FOOD COVPRI SI NG GLUCOVANNAN, XANTHAN GUM AND ALG NATE FOR THE TREATMENT OF
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and their use to delay the onset and/or reduce the severity of netabolic
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of fullness compared to | ow viscosit (Marcl ani et al,

Physi ol . Cadihortt cQbesity Renr by 3h b 03, Resprhdn: bOpLP s (s e her e

is a need fQqfe gk %waréﬁl@eavecyﬁm;@sgréawrf?skto@%te ga%enéﬁl ia'mbibe coreRageuEmt of
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30 individuals so afflicted.

Intake of foods with a high glycemic index is known to lead to overeating and
obesity (Ludwig et al., Pediatrics 103(3):E26 (1999)). Therefore, it is preferable that any

agent used in the management of diabetic or pre-diabetic conditions as well as weight loss
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In one aspect, the invention provides a nedical food conpounded for the 20
prevention, treatnent, or anelioration of one or nore synptons associ ated
wi th a neweholiwdnsease or disorder. The nedical food acraadbngoovawot hi s
aspect of the invention conprises a highly viscous pol ysaccharide dietary
fi ber conposition conprising a viscous fiber blend ("VFB") or conpl ex
("VFC') thereof, conprising fromabout 48%to about 90% (w w) gl ucomannan,
from about 5% to about 20% (w w) xanthan gum and 25 from about 5%t o about
30% (ww) alginate, and at | east one macronutrjent selected fromthe group
consi sting &F g it gypemie idsshitds Bod, prefgbleat such geentivefue thisgueamic pidex
present invepkiQ@a provides a nethod of preparing a nedical food product
conprising the step of adding an effective amount of a dietary fiber
conposi ti on conpA sidwyioa iy icarbehysraté indake by alpelreavirR) inglucessTil rgnagenygntof

t hereof, 30 ¢ i.S] lu . n : i ,

medi cal foo %E@%Séé%rﬁ s%@g%g%%nﬁgm%wﬁﬁgggﬁg gg Cgrnédgciiot}@s
conpoundéd fepavitgdaeaspthey esxtperence tmeat frequento statasrelfi lypaglyosmiaf (Soachanet sor e

synpt onms assgci.a Wi ) i, G dj se or.disarder.. 1n.s
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al gi nat e. _Welght 3R f}HJétFS %f?begtcg}_”t fi %F’@%lgp(gtq%ﬂzlé§@$'iﬁ33p‘ﬁoé§)8§§ (!ihr?%t hod

for preventigag, rdpoRad tHAO die® high el KQLBIE ifbEr ARG rOfucl®Herisky Pdightiesathfvgh at ed

with a netabolic disease or 5 di sorder. The nethod accordi n(%‘ to this aspect

of the ilfveringreased it seytidbiYArnsn &t 2lndialsres Gormdlh FH}@P0Dh Hee@ay her eof
from about 23 éﬂg%&g/ﬂ%?}f)fs%igleqplg N di'e@agf Y iKQJl(Q)%)/sugz{r r@gthétﬂ)m Yt MdsSERQUseen

pol ysacchari etar er conposition conprising a viscous fiber blend
(VFB) or conppated (h4FG)ght Visqosityf mealowpydusd mgrefareo senab ofiful h8sH compatsd e 190%
(ww) glucomannap, fraom ab 5%.t 0 .abouf 20% (3 xa . g, from
about 5% to Vi%fo%{ﬁ’out mgg]g/o (\(/)Wv?/"fme‘anllﬁél)arlfat e/Ie"i"flgct %yﬁl or a@ag%&f?%kdj‘mof %?‘%Fre

ef fective t qPipsiel €80:G1227e%8 (200K).amel i orate one or nore synptons associ at ed
with the netaboli¢c disease or disorder..in the subject. . . | n yet anot her
aspect, the preséents e ¥ fFrslggedivy ‘f?é‘lpr%lﬂo?got?‘atﬁ%ftilﬂflé?trfl?fég%{?er’lteast
one synpt om #ssedboat SFhdvdridlint@inp lHRBE@SSn@itiodd by Sieting blods isedaa Nselsiand a
mammal i an 15 subject suffering from, or_at risk for, developing type II

di abet es. THEomingsatigy:.c RaRrpgnt isvenkipy addepsses;this pegdradiofeBnt i on conpri ses
adm ni stering to the manmmal i an subj eg{niNarged thereof from about 25

my/ kg/ day to about 1000 ng/kg/day of a highly viscous polysaccharide
dietary fiber colposietispectctiepimiveitivg providst suseiciefood| enmpopnges) for gthe
conpl ex thereof (VF conpri si 9%t t 9

e A T T e R S R e St S e
about 5% t o mdsholic 3B%hsE \of diordbryi Thateedfcal foad peordia ofthiahseetadtthe mpenverk s .

