAtOSuldB information or

er t escription nor the ternlnolog 'S
staﬂ@mﬂﬁedcdrpoﬂatadmy nefﬁeerm mpghbbe edngiderted; lmom@Feét with the patenting

ncI ded 20. 1 d aIs
{/ §F We@f%‘@ Vte%e e#}? %ﬁ&a {j&otgepar %Sfaere 25 made by
ﬂkg‘ gssence of the i nvention. Such changes are also
FI citly included in the description. They still
gfall within the scope of this invention. A broad
i sclosur, c [
ol AR bR LS g of o i
pRICES syl s arebealidiselvised amdhdesttibed) i) ok rmthbm@tmds disclosed and

processes and the |ike are
described, iii) similar, equivalent, and even implicit variations of each of these devices

and methods, iv) those alternative designs which accomplish each of the functions shown
as are disclosed and described, v) those alternative designs and methods which
accomplish each of the functions shown as are implicit to accomplish that which is
disclosed and described, vi) each feature, component, and step shown as separate and

independent inventions, vii) the applications enhanced by the various systems or
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25 enconpassed by this disclosure and may be relied

for support of the clains of this application.
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. ytilizatiqQn in this application is inconsistent wth
indgpeRdent /L PTegORCERS S C@eﬁﬁﬁ?ﬁﬂas ex plementy under anst pibpindependent
clshpsd dnbscunder st ood as incorporated for 20 each term

and all definitions, alternative terns, and synonymns

such as contained in the

Further, if or when used, the use of the transitional phrase “comprising” is used to
maintain the “open-end” claims herein, according to traditional claim interpretation.
Thus, unless the context requires otherwise, it should be understood that the term
“comprise” or variations such as “comprises” or “comprising”, are intended to imply the
inclusion of a stated element or step or group of elements or steps but not the exclusion of

any other element or step or group of elements or steps. Such terms should be interpreted
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15

Random House Wbster's Unabridged Dictionary, second

edition are hereby incorporated by reference.
wolawewesid4as to each of the above, to the ext eRCTiUS103/026209
such information or statenments incorporated by

in dhedr Breskexnagsive et emas theaffiardithe apiicatiethe babddestt doverage legally
Iﬁﬁﬁﬁﬁkkﬁg of this/these invention(s) such statenents

are"expressly not to be considered as nade by 25 the

appl i cants. Thus, the applicant(s) should be

understood to claimat least: i) each of the juice

pr ocelds dgigseses fogth iethisi weeifisaticosard haretly decoeporbied byireference as

r . i.sclosed. and escribed, iii .

pftoe s USehFOHfe MRG0 o PR amoliFRN bty stvetvge the risht to

wacil of drhesgrteyidfesicBOinan@ormddeeftent YT shilPTPims as additional
al ternative designs which acconplish each of the

IFERtirB e supRARhansast ar all of g e armanycRleBeIttRscomppnent thereof,
. c .

O e TR ORI Poncl AERERS ey porgn prat of e
in@rEetedpdangdmt tdfatuchhilaimsi & anly stenome br asvthdaser tRRBE from the
dvu%?fach ggg}uHe, Congonent, and step shown as )
SEHRPSE M8n e TAGEH B KRtV CISA\ASNRSCETaLY (A Agtinenthe matter for which
eqedtionaisi d0sht 8 i fa} i i

P5004/ c315144§h P /?_J%% %?%ti%lggrgwgggég?]%ﬁ%ﬁg?%@‘?“&é‘é@, d¥sion, or

coptiuptippran-parg \ppliergiopribengof, ©r o ochtaie chnlyybenefih ofy=tiagtion in fees

np nt.s. JXx). hods d appar at uses .
A I e T £ R S—
tregtly e rapd c euchoc@itdntOfncbip@rA6t OFPATNNE SHATRIRZve )Eﬁll‘ihg Ghe entire
various conbi natjons and pernutations of each of the

p pHuRf dhis napplisaen dpeluding any subsrguenie somanktomedivision, or
i he . ' uter as described
BB Poft Do BB BOMALR5 RGO Mo o

apparatus as descri bed throughout the above

di scussion, xiii) a conmputer readable nenory encoded
with data to direct a conputer conprising neans or

el ements which function ds described throughout the
above di scussion, xiv) a conputer configured as
herei n di scl osed and descri bed, xv) individual or
conmbi ned subroutines and prograns 10 as herein

di scl osed and descri bed, xvi) the related nethods

di scl osed and described, xvii) simlar, equivalent,
and even inplicit variations of each of these systens
and nethods, xviii) those alternative designs which
acconplish each of the functions shown as are

di scl osed and described, xix) those alternative

desi gns and net hods whi ch acconplish each of the
functions shown as are inplicit to acconplish that
which is disclosed and 15 descri bed, xx) each feature,
conmponent, and step shown as separate and i ndependent
i nventions, xxi) the various conbinati ons and
pernut ati ons of each of the above, and
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xxi1) each potentially dependent claimor concept as a
dependency on each and every one of the independent

woleis4masian concepts presented. 20 It shoul d bePCT/US2003/026209

understood that for practical reasons and so as to

ViavoiGLAds ng potentially hundreds of clains, the

applicant may eventually present clains with initial
dependenci es only. Support should be understood to

.St to the degree required under new matter |aws --
Including but not linmited to European Patent
Convention Article 123(2) and United States Patent

L il b o R 1B e S s o

el engnt s Jyiga@aHRet Hadeial;one i ndependent cl ai m or
concept as dependencies or el enents

1di¢ nder. any ot.her o
i ndépendenmoviigdiiee diont anleess @ PO epid Plﬁnfo%a‘iﬁﬁé_ wherein said
used, t hejuié%g: it Gclob @ B8hlshAB8 sUbBAGR, afkPRRlet, $nd Wherein an
is used t6 38 Marntain’the "open-end" clains herein,
accor di NGrhéurk bAid homalcradeaibstanveecqpnprisstdissalved Thatesial;

unl ess the caontext .requires otherwi se, it should be
undé%stodﬁPPﬁﬁgSﬂﬁémf%F%ﬁnmﬁﬂ?ﬁﬁfﬁgg& or variations

suchy as "CONRLESES pdfion ©PRRII dbdoBred Maeriknfremdedd fhice to said
inply the 1nclu |J% of a stated elenent or step or

group of mixwernfgass psveloaddilionpdbasehe excl usi on of

any other elenent ar step.aqr grou f Iy .
S, Soemerbnmendhu et pere R e BT sald juice and said
2004/ 01514 ¢t Ut 03/026209 in their nost expansive
formso as to afford the applicant the broadest . ..~ .
covef age inergasing trapsfeniaie 'pg paid disselved matgrial dfom gpid duic to said
this specificati are jereby incorporated by
referencen¥§?HQ9ﬁ%S$?’o this description of the
inVe?tiOnﬁﬂﬂﬂﬁg%ﬂdd&@@ké@ﬁﬂhﬂekwﬁE&$Mﬁanserves t he

right to wuse all of or a portion of such incorporated
content of such clains as additional description to

5 SUpp grlgetggg( ﬁ{gﬁ,%lg@n?g jglicgfotbﬁagﬁ?egg%ﬁl Far PnaAdhal 8¢ 88RAbed claim 1,

conponen n t further . _
expr ehsiein s etep @f rétheving ghice fromnas\leastia poysiont ¢fcnaidoplarr material
all of the jncorporated content of. such clains or any

el engqTppPies égﬁﬁ&%ﬂfﬁlﬁ@r"éﬁwaﬁ £ AR Y, alfgmc?gs cription

into the clainms or vice-versa as necessary to define

the matter for which protection is sought by this | .
3appl Acatthod of putifyizgpicsitbiaseadefiom pdint iHm%@Taﬂ gk described in claim 1,
di vi sion, or. onti nuat.i on-.i n r [ e} . :

; terial

t her & fn%?m?8&@6F5Fﬂ°gﬂ§ﬁﬂg%ggﬁi&&%gP%é%ﬁ%%ﬁ%ﬁfﬂ%#ﬂmﬂ]naena
f ees compisd dfillideGaidplaktanaaig by obthintsaidigicpat ent | aws,

rul es, or regulations of any country or treaty, and

such content incorporated by reference shall survive
during the entire

4, A method of purifying juice obtained from plant material as described in claim 1,
wherein said plant material is selected from the group consisting of sugarcane,

sugar beets, and sweet sorghum.

5. A method of purifying juice obtained from plant material as described in claim 1,
wherein said non-sucrose substances comprise at least one substance selected

from the group consisting of insoluble plant material, soluble plant material, soil
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15 pendency of this application including any
subsequent continuation, division, or

woaniinsiati on-i n-part application thereof or aRgT/US2003/026209
rei ssue or extension thereon. 51 WO 2004/ 015144
PCT/ 34820653 /fa 26269 sacvharidek At thancduaiase, drgdnic Aomstigaysl inorganic
of purifying _juice obtained.fromplant .material, .
conprmssugas; Alssdyed,gasss. .orsapic gy %ilﬂ?fﬁ@mﬁ|agﬁf= Matens; ghosphates,
b. r&%ﬂa@idﬂ#' 5i€arbb R ns! BRBA i6nD PebiifdD cOlorifigiagents, saponins,
pl ant material’, m%ereln sald Juice contains sucrose,
non-wsaG fatsendigustsances, and wat er, and wherein an
anount of said non-sucrose substances conpri se
di ssol ved material; 10 c. exposing said juice to a

6.M Xt NifetRbd BRF@Shying. juick dB&IRAITdiE pianp fatdriahapfesseibel in claim 1,
di ssol ved materi al f]r_om said juice to said,6 m xture of .
gasewhereinopt legstaddiortion obfsaishdissoleed gsiaiahin ngidyjpice comprises
increased. interface surface area between said juice
and ﬁgﬂ enﬁ?%%%Te of gases; 15 f. increasing transfer
rate of said dissolved material fromsaid juice to

said mxture of gases; and g..reducing said dissplved. .
7.t cAiTBRR PRPHI e SaiB Bk GOl AT 8 P i claim 1
juic | 1 iABLi8 fuli 1s5A19&H gddes.

cl ai &h%,gﬁagfgf%%?g@rﬁ %tgj?% llg?%gj%?é ?‘gﬁ%ﬂ%%ﬁg Sj ui cegf ?Som

at |l east a portion of said plant material conprises

di ffusin ard ant. mterial. to obtain said jjuice. .3 ..
S meATBHRGE obaREE Iy CF Dl AT A o iScFBed t clam 7

Mt efhakirP$hi@ ARSSIVBE Pase® if 5Ad WMide areRRLCRUTrGAItEE Sfo@P consisting

of renoving juice fromat |eaSt a portion of said

pl anof caelvcer diakide 26d sdfwpdioxede. mi | | i ng sai d pl ant

material to obtain said juice. 4. A nethod of

purifying juice obtained fromplant material as

9 descpihedod of phddymgljuice Wheiigddfréaiplard h@niérialat descaibed & claim 7,
sel ected from the group consisting, of sugaycane, %O
sugawhprsi disslvedl gaseel spit HHGAROMPTISA cAORlioxe in a form selected

puri I“rx%lgtglejl %ﬁn‘gﬁe g@%s@?@ %? cgfbgﬁ]cﬂéﬁ@é gﬁ?Eﬁ%Bﬁe{te doh, bicarbonate ion,

descri wher el n sai d”non-sucr ose
subshimheebordongdi se at | east one substance sel ected
fromthe group consisting of insoluble plant material,
sol ubl e plant material, soi

10. A method of purifying juice obtained from plant material as described in claim 7,
wherein dissolved gases in said juice comprise sulfur dioxide in a form selected

from the group consisting of sulfur dioxide gas, sulfuric acid, and sulfurous acid.

11. A method of purifying juice obtained from plant material as described in claim 1,

wherein dissolved material comprises aqueous acids.

12. A method of purifying juice obtained from plant material as described in claim 11,
wherein said aqueous acids are selected from the group consisting of phosphoric
acid, hydrochloric acid, sulfuric acid, citric acid, oxalic acid, succinic acid,
fumaric acid, lactic acid, glycolic acid, pyrrolidone-carboxylic acid, formic acid,

acetic acid, butyric acid, maleic acid, and lactic acid.
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52 WD 2004/ 015144 PCT/ US2003/ 026209 particles,
fertilizer, saccharides other than sucrose, organic
waam4gagias s, i norgani ¢ non-sugars, dissol ved gasas$2003/026209
organi ¢ acids, inorganic acids, proteins, phosphates,
1% ar bAnadthod ofipyrifyinggnive whtagndddinem plant aiatérmhes dgsetibechis claim 1,

col orj ng. agents, saponins, .wax,.fats, and quns. 5.6, .
A eT RGR R DY G L LRt 9Bl s Of dtmospheric
mat eéds@é, ARrAERRbRREC iohses] A, Ahd filteteb@frei N at | east a
portTon of said di'ssolved material in said juice

conprises volatile material. 10 7. A nethod of

urifyi jui.ce.obtai ned,fro | a ial . . .
1§ s orafiof B BFASHERE RIS ET Aol MpfPLEh1S as Biheribed iy claim 1.
i N S@heteinliL® step TP incsesingi inkehyesirgrs afca Bitwdnrmidjoite and said
‘of purifying juice obtained fromplant material as
descmiiere afigasgsgomprises agiating f1&BIGS di ssol ved gases in
said juice are selected fromthe group consisting 15
of carbon di oxide and sul fur dioxide. 9. A nethod of
1pur i Ayiha@od of perifiigjuivecbbiaine fporantlantreateriadlas described in claim 1,
described in_claim7, wherein di s§ol vedst% ses | nd sai d d said
j ui cWheisHh$3Id &tep S BRIRCAFINGANtFE AP H S TACE ARTASB WETie ¢ R e sat
the g L SR ] fised de gas, carbonate
i on, %ﬁrﬁgésﬁwfgsfﬁﬁ%&égjﬁm c acid. 10. A
nmet hod of purifying juice obtained fromplant nmateri al
s described_.in.cl.aim7, . wherein dissolv o L. .
1§51 ke g Ptk Bl paRh Rplaon et af BeRTpbd jp clim 1.
f r omyBRiDELY Rtep VTThédsitf @ferBbé Entfactiados BtewemSsaid juice and said
sulfuric acid, and sulfurous acid. 25 11. A nethod of
pur i fopktnee ¢figases avinpaiserespargingsaid Hige with said mixtyee of gases.
described in claim1, wherein dissolved materia
conpri ses aqueous acids. 12. A nethod of purifying
17.Ui ca Qbthal REGufifme Rlicndbtiasefbal plas masdaliabddsdribed in claim 1,
claim 11, 30 wherein said aqueous acids are selg&ted .
f r omivhEeein paid stepf dncgeasinng ipferisne SwIRse; Eca betveen said juice and said
hydr . . - L - .
et TR R g Hideing Gl miChie bfpal o JANEIGE
gl ycolic acid, pyrrolidone-carboxylic acid, formc

1? ;ICS i’ACmg&q%tgl_o%@%?ilfyqﬁg Jtl)llilct:é/ obtained hgm pqgrllterhgterallgll a%j ’degcrllrl%ed in claim 1,

wherein said step of increasing interface surface area between said juice and said

mixture of gases comprises gas stripping said juice with said mixture of gases.

19. A method of purifying juice obtained from plant material as described in claim 1,
wherein said steps of:
exposing said juice to a mixture of gases;
b. transferring a portion of said dissolved material from said juice to said

mixture of gases prior to addition of base;

C. increasing interface surface area between said juice and said mixture of
gases;
d. increasing transfer rate of said dissolved material from said juice to said

mixture of gases; and

e. reducing dissolved material within said juice
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WO 2004/ 015144 PCT/ US2003/ 026209 13. A nethod of
purifying juice obtained fromplant material as

wdesoroibgd in claiml, wherein said m xture of PQaZS2003926209

sel ected fromthe group consisting of atnospheric
gasesomprised ﬁﬁ@ﬁinﬁtsamslﬁb@mrbmf@amsintoad streaandf fuidet ®rforn a mixed
air. 514. A nethod of purifying_ juice ﬁbtai ne? from )
pl angireag of paifl Juise dad spibadkPTe @ gasss.1wherge pbiggsissgme of said
St Pyl ARl ALHASEAMERAGE (RES D SN ARRNAR Cinjected
j uice 2N sl mxture o gases COITf!)rI ses agitating
sai dggsed.ce. 15. A nethod of purifying juice obtained
fromplant material as described in claim1, 10
wherein said step of increasing interface surface area

2(P€t WRERRA 8 pit g iee SBthfhed Mokl plaft Bite@@S8 Hescribed in claim 19,
conprises spraying Said juice. 16. A nmethod of
pur i Whemip gaid seambufivine dorhpiises plecaniinueas sirgaz ofjgrce.
described in claim1, wherein said step of increasing
interface surface area between said juice and said 15

21T Xt WriBetBbd BRSQSyRRTHCE SBEined @ogi plgnts@atdrijluisaesasibed in claim 20,
said mxture of gases. 17. A nmethad of purjfying juice
obt aivheuginf saichmited stredra COMPHCS ACORHBEUS haiged @i m 1,
wherein said step of increasing interface surface area
bet ween said juice and said mxture of gases

2L 0NPAIrE&hod 6f paiflyg jsiet dbtainet drom plangastesali astdesaiied in claim 21,
juice. 20 18. A nethod of Igerl#rlf ina&ﬂice obt ai ngf ced st
f r onfusthgneompring e siep of gSRat MR EHUCAIATRISYLS O\ fa BfXsc Stream.
said step of increasing interface surface area between
said juice and said mxture of gases conprises gas )

2%t ri ppnethod af purifiyingguice ohtageid drom plaot watstialpsgisscribed in claim 22,

19. A nethod aof. purifying jujice.obtained fraom.pl ant .
mat efUriher sempEsiag ithe §ep ﬁgféoahgml?g S‘Wliw éﬁ%ﬁ 03 é?lgeg Bgqerate said
of : f’edu@&f’[%%éﬂ%&?&aﬁ’dﬂi&cﬁ%t&ﬂnﬂ mxture of gases; b.

a

transfterring portion of said dissolved nmaterial from
said juice to said mxture of gases prior to addition

2B SRR ot SR P BBt n i 19
| NCr @afed Gohlpaisi ethe rsﬁigeoibﬁepaﬁitidg diafls disscdebdnakariahtransferred to
fromsaid juice to said mixture of gases; and e.

r edusdidgnigivse of gases Femspidanixed s%69H-sai d j ui ce 54

25. A method of purifying juice obtained from plant material as described in claim 24,
further comprising the step of generating a gas flow of said mixture of gases
separated from said mixed supply stream in response to a source of reduced

pressure.