ot 2t i i g CRET RS by “figE SOt by raR b SrRes Iy Surtie.e

pol ysaccha E [ \ﬁlﬁ;ﬁusg ﬂil&lr geitiloetege: i Gﬂfdi&ilpl@c C'WFCh) tﬁeragfp e(ﬁhllarﬂsing:ﬂ%ﬁn Bbbe A%
conprise: (a) hydrolyzing a sanple conprisin .l east one

pol ysacchar i @utvﬁot/h(‘é/ﬁ")a‘?g‘i‘cﬂm?%“aﬂr gﬂ’ﬂ&?"%}@d&&%‘i}%gbé’; (B & r& 784t he
hydr ol ysiss pfRgHsdus 540 bbsut BYAN( RV )SakiBatél dhb afletdh bR S AR Selodéd sk (C)

detecting the hydrol ysis products separated in step (b); and (d) conparing
t he hydr ol yshegigrperrcistngielinseteiadeahphydals. id)fat o one or nore reference

THE DRAW NS B B o R ey oo
advant ages dbod pratuptneemrisorg thel dtetbef eddingranectfestivl ppowppeletdigterd ert he
same become c%rer}pgsel{ionurégneqroggiggo % 91¥coru§ffﬂ)reF NE&ndt R/FB) or complex ("VFC") thereof,
30  comprising glucomannan, xanthan gum, and alginate, to the medical food product. In
some embodiments, the medical food product is compounded for the prevention,
treatment or amelioration of one or more symptoms associated with a metabolic disease

or disorder. In some embodiments, the dietary fiber composition added to the medical
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the follow ng detail ed description, when taken in conjunction with the
acconpanyi ng draw ngs, wherein: FIGURE | A graphically illustrates

t he ef f ecwoabi1iMe@oocel | ul ose, or inulin diets on body wecghta20gjooameser ti me
during the eight week study in Zucker diabetic rats, as 5described in
Exampl e 1; FI GURE 1B graphically illustrates the effect of VFC,
cellulose, or inulin diets on food consunption (g/day) over tinme during the
8-week study in Zucker diabetic rats, as described in Exanple 1;

FI GURE 2A graphically illustrates the effect of VFC-, cellul ose-, or 10

i nul i n- cont dped ﬂ@d‘éﬁtéP@P’éWSff@m &hpubtEedo gber 98% (vewd ERICoRgMaL.) frasy gbowt i e
during the Sopk ﬁm@y /) REHE ] BREELE abéth S BE0AR36% (RRH) hgnfREATPI € 1,
FI GURE 2B gra ica ustrates the effect of VFC, | 'ul ose-,

i nul i n-cont ai ni ndn dmetthsr espettashe dresentumventonl providey @l methad/ ﬁ@t)prweﬁmg,l me

during the Heker r i le 1;
15F1 GURE 2(:8trge\r£\‘§1$ |°<§:gﬂq‘%°‘]|aﬁ%st & 3! ?Fea%%&baféa@ﬁ‘%ﬁq%éé%%ﬂf 3%8‘5% Ay

i nul i n- cont alisvrdeg dhe trethod ancmdlhgm thik &sbed df gieunwaom ewpprise§ acgmdis)enoger
time during th 8- week er d| | cri.b