26. A method of purifying juice obtained from plant material as described in claim 19,
23, or 25, further comprising the step of reducing the pressure on said interface
surface area between said juice and said mixture of gases to less than atmospheric

pressure.
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WO 2004/ 015144 PCT/ US2003/ 026209 conprises injecting
said m xture of gases into a streamof juice to forma
woizsed15r eam of said juice and said m xture BETHES®3/026209
whereby at | east sone of said dissolved naterial
27t r ang hestisod sfopuriiing jeice obtained fomi plant matsrighasdleserdiedria claim 1,

obt aPWBRRIhA hiediereArd (RaN ALt N BT Eomprises

wher el st shesht £RN R hylidhfith HANREAIEFic@ continuous
streamof” Jjuice. 21. A nethod of purifying juice

obtai ned from plant material as described in claim 20,

10 erein said.mxed. stream [ . i : .
2807 o b PSPk it RBARRY TR PESF et i BLAGHRR in glaim 1
f r onypdraint saltBdtey bAtedasing siardissetlet Matbrdil Wilin saifl guitd eomprises
conprising the step of generating a reduced pressure
on sgilecing saraciet plsgid juicpgo ggnerate %é@lﬁ’@ﬂmbpnpuri fying
juice obtained fromplant material as described in
claim 22, further conprising the step of configuring
205ai dA shidteehvDfur) fringguice obired dten phintimateeidligedescribed in claim 1,

pressure on _said m xed stream. 24. thod.of .. ..

DU WYGKA JAIS 6ot FORGIDE (SO istolye! WAPHA] gty said juice further
descy | L R Ghal ryalfed biust SRfbctddrrsih Qe

of s(!edgg%gte % %&gglﬂgﬁ éliqsvsacla v%f:jéé% e%ei grlpgﬂtar ansf elrc red to Srotp
sai deomisisting ef 6f pFRLe? pHr 6.5 8804 pHxed 3, (0captl, 95 pHa 0.8 pH, 0.9

e 000 P RS 5. SRR £ AR RS, B0, 20
of erating a gas flow of said m xture of gases 25

separated fromsaid m xed supply streamin response to
a source of reduced pressure. 26. A nethod of

urifyi | ukce. obt aj ned, f . oo .
3Qaschibdfod it S e 0e Soly R E Rty BBl Blorioed in clim 29,
the gi@er &mp {he Gtdphte refeBpithe ambumdiask addeditd avelume of said
30 surface area between said juice and saj drin\ﬂgt ure Otf
value of between

gaseiicedavingsedursd dagsphyed rafarial tofstedlish an ngfip

2004/b%%§21.ﬂ6 ST HR39Q3/ 026209  27. A net hod of

puri fyl'ng juice obtained fromplant nmaterial as
described in claim1, wherein said step of reducing

sai d dissolved mater.ial wthin said juice conprises. .
57 o g oo ACBHY B e 8P s o B BT A ST a dclaim 29
further comprising the step of reducing the amount base added to a volume of said
juice having reduced dissolved material to establish an initial pH value of between

about 11.5 and about 12.5.

32. A method of purifying juice obtained from plant material as described in claim 29,
further comprising the step of reducing the amount base added to a volume of said
juice having reduced dissolved material to establish a pH value corresponding to
an iso-electric point of at least a portion of said non-sucrose substances in said

juice.

33. A method of purifying juice obtained from plant material as described in claim 1,
wherein said step of reducing said dissolved material within said juice comprises

reducing aqueous acids formed by dissolved gases in said juice.
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5 28. A nethod of purifying juice obtained from pl ant
materi al as described in claiml1l, wherein said step

wohowu@dsiai ng sai d di ssol ved material within saPdTjus2ma/026209
conprises reducing capacity of said juice to generate
hydroni umion. 29. A nethod of puri fyi ng j uice

obt ai ned_ from plant mate |aI r | ai .
340 whenehed 951"&‘1 g uise iqna %@%%@ 2hiBedtn claim 1,

mat e Meast AMFYrtiSE of iidofibM material

t he ﬁlﬁﬂ }% gélj gte})bqulgmfgﬁfngrrhﬁgl}ﬁ%s seniweét ed fromt hgla erials

gro uﬁomcsara]s_yus:t iprigr tf safll stepéf expogng bhid fuige ‘;gHz mixturepiigases.
0.5 pH, 0.6 pH, 0.7 pH, 0.8 pH, 0.9 pH 1.0 pH, 1.1
pH 1.2, pH .3, pH .4, pHL. 5 pH .6, pHL. 7, pH .
3pHL. R, m&h8d opbhnﬂrﬁlg%ﬁlce/bbf@ﬁémo@o@fpla@w ma%eﬁam gs ﬂescﬁ@ed in claim 1,
obt ai ned from plant ‘material as described in claim?29,
f ur t faether oopprisssrie step afttepoying ddewt dgpartien afrdrasiuble materials

dr s<BPvEa s Artr BB b Blofpeliajfep it R EEESSS

bet ween about 11.0 and about 12.0. 20 31. A nethod of

urifyin ui.ce obtajned_ from pl an materl . . .
3des chlmago éﬁ emafymgzywe otaRgleirons Rt e @ﬁ@eﬂ%ﬁd @y claim 1,

r eduﬁfrﬂlg Ediip Qﬁﬁ?a&i’r\?}fg & aﬁlo‘tﬁﬁjc Hf@as@fto §eﬁﬂ Shice after said
j ui c€ naving re VA RIS

material to establish
an i step bAtedpting ahid dissblvbed matesial withimuspidljeics. and about
12.5. 25 32. A nmethod of purifying juice obtained from
plant material as described in claim?29, further

'7: ONpPh| Iﬁ tH8d Bf*?uxi%f?% i8fce LB bt PRnARBIERR] Rafkscrastded claim 36,

to a vo ume o J ui ce having reduced di ssol ved
mat ewheteirt spié stephifiadiing apfirst amaentosass troseid figee fter gaid step of

I so-electric % ttio [

non- Eelﬁlgi”&géa]élﬁ%sf’g’ﬁg&a%?r}?ll ﬁ% %lcuel ¢e p?—%@;ﬁﬂqhgtoﬁ pp-liming
of p%aﬁlﬁbg}g juice obtained fromplant material as
described in claim1, wherein said step of reducing

said dissolved material within said juice conprises

7 o HPBa s OB BT M CRB L BB g o clam 36

A newhetiniai®ytebfofiaddingud fisst ainbantreftbabe osaid arice after said step of
material as described in.claim1l

reducing said dissolved material w1th1n said juice comprises the step of cold main

liming said juice. ,

39. A method of purifying juice obtained from plant material as described in claim 36,

wherein said step of adding a first amount of base to said juice after said step of

reducing said dissolved material within said juice comprises hot main liming said

juice.

40. A method of purifying juice obtained from plant material as described in claim 36,
wherein said step of adding a first amount of base to said juice after said step of
reducing said dissolved material within said juice comprises adding a reduced
amount of base to said juice based upon reduction of said dissolved material

within said juice.

57



10

15

20

25

30

further conprises the step of renpbving at |east a
portion of insoluble materials fromsaid juice prior

woaomiisi4gt ep of exposing said juice to a m xt BC®USE003/026209

gases. 5 35. A nethod of purifying juice obtained from

41p! anA naket oBpurksing @lacas oitaihed firoad pi'a;lm rhateridlias eeribed in claim 36,

conpri ses the ste Vi ng ast a rtion of . .
i nsolUEBPleCoPRRTEIRS ﬁ’§ Stqpr‘lfrr?déiﬁ}goa f"?&"P’&‘g aﬁ’PP@ﬁ'gtg%fisﬁ &é faé%ﬂmce after
of e%g:?&%ﬂ 9f ?&111@1 LHaR?dJsQ;l@ed%ét*eHﬁlewﬁlfnnQs@ﬂe’%uceJc@m%ﬁses“the step
purif g J uice obtained from pl ant mat eri al
as dca%mitdmemlnmmglsaldr]umﬁ further conprises.the step
of adding a first anmount of base to said juice after
said step of reducing said dissolved material within
4B5al dajidtR&d of%?unfﬁn??ﬁlb@ btafnel fiohd Hlanomptetislans @bio&ﬂbe@ ¢h claim 41,
fromplant material as described 1 n claim 36,
wher wherciaiaill sterepfl adingrisesgndameyns of hagsa ﬁaléﬂuls%@%ertsald step of
sald ui.ce aft
oS oo Byt Bl Al SR AP ot eS8 Y Hlot main
pre 11ﬂnmgr1g1djsaajed juice. 38. A nethod of purifying
juice obtained fromplant material as described in
claim36, 20 wherein said step of adding a first
nmoupt
4E BB Qg Rite bitaffRa FelnPblaftiik SR d@jcribed inclaim 41,
conpwheem daie siep @ addilngcal firstranount | of fiasegtossmidijuied after said step of

39. A net hod, of a| ned from pl ant
i erpng Seidadishalinefrel i 820 T8 gratigivre odfipe a reduced
st epRbuRAH Pibedtof daid fuitdHd YlonbAYActich §Aksld] Mb®w8red material
after sard step of reducing said dissolved nmateri al

Wi t hivithsiesiaill juidece conprises hot main lining said
juice. 40. A method of purifying juice obtained from
pl ant material as described in claim36, 30 wherein

45ai dASh@Ro@bf sty jaick lobﬁﬁnedl'ﬂumlﬂplaﬁf mbrsiel 4s@es@itdd in claim 41,
juice after said ste reducin (g sai d di ssol ved

mat efurter Wmmsm&me@?qpmf edding ahird sgows it hasedo saiddrigg after said
ampu ntt OI" T %aa? glg L9 fi%"fgsg el h‘?a #&?ﬁ@ﬁm%u&%%%p&ﬁ& Ak step of hot

sai d°'dF 855 erl a

2004ﬁﬂﬂ15131ﬂﬂ1g%@ﬂ]u52003/ 026209 41. A nethod of
purifying juice obtained fromplant material as
described in claim36, further conprising the step of

ddi ?S!%ﬁl fc %Bt RRASdr? pRdt MatedhaCA cﬁfsélﬂfed in claim 44,

gal dﬁ%@m&&?? e urﬂéﬁg gal di ssol \Bed material with

sai dvv]halreuEsa::«b siepicseddinge third pmount of base to said juice after sa1d step of
reducing said dissolved materials within said juice comprises the step of

intermediate liming said juice.

46. A method of purifying juice obtained from plant material as described in claim 44,
further comprising adding a fourth amount of base to said juice after said step of

reducing said dissolved material within said juice.
47. A method of purifying juice obtained from plant material as described in claim 36,

41, 44, or 46, wherein said base is selected from the group consisting of calcium

oxide, calcium hydroxide and milk of lime.
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of cold main limng said juice. 5 42. A nmethod of
purifying juice obtained fromplant material as

wdesaoibagd i n claim4l, wherein said step of addiusgn0a/026209
second anount of base to said juice after said step of

48r edug intghbo thudifging ljviee obmined ifrain plnthiatesaliad desdrtbed in claim 36
conprises the step .of hot main  |imng.sai.d juice 0
43. ok 4lefHEer GPmptising refien 6f GebosHing Auid JIPP%#“EH it fmount of
mat %'é_al as described in claim4l, wherein said step
of ing a first amount of base to said juice after
said step of reducing said dissolved material within

said juice c rises .addi.n reduced _.ar . R
5o shnipdil EEPBREa RO P et PPN EE Y e ypRER ot 45,
mat efh&bin shRl fst Hhouf abslis) sdle6Rd fb thd gi@iphathsiBfing of atmospheric
purifying juice obtained fromplant material as
descgaserediri anddaghan digxidef urt her conprising the step of
adding a third anount of base to said juice after said
step of reducing said dissolved material within said
50. Ui C& nEaRgL bﬁlﬁﬁi?ﬁg jeitepbtained Gom Fantaateridliaridegeribed th claim 48,
juice. 45. A nethod of purifying juice %_btai n&& fro 4
pl anfurther egmpiising theesten ph&Iming BegiPHALS rom, fud KA %‘3:13 gpid trrst
step [ a third amount of base to said juice
aftearlﬁ(];s%lﬁgg§%gp of reducing said dissolved naterials
within said juice conprises the step of 25
intermediate |iming said juice.. 46. A nethod of . . .
Shour | by TAgos 1 CEENS 661 ORI TR PP PR o8 described in claim
descy fhol;l ef | firhbabimpttsing il kRETofCOBralihf Gardfliietd wath a second
fourth andunt of base to said juice after said step of
r edumhogntodigds. di ssol ved material within said juice. 30
47. A nethod of purifying juice obtained from plant
material as described in claim36, 41, 44, or 46,
siher gifethed 8f ieSuiee bbired fonoplahtwatgtiais described in claim 51,
consi sting of calcium oxide, calcium hydroxide and .
m | kwbérein seed gBBis\geleprU4rem $he GroppPPIRSg9ioBBoaRIerlg ases, alr,
A net hod of ifying juice obtained from pl ant
mat e?rf(f;(far'tg%n gglgre'l bed in claim36 or 41, further
conprising the step of carbonating said juice with a

fi : NPT
53.I ' SEA n%gt?lgg tof Slgrifying juice obtained from plant material as described in claim 51,

further comprising the step of forming precipitates from said base and said second

amount of gas.

54. A method of purifying juice obtained from plant material as described in claim 44
or 46, further comprising the step of carbonating said juice with a third amount of

gas.
55. A method of purifying juice obtained from plant material as described in claim 54,

wherein said gas is selected from the group consisting of atmospheric gases, air,

and carbon dioxide.

59



10

15

20

25

30

gas. 5 49. A nethod of purifying juice obtained from
pl ant material as described in claim48, wherein said

woioeto1mmmwuUnt gas is selected fromthe group ceasius2iong26209

of atnospheric gases, air, and carbon dioxide. 50. A

sgret hagn@hodof purdfiing jhivé otambd &ofieslafitroareridlas destaibed indlaim 54,
as described in claim48 10 further c risi g fﬂr@ C 4 s
st eplugther epmpriRing hecign elhfosming RRFELAEs sl hike ng said third
first .o ¥g£&of gas. 51. A nethod of purifying juice

obt ai ne réom pl ant material as described in claim 41
or 44, further conprising the step of carbonating said

juice with a second. 15 amunt. of s. 52.. A nethod. of .
Shur | AyRHEO] 0 BB BBEARRR A0 PRB L a4 Erbed iPliaim 50,

descfuh%@ld cbfipfbédi Reddep o Pa;p@in@ §l¢dstd @ porors @ eafde don-sucrose

fromthe gron consi sting of atnospheric gases, air,

and swbstancesdi saifl gleice ¥Oh5aid precitatesd of purifying juice

obtai ned fromplant material as described in claimb51,

further conprising the step of form ng precipitates

581 oM\SAétHod aﬁﬁuﬁ?ﬂlgqaice obRfrddronapRuthatefialgasiesbedn claim 53,
A method of puri %/i ng j ui ce obtained from pl ant

mat efirtier sompEses: fsesiep Pfrappieaat 19t a@oryeh ©Ofepid non-sucrose

s agTpESey Hisctl 43 19 Aol e
i oS 5 38 Vi RORRARRR. OF1 L Vg | Ui ce

obtai ned fromplant material as described in claimb54,

30 wherein said gas is selected fromthe .grou . . )
5%onsAgnethgd of Pyt HISEP taglggz:g}om Bjapt matgy q‘sa#Bnged in claim 56,

di oxj o q’gﬁl}ﬁﬁf gsloﬁgé/ chﬁ ]ﬁﬁr{?ﬁﬁyﬁ@&ﬂ Q26488 026said non-sucrose

nmet ho ce obtained fromplant nmateri al
as degstanbednisaidghiae mithdaidfpredipigatesconpri si ng t he step
of formng precipitates fromsaid base and said third
anount of gas. 5 57. A nethod of purifying juice

6§.bt aANGEMbE SFh i Bt iR @btatlcdaFort pRGt mbReal 48 deb@ibed 38 claim 57,
urther conprises the step of trapping at |least a

por t fthep Lormpiises tamstepef ssparating, spid arpcpilaten IgppP1RS Jszgfl &@n-sucrose

W th said precipitates.
substances ffom'said juice.

61. A method of purifying juice obtained from plant material as described in claim 58,
further comprises the step of separating said precipitates trapping said non-sucrose

“substances from said juice.
62. A method of purifying juice obtained from plant material as described in claim 59,
further comprises the step of separating said precipitates trapping said non-sucrose

substances from said juice.

63. A method of purifying juice obtained from plant material as described in claim 60,

further comprises the step of reducing the amount of water in said juice.

64. A method of purifying juice obtained from plant material as described in claim 61,

further comprises the step of reducing the amount of water in said juice.
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58. A nethod of purifying juice obtained from pl ant
materi al as described in claim53, 10 further
woan@riiskes the step of trapping at | east a porPCowsef03/026209
sai d non-sucrose substances in said juice with said
65pr eCA pidtiaidest. pubiByindjuied énsined frpmrpldntinmegerjal ias dessiibed mwedaim 62,
fromplant nmaterial as _described in clai n% 56, .further
conpEomaiset p Stsp of Fedpma dasmeml of watep g s sy
said non-sucrose 15 substances in said juice with
said precipitates. 60. A nmethod of purifying juice . )
660bt ah pethddrafipupifEng jutes elrtainbd femddars midierehl jap desceibed Brclaim 63,

further conprises the ste f.separating.saj.

predﬂﬁﬁ?é?ggnFP%%ﬁFEBQEﬁ amﬂgwgéﬁ%F§§g1g%%ﬁ%g%nces
fromsaid juice. 20 61. A nethod of purifying juice
obtai ned from plant material as described_in claim

o8, .
67 ur thercthashefiivsidying fwice elipined frgg)dgatgtmq;{@'lzgéxﬁ gescribed in claim 64,
{ni tat ¢ . . -
P ori b e P ST P RS ER RS s RREATERS

obtai ned from plant material as described in claimb59,

further conprises the step, of separating.sai o )
G5br e oh prottcoal R ppEACS eh AR A SRR EA S 53 Careibed in claim 65,

fro Ld jgi gﬁg : LEYLNG libd Cce

obt gﬁuﬁgg r rﬁfsgf tah%féte Aétferi %Wzélgéseg:shl%gﬁglyﬁ%él ai m 60,

30 further conprises the step of reducing the anount
of water in saj

d juice. 64 nmet hod . i fying
69 ui cePESHPEAdHER rAGHT f‘%‘?tw%aﬁgﬂ Ssa(g%iaélg‘égél' bed in
claim6l, further conprises the step of reducing the
amount of water in said juice. 60 WO 2004/015144
7(PCT/ $i520 pRYdD26PDRcc@Banca with the grasessfroldigi Gy | ui ce
obtained fromplant material as described in claim®62,
further conprises the step of reducing the anmount of
7t egydaR pRsiubed i &8ordBbe witHTBE peskesy offliif 68.ng j Ui ce
obtained from plant material as described in claim®63,
5 further conprises the step of crystallizing sucrose
| n sai.d juice, .67, I f ViR o ;
Tt af i hEegReed BTl Rt Aol BRICLOXLA Wl B8, procesy of caimn 1
furthes, aconprilser 10h27,9kep. of crystallizing sucrose in
said juice. 10 68. A nethod of purifying juice
obtai ned from plant material as described in claim®65,
urt ag)ﬁp%' - RiaAtd Wah ek $r6689E claim 5, 11,
7gs'ai dhjﬁ'lgﬁ ge. g@ﬁ%%%gtﬁlegésg%gggndﬁcﬁ ac céotvdanceﬁai th the
procéxoraB. cl ai m 66.

74. Juice having reduced volatile material in accordance with the process of claim 6.
75. Juice having reduced dissolved gases in accordance with the process of 7, 8, or 9.

76. A method of purifying juice obtained from plant material, comprising:
a. obtaining juice from plant material, where in said juice contains sucrose,
non-sucrose substances, and water;
b. reducing dissolved gases in said juice;
preliming said juice;

d. cold main liming said juice;
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15 70. Sugar produced in accordance wth the process
of claim67. 71. Sugar produced in accordance with

woheo4pdiaess of claim68. 72. Juice having r edBCeMS2003/026209

di ssol ved material in accordance with the process of
claien 1, hd@nan likhingt, 6, 7, 11, 17, 19, 27, or 29. 73.

Jui ce havi uced a ueou ordance W th

t he fgr oce%‘glg a&SSF‘WP 0% oa%mxtd,eq%gal P4, Juice

haV'%Q r eghyg; fiatﬁ@@ﬁfs{ﬁnaiﬁ{t%%ﬁbmhﬂcaawﬁwdance Wi th

t he process f claim 6 75. Jui ce having reduced ]
di ssiol vedtrgmalﬁ’rstammrd af exid wontsuereee prtstaases with paid calcium
8, or 9. A method of purifying jui ce obt ai ned

from pl ant ]?Hﬂaei‘l al, conprising: 30 a. obtaining juice
from pl anfenfRiMY | §d1d ﬁﬁ@tegﬁrtﬂoﬁ SRakdd jienccoed tsabstances with said
sucrose, non-sucrose substances, and water; b.

reduci ng enleiswl apehngigdeom pHddHEY juice; c. prelimng

said juic Ng said juice; 61 WO
S04 bis et TR b 0 e a1 o ng f.
addimng a éddiﬁgaeémﬂdhEmOﬁntaﬁmmdmndlaxidaie shid jeige;d | ui ce;
g. prec:lpltatlngaflr(i am)unt cal cj um car bonat

h. tkappi PRECRIPHRSE S“iﬁ@? i’“@ﬂmgfo § F’&i‘nh% %Saﬁ]ufce
‘ Subsfnance?, %ﬂ %‘a%@é H}” sad $BhRAABEE silbstah€S¥0MI A calcium
said firs lon O sal non-sucr ose substances with
sai d cal cirbonatar bonat e fromsaid juice; j.
internediate lim n

anoutt of 'E2VEh Sf&} Ca’gi {)Q}ﬂgglotj‘ ﬁa ddl n gysseu%spagces with said

preci pi t atiiB@nPeasbsardraRauieé; 2aal CI um car bonat e
fromsaid juice; in. trapping a second portion of said

non-egucr osw%ﬂimtgaﬁwb%wmsesal d calcium carbonate n.
renovi ng said second portion of said non-sucrose
substances with said calciumcarbonate fromsaid

71.Ui c&;mamed dBp@ifyiigyaicabbiaticddrodapnsmatetisieas described in claim 76,

wherein said step of reducing dissolved gases in said juice comprises the steps of:

a. generating a stream of said juice;

b. injecting a mixture of gases into said stream of said juice to form a mixed
stream comprising said juice and said mixture of gases; and

c. transferring a portion of said dissolved gases from said juice to said

mixture of gases.

78. A method of purifying juice obtained from plant material as described in claim 77,

wherein said stream of juice comprises a continuous stream of juice.

79. A method of purifying juice obtained from plant material as described in claim 77,

wherein said mixed stream comprises a continuous mixed stream.

80. A method of purifying juice obtained from plant material as described in claim 79,

further comprising the step of generating a reduced pressure on said mixed stream.
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77. A nmethod of purifying juice obtained from plant
material as described in claim76, wherein said step

wohow@dsiai ng di ssol ved gases in said jui ce conpCTAS83003/026209
the steps of: a. generating a stream of said juice;

8120 A nidth®Tdf Rgiffingijuice ae dederiped sclhint 80,Saitberstongpaisingfthe step
said juice to forma m xed . stream conpr | Si ai d ;
j ui o eowdigyEng sHdPtRAE 6f JYs% & ;geaﬁatec.a“i lr%f[‘]r'g?‘i Pr9SHYe on said

port id dissolved gases fromsaid juice to

sai c}h&rghdg{rﬁar%@ of gases. 25 78. A nethod of purifying

juice obtained fromplant material as described in

claim 77, erejn said stream.af | ui C i se .
Sonth st Shitber it PSR R e OF, BiErsgisine the
] Ul Cer tgfa%%a?atfr{goﬁﬁiﬂ! itk tufRle?r bades asonfiiag i fed dissolved gases
claim77, erein said m xed stream conprises a
conttrangfmedfiotesaid jrieam 30 80. A nethod of purifying
juice obtained fromplant material as described in
claim79, further conprising the step of generating a
87, edu&@ﬁe’cﬁé@ﬁﬁ%ﬁr&fﬁg} iGRe Gs [Wesceitled Uit elaih 82 6&rtWE comprising the step
2004/ 015144 PCT/ &03/ 026209 81, A nmethaqd of . .
pur i $fgengratins @cgas flogeetsaid auxtre off gases etaiping spidrdissolved gases
conpri si-ng .t ap -0f . | [ [
j ui Ctéar{s%er%él nfgo(r?%f%' égg‘g?%m?[g lj)(lr:1 géé{opa{%ggﬁrdgrﬁ]&g o? 9gurrrel; ‘xed
stream 5 82. A method of purifying juice as described

inclaim77 or 78, further conprising.the t of .
S%epaAameﬂ@ds@f Hulﬂfy*qg“}lgcq)]as gjjgg‘}é)@eaolﬁt %llplm r‘?&f LSl said step of

di ss ‘ fobRmtisai the kgpLer: 83. A

nmet h%lgfﬂgﬁggﬁgﬁ ?/(l1 %{gse?g{%gd]ggeges?}rlj bede_i Epcl ai m 82, o

furtier cperpritiigngstthm aftsepl juic® havingemdnigtfapgsuafagagrea fluidicly

flow of said mxture of gases containing.sai .

di ssol ved gkt Sf“rdéﬂ’?még Pi%asf?‘ ‘Hﬁ#%‘aﬁ %)n?a&@%é&ie}]emem,
resppnse [frdsineuhidSniifaLaumesaRh 68 s4id uicStuidislyredupdd to said
of purifying jurce as described in claim76, wherein

sai d st epmattureeffigsishg di ssol ved gases in said juice
conprises,the steps. of. . A -] of

sai d%j ui cgecﬁgz\lﬂl}ggtﬁgﬁl%fsﬁr%?]fl tgﬂcne&%(feg g%%ﬁg%tzeg%{nﬁﬁagl}lcl y
couphied t gapdbdingiaklcaste pktigasisaiddisdolved gasasitcan saéptice to said
el ement; b. increasing said interface surface area of

sai d j ui cBIxiuEg %ﬁ&?ﬁ‘iﬁ- coupled to said mxture of

gases;

85. A method of purifying juice as described in claim 84, wherein said step of
increasing said interface surface area of said juice comprises generating droplets

of said juice.

86. A method of purifying juice as described in claim 76, wherein said step of

reducing dissolved gases in said juice comprises the steps of:

a. introducing said stream of juice into a first end of a containment element;

b. spreading said juice over a distribution media within said containment
element;

C. introducing said mixture of gases into a second end of said containment
element;
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c. decreasing the pressure within said contai nment
el ement; and 20 d. transferring at |east a portion of

weabd/ndfgol ved gases fromsaid juice to said PaTAIS208/026209

of gases. 85. A nethod of purifying juice as described
in cd.ai m Geheratigrecousai cirsdneflowf betweenesdl mycs apwad over said
interface_surface area 8f aal d@gr e conprises
gener at i n‘BS‘HHbBBPle@@ iapnd s31d gy | §38°5-86. A net hod of
purifying juice as described in cIa|n176 wherein said
step of reducing dissolved gases in said juice

8T onpAimehod hpwifying joice aadescnlbed) ituclaing 76 aWkersinrsaidilamt material

jUI ce |nt fir end of onta nment el ene
! B tlkentod s ahs o GO RRPE PER ARG P and sweet
mnth#ﬂ]ﬁﬁhd contai nnent elenent; c. introducing said
mxture of gases into a second end of said contai nnment
el ement; 63 WO 2004/ 015144 PCT/ US2003/ 026209 d.
enerat i ter. curr I n ird ] Ri o aal
€ or cad e S ERADME Wit BiRcue L PERE TE Y of # (fyerin said
of 9@1§§)‘ive(18§aseé\nﬁ7@h1|dqﬁ1&f arp elebted rgor the grap ckﬁsmtmgexﬂ' carbon
in claim76, wherein said plant material 5 is
sel edipsiderapd suliwaligidup consi sting of sugarcane, sugar
beets, and sweet sorghum 88. A nethod of purifying
juice as described in claim76, 77, 84, or 86, wherein
g®mai dA ethsd by pdn@a@ﬁuoemsslasmmdl |11n: elaHn g 63%’1 8t ol 86, rvglmarein said

t he rou cansi s of carbon e and su
di ox$ . Opsfj‘ “Shln&é{ w%aveef 2356 11 P lpgﬂ L c@gg)&‘}sf:soglae step of

in C}eﬂh&hggmdq Saﬁﬂjul&r 86, wherein said step of
reducing disso gases in said juice further

conprises the step of reducing acids in said juice.

@| ai % g@thﬁh%f By U Ic];é/ ?sdgeégpiéccf éna ﬂﬁség fvgge?nm%xrbaid acids are

grou E’el&%@ fr6inl the gRfup GBh$SiHgCofRafbdnicldeat phosphorie emd hydrochloric
hydrochloric acid, sulfuric acid, citric acid,

|
aci daciduséfunic acie Piiric acidapabic agidgsucenig ad ,&ﬂn&m aci iactlc acid,

glmygg{yggléfg&gagf%‘{1ﬂ%k% ggﬁgxﬁﬁf %:Qd(yéofrﬁlca&ﬁdj ractd B8, butyric acid,

maleic acid, and lactic a01d

91. A method of purifying juice obtained from plant material, comprising the steps of:
a. obtaining plant material;
b. removing juice from at least a portion of said plant material, wherein said

juice contains sucrose, non-sucrose substances, and water, and wherein at
least some of said non-sucrose substances comprise dissolved material;
exposing said juice to a mixture of gases;

d. transferring a portion of said dissolved material from said juice to said
mixture of gases;

e. generating an increased interface surface area between said juice and said
mixture of gases;

£. increasing transfer rate of said dissolved material from said juice to said
mixture of gases;

g. reducing the amount of dissolved material within said juice; and
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20 maleic acid, and lactic acid. 91. A nethod of
purifying juice obtained fromplant material,

woan@roisi4mg t he steps of: a. obtaining plant RaraS2@BP26209

b. renoving juice fromat |east a portion of said

pl anf. matsepirating Wakr enirtusaiaf g2esj comtaniognsad ndissolved material
sucrose, non-sucrose supstances, and water, and

wher ei n dfansfeggd frogpsatd B aj d non- sucr ose subst ances
conprise dissolved material; c. exposing said juice to

a mxture of gases; d. transferring a portion of said

92di s @ mettcbdneftpariifrhg fuicnobsainet] froinguant anateriad, comprisipgdhesteps of:

gases; 30 _e.. generating. an increased interface surface
ar ed bet V&3 ipgma Eﬂa{%la nd said mixture of gases; f.

| ncngasi NGl ARSHRE fFoat 8t Rhstediottich 65d pintiaiiag wherein said
fromsaid juice’'to said mxture of gases; g. reducjin )

t he anopunuicefcodiagsciugwge, MPNAUFEPSE thgqnﬁess &P% Waigrcgnd wherein at
and 64 004/ 015144 P .. : )
separ at | Wm‘j)asi E\ o ﬂ‘g %é P%“'ogyrg%is gg&é%%? g&ﬁ?%% Yolatile substances;

di ssol Vedex@%&iﬁ%isﬁhjuibéwtslfn@{tﬁﬁd)ffga@m said juice. 92. A

nmet hod of purifying juice ob_taineg{fromplat cy e d
mat edi al , rasfEANS iRrRPTioR: of s svadsitle substangpes o fRid juice to sai
pl ant materj.al; enmoving juice fromat |east a

portion o Dlst'glliet?fgﬁsae%t material, wherein said juice )
cont@i ns gieraHiag anrintressed insefaceudnsfon eres beawagnwaidgnice and said
and wherein at |east sonme of said non-sucrose ’
subst ancediBieH{igatesiol atil e substances; c. exposing

sai dg | Ui Choldhs g'ﬁla]ﬁgﬂéf £t b 68 98 latildsibstahéANBBskid@icd to said
portion of sard volatile substances fromsaid juice to

said m xmintereaff ggseses; e. generating an increased

interface surface area, bet n.sald.]jupce . Sal
m xt&re ofe%igglgg 1° qil?oqnﬁi?f‘éo\ﬁﬁ%nat ?rga}]s er Sragcpﬂl l%f’ ldIgdai d
vol ai | e sipaskiapcasd fiimirsabtl gasdsC Cordtaini €aid1%olatile substances

m xture of "gaseS; g. reducing the anount of volatile
mat eri al winsferredsfzerg spidiieiee. and