B o 1. 108 ot i iebd b O BOGTaop (BT iRalR) e B 1267 S

cel lul ose-, wmghllywlsd@us:fpaltyaacahaﬂga dmir)g fiber fcaﬁlb&ﬂtldrbl?(ﬁﬂ{ﬁ{s&%l 8 vMb@lsl ﬁber |
Assessnent 20 scores *U il over, tlne urin udy in
Zucker di abé’tl‘f“@ &5{3%01’ %ﬁ%@%é&rq ERRRpRg frpm ol 48?1/? ?“é{ﬁ}M cally
i ITustrates AhSnaRER0&binCabbMSs, itd aSRR 0% (kY xdntich Xguallard hoﬁpafoaﬁs%%
fasted Zucker diabetic rats fed either VFC, cellulose, or inulin diets

during tiRe sabwetew%t(ww algigatg efeetivedlar pPeERh b Hime 1effeotiye QUREVEDR tigat SR cal | y

illustrates d
non-fasted Zuc ggﬁe%n?(r:é sslﬁ#)ltdn%e% el tie"yllﬂillﬁéecwgagé i ﬁID;)esicgeé 0%%&:}%3 IH{ t%é diets
during the SMMBHK study as described in Exanple 1; FI GURE 3C

graphically illu testhe non aste btlcrats
fed either VFC, i%?’? (P39 et & {ﬁuPrese“ e I%O&Prr(iwrll estahme ‘%r E‘E‘e %‘ %s 30
descri bed i nedsxamgdympiom associated Gﬂﬁ&hélp@gapdmcaﬂ 1hwlmlrh31§tmrcatnes ntahﬁndh@m!el of
serumtrijgl ycerlde measured in fasted Zucker %IIC ats fed either VFC
cel | ul ose, JFﬁu“‘P? e Pt Pﬂb?‘? %V@O%%kypsm cless hﬂgéacqr Exanpl e
1; "ﬂ) Hillsped of E&Hﬂ‘lf&ﬁbﬁ Yo dﬂrﬁs@§£&rﬁhf§§mh@ﬁ) @b Eﬁﬁﬁneﬂlﬁn Witfiect in need

cel lul ose-, or inulin-containing ets on Zucker diabetic rats after 8

weeks on rerihgreafuBame aknut 235 oreKesdvetr ghow HI0O: medgdey seforeh ighlyviscouyj th 5
bei ng the mggj Iy ARURIR, dlétﬁrﬁﬁ’é&rdot%@th& EapRliss & Vls%EhsGéBé RED AP, ol |y

illustrates ‘thHe effect of lulose-, or inulin-containing diets on
Zucker di abevinplexghegecff(VEE), &omeklsg diony &oal 43% truplwut 90% (w/w) glucomannan,

degener at. on/re rf i, on on g t bei ng
t he m)s'iiZtO se\r}{er e%ou% (feéoc P P(Bl?%% VE)‘%V& ﬁhg{l%m% @Rﬁ&gc,a%aﬁg;% Mi caﬁb}%t Sook
il lustrates (the) ﬂélflﬁefor(afpeﬂ&(bfat(b&aktltwb@\&aeks, or 10 inulin-containing diets

on Zucker diabetic rats_ after weeks on r.enal i.al. expansi on,  based
on a histol ogi c SE¥rtnghersrect, fg pessniigypgop ﬁ@"}r% “%319& &g?nﬂ’él&tpf bed in

Exanpl e 1; compondnt fh grapple c@hip)ising Iau:séagta&@spdw@cdmﬁ@ee Ntragencitfods
pancreatic islet insulin imunoreactive area present in Zucker diabetic
rats fed ei taﬁg}rdlvg@ thissaspegt 9& gle igyenfipg, cptpprise: (a) hydrolyzing a sample comprising

25  at least one polysaccharide with an acid to produce a hydrolysate; (b) separating the
hydrolysis products in the hydrolysate with a chromatographic method; (c) detecting the
hydrolysis products separated in step (b); and (d) comparing the hydrolysis products
detected in step (c) to one or more reference standards to determine the component sugars
in the sample.

30 DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this invention will

become more readily appreciated as the same become better understood by reference to



15 diets at the end of the 8-week study, as determ ned by staining with

anti-rat insulin antibody, as described in Exanple 1, FI GURE 7A
gr aphi calwg 20il/wesdonat es t he hi stol ogi cal score for pancrPreatdA0iigloaco
nmononucl ear inflammtory cell infiltrates present in Zucker diabetic rats

fed either VFC, cellulose, or inulin diets at the end of the 8-week study,
based on a histologic score 20 of 0-5, with 5 being the nost severe, as
descri bed in Exanple 1; FI GURE 7B graphically illustrates the