93. A juice purification system, comprising:

a. juice obtained from plant material, wherein said juice contains sucrose,
non-sucrose substances and water, and wherein said non-sucrose
substances comprise at least one dissolved material that decreases pH of
said juice;

b. at least one gas having a partial pressure lower than said at least one
dissolved material;

a gas injector to mix said at least one gas with said juice;

d. an interface at which at least a portion of said at least one dissolved
material transfers from said juice to said at least one gas;

e. atmosphere fluidicly coupled to said to said interface,

whereby transfer of at least a portion of said dissolved material to said at least one

gas increases pH of said juice.
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h. separating said m xture of gases containing said
vol atil e substances transferred fromsaid juice. 20
wO2004A15dice purification system conprising: BCTjUSR@®B/026209
obtai ned fromplant nmaterial, wherein said juice
940Nt Rijfige PULALiOARDN sysom- Sulksaibed $ubkim98esheaeid satjeice comprises
and wherein said non-sucrose subs%gnce conpr i se.%t ¢
| easiricsrrbizipeds Goge Phgt B1tcial srstteq SO e@%ﬁ%@s ing ol sugar
sai d_juigce, e gas having a partia
pres%%?é %Vﬁ%mt g%%ggsgﬁ%?ﬁ?east one dissol ved
material; c. a gas injector to mx said at |east one
as wWi.th sai.d juice; d. an interface ich at,. eas .
o pox‘tJP]&ﬁ Paﬂgg%}oal Shteimasdfesthed §§8P?§&”V@?¥%Pé?‘.dépe°g mprises
transfighs bb@Medafién }]H!a&emh&riﬁlakﬁthai PréRed s€lb@ed dom e group
C. atnosphere fluidic coupled to said to said
i nt emmtséngwﬁéirfﬁlby)nwmﬁ;‘sﬂbmem at | east a portion of
said dissolved material to said at | east one gas
i ncreases pH of said juice. 65 WO 2004/ 015144
of>CT/ NSREPLABEARD syddm 28 destiribed iiclaibi 8hvhorirs ydissiveds material
described”in claim93 wherein said juice conprises,
j ui ceoraprises wadpon dignide W & Farmnsslestadarona dhe group copgstingf carbon
group. consj st j . o tciggnd sweet
or PGl Sy ¥Rl on SHATLARER acic?
described in claim93 wherein said juice conprises a
| iquid obtained fromplant materi.al ., with a, process .
B e inipe TBIHCEHED GYUD 2 SSHEER TGl Th PhHERLfs ol materia
| ioxHeCi hf & | b consisting of sulfur
desce BB i ModeaR B SRt o e R consisige
conpdioxék gaaydatfinridncistj ahd sutfurus e¢ich sel ected fromt he
group consisting of carbon dioxide gas, carbonate
i on, bicarbonate ion, and carbonic acid. 97. A juice
oPUr i Al RAdd ARiffARbE BYASm AR ekdriiRd ih 1AM TWASreivh diseilved material
di ssol'ved material conprises sulfur dioxide in a form
sel ectmgrifes@anedve agiddup consi sting of sul fur 15
di oxi de gas, sulfuric acid, and sulfurous acid. 98. A
juice purification systemas described in claim93
ogher @i fuigé pusii¢atbnTeysesrh als desoripsd feslaanued eheagin dsueous acids

comprise aqueous acids selected from the group consisting of phosphoric acid,

hydrochloric acid, sulfuric acid, citric acid, oxalic acid, succinic acid, fumaric
acid, lactic acid, glycolic acid, pyrrolidone-carboxylic acid, formic acid, acetic

acid, butyric acid, maleic acid, and lactic acid.

100. A juice purification system as described in claim 93 wherein said at least one gas
having a partial pressure lower than said at least one dissolved material is selected
from the group consisting of atmospheric gas, filtered atmospheric gas, scrubbed
atmospheric gas, and purified gas.

101. A juice purification system as described in claim 93 wherein said increase in pH

occurs without addition of base.
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20 99. A juice purification systemas described in
cl aim 98 wherein agueous acids conprise aqueous aci ds
weoeebamigid4f rom t he group consi sting of phosphopCt/uaei0d/026209
hydrochloric acid, sulfuric acid, citric acid, oxalic
102ci &y jiseeemirificatiacsydtent amdascibedavicthim] 194 twhereis seld base is selected
glycoli¢ acid, rr.olidone-carboxyl.i.c [ formic . .
aci dronythegroup Sﬁ!,;ln%ﬂ SCAGIEmLIGF Xﬂﬁ’lug}algy Cc’:)fléle,o’ aglr%glﬂk of lime.
lactic acid. 25 100. A juice purification system as
described in claim93 wherein said at |east one gas, .
10RaviAguice panifidation pyssers @s descoied in ¢laim 83 venersin paid Gps wygetor has

di ssol ved terial is,sele d_fr. P
condt et RGPS 1t AL T e L) bRnPbERL
gas, scrubbed atnospheric gas, and purified gas. 30
101. A juice_ purification system as. described i.g cl ai. m
1093 whéwes purfigagion systerge deseribed inelaim 3 Jiherrin, said gas mjector has
additio S : VB20RBLHEREO% deliver
102.2 %Prflht%%%aetggu‘%n?p?%%%ggéjsaft?%?nlgoéldggléari be%lgi[dn claim :
101 salvedt @daRt 6 ghs lnets saidstremh ef sad jificom t he group
consi sting of cal ci um oxide, cal cium hydroxi de, and
mlk of lime. 103. A juice purification system as
1odesck iRed iiaClidh W SBnRRle8ibed 3 BlafAS 0k RIREHRkail @fcarh of said
a confli guPatl on to"mx said at least one gas with a .
st r gaiveabnmpaises § vomtimuodDstream plisaidejvies flnidicht responsivettappid gas
as described in claim93 wherein said gas injector has
a coRflr ati on conprising a gas transfer conduit
havi ng an aperture to deliver said at |east one gas
into said streamof said juice. 10 105. A juice )
106ur i Aijoiei pwifioptions fysiem de slesorihed inrlapail(y Theraip stidj gontinuous
said stre f. said [ Uk ' ont i nuous
str e%a@foﬂgﬁ e ;hgsea #’%aﬁ%ﬁ' %%R!%Béé gg‘r@fﬁ\(/é'e to said gas
injector. 15 106. A juice purification system as
described in claim105 wherein _said conti r& ouig stream . bl
105%  sAi Jiqeupwaliontion Sygigrt 4%|dgscaihed Spaslpin £} Guherel. said Variably
107. | id | | 29 ' ' 1R diksolved
106" Sl Tl RIS XS BN AR A I s L cd
r es ppakiivethbiodacensanttt af saidhjuade. sai d at | east one
di ssolved 20 material that decreases pH of said
j ui ce.
108. A juice purification system as described in claim 104 wherein said stream of juice

comprises an intermittent stream of said juice.

109. A juice purification system as described in claim 93 wherein said at least one gas
injector has a variably adjustable flow rate of at least one gas having a partial

pressure lower than said at least one dissolved material

110. A juice purification system as described in claim 93 further comprising an

increased interface surface area.

111. A juice purification system as described in claim 93 further comprising a gas
distribution element to mix said at least one gas into substantially the entire

volume of said juice.

67



10

15

20

25

30

108. A juice purification systemas described in claim

104 wherein said streamof juice conprises an
wonv@rondist ent stream of said juice. 25 109. A paras2003/026209

purification systemas described in claim93 wherein

said at |east one gas injector has a variably

djustable flowrate of at |. 4 NG SR
1155 v afice pa@hiph &Sl es BrsHBRER M 3 R HicEes ditibution
di ssdved cBRipEEdsain ikbBllerdfiapua®. puri fication system as
described in claim93 further conprising an 30
i ncreased interface surface area. 111. A juice
urification.sy 4 ' [ o F Uit B8 i ctributi
o 1P g GSh SRR o FEFHLAPE) Aol A, Thelin'ld ¢ Wstibution
| easdlerfe c@aprises Dredubtidraintthakikzy of bendaittin mévichvelidistesant of juice
said juice. 67 WD 2004/015144 PCT/ US2003/ 026209 112.
A j ufl®ves.purification systemas described in claim 111
wherein said gas distribution el enent conprises an

impell er of a punp. 5 113. A juice purification system
llas degaick perficationl syster a1 deshisbesl im Jaiind93 fgrther comprising a source

distrjbytiqon element conprises.a reduction i.m.the
si z eOchFFg‘%fGa@ﬁ‘?S?urP ReSRARSIYE Ol agll?a‘gé?ﬂeogas ]aﬁ(? %%EJIFFGO'V\B .
114. A juice purification systemas described in claim

93 further conprising a source 10 of reduced pressure

11%e s pAnjsiceepurificstionl sustemeassdeseedgiis claiy 93afugthpy cemprising a gas
115. A juice pur.ification sys Il i i
03 5P e FEur e 4§14 BB W Tl Sy S o G forther
sai dcabprieashidopatieaef dheiseone Siisolvad maraid tomefegad from said
further conprises said portion of at |east one
di ssiloged material transferred fromsaid 15 juice.
116. A juice purification systemas described in claim
93 further conprising a source of reduced pressure

1716 s pansiceguridicatiimsyatent endéscobed aclpinvf2 feitlrer Saingrigmg a source
| east one gas further conprises.said portign of a
| eastf ABO RISHIREPSPRIES; Isa_ﬁr%ﬂ@a\ﬁt P’P%ﬁas’ ?gleFer‘% ﬁﬁuéeﬁ {past one
J Ul Clyg igu}til I @oﬁ#@fl&@ shtdr hdrtiSRLE AN 1RYS RS FRIS fatebi@Htransferred
in cPaim TG rein sald source of reduced pressure
conpfromessidauimes pheri ¢ pressure. 25 118. A juice

purification systemas described in claim117 wherein
sai d source of reduced pressure conprises a vacuum

1PHMPA juice purification system as described in claim 116 wherein said source of

reduced pressure comprises atmospheric pressure.

118. A juice purification system as described in claim 117 wherein said source of

reduced pressure comprises a vacuum pump.

119. A juice purification system, comprising:

a. juice containing an amount of carbon dioxide;

b. at least one gas responsive to an interface with said juice, wherein partial
pressures of said at least one gas allow transfer of a portion of said amount
of carbon dioxide from said juice to said at least one gas at said interface;

C. at least one gas injector configured to mix said at least one gas responsive

to said interface with said juice;
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119. A juice purification system conprising: a. juice

contai ning an anount of carbon dioxide; 30 b. at | east
woneodgasist esponsi ve to an interface with sai d paras2003/026209

wherein partial pressures of said at |east one gas

al | alv t r angdseseparfaton fhodiclyoroupledsaisdidaatdeast one&as aylissein said at

dioxide fromsaid juice to said at, | east €.

sai d i nt FfshOme gas %ﬁ%?reﬁ%‘?p%sr?é guk p?lﬁ]jogc Of|3§a1(9%%1o%t of carbon
conf i gur eglotie FhsfSRdirah shidgiceOne gas responsive to

said interface with said juice; 68 WO 2004/ 015144

PCT/ US2003/ 026209 d. a gas separator fluidicly

d t id at_| , i Cdat . .
B2 S o el E ASBRLER LS DBy comprcs

amgﬁke%tﬁﬁé@ﬁﬁm slpbxt dtdrivhBcléqed @dnd therpredp dogsistiog .of sugar
5 120 A juice purification systemas described in
cl aim%l@gmegiaﬂdﬁ%(ﬁ‘?] SPighE@E. conpri ses j ui ce obtai ned
froma plant material selected fromthe group
consi sting of sugar cane, sugar beet, and sweet _
12901 gRyice pRdfication systemprdedeiibed incdlaisy Ki9ewhersindesignich edmprises
in claim119 wherein said juice.conprises f.O Idi gui dtl
obt digHd ehiensd iz nlantemptsrial Witk 2 RIPEEE sKIlde HPR the group
fro . ANSh3td; di ffusion and m ||
pr eg&so%&%gg Qﬁ(ﬁﬂf%&gg%gﬁhlg?f%%, on system as descri bed
in claim2119 wherein said dissolved material

conprises carbon dioxide in a.formsel.ec romthe i

1% oup J&‘b‘?‘?s?‘&?$%§°%fsy8ti%‘ %Saﬁﬁsgﬂ{’%‘{ O%i© émgg]?,j “)élggetlr?é r?gltﬁedlssowed
I on, mbiefial QPR Rs tABon alddidedh AdBinG séledted frdm3the Arqupi coasisting of
purification systemas described in claim119 wherein
sai deasbon digxide gas carbonate éerp bivgrhppatedomng fudprigAeidy; t h
said juice, wherein partial pressures of said at |east
one gas allow transfer of a portion of said anmount of

123 banuide puiifleatfonaystemi 4 d26bribed dreckaim $ 9 dhateinl swad ot loase one gas

gas at said interface is, selected fromthe grou .
consfespensge tpan é]@tﬁ{fg%\@l.‘ﬂil éalg Juce, fyheredn gg}'tlgl( ﬁr&gsblﬁeérqf Said at least
98S, o éé{ﬁbﬁlﬁg’v ALADEPHEL orifRASef %‘i&g amBUft b @ﬂb(lﬂﬁﬁiox%d%gfrom said

A juice®puritication system as cribed in claim

wher Riide toahid 4t Iéastolragasat piid iterfacal s eglecierti framethe gppup consisting

sai d pH val ue . of sai.d juyice increases in. fesponse

trang éFm%qpﬁe%caig&&pgﬁ?ljiea nat@PSé}’ipa %%ﬁﬁ‘?lb%?ds gﬁ?%sgﬁél% gas, and

di oxjderdPgsai d at least one gas without addition of

base:

124. A juice purification system as described in claim 119 wherein said juice has a pH
value, and wherein said pH value of said juice increases in response to transfer of
said portion of said amount of carbon dioxide to said at least one gas without

addition of base.

125. A juice purification system as described in claim 119 wherein said base is selected

from the group consisting of calcium oxide, calcium hydroxide, and milk of lime.

126. A juice purification system as described in claim 119 wherein said at least one gas

injector configured to mix said at least one gas responsive to said interface with
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125. A juice purification systemas described in claim

119 wherein said base is selected 30 fromthe group
woansigsismg of cal ci um oxi de, cal ci um hydr oxi deCcTalsen03/026209

mlk of lime. 126. A juice purification system as

desaaidjaiteiconpridésna §dradsfer eomdisidiaving an apesttirecifigdighscoupled to

injector confjgured to mx said at | east one gas

r esPoTisPROftS310JHICE- i nterface with 69 WD 2004/ 015144

PCT/ US2003/ 026209 said juice conprises a gas transfer

conduit having an aperture fluidicly coupled to a )
128t r eafuioé pemfichtionisystem R desoaibed e elapn rli26 ivderdin faid peamof said

as described in claim1126 wherei.n.said stream of said

5 j UPHCE Celalﬁﬁﬁ?ssae%"“im&?}’rﬁs TRAB QL U VWSS of said | ui ce.

128. A juice purification systemas described in claim

127 wherein said continuous streamaof said juic

128ur t Agnice grpificatéen aysiemjaaslegerther istdame 137 sherean ga}id qputinuous
129. A j uicce. i f.i - t _ . _ | ai
L b o S o

responds to said anobunt of carbon di oxide contained in
said juice. 130. A juice purificatiaon system as. . .
12&escAiJJ:yec@ Prildgagipm sysieTnAR (CEFH1NSG 18 @F%éﬁ%o%?&indsalﬁsvaﬂably
) Ul C R h%@sra?enre%&n% 1 648 novhf S08H03n @Rkilel Bh@tred in said
131.%K jurce purification systemas described in claim
130 jokerein intermttent flow responds to said anount
of carbon dioxide contained in said juice. 20 132. A
juice purification systemas described in claim 126
er giiics Pl idnS38te | iRIcBEh O 6RASeréin \saidi saehv of said
13\?& uéggcﬁghﬂﬁgévedpat e Ilrg%.edﬁaj%ueidclgc%_ri fication system
as deserdobpadisenarcingirmitiehdstydany eff S@rlcgal‘-‘@- interface with
said juice has a variably adjustable surface area. 25
134. A juice purification systemas described in claim
13433 AuiideefuriRaRed §j{§ﬁ§n as Gascribdil $i iat i30nwhdreinkEintermitent flow
distri'bute said at 1east one _gas through substantially
t he resparids o saifl ameupifofsasbandigxade contpinesin spidjvicee
purification systemas described in claim 134 wherein
said gas distribution elenent conprises an inpeller
139, aAQuiEe purBcMBnAYBéHOkSikdctibeCTA LiSR0 026 OR6R{0said at least one gas

injector has a variably adjustable flow rate

133. A juice purification system as described in claim 119 wherein said interface with

said juice has a variably adjustable surface area.
134. A juice purification system as described in claim 133 further comprising a gas
distribution element to distribute said at least one gas through substantially the

entire volume of said juice.

135. A juice purification system as described in claim 134 wherein said gas distribution

element comprises an impeller of a pump.
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136. A juice purification systemas described in claim
134 wherein said gas distribution elenent conprises a

woeduaisiam i n conduit size through which said BCTAE2006026209

juice flows. 5 137. A juice purification system as

13@es CA ijlies pintifiedtiah Rystdif af dedchibed ol Bdnghareimauidogas didtribution
reduced pressure on said stream of juice. %%$U| ce ..
pur i Slereenti comPEiet @ AsdustioReElsangw SizR tanoyghv: tEqap of juice
sai urce of reduced pressure conprises atnospheric
pressure fluidicly coupled to said 10 interface with
said juice. 139. A juice purification system as

described in_.claim 137 wherei,n. said.s e of reduced
19 achiEe EBBrH e P PR o i 2 TG GBI iog 2 souree
Sal doﬂr@&ﬁeﬁ%?e%sufgﬂohﬁaﬁ%h‘éaml&fﬁﬁce.15 140. A nethod of

treating juice obtained fromplant material,
conprising the steps of: a. obtaining juice froma

| ant material; .b. exposing juice.tq havi S
13(%h ar acdtEri %‘Ffat%:d?u%isgﬁglgl ?So&?*lfd&?ggfne v lagpgﬁ:{t Wﬁéﬂgs S%%esource of
subsfcanced fEdBurs absinprikes Cathfdsitid gRSsur@Oflgidicly coupled to said
mai nt ai ni ng _gas_ characteristics which allow transfer
of siafegfage Withpeid jgise. substance fromsaid juice to
said gas for a period of tine sufficient to reduce
anmount of said at |east one substance within said
139l C&. julcklpurfiomibhagstah 4s dedciibgl juickmol}7aivhedinf saith source of

plant material as described in claim 140, 25 erein.

sai dregneadt PIATUE? CMPTIESS b V@B PR :ﬂ“ﬁi‘@lyg?%’@ff%to said interface
consy st i .of _.sugar cane, sugar beets, and sweet

sor ghﬁ?ns %JEITCCA nmet hod of treating juice obtained from
plant material as described in claim 140, wherein

aid ste f _.obtaini.ng j.uice_.from sai l.ant nat er, al .