hi st ol ogi cal score for pancreatic islet cell degeneration present in Zucker
di abetic rathe follawisig: ¢rigiledrescriptph. viesietakey iny emynstion 4l the 26wEPapdndf t he
8- week studﬁa“gg%%e Quina histologic score of 0-5 wth 5 being the nost
severe, escr b I'n Exanple 1; 25FI GURE 7C graphically illustrates the
hi st ol ogi cal scoFEIYRE lﬁ@a@mUmlh@fratpmheleﬁeﬁtHOéVF@L eqllufdsprapdndinphiddsent i n
Zucker diabetic rahs fed cgliu e e end
of the 8- vveg) d}ét uo%/h a%vgd rl!\llll:gsf 6l %g]%x cl}vg%oﬁtgg%flfl ?—Hgffé}wﬂ%lﬁertlg lﬁ%l %g t he
nost seveér e deasibelemdxialnpld 1i; n Exanpl e 1; FIGURE 8A graphically illustrates

i abet i rats af (SURE B G Aharrie SEehtdef SR B Bt o hE

Sudan bl ack fsédédbigptidaasady)csveatifie Suah® fe - edkr Budyf in Cubker wiidbbtiGragang t he
nost severe, as_described | n Exanple 1; FI GURE 8B graphically
i |l ustrat es desraibed indeiemgle &EC- | cel | ul ose-, or inulin-containing diets on

Zucker di abetic m@m&hergr%)m%s ﬂﬁtrat%pamec dFic6t Qe syl aeelmaol aﬂ on,
based on a histologic score of 0-5, 5 being the nost severe,

descri bd@ i nnulnseplaming digfs| @JlﬁEt@dﬂngdaﬁhiC@%fl jeyels (Mgl Avess ik edusing éb? of
b ke S 18308l il A GORE A Dla0Becflh Bl BRuler o abel | ¢ rafs after

8 meeks on hepatic rovesi cul ar vacuol ati on ed’ on a histologic score
of 0-5, with 5 bEIGIGREBB nwahicdy erildystratss déscrdffsetd oth BGprdlulgse-, or

FIGURE 9 gra lcal |IIutrat t he effe VFC QS dy
weight 10" gaHranBbE AR PRSST 5P anSTp Ry e Rk Skl B
sucrose-fed SLaéeﬁsmdgﬁnzmeﬁﬁamekatgraudgsmwmiEsmplbed in Exanple 2;

FI GURE 10A graphically illustr he eff VF ontr ski mred
m | k podder) on BF%@%% 26y PRy ¥ f1 strafes Ieg‘fﬁ (guFY (gt uﬁi}ﬁ’hﬁ ti &f pant s
over a 3- \Aeeﬂlﬁﬂﬁtdéqbélm died oﬁ\ﬁ%n:fas‘ﬁédmyod élh&ds@‘lév@l@ éié)%XﬁL ovefdinme Gahglfle V3 =
day 21), as described in 15 Exanple 4; graphical l'y

i || ust rat es Stweekefudadn Zugkengiabase ratp gt fescripeiin ﬁﬁ%‘ﬂplﬁnli k powder) on plasma

PYY levels in he I y i pant t aJlEiM SARIRYET oR
3-week study per?;?)(té‘?lﬂj‘i(ﬁ\il%ﬁ)E %ré%}g(t'a“?nldt@l?sgﬂegng%ay&foew V(lg = day 14; V3 —0 day

21), as desamulimecabntam@(adwtse o ZrRAGURENAGEBSgr d‘]dhd%alASyesﬁmPIGst@éll‘éé) t he

ef f ect VEC or, cq me |k p ) | evels in
heal t hy%gdul forgﬁjogy%%ﬂ |0((§'Frpgn © Qunnﬁ lt{he 8%%@“9@“ o?’%l%g (g%%cfgts =
initiation diasbmeedMZme&yl 14; V3 day 21), as described in Exanple 4;

FI GURE 11A gr aph| e the flow curyve c

[ t
ungr anul at ed VFB ?9? F‘ér”:"‘e@%’t’ X ¥ Husirates {heyGompqsite lﬂsué)m‘lsﬁ)ﬁsn Vltgﬁffleﬁr(gz:s&sed