18 A redBodpf Fertiii guioggb st shee it ey oo G seps of

sai dyj Ui CEptafkfis jufbeTRINNSP10E nafefial;i Ng j Ui ce obt ai ned

fromplant material as described in claim140,

wherki n sexmbsinggpicefto etgasihaving gas charagterisics avhichypllayy transfer of

material c rises.mlli sai.d. . terial to

obt ai n sa?tgg’? PE%?“%“W%‘%&&&%T@%"Z JS2003/ 026209

144. c A metfagfaifingt gRahbngteriviiGewhich ailloadirhnsfn ¢fl @it at least one

mat eri al as described in claim 140, . ) )
substance from said juice to said gas for a period of time sufficient to

reduce amount of said at least one substance within said juice.

141. A method of treating juice obtained from plant material as described in claim 140,
wherein said plant material is selected from the group consisting of sugar cane,

sugar beets, and sweet sorghum.

142. A method of treating juice obtained from plant material as described in claim 140,
wherein said step of obtaining juice from said plant material comprises diffusing

said plant material to obtain said juice.

143. A method of treating juice obtained from plant material as described in claim 140,
wherein said step of obtaining juice from said plant material comprises milling

said plant material to obtain said juice.
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144¢i A meithad; of ticating juseQhtained,frppy

wherein said at | east one substance is selected from
the group consisting of a gas, an acid, a volatile

wonrgamigi4econpound, an al cohol, an al dehyde, a ReTmis203/026209

an ester, a 5 nitrile, a sulfide, a pyrazine, carbon
di oxi de, carbonic acid, sulfur dioxide, phosphoric
acid, hydrochloric, acid, sulfuri% acid, .sul fura

p

Y Rgtert a.ag?s&, ggd in claim 140,
fumgy elﬁ“%}ﬁ(‘shﬁ at ll%%“) . SQl%iStQHCGgE ¥§19étla& 38l e group consisting of a gas,

pyrr ol done-carboxylic aci ormc acid,” acetic

aci chn aoid, yvotatiecorganioabmpoursl aa alcpha pamaliehyde, aketaue, an ester, a
met hyl but anoi ¢. aci d, butanoi.c aci d, . pent.anoi ¢ acid .
5. Bt na xR, 3 SRR, (Carbopg digRiieh fATIonIc, A gy, dioxide,
acl ﬂyhoﬁfbﬁ cAclEhb@dciabrit h&ia! duliirik Wbides0REkisNRMl, titdhcid, oxalic
pl ant terial "as described in claim140, wherein :
sai chcil, gaecitiawridgfigeesicaieit, dastie atigh Blysolicsacid pysrokidone-earpoxylic

the group consi.sting. of..a,n xture.of es; 1 ai - :
£ bRt sty gattic rd- Sk ade” e ZRid, rbpangic acid, 3
tr eahitAgibutin6R RRL, dubedict adN fehaRbicrmid rs-akthithexanoic, hexanoic,
described in claim 140, further conprising the step-
of deptanbics pdigctiegér at ure of said jui ce between 60C
and 80C at commencenent of said step of exposing said
juice to said gas having gas characteristics which
1431 | oMvnidtadbdBticatihg puicelotthinkd o Akt matbisalas desdribednin claim 140,

said 20 juice to said gaﬁ. 147._A.neﬁh f treatin% st
j ui cehBInFRIfedSS NG SR Charastenstiss inwleriadcirop dhy gqup tonsisting

cl aicﬁﬁajtﬁgﬁurefolfgﬁ&graiﬁ@i‘i@feid%iiﬂﬂgx}%%ﬁ, aldefofé. mai ntaining

said julce at subsfantially constant tenperature
selected within the range of 60C and 80C at

cOo nce t .of sai.d 25 step .of 0Si id i .

14601 R gadhekof et R4 eh S Rioel At i RpPaH B sl fu btim 140,
tr angfiger Ampinh Mk sieg 2% est@Rashiighsihpaatré OIS piick between 60°C
juice to said gas. 148. A nethod of treating.juice

obt adnde80°Erat wppinencement of saifl stey of @xposingerid fieq i s3id gas having
140, wherein. sai d.jyi LSMES A id
corm%aﬁccmteng css‘gplﬁﬂsa?@‘ﬁﬁ%&sgef pos| nggt 1%%)5@50 g‘% 511}38&?%05 from sai
to spidd tgasdpayi ng gas characteristics which allow

transfer of said at | east one substance from said

juice to said gas selected fromthe group consisting

a jui 1 f¥HescrtRAYA claim 140,
19, CRAEO EL pPRE b ShuaBRR Honf Bl BARHY BcserftBAdh claim
aboufurth8Ccompasihg TRCstep b utaifthiBingbnd juiz@ @ a sWbstulially constant
2004/ 015144 PCT/ US2003/ 026209 out bout 74C .
aboutempsraturg sglgete 6\@%115 ng}flngp%,aéba@ 88«5 §§;§b',a COpypacetnent of said
step of exposing said juice to said gas having gas characteristics which allow

transfer of said at least one substance from said juice to said gas.

148. A method of treating juice obtained from plant material as described in claim 140,
wherein said juice has a temperature at commencement of said step of exposing
said juice to said gas having gas characteristics which allow transfer of said at
least one substance from said juice to said gas selected from the group consisting
of about 60°C, about 61°C, about 62°C, about 63°C, about 64°C, about 65°C, about
66°C, about 67°C, about 68°C, about 69°C, about 70°C, about 71°C, about 72°C,
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79C, and about 80C. 149. A nethod of treating juice
obtai ned fromplant material as described in claim

wQ404/015148 urt her conprising the step of nai nt aPaQTMI§2003/026209

said juice at a substantially constant tenperature

sel egjogel 730, hibButt ECT ahge 769C, GHEuamECakoud 7P Qgatwat @8°C, about
step of exposin sal d juice to said gas having gas
charﬂﬁCeamkﬂﬂwﬁg .ch allow transfer of said at |east

one substance fromsaid juice to said gas. 10 150. A

nmet hod of treating juice obtained fromplant materi al

1495 dRSEdthbROf irentinb dnioe dB@ined fioar plian]t matier.ialj agidescrived imclaim 140,

tenperature during said tep of sai d ice. to

Lo PGS CHEPTTE ieoeh el SELUAREtE SO0 (P AL A1 bRy Constant
tr ant%ﬁn?)@ra%e 1t whBRRS theOPBieS WISERACEnd BOXUMdR@ing said step of
juice to sal gas sel ect ed frgmt he group consisting

of abpotingGaid jaiveud salalgas havingtgas 2igracteasiics 64Gh dbxmtransfer of
64C, (g t 65C, about boutt67c 15 about 68C,
aboutdigadeast gRg,subsEce 816‘ ﬂ’ée QFNES72C about 73C,

about 74C, about 75C, about 76C, about 77C, about

78C, about 79C, and about 80C. 151. A nethod

of
190 eafimethpdipE reasivgdiise @bwarr@dwfmamanmﬂ@nalaas dggeribed in claim 140,

dscr bed in, clai.m f

st ep™ ?regk%b%quhcge I}aal 3%11‘1?66%[%1‘6 &{g{ %es(r%l ssur EQQ?Q B&d ; ane to said
gas ghavdvini gaschaftrierigtiey which Glﬂowﬁttanbfeﬁlolf eaid tat mfastf @re substance
of a% Ieast one substance fromsaid juice o sajd

gas. fremgsaidyuigsttnseid@ps selested fgmithe gouB SPRNISIRE o @E?ﬂ’f 60°C, about
Pl ang, BLEL | 3890@S ,5l6% BheREM b6 L2 LB B5oC, aﬁy’éu%@te laBout 67°C,

sai d°t sageet préssure conprises a pressure |ess than
at NDSHIEIG8LC, ghoas69ACE abdfF0°@, atehGtPCy fabouteZChngbquti73eC, about

2252 {1 LT B8 A B SALR RSP st st

t enpghopt ure of said juice between 60C 30 and 80C at
commencenent of said step of exposing juice to a
reduced pressure of said gas having gas

léﬂ g;%g@i 3}0&%%1‘%% Jﬁﬂﬁe& Lagnvgflt ans&ngglg er17f3 J\%%gﬁbe%QE claim 140,
2004@9&1@%%&m§§1ﬁ%’3ﬁ9@%%@@83m§%ce fo aatihadd giressure of said gas

treating juice obtained fromplant material as

deschiving gemcharagieristisp which ellpwtransfep of af laest ope sWhstages from said
mai nt ai ni n idjuice at a substantially constant
tenpélP(éﬁ%L?% a%ect ed within the range of 60C and 80C

at commencenent of said

152. A method of treating juice obtained from plant material as described in claim 151,
wherein said reduced pressure comprises a pressure less than atmospheric

pressure.

153. A method of treating juice obtained from plant material as described in claim 152,
further comprising the step of establishing temperature of said juice between 60°C
and 80°C at commencement of said step of exposing juice to a reduced pressure of
said gas having gas characteristics which allow transfer of at least one substance

from said juice to said gas.
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step of exposing juice to a reduced pressure of said
gas having gas characteristics 5 which allow transfer

woho@toif@ast one substance fromsaid juice to BarASY®3/026209

155. A nethod of treating juice obtained from pl ant

15umat eAirﬁéth@Soﬁ@mm'g bheide bitainled ifioni pldnt muthealeisrlesaibed in claim 152,
juice has a tenperature at comrencenent. of sai
of eSpHsH pRIMPTTNG dhe Hep, of dRaiRiadTy Sl iee gt 2y gﬁﬁl&]ﬁ@Y constant
havi g, ,98%u,6 @91@%@& Wlihﬁ‘{ E$at¥d cﬁ'BSO"”d? LRgvgd#: itrc%Fﬁxfleer‘l'beIﬁEnt of said
at | east one substance romsa juice to said gas
sel eg¢edf Exposingeice ¢go mquducechpnessmm gf sAid gawohavi@Dgys characteristics

about 61C,. about .62 §] about 6

65C, WaisB glogdransien glgt 1%37"’ nea%‘gg%m mé?}gd?lc%g’c“al‘g%%t
70C, about 71C, about 72C about 73C about 74C,
about 75C, about 76C, about 77C, about 78C, about

1579C, AancthabofitreBDE juits oh@med&mphn@n@tﬁn@k@ales%@epm glaim 154,

obt aj edfro er | [
152, W fr*rﬁ]rnt 744 Lﬁ%‘?‘rﬁ?s g?eﬁlgetr%%rezéft ﬁ%?er r%gllﬁn ta(%}nsl% r@étgg of exposing
j Ui CRiRt toda &bkbﬁ:%@ljﬂts@hﬂeyoﬂ?wi@tgamhavmg rsae lchtrat@ristics whlch allow

selected within the rangte of 60C and.80C during said

st eptrasfereadpasieaty qngi swhsterpeafim gt g ©swid gappeleypd) from the
gas oS oal 0 0
0o LD e DR B CCHAGR U Soncrg] Al v w4
sai dat@as 6595 abok 66°(hH) aboudf67€C eaiioiuhQS‘](]; iabeutcdd°@j atait 70°C, about

uner €7 Shotl A cPRETI o AR o gt 76 ot 77°C

of expt 78T labbReobe, ﬁdabsﬁ%@@ pressure of said gas
havi ng gas characteristics which allow transfer of at
25 | east one substance fromsaid juice to said gas

liéloﬁ tl‘ggd_téfO(E g%%z{]u%@%%%g gB%CE;‘}%%I()hS?%' B%BB‘%‘fﬁtegg S deg%rgqedég &lalm 152,
abou{:‘mh@@@o ?ﬁgﬁé tRd Shep BTQHAInGEfng @eﬁﬂljﬁlcé%ﬁa s’hb@:uﬁtlally constant
70C, about 71C, about 9 about 73C, about

iy
aboutenm@tumbsﬁlnctemwlthab@l@ﬁ ranee;, of2 666t aq@@o*’%gwg said step of

d. ab 1
obt aF’?Pg’(ﬁmlanggfl%te 6$ %%F d%%fl é’ ?6858 él'as% ?‘%Vlg}%eg% : qgﬁ%%ﬁﬁs which

140, alidw triahsrer @f@!ﬂﬁalsﬁcbn’egsubétw&tfmm sdid juies teaaidngast he
area of interface between said juice and said gas
havi ng gas characteristics which allow transfer of at

£ a; %dﬁ‘?%f% i)ﬁ E’é%@%‘ﬁ%ﬁ% {98?9}@'66;065 PlanemaRriafhdadadbed ift claim 152,

wherein said juice has a temperature during said step of exposing juice to a

reduced pressure of said gas having gas characteristics which allow transfer of at
least one substance from said juice to said gas selected from the group consisting
of about 60°C, about 61°C, about 62°C, about 63°C, about 64°C, about 65°C, about
66°C, about 67°C, about 68°C, about 69°C, about 70°C, about 71°C, about 72°C,
about 73°C, about 74°C, about 75°C, about 76°C, about 77°C, about 78°C, about
79°C, and about 80°C.

158. A method of treating juice obtained from plant material as described in claim 140,
further comprising the step of increasing the area of interface between said juice
and said gas having gas characteristics which allow transfer of at least one

substance from said juice to said gas.
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159. A nethod of treating juice obtained from pl ant

materi al as described in claim 158, wherein said step
wofodinasaasi ng the area of interface between sBCTUS206/026209

and said gas having gas characteristics which allow

transfer of at |east one substance from 5 said juice

to said gas conprises dispersing said juice. into said.
158as.A methodpofifrsating juise ohtained Fgm niaw anateral iop de g%‘fﬁn faim 158,

pl ant. nater | ' [ j i By :
G AP By Selenl B HERAST Rt b DT R ornbPREN hice and said
sai thas hiaviag s chanderigies which allpwgaastirarat {east eitei substance from
whi ch al |l ow transfer of at.|east ane .sub tange from
10 sdiddujegite saifl gageoraprisgs disBerpne said Iwge W9 fyd 845 o
juice into said gas. 161. A nethod of treating juice
obtai ned fromplant material as described in claim _
16058, A nvdtierded fitrenting juecepbtaified fromeplaitmoatetial aadegeribpd in claim 158,

interface befween_said juice and sai havi . -
char8Rqrein;setd glep \Rﬁﬁi“tcﬁeaé*nlgoﬁf FFegnoﬁgﬁﬁ%S?eggéw %égfgg A%gé and said
Subs$ARGEinkARCARaGaisdick Wi AlRve ahsbiGas o GEPr dikasibstance from
spreading Said juice over the surface area of a
nat ewidajuice16 3aid Kagrearhprises Spryiag sifd guire e sBh s ned
fromplant material as described in claim2140,
wherein said step of maintaining gas characteristics

16001 CA nddtheot treutist QicObbtamid fioin pl2€: thetadal asdescribed in claim 158,
substance fromsaid juice to said, gas fo[) a peri.qd of 4
ti mewkerem; said piep 10f incEeRsENg AR OfintesRpg befvep 54 Jpige and sal
subs i Lhi it . . e fom
char Ses ol Rl AP ATRY e, LR h e RRee
one it plicnae saifl raamcemptsgsuipcerding siad fhicmevdrghe gurface area of a
period of tinme sufficient to reduce concentration of
hydr@ﬁﬁeﬂﬂ-i on in said juice. 25 163. A nethod of
treating juice obtained fromplant material as
descri bed in claim 140, wherein said step of | )

1628 nAanethodjofjasatingdvige vbtained iftom plantohatgriploay depeibsf ép claim 140,

of sajd at .|east_.one, substance from.sal: j Ui .
o e S5 PGSR ALk SR M58 fifer or s
anmURhstUneSabstaide fr&a SshidojutceSts katdageefonatgeriod Sditine sufficient to
juice conprises 30 maintaining gas characgteristics )
whi credatd amauntreft eaid o3t leastqong subsigiceopathiy5aidajfiee comprises
fromsaid juice - £.0 ' gt
LSR8 shi PRSPPI RRE it MRt one substanc
whi Clogtesed Ati@stohsatit gasi form iperiod 35tiiAO sRMdD 16 tefitice concentration
PCT/ US2003/.026209 164. A nethod of treating juice

obt apfiefireninm igp #xsaidiiics  al as described in claim

140,

163. A method of treating juice obtained from plant material as described in claim 140,
wherein said step of maintaining gas characteristics which allow transfer of said at
least one substance from said juice to said gas for a period of time sufficient to
reduce amount of said at least one substance within said juice comprises
maintaining gas characteristics which allow transfer of said at least one substance
from said juice to said gas for a period of time sufficient to reduce amount of at

least one substance which generates hydronium ion.
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wherein said step of maintaining gas characteristics
which allow transfer of said at |east one substance

wobnrewgsi4d juice to said gas for a period of tPAO®US2003/026209

sufficient to reduce anpunt of said at | east one

168u bst art®dwifttbatingpiict ghtdinel frommba swterin ap fpssfibgl Brglgm 140,

D SHhrotn 3584 & Parthiithe b ThtudCie AERR BN MR LAY of said at
pH, 19as§ oﬂé_lsuk%ta%c@ fhond s&ld fj‘ﬁce o dai@Mdas $or23 peridd 3f time sufficient to
pH . pH pH .6, pH .7, pH .8, pH .9, 2.0 pH 165.

A rmrbdtm;d autount ehsaidh g’c ]]e@ﬁt one @&sﬁng@wltfmbmcbjuaqﬁ increases the pH of

mat erj al. as_descrj C [

st MO o RPBR AL 02
trangd ?H af.s g)@{ ?H |0€B§H OrgepHy oSt aHc é.0f pHml slapd, 1.2, pHL.3,
juice to sai or a period of ti sufficient to

r edud®l - Amdling. 1@&1}51 arH e & lohe-CRfBst ance wi t hin

said juice reduces the amount base added to a vol une

of said juice to establish an initial pH value of

165et wWeersthabeflkealifig fuienabtained: frofoplant maenaas dpssonmbc% gyclaim 140,

of treating. juice ohtained fr ant
d escVheseg s S(S‘Fpa‘i’frﬂl‘ilﬂﬁlmn%\ﬁ%grcg‘rawggf

nl%?s‘é WP Ru ?ﬁﬁmﬁ R GhiRljLRE it6 Saidhpas ffoﬂh @Mbd bamgfeedufficient to
sal e

ast one substance fromsaid juice to
sal dredacs ;fmxrurm of)smd atileast Olnﬁ ﬁ@bsgamc wgthimpaid gice T'é-‘él]%eé the amount

amount of d at
j ui g@s? éé‘i]ﬁfjgé) ?N‘éluﬁjﬁb rﬁal lcﬁa %gg %Eﬁhﬂﬁ? IVglueooff between
sai dyyot FEOLAd 8Sdudhbiosh an initial pH value of between

about 11.5 and about 12.5. 167. A nethod of treating
juice obtained fromplant material as described in

12 SbdBoctof REH R PRk ot il Bl AQeiibeg o clim 140,
| easwh@om subatpotRaintanng gasllchawctmstlcs which aﬂaw tfansfeaof said at

period of tinme sufficient.,to re unt .o
| easteat pae SybsiangeclEony spid s 4p &aﬁtﬁaéztlméd’@&%@ Q?ﬁ’éne fitficient to

ano uf&iuceb%ﬁénﬁ g §%8t39 le%stvﬁelé té}fce Sl kil G8icé edME&Sthe amount
t he anoun ase a edtoav of said juice to

est abdse sllded fiHa walumee mbsancb;;pmm ersgabh@h an inigal gl sretuei of between
poi nt_ of at |.east substance remaining in said

j ui cebouspl.ggnd aboytd %ﬁd of treating juice obtained
fromplant material as described in claim 165, 166

or 167 wherein said base is selected fromthe grou

8 ow ansfer of said at

16bnsAshethgd of treatingijuiee obteingd fromaplentmateyial amea@ib&ﬁdn claim 140,

m | kw%ereir{ said stzg of maintaining gas characteristics which allow transfer of said at

least one substance from said juice to said gas for a period of time sufficient to
reduce amount of said at least one substance within said juice reduces the amount
base added to a volume of said juice reduces the amount base added to a volume
of said juice to establish a pH value corresponding to an iso-electric point of at

least one substance remaining in said juice.

168. A method of treating juice obtained from plant material as described in claim 165,

166, or 167 wherein said base is selected from the group consisting of calcium

oxide, calcium hydroxide and milk of lime.
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WO 2004/ 015144 PCT/ US2003/ 026209 169. Juice treated
i n accordance with the process of clains 140, 141,
wo2ad4/01834 145, 146, 147, 151, 152, 153, 154, PpEBUSL003/026209
159. 170. A nethod of treating juice obtained from
169) anticouteatddain, accomtpnieswitly théprosessps ddimss149, 141, 142, 143, 145,

obt ai ni |_ant erial;__b. diffusing plant materi al

to éﬂ‘ga{]‘%’gﬁfﬁﬁg%’jla?ﬂé{& °rcg9transferri ng plant pul p

to a press; d. pressing said plant pulp to obtain pulp

press juice; e. exposing pulp press juice to a gas
17havismetfas! awatiog pridesebtaised fiors plant majprial, sompaisie dhe geps of:

at | east %Ee SUbiaEninC? f[,om said pulp press juice to

sai & gas; O FME PRI "gas characteristics which

al | g tr anghighg plansbdrial tolobausi didfusionguibst ance from

said pulp press juice to said gas for a period of tine

suf fd ci erftansfsriingipledt MDA PI6FS: sai d at | east one

subsi ance_wi t hi n. sai . ' A5 171. A

met h(%d of" rsé%%ah(g&%‘%ipggé %b%bg%lﬁéglp#ﬂrf%sgn?%f%nt mat eri al

as descr idxpdsing polpapressljtitte tofaugas Hewingogap rehaiaptgristins which allow
step of returning pulp press juice havi a reduced . )
arount OFanSEF A 210156 BT SHPREIALHEP SAOS I PESURGE [ d 2as;
20 172. ' bfdick W Dow thadfel 'o¥ngeidl @nfeast
mat éffi al ﬁggﬁ@gg%%%setgh?ﬁ&?ﬁ%}c?n%}gglg mhé[r ein said st epas .One
of di f f usiubstapdeafommeaid vl prass ghicaita gaid ges dompricsied of time
di ffusing l.ant material wt I ess j.uj having.

ar educeosugﬁﬂ%ttto 6?5%8?%3103& ?%&E#atgﬁ%% 8% Biqsgaﬁlg%w?%gl shid pulp
173. Pul p,RESARe) Ui Ce treated in accordance with the

process of claim 170, 171, or 172. 174. A method of
treating juice obtained fromplant material,

onpfi si the steps of.. . L t kaln
1o Rt b e e e RGN AR Rl i teim 170,
30 crurtB¥PQshptdinl fibWepT rituinisy pulp drgaguibatiavigg gasduced amount
characteristics which allow, transfer of at |east one
subsefsaideatilpashongasulstanderta idiiiseti ce to said gas; d.
mai nt ai ni ng gas characteristics which allow transfer
of said at | east one substance from said diffusion
172ui c& rh@hsdbiirgaingfinice abtpmed Gunoplant meterizlzas described in claim 170,

wherein said step of diffusing plant material to obtain juice comprises diffusing
plant material with pulp press juice having a reduced amount of said at least one

substance.
173.  Pulp press juice treated in accordance with the process of claim 170, 171, or 172.

174. A method of treating juice obtained from plant material, comprising the steps of:

a. obtaining plant material;

b. diffusing plant material to obtain diffusion juice;

c. exposing diffusion juice to a gas having gas characteristics which allow
transfer of at least one substance from said diffusion juice to said gas;

d. maintaining gas characteristics which allow transfer of said at least one

substance from said diffusion juice to said gas for a period of time
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WD 2004/ 015144 PCT/ US2003/ 026209 sufficient to reduce
anmount of said at |east one substance within said
wdi2bdagsiam j ui ce. 175. A nethod of treating j uPC®US2003/026209
obtai ned from plant material as described in claim )
174, 5 fsuffidient toompudesamounthef saiémt deastiogp rigbstance within said
di ffusion,jui.ce. having a reduced anount of said at
| east onddPHA W with said plant material. 176. A
nmet hod of treating juice obtained fromplant materi al
as described in claim175, further conprising the, )
176t eph ofethodmfitecating juics ebtained fiemarant material a¢ desgriged in claim 174,

red 10 amou [ . - t of
Gai dugper soEPR e Hon 39 bRl 830 ARG BUAR FRRocd Bbunt
obt ahiaed 1dak0matuBsthnd¥alie daid plast wesral bed in cl ai m
176, further conprising the step of transferring said
plant material mxed with said diffusion juice having
re PIFHBlng o [idaiAtd FEASHaR EatSHR 3t ABEEbEPirAclaim 175,
17?5 dgg%%@%r. EPQ&P%%% %g o? treating juice obtained
f r onfuphanéommising dle sisp Of separdsing sard diffision]jice having a reduced
further conprising the step of transferring.said
di f fARQUEHOT it 1ﬁ%\fz Pﬂegs%ﬂiaﬁmé%la Sg@%%ﬂhm%‘%“ai‘ai d at
| east one substance to a pre-limng tank. 20 179. A
met hod of treating juice obtained fromplant material |
174s dk swathdskof trgatiog jies dbtained fro plant rewafialias dpggribpéin claim 176,
step,of establi.shing te rature of .sakd. j Ui : :
60C f“‘éfﬁaf SRIEPTIFING, MR & r?tns%’ﬁnsgalga&& 3’3‘%‘6 I%%‘g‘ﬁaxlﬁlﬁ%}éﬁé’% said
sai dyiffubibHSURR havirie atredsRidam@as dfasdidgut desst one substance to a
characteristics which allow transfer of said at |east
one dffbstrance 25 fromsaid juice to said gas. 180. A
nmet hod of treating juice obtained fromplant materi al
as described in claim174, further conprising the
173t ePA @heth®l 6f @éatingGuis@blbtaiied frosi plant matesalats dascribed in claim 177,
substantially .constant f{enperature, selected wthi.n
the RERgecambBUES MichBve! HRISY T E8 S LEHSE JWFe LaTige @ reduced
step ' Iofle EitisESict R SplediB@g thiAvi ng gas
char%@%%ﬁ?ggégggl\ﬁﬁﬁgﬂe aﬂsowct ran@lfeelr of said at | east
one substance fromsaid juice to said gas. 78 WO
2004/ 015144 PCT/ US2003/ 0262 181. A nethod, of .. .. -
1 e xR I CECHBEAPRR 87 PRGNSR BRGNS Ugforibed i olaim 174,
des CHjpefcdipiidiRd e kikh of establishing temperature of said juice between 60°C

and 80°C at commencement of said step of exposing said diffusion juice to said

gas having gas characteristics which allow transfer of said at least one substance

from said juice to said gas.

180. A method of treating juice obtained from plant material as described in claim 174,
further comprising the step of maintaining said diffusion juice at a substantially
constant temperature selected within the range of 60°C and 80°C at
commencement of said step of exposing said juice to said gas having gas
characteristics which allow transfer of said at least one substance from said juice

to said gas.
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wherein said diffusion juice has a tenperature at
comencenent of said step of exposing said juice to

weabd/ogsig4 havi ng gas characteristics which al | 8@T/US2003/026209

transfer of said at | east one substance fromsaid

18]l Ui e methosiaifdregtisg Rideadtitned from flire nuteriah a5 desoribedsini algm 174,

of about. 60C, _.about .61C, about 62C, bout 63C botut.
64C WD aidkEBISIan HFe BRCH (SRRt &, COBBBYICTISE, of said step of

b . : )
SRy A3 05505 SRR st

78C saglbatulcast 3Ge swhstazdsofiomsaid juice toesaid Aagrselpeied dpm the group

treating.j ui 0 ined fr pl,an terial 0
desrBeine s oot KT 3ou a1 PO 6L AR g3 bt g, abou
of —eyspESiutt 861, UsbRN67°8] Gouk GSEC,I HAUCEFCP BBEE I0EC,odbout 71°C,
sai d gas having gas characteristics which

al | ow
t r arebbar 73€, aboutdReE, deut 24165 rhate’S°Er dput 40§ >jabpete’ T'6» about
sai S, 1 . of treating juice obtained
fr o?ﬁ%@aﬁ"“ﬁ%@?%‘faﬁa@‘{ B9l bed T ola 182,

wherein said reduced pressure conprises a pressure

| ess than atnospheric pressure. 184. A.nethod of,. .
182r eah imﬁghqcmﬁ;i@aggg wlgf‘egbtﬂpg(}rg'ﬁ{rld}l@ntﬁﬁqtggﬂe ap qggcn%ed in claim 174,

descﬁl}tﬁgrdcctng%ﬁ%i@afﬂelﬁ% of &hokid tcﬁgpsi&‘i’ @Eé & RYedle6d pressure of

step of €S I'ng tenperature said jul ce between
60C saihghs3R@im gasaimeoteeistiest whith sHow tensfor of akelepsivinagubstance
di ffusion jujce tg,a reduced pressure of said gas
havi e §aid i (et i cs which al l ow transfer of at
| east one substance fromsaid juice to said gas. 25
185. A method of treating juice obtained from p|ant )
1838t eAinadthabobiesting uide dbtainkd femygant matgralips described in claim 182,

§ o cuh & st SregRectuPiRy § bl 1¢' B aumospheric
sel elgl{?@qré/.vi thin the range of 60C and 80C at

commencenent of said step of exposing juice to a
reduced pressure of said gas having gas

haracteri stics .whi. At :

1 R hERT bR B HoRFIaf mfon s RGP caim 183,
net heghhef cdmgadindejsttp e establishivedtefpermtipt afisaidmptier hedveen 60°C
as described in claim183, _mhergén saiddbﬁhce has a duced
t enpaidad et somppneERen Al Sridoters off Gropiap dyfusiy,Bue g a reduce
di ffuys| S i Fobhi€H alff Bafldér of at least one
navi Pl b el b R AR Sl 5 o )

PCT/ $i52003¢ fidh2aR] jurkltowid gassf er of at | east one

substance fromsaid juice to said gas selected from

185. A method of treating juice obtained from plant material as described in claim 183,
further comprising the step of maintaining said diffusion juice at a substantially
constant temperature selected within the range of 60°C and 80°C at
commencement of said step of exposing juice to a reduced pressure of said gas
having gas characteristics which allow transfer of at least one substance from said

juice to said gas.

186. A method of treating juice obtained from plant material as described in claim 183,
wherein said juice has a temperature at commencement of said step of exposing

diffusion juice to a reduced pressure of said gas having gas characteristics which
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t he group consisting of about 60C, about 61C, about
62C, about 63C, about 64C, about 65C, about 66C,

wabkouio1SIAC, about 68C, about 69C, about 70C, abowiS2003/026209

71C, about 72C, about 73C, about 74C, about 75C, about

76C, allalotdinsber 6T Gt 1ebtootic siB&anabfiom sARGuicntd saldogets s8BCled from
187. A nethod of treating juice obtained fr plant .,

mat dh¢ SFOURSCAESHRS Bg abo Q,ﬂ| G ARopR étlfaf?m%eﬂéﬁf"?o ﬁb?lirl][s?%wg’ about
the Sb@P1ut BRI BbIN 6WCS @bsht é7°¢, UboBN68°0), @Bow!692C, about 70°C,
substantial 'y <donstant tenperature selected within

t he abaniy?l°6} 2BAC 72H0, BOCt @3iC, phowal4Cs ekt 76°(efabout 76°C, about

expasing .j uj tg a ce r e of said gas
hav%ﬁgggﬁkutﬂgﬁth%V?Q?ﬁégga&ﬂﬁgﬁqglIom1transfer of at
| east one substance fromsaid juice to said gas. 188.
A method of treating juice obtained from pl ant

18ffat eh nzthedsofteenting ek phiaiardierplgnt majreplesilegeiied in claim 183

di ffusjon juice h t : ri:Rg sai: g tantiall
excpdding GengEncl e ool STRGLBNGE A DR 4P R cHbstantially
havi dagstgasteaipefagt eslecbd adthinvhibe ramdd ef6(°C and f3?C dfiring said step
| east one substance fromsaid juice sa

%? 'd.gas -y
sel et @POFNGHicE O} gﬁbweq: @pf‘gﬁlg@iq{gsa g%bﬁ‘{l BFes characteristics
about, .
200y o S e S s o,
70C, about 71C, about 72C, about 73C, about 74C,
about 75C, about. 76C, about 77C, about .20 78C, . about, .
15800, A arcliootieeatit i aaet A5 RA e s SR claim 183
acc | j 3 t&hpéthiatdBurkndsaid #8p of é@posing jui
177?&% esf%a9aﬁqlt§%ﬁj{flfgg%§%r t18%. 25 190.%48,_6%1 rreté_l?]gd %;faosmg JHee
t r eatbiangdyced peessieaif nad ghs baning gastchergeteristigs which allow transfer of

conprising the eps of: a, .obtainjn I terial.

b. df %ﬁ%}i A 6}‘%5‘1%‘%%@%% s g% o ar? o rittecld o <|5he srotp
C. MionkRng bf bt 80°C, Wbeet AT Al 62T wbett GBY0patiouoH4°C, about
said at | east one substance with said gkfn ma,

terial; o
30 d05°Cepbouitdody, ahentopiCambowileri arout Odih, ARPH HGE, Shut 71°C,

i S0 RISl ProcoURAR A dibLFEe0 bithOReE fuPaec, abou

Characteristics ich allTow transfer of at
| eastgeoneb&iotGnae absunB0%@i d di ffusion juice to said
gas; f. maintaining gas characteristics which allow
transfer of said at | east one substance fromsaid

| £ Bsdnn .1 Wi ' i rrostsObr bials 188 175, 176,
! PR Sl B Aoty Behodptrtars
177, 178, 179, 182, 183, or 185.