(e.g., granulgatefh rdRE Zokd REKRc Ats 0d 8ithet WRE), celRfosdas Ginilfetets Burnpan®l e 6;
FI GURE 11B ggr aphically illustrates the flow curve corrparl son of

ungr anul at ec-V&B studgf adeesgivebingsamglenlary M xture 1 ("TML")) and processed
(e. 9., oganul at eg)GIYRE ;6P Dicalll ifPus@¥bel MeWompdsitedBKTn 1 sBRGiVit) iFARANPIS) 6;

scores for non-fasted Zucker diabetic rats fed either VFC, cellulose, or inulin diets during
the 8-week study, as described in Example 1;
FIGURE 3C graphically illustrates the HOMA scores for non-fasted Zucker
diabetic rats fed either VFC, cellulose, or inulin diets during the 8-week study, as
30  described in Example 1;
FIGURE 4 graphically illustrates the level of serum triglycerides measured in
fasted Zucker diabetic rats fed either VFC, cellulose, or inulin diets during the 8-week

study, as described in Example 1;



FI GURE 11C graphically illustrates the flow curve conparison of

ungranul ated 30 VFB (referred to as Ternary Mxture 1 ("TML") and processed
(e.g., greoubatwayoVFC (PGXO) at 0.1% (ww), as descri bedTion2ixawmpdée 6;

FI GURE 12A graphically illustrates the power |aw K conparison of

ungranul ated VFB (TML), processed (e.g., granul ated) VFC (PGX8) and xant han
gum as described in Exanpl e 6; FI GURE 12B graphically illustrates
the power law ri conparison of ungranulated 5 VFB (TML), processed (e.g.,
granul ated) VFC (PGX8) and xanthan gum as described in Exanple 6; FlI GURE
13A graphi cal |y FIGURESAL egraphieally| dllpstatey e thsr 9i5hy off oY ifconsrhideieat 0. 1%
0.2% and 0, Q{/ﬁx(%@nit?gsdi@ﬁa&sz&&eﬁﬁiagéﬁ rafS a e S bR bnl RendP@HIE Qildionf | GURE
13B graphically 1llustrates the flow curve of xanthan gumat 0.1% 10 0.2%
and 0. 5% ( wbajedaen mebistotogit ator@ BE0-aswitles dreintge thei mostxigree a6 described @ GURE
13C gr aphi ceﬂ‘ I Y i'elll,ust rates the flow curve of sodiumalginate at 0.1%
0.2% and O. OE)W/W) as neasured at 25C, as described in Exanpl e 6;

FI GURE 14A gr aphiFtGURE 5Bl | greghiafles illuserate othec waffeet off UviF@at edludesaeows
solutions (0.5% copcentration f terpary m xtures gonprising koni

gl ucomannan,™® ’é’h“t‘)ﬂ%}?l%nﬁet%o%ngucé(%i(ﬁ%eéf glaRat et C%F\V ai ni-ng nélfr)\qu@ﬁe

gl ucomannan defdMeratiofrogantriian, Gasal (KQ hirtolegic cast afiD-5,avitos5 (HéMgXBe mebt 12: 1)
and vari abl e anounts of sodium alginate (0% 2% 5% 8% 11% 13% 17%
219 24% 2704era@sgessppdandgempledsyred at 25C, as described in Exanpl e 6;
FI GURE 14B gr aphipg@iik¥ sl | 4aiHi@lies ili@afel OWheC Wiiket Obf aWEEOUSeIRMseL, i 0RS
(0.5% 20 concentration) heated for 1 hour of ternary mxtures conprising
konj ac diuc ordinreentainieg tdirth agudicken dliaReliF igisa e S teeekss ORt KPRl MYSKGHY ac

gl ucomannan . éfg} : tca,: : r-ald Fihdd 12: 1
and vari abl é%ﬁﬁ?@dso S%g%@tg%%g% s(&?ﬁ?aotfg S(g%ﬁpgg/%ﬁ%g%eng%%&ﬁﬂ%&)l%zn b%%% )
21% 24% 2748Ex808e 1and 33%, neasured at 25C, as described in Exanple 6;
25FI GURE 14C gr aphi Ly il]lustra I e .1 ons
(0. 5% concent rat iy RRaganE ol HiiGalst tu REHEY o hoRRC (el i

konj ac gl ucamefunamactixantdadhcsgutnih Zankkr siodbeticrad &l réthe, VEQ ehulnsengr loohp ac

| ucomannan (K nd xa a um (X at, a constant .ratia, (KM