190. A method of treating juice obtained from plant material, comprising the steps of:

obtaining plant material;

b. diffusing plant material to obtain diffusion juice;

C. mixing diffusion juice having a reduced amount of said at least one
substance with said plant material;

d. separating said plant material from said diffusion juice;

e. exposing diffusion juice to a gas having gas characteristics which allow
transfer of at least one substance from said diffusion juice to said gas;

f. maintaining gas characteristics which allow transfer of said at least one

substance from said diffusion juice to said gas for a period of time
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sufficient to reduce anpbunt of said at | east one
substance within said diffusion juice. 191. A nethod

wofhod4roasit4ik ng j ui ce obtai ned from pl ant mat eri aPCa4152003/026209

described in claim190, 5 further conprising the step

of separ auffivgers aodredidef amoumt plisaié Hdeashpng Jubstaseedwithin said
anmount of sai.d at | east one substance from said pl ant

mat eri al .AHEION MGkt hod of treating juice obtained
fromplant material as described in claim191 further
conprising the step of transferring said plant

19iat ek ithad ofdtkating fuiesottaingd framf flaimosterialias deseribpd i gaim 190,

red d amount .of .sai.d at. |le o] t

7 8" B p PRI PURBLATER R o rduced
f r orgnRhubf §Ed 8t leatk oRGsubeRaEd Red shid plirainmatdrRl,

further conprising the step of transferring said

di ffusion juice having a reduced 15 anobunt of said at

1 %g?ﬁ% crlm?eé ocf Blibt?%a‘ri’i g?uiEQ oﬁtaﬁ%& ﬂohgigjﬂgt fndddlial &Hbscribed in claim 191

reating”juice obtain rom pl ant r_rate_rlal _ _
as drfbéd bedpriging ksl sl OF, tranbferrrge said pigt irsitergaltiixed with said

[ e bet ween

step_of .establishing tenperature of.said, jui
60C diffheion gecat bt riea e BPUR A 1iog &b 16T GRS ouPrghoe to @

sai dy;fH,fdusion juice to said 20 gas having gas
characteristics which allow transfer of said at |east
one substance fromsaid juice to said gas. 195. A

190t PR Gahod GFELIRY itk & 1?19& Bone g}?trrg%ﬁ;g%l?agitdﬁgz%{bﬁé i@llaim 191,

st eprtheMBIRbAIRS B & Of GhhdreringajdudiCsiah j@ice having a reduced
substantial |y constant tenperature selected within

t he araowns obfaiéeCeast ongestance npisdanigtadt sai d step

of exposing said juice to said gas having gas
characteristics which allow transfer of said at |east

190e RURSheN LR Giat Bbjaltied €ront plasinatetjalsas d3fcrib@6 in Maim 190,

nmet hod of treating juice obtained from pl ant .mat.erj al o
hs dBEbeT oIS (s ISP PGS UHBHEERDERIHe 8 Fifdfignbetveen 60°C
) Ui cg @SRt SIRELALIER: @fsaﬁ?gﬁgﬁ 3¢ @RBEYinai® alffhsiinSRice to said
of exposing sald juice to sald gas havinhg gas

char gatlewint gaschatictehistdd which mHowfteansfst of szid @t daast engsqubstance
one substance from,said juice to said gas sel ected
fronﬁ?ﬁé%ﬁﬂé‘t?ﬁtoé%ﬂg?%ting of about 60C, about 61C,

about 62C, about 63C, about 64C, about 81 WD

2004/ 015144 PCT/ US2003/ 026209 65C, about 66C, about

1957 C, Aahethod 68Ccatmigguice 6bEined fome plronatepalas deseribed in claim 190,

1

further comprising the step of maintaining said diffusion juice at a substantially
constant temperature selected within the range of 60°C and 80°C at
commencement of said step of exposing said juice to said gas having gas
characteristics which allow transfer of said at least one substance from said juice

to said gas.

96. A method of treating juice obtained from plant material as described in claim 190,
wherein said diffusion juice has a temperature at commencement of said step of
exposing said juice to said gas having gas characteristics which allow transfer of
said at least one substance from said juice to said gas selected from the group
consisting of about 60°C, about 61°C, about 62°C, about 63°C, about 64°C, about
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about 72C, about 73C, about 74C, about 75C, about 76C,

about 77C, about 78C, about 79C, and about 80C. 5
wa204/0A513et hod of treating juice obtained fronPpirasz003/026209

mat eri al as described in claim190, further

CONB5PG) fighult I66°C tabpuiob7°€x pomit 6§° @i dbous 6PE, jabowte70°G, gout 71°C,

reduced pressure of = said avi gas o o

charaé’étl'é?? b jaBQUE 3 enabouf 8%/%?’ ragﬂ'étf &gcogboéllt 7P &a<3boRt £7°C, about

subsjg@ancs,  .f e 54l ShdupkGe.to said gas. 10 198. A

met hod of treating juice obtained fromplant materi al

as described in claim197, wherein said reduced

ressure c ri ses.a pressu | ess .t han.at maspher i .

198 o oK pedhot efreaRng e oPTgReY Font TR il S5 Hpst ey claim 190,
f r onuRh@ntoriBi@sd Be RSp BEsfFdshRtitisioh Fhite 198 redibdd pressure of
further conprising the step of establishing
t enpridagar mvafg gasi dhajagtesisti¢seviick @llegdrangisy 0§ @ideast one substance
co ncenent. of saij tep of exposing diffusion juice
to ?Igﬁg@éﬂlceﬁoréaéég?ssé of said gas having gas
characteristics which allow transfer of at |east one
substance fromsaid juice to said gas. 2

) _ 0 200. A .. .

19%et hdanashod pEtaeating yice ebiaippt Aiorbeiant Bl aAfdesraibed inyplaim 197,
as LiPESd ' i Eshitl st fhan SAtBRspher
of ﬁﬁ‘%ﬁ%ﬁ E%ﬁgpesdgl*:%i E%T%S?usei g?]%]gﬁus%%egg‘t&eg substsantlilal I ySp e
conspragsurd. enperature selected within the range of 60C
and 80C at conmencenent of said step of exposing
juice to a reduced pressure of said gas having gas

1gphar ﬁ%@cﬁbc? bt &t gﬁit!e Bbtatd oA plaRl meridlas| e Tbe@ M claim 198,
substance from sali 25 juice to said gas. 201. A .
net hfutthef camrisingidpejstepod estpblishingdtemporsiyse af saidnitties hefween 60°C
as described in claim 198, .wherein said 4 ¢
terrp%prda%(t Eeaqaff’mérber?ﬁﬁlﬂgé pidoyeRs O GPe %1% dl(l)f#'hsgc% 2‘.56 ntg a reduced
di f f ke bk ghsOnaAidLehd CBakaplefSisdvhic alfi etagiefer of at least one
havi gg)sgas characteristics which 30 allow transfer of
at | sdstanemBomsbishjnisedo $3idB8Ssai d juice to said gas
sel ected from the group consisting of about 60C,
about 61C, about 62C, about 63C, about 64C, about

2086 C, Aaﬁgthbd 66 GeatBlp0uice ®bflincdfesth pERCMastialias 683G ibabioutaim 198
70C, about 71C, about 72C, .about 73C, . about. 74C, .
aboufurthsCeomBrHpE Faroste 96 ANt HmE s fiffosige juigsiia substantially
79C, bout 191 2QA440 1 744 f 60°C and 80°C at
bor, RS, Bsee, G 1etRe 3R 1H t1eating juice .

obt atsrenheficonmanp b said nettpeof edposing Jaise to Baddiasd giregswie of said gas

198, having gas characteristics which allow transfer of at least one substance from said

juice to said gas.

201. A method of treating juice obtained from plant material as described in claim 198,
wherein said juice has a temperature at commencement of said step of exposing
diffusion juice to a reduced pressure of said gas having gas characteristics which
allow transfer of at least one substance from said juice to said gas selected from
the group consisting of about 60°C, about 61°C, about 62°C, about 63°C, about
64°C, about 65°C, about 66°C, about 67°C, about 68°C, about 69°C, about 70°C,
about 71°C, about 72°C, about 73°C, about 74°C, about 75°C, about 76°C, about
77°C, about 78°C, about 79°C, and about 80°C.
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further conprising the step of maintaining said
diffusion juice at a substantially constant

woenpmsisur e sel ected within the range of 60C Ra@/US2B3/026209
during said step 5 of exposing juice to a reduced
pressure of said gas having gas characteristics whi ch

Il ow transfer of at st e .Sy tancefr

o AR ot M R R B S50 B B8Pk e 198,
obt e, AR donPAsRIgaMe s @F ﬂn@inta?&ﬁng %El@rdlﬁﬁﬁoh Hui€é at ﬁnsubstantlally
198, mherein said diffusion juice has a tenper

dur icogstsati tdmsm@tnr@fselectgbwhgl tjhe irege of ©0f6 apd iSQdIiéwﬂg said step
pressure of said C

o1 ot PiPafios dics 82 RO Bt BRAACHEY Lk Balghiifoterisies
] Ui Gghitlp aB&W Grafisier St abiashefsubgnruice dropy seif juicoiosarlt gang

of about 60C, about 61C, about 62C, about 63C, about

64C, about 65C, about 66C, about 67C, about 68C,

bou 28 deRPBHA in claim 198,
25 A gl GaRing e GRRUE L riaf dRMEL S s R8KL i
15 Kﬂl&reﬁi@iﬂt dlﬂﬂﬁipnamdc hhmatiterﬂﬁh@tuﬁ()dhm@ safdigtem of pxposing juice

treated in accordan the ocess af..cl ai. 90
191, to pgpduced gressurg saj ﬁas 18 & chegttenyyics gihi %’B?it%%“fer of
of tartel%étn&le] Qﬁﬁé@an%pt@érﬁe&ﬁ ﬁﬁi@& Rbadid Fas @kledled from the group

corrprismgt he steps of: . otainigglant mat eri al ;
remsistimg)of ahanie 601G mbat Glé@,s@boat 621G iabent B G aghgut 64°C, about

g:‘ " gajtaﬁi‘ilé Doicerinoinb B el hi B, 00 f°’%3“§poa§.§1ﬁgf(£§} fldut 71°C,

] Ui Ciyolt 789, %Sﬁ?cnﬁ?énﬁbdu@rmﬁl‘ aHbY{i1e73°C, abdtit X6LC cabdlit 77°C, about
gases; 25 e. transf erring a portion of said dissol ved

mat e78°6) atfoubA9°6hnd phavg 80 said  mi xture of gases:
and h. reducing said dissolved material within said
juice. 206. A nethod of treating juice obtained from

20, anblfmtcﬁlr jutde ReateleRCidcbRInt withathenpRiBss oBElainet €9,nl91, 192,
said Iant mat er i al conprises sugar beets, and wherein
sai d!{uil @& 19¢ohf 08&%-di f f usi on | ui ce from sai d sugar
beets, and wherein said constant tenperature
conprises a constant tenperature selected from about

285C Antkthbbof trealing juiSSotmEin2d G-omOdl&dt4daterial, comprising the steps of:
PCT/ US2003/ 02620 207 A method of treating juice
obt atned ?1? B At OAETAL a1 as described in claim

205, aner v ithidd! R atTBAR b ipBitioRTRAI PRt SlagaTal;

beet s, mherein said juice .
C. estabhshmg a constant temperature of said juice between 60°C and 80°C;
d. exposing said juice at said constant temperature to a mixture of gases;
e. transferring a portion of said dissolved material from said juice to said

mixture of gases; and

h. reducing said dissolved material within said juice.

206. A method of treating juice obtained from plant material as described in claim 205,
wherein said plant material comprises sugar beets, and wherein said juice
comprises diffusion juice from said sugar beets, and wherein said constant

temperature comprises a constant temperature selected from about 65°C and about

75°C.
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conprises diffusion juice fromsaid sugar beets, and
wherein said constant tenperature conprises a

woansiani44t enperat ure sel ected from about 68C rOW/USR®EN26209
5 72C. 208. A nethod of treating juice obtained from

20p) ant niettodrifateating jieseootitiinet] fromqilait maa@] as déseribedhin claim 205,
said m xture, of ases C ri ses atnos C
200 WIRTSYRL OH TR, REEIoh GOrT S LR, PEtef Py ety id juice
Mat @b Akises® ARG § fcd Kot t @RE <8 ar bébts, O4Hda kvhleftin | sdidC @onstant
fromplant materia b. establis gsaldjwce at a
t enpenperatuee mmmmem@nnssm tqnpiergt@@ selestedekqyn ghowg 084 @nd about
j ui @t said tenperature to a m xture of gases; d.
transferring a portion of at |east one substance

wi t hin saidjuiceto said 15 m xture of gases; e.

renovin aid mxture of gases to which said portio
208f et qfé@@tmg;wéce ehipjgedfen nAﬁtrttmqﬁe%uaa dpsgribed H’a“slalm 205,

of - SIS R e REBLERborhit 8 B Spfid SRUER, 80

treating juice obtained fromplant material,

conpri si t he steps of obtainin ice fr
2081 MR PR GEdTcats RS AAAG! ORI G a R IPHGIRa the steps of:

partaj al s gﬁ&c@’ﬁbﬁgblﬁllﬂrﬂ%ﬁeﬂans‘c er of at | east

one substance omsald Jjuice to said gas;

mai it ai niastpbiisting peadyulaet atpartemscm’ese of bebweeh @3@ ani 86

al l ow transfer of. st, one.subst.ance. from

sai & j ui CEPPYPE ﬁalﬂé‘?lf’%ﬁt SB’fd tf”]inﬁﬁraﬁ"ﬂﬂo% @ﬁ 1% 5% %Rduce

amoynt  of - 3atshiRd al RRGEn BNEt feldﬁsérﬂanﬁfbs%&devﬁthﬁlakéid juice to said

juice. 211. Ajuice treatnent system conprising: a.

a juice dns@m@éga®s,enent 30 b. a gas into which a

JU|ce di sperses,
charfact erl‘.%g} 9 1@§ sa \}%2 @\g? A SIF@? s%i?spotrthnegg sau(i) %te least one

subst anCGsuBEt@i%eﬁWu(ﬁlﬂ ldiud%uid@ bR becasansfersad, azdjanehyaj)ilm has a
gas flow gener ator which maintains_a flow of said gas

suf fi ci eredyeed r?@i%‘ilb??ﬁ%‘itdeaéb%ne@ﬁ%?t%‘ieerl stics which
allow transfer of said at |east one substance from
said juice to said gas characteristics; and 84 WO

212004A (ﬁisﬁﬂdtﬂoﬂ%féﬁhh@j&ﬁ%&ﬁﬁﬁé@ﬁomqﬂam n@mai; ®otpaisgrg the steps of:

el ement through said flow of sai.d gas di scharges.
a. obtaint g juice from plant material;

b. exposing juice to gas having partial pressures which allow transfer of at
least one substance from said juice to said gas;

c. maintaining said partial pressures of said gas which allow transfer of said
at least one substance from said juice for a period of time sufficient to

reduce amount of said at least one substance within said juice.

211. A juice treatment system, comprising:
a. a juice dispersal element;
b. a gas into which a juice disperses, wherein said gas has gas characteristics
which allow transfer of at least one substance from said juice to said gas;
c an adjustable gas flow generator which maintains a flow of said gas
sufficient to maintain said gas characteristics which allow transfer of said

at least one substance from said juice to said gas characteristics; and
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212. A juice treatnment system as described in claim
211, wherein said juice is obtained from plant
worb@roisil44 sel ected fromthe group consisting oPCEWG2003/026209
cane, sugar beets, 5 and sweet sorghum 213. A juice
tread menty gassdigiinae kst tiedbh saidflew of 84id gad dis¢Haeges.
conprising a diffuser, and wherein said juice
conpri ses sugar beet diffusion juice. 10 214. A juice
21?r eaAnECé U%Xtﬁ{eﬁp%ﬁf‘eng gss 8%%&1 ﬁlrﬁlaﬁ}ngi 1§l %grenf $d iRk is obtained
onp erein sail JUlce conprises
m | | E&nspﬁﬁf meteriel oldotsel. fr@i $he ghojip cansidting & wegar cays segar beets,
as described in claim?211, wherein said at | east one
subsandritveet sorgliect ed from the group consisting of a
gas, an acid, a volatile organic 15 conpound, an
al cohol, an aldehyde a ketone, an ester, a nitrile, a
218ul fA(jm,ce ireptyrent bysésm s déroribel] wxdilafe 2 tafxdher comprising a diffuser,

sul fur OXIde hosphor.i c chl.oric acid,

sul f#d ¥ e&ﬁlf‘lcfaldsiﬁ’rcF SBWBE‘S%@PEH%SFE &?@Sl%?u&ce oxal i ¢

acid, succinic acid, fumaric acid, lactic acid,

glycollc aci d, pyrrolldone carboxyllc aci d, forniq .
2Hci dA jaiceticatnzast systdsuay deseribed i clavm 22 fugthiey comprising a mill, and

n 20 b
Rt g Ablic oBk R B hice" oo o,

hept anoic, and lactic acid. 216. A j ui ce treatnent
stem as described in claim?21l, wherejn said a

S
2K Aguipestreaimantadystam 6 idescribgd 4| datmed! 1 r%‘ﬁ?f?lﬁesag‘f Blfpast one
consi sii.Ng f%fsef% {1 oW ?heg[o}ﬂaa&%ﬁstl Bf a £oat hdill&f $8latile organic
ai r, oxygen, ozone Ajuic at nent system
as daﬁﬁlﬁ(bdmdd anralcvd}m)il,narﬁ hidehydes tahketom;rmr estema mithileapesulfide, a

to establish said.juice af a sub tanti al onst ant
t enpBY&FHFe C@@"@cl‘%‘{i‘ ‘\%ﬁ ot F\‘i‘rh"‘ilﬁ eact ar?b‘jaé% Aéﬁ%”aﬁ%‘ ic acid,

as SRl flodbiGE abidS Qlﬁﬁfrﬁﬁadl@ts‘ﬁlﬁﬁiug RS RAYI0M, @RslicEkid, succinic
characteristics which low transfer of said at |east

one salsfuance dcid) iz aj:lq glyselic tapidg amo]gch)gle -cart@xylic acid, formic

juice.treatnmen s described in.c
wher B 21t BITEA G mE Edilhptpaial oBuy Hingbutanoic acid
di spgEiaRsiciabld peitakoid asidh 3uhétd lﬁé)‘éanﬁfbahaﬁnefd $1Ep*@ﬁo1c and lactic
which 85 WO 2004/ 015144 PCT/ USZOOS/ 026209 all ow

trangfiér of said at | east one substance fromsaid
juice to said gas selected fromthe group consisting
of about 60C, about 61C, about 62C, about 63C, about

2661C, Agjlatvetirdabfient 3paeth a6 @ecridbdirt c16MC21 Blvdieteif 84 agdas having gas
69C, about
characteristics is selected from the group consisting of a mixture of gases, air,

filtered air, oxygen, and ozone.

217. A juice treatment system as described in claim 211, further comprising a heater to
establish said juice at a substantially constant temperature selected within the
range of 60°C and 80°C as said juice disperses into said gas having gas
characteristics which allow transfer of said at least one substance from said juice

to said gas.

218. A juice treatment system as described in claim 211, wherein said juice has a

temperature as said juice disperses into said gas having gas characteristics which
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70C, about 71C, about 72C, about 73C, about 74C, about
75C, about 76C, 5 about 77C, about 78C, about 79C, and

wahout018Q€. 219. A juice treatnent system as deecTmiSbhmd026209

in claim?21l, further conprising a pressure reduction
genefiiotradsfer’ GHAGE aleas e @ubdtariaifebny asidhjaice g sgidsgas selected

s %&é&sgﬁ“ﬁif%;'lg.oéé'b%%é&%m 1§, S S, ot 3,
”gt h%%u%zgtf QB &%%@fcﬁ'a%&t é7°@”h63@'6‘8°@94b%ﬁ! 89°C, about

escrirbed 1n c a h12 wherein said reduced
pr esSEOCeamfut FaP@ apest @mep pbee/32C prbest i4°€, labey TH@nabout 76°C,

at mospher i pres 1§ reat ment system
as d%@EPTBgHaVH“ géfﬁp ééagﬁwéﬁt t&@é%rlsing a second
heater to establish said juice at a substantially
constant tenperature between about 60C and about 80C

21@5 SA\Uuhcp tregtendns syiapes desdribert i cslamoalrle@uﬂ@a cpMpEEng @ pressure

ai.d as as charact Ll
Cr anersticdenrialos 1 AR e PO O rele e S Rl spigs which
sai Oy R traaQfe 82at 10nst BhEibktaf@d G tsaid)yGicet® @sd gas.
described in claim?219, wherein said juice has a
tenperature as said juice disperses into said reduced

ressur r

o nil?ecg%é ?ts &‘eaolfnggﬁwg 3wt {1{}1?% ggﬁglﬁgﬁgﬁt%é?adﬁifgb@ew €him 219,
sai dwhérdinC gailoraiaicell passssel ef tseid Haorotipeisgy @aupressure less than
consi sting of about 60C, about 61C, 25 about 62C,
aboudnESPLerigiEesUSAC, about 65C, about 66C, about 67C,
about 68C, about 69C, about 70C, about 71C, about
72C, about 73C, about 74C, about 75C, about 76C,

2A8bOUA jUike, treatmentt sY8EN abipedribe@ @ chad 2480 ﬁIIT@D@DmEQ%ng A second

juice treatne sf.em scribed in claim
Vmer]éqapprggieﬁtal?]mht% dfj]u é'l? gé@bs% a %f%nsgag]t oy )ega I’aevbletween about
gas ghel i HoubBOES aé’\@bhd? hui@ s gplefsaa $it6 fsaidf re8@ied paéssure of said
| east one substance fromsaid juice to said ?

t hr ogaghhaxinfg gastchpraicteeistdssieiek allow (apgfat of ¢ lgast ppg sybstance from
cont %é@ment el nt 86 WD 2004/ 015144

PCT/ g8 628 "224. A juice treatnment system as
described in claim?219, wherein said juice di sperses

into said reduced pressure of said gas

vin as .. ..
2%har acnmq treatoeniRy shem 25| dswrrited s laym &ﬂs»syih%feg} s§id juice has a

one etrfﬂlrﬁ%easf Ja?cf]}u?c%' Hspere§ §nth LafPeu@ASprERuRUINsaR gas having

c
secona
gas characteristics which allow transfer of said at least one substance from said

juice to said gas selected from the group consisting of about 60°C, about 61°C,
about 62°C, about 63°C, about 64°C, about 65°C, about 66°C, about 67°C, about
68°C, about 69°C, about 70°C, about 71°C, about 72°C, about 73°C, about 74°C,
about 75°C, about 76°C, about 77°C, about 78°C, about 79°C, and about 80°C.

223. A juice treatment system as described in claim 211, wherein said juice disperses

into said gas having gas characteristics which allow transfer of said at least one
substance from said juice to said gas through a first juice dispersal element in a

first containment element.
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di spersal elenment in a second contai nment elenent. 5
225. A juice treatnent systemas described in claim
wa2604/0fisms her conprising baffles wthin said PCTAIS2003/026209
contai nnent elenment to increase the area of interface
22het Wegiics akstmehnt syseena asl desetitledyasclhiay Rhg), wasrein said juice disperses
characteristics _which a!tésov,v t rari%fer of %E I ask on%é 1
subgnigngaid regeed Aresspig Mesaith 225 IgvIgssas, ghasasferispcy which allow
treal ey of %aé? ?ﬁe‘egs? o%@?ﬁcfs‘tﬁ%g filoth &id®juitetd%aid g4k tilBligh a second

conpri sing S I'n said second cont ai nnent
el endisgerdabelemeniciassctdns cantinngnt elemgnt.ace bet ween
said juice and said gas having gas characteristics
whi ch allow transfer of at |east one substance from

2282l U4 |iHic6 QrdafndiRti s§ste@Sas désced. infclhith 023 f fiethbmeaprising baffles
system as describeéed in claim223 or 224, wherein said .
j Ui cwithidissideirstadontsinament elegtsipio inersasy thesep of mperface hetween said
j ui ce. treat ment ST 310 R J L
i s gl ana s g i s SHRRERNE whith gfon FrapeE B ot east one
i Nt osybkthAde Porh Bhidguide &paides, wherein said gas having
reduced pressure allows transfer of at |east one
substance from said juice to said gas; and c an

dj ugt.apl r ] h ©D 4 MRriHeRIcHRpA&ihS baffles
2%33 %tﬁ*sggﬁa&aég&r%g%{ée% %‘%gééﬁfrg{%l\gﬁgl ow tr angf_ eIr) ofg
sai Owithinl saRb$ecomd canthiamanceierhenirto smirehse fthe aea pb inderfage between

gas characterjstics. 229. A juice treatpent, systema
desciaidbBrcs d-sag ﬁ?szlﬁ"’é’,mg/\ﬁaér‘lé‘?ﬁ‘c?gis 5 Y‘J’ngg a}lgwo%atnggﬁ e g at least
f rom ol ABLtafid £drh dhid F@bERE @ §4s0m the group consi sting

of sugar cane, sugar " beets, 0 and sweet sorghum
230. A juice treatnent systemas described in claim

9, further conprisin di.f fusers. . [ WoNEP I
o770 BB RGBH Bu el BE i 2 JBIE g i e
2004493534 41RGh HSRROR4AR6208 231 A juice treatment
system as described in claim?229, further conprising a

mll, and wherein said juice conprises mlled sugar
258 neAj jllﬂcg Sreatment system, comprising:

a. a juice dispersal element;

b. a gas having a reduced pressure into which a juice disperses, wherein said
gas having reduced pressure allows transfer of at least one substance from
said juice to said gas; and

c an adjustable gas pressure generator which maintains said gas at said
reduced pressure to allow transfer of said at least one substance from said

juice to said gas characteristics.
229. A juice treatment system as described in claim 228, wherein said juice is obtained
from plant material selected from the group consisting of sugar cane, sugar beets,

and sweet sorghum.

230. A juice treatment system as described in claim 229, further comprising a diffuser,

and wherein said juice comprises sugar beet diffusion juice.
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232. A juice treatnent system as described in claim

228, wherein said at | east one 5 substance is
weoeebamigid4f rom t he group consisting of a gas, BATASR@3/026209

a volatile organic conpound, an al cohol, an al dehyde,

2Blkethndce aoateshegystet o dasérited ia chith228efurther qynipaisinges mill, and

car bon di.oxi | carbonic a $ sul fur, di oxi de,

phos pRYTEFE saidi] HweCWVBP8§HW§F eUERE FHCJ8YiFf uri ¢ aci d,

sul furous acid, citric acid, oxalic acid, succinic

acid, fumaric acid, l actic acid, gl ycolic acid,

239r r oA ijuicadreatméid eybtem acdescribet i claird 228i avheraietsaid at least one

aci d, tyri.c gcid, .maleic acid 0|c acid

3 et S E L R B ol spboifoRep s rasic, el organie

5- metdawl aﬁ@nﬂt Glcoh§lX aR0Al8ehydePh ARG, afNsbtdragtdifiile, a sulfide, a

acid. 2 A juice t r eat ment system as described in

cl ai myzazane waaben ndigzidd, scagwsichaagidagsuliis diagides dphosphoric  acid,

fn.r )e(f’shgyd?o :l'ri;ori;cgéécef& ts%gfu];w %fIHdl, ?I‘flﬁ%raﬁsy ot 09 ?rlms 5&1@ go:?a(]}.tc%md succinic

ozonewid :fémaﬁc jatiide Eictldf eaﬁn”gllybolﬁcysdl@,l’py&:ﬁolﬁ@ﬁ@édrb@@licmcld formic

claim 228, further conprising a heater to . establ

sai d 4°tsh @eetieracid, dutygicaeid, melsic AdhIraPAnoICIRD 3 amethéﬂbutanow acid,

sel e%%\g‘-o‘m Eéﬂl énlﬂﬁlmcz:gn et GQQIFOIQ% S0z % dﬁfofc and lactic

juice sperse I nto sai gas havi ng sai 4 educe

pressuwide which allows transfer of said at |east one

substance fromsaid juice to said gas. 235. A juice

treatnment system as described in claim228, wherein

831 d A Yhies tatndit sgseteﬂl%p@erséﬁﬁéﬁeinaﬁalﬁﬁQQS | Wh&&8in said a gas having

di sperSes into said gas having gas haV|ng sai d reduced

pr es gedusedipressurg ik selected &oaf te gibusedndisting loéagnixgne of gases, air,
e fronisaid uice to said gas selected from

the dﬂ %Bﬁgyg?iﬁﬁ 8f°"Sbout 60C, about 61C, about

62C, about 63C, about 64C, about 65C, about 66C, about

67C, about 68C, about 69C, about 70C, about 71C,

ZiboutA naes trapegnt sysiem adnseribedan clyp728, Bothysemprising 2 heater to

76C, oyt t t

236 e%\ﬁﬂidlgl}: égl?rjgg:? rréén gg&g Zl%ﬁ coé%éi%t f?—:qggﬁmg ﬁeﬁeggfd within the

228, rﬁm}g’d dsMO°C?czmdr808Cmg saldgaﬁzefdlspetseg ane saitl gas Whviap said reduced

est abl i shes g havi ng characterjstics, whic

al | owresisrr&nsfﬁ aglpwattrané%srof SHid 14 IE5t Srie ubstaaier daama said juice to
j ui ceuig,gai d gas. 88 WO 2004/015144 PCT/ US2003/ 026209

237. A juice treatnent system as described in claim

236, wherein said a gas having gas characteristics IS

%glsg eg fprtl(:) mtmen% s%’f 2l as %stcln W ¢ a1m ng ngzirlijerreem said juice has a

temperature as said juice disperses into said gas having gas having said reduced

pressure which allows transfer of said at least one substance from said juice to
said gas selected from the group consisting of about 60°C, about 61°C, about
62°C, about 63°C, about 64°C, about 65°C, about 66°C, about 67°C, about 68°C,
about 69°C, about 70°C, about 71°C, about 72°C, about 73°C, about 74°C, about
75°IC, about 76°C, about 77°C, about 78°C, about 79;’C, and about 80°C.

236. A juice treatment system as described in claim 228, further comprising a gas flow
generator which establishes a flow of gas having characteristics which allow

transfer of at least one substance from said juice to said gas.
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filtered air, oxygen, and ozone. 5 238. A juice
treatnment system as described in claim 228, further

woan@roisi4mg a second heater to establish sai dPCEiIUS200a026209

a substantially constant tenperature between about
60C and about 80C as said juice is dispersed into said

as having gas characteristics i C | l.ow.transfer

- aAJP@&gﬁaEﬂ@t §¥ﬂ$§?é‘ﬁé€“ﬁi’6@cﬁn§ﬁh ?%ﬁa@élef%n syp agas aavmg gas
gas ! 6f hheEnird of
07 SRR O R In U TEAR ST M0 of s, i,
sai dfijteied@irdosypens®asl aznt® sai d gas havi ng gas

characteristics which allow't ransfe( of said at | east
one substance fromsaid juice to said gas selected 15

28§ OMAl NGOl QiR OR/SH eﬁi A" dEsEfibaALIA Wi A0128, F@hEr Bifprising a second

about 62C, about about 64C, about 65C, about
66C, hediento est’abilsha'mﬂuulc@%a sab&ﬁmtlaﬂg ConKHY lqupe;g@re between about

2283%30"{% gtb%%t g(ggcas gs gm%% a(Pl §e5$'§15) as%ﬁda' %%ﬁt’vmg gas

80C. CREQ‘&(%QI@S’CICAWM&E aliéw eminsRN bf ay&taetm)msm)eance Feth $aid juice to
claim 228 wherein said juice disperses into said gas

havi Agdesiuced pressure which allow transfer of said

at | east one substance fromsaid juice to said gas

through a first juice dispersal elenent in a first

289Nt & ﬁ\ﬁ&mtreeﬂn&jﬁe BysterdSas2dcscrifed in clpirh rA38f mheteis paideimice has a

as described in ai.m 236, wher e| sai.d

di Spéq@ggamenqsos JUcs lmgriqs I nlﬁvajgsgas characteristics which
char %ﬁ%\%r&aﬁéfeﬁ: WG lé’és{ Shis Eﬁtﬁfh‘ﬁf:@ 'froﬁ{ sAi@ t]l!ﬁc@fto sdi@ @%& selected

one substance fromsaid juice to said gas roug ,
s ec ofighnd itlsp grosp | coabistimgvf alocmte60§@,cdmllt 6N, adbeirb A2°C, about 63°C,

el ene 2 i t t yst

1R e S B B SPE, TR 926 LMo BB, dou
fi r stypeonimRLN e, a@&ﬁnnr’@ iKout M8ICEaBeutt PECakRat 76°C, about 76°C,
interface between said juice and sai d%gas havi ng gas

char abowiri78¢i abgutlxiﬁ"@hamut oN G paghaaait 88 | east one

substance fromsaid juice to said gas. 89 WD
2004/ 015144 PCT/ US2003/ 026209 243. A juice treatnent

23y st ejudee tegfkhheftdnn ac iescrib@Win, clhim ﬂh&gnvhrma[prsasil joipe disperses
baffles within said second cont ai nggéﬁoe enme

i ncr éafgesaich ganhaang reduset PrestiEe et Ws?&'ﬁné&f 8&- ad g Jeast one
sai dg ?Vﬂé}glsgﬂéuﬁEQB R6il1884s Shiohgh Wustjuile A¥persal element in a

trans
ﬁrst containment element.

241. A juice treatment system as described in claim 236, wherein said juice disperses
into said flow of gas having gas characteristics which allow transfer of said at
least one substance from said juice to said gas through a second dispersal element

in a second containment element.

242. A juice treatment system as described in claim 240, further comprising baffles
within said first containment element to increase the area of interface between said
juice and said gas having gas characteristics which allow transfer of at least one

substance from said juice to said gas.
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one substance fromsaid juice to said gas. 5 244. A
juice treatnment system as described in claim241,

wohermifi4sai d j ui ce di spersal el enent conpri SBETAS2003/026209
nozzle. 10 90

243,

244,

A juice treatment system as described in claim 241, further comprising baffles
within said second containment element to increase the area of interface between
said juice and said gas having gas characteristics which allow transfer of at least

one substance from said juice to said gas.

A juice treatment system as described in claim 241, wherein said juice dispersal

element comprises a nozzle.
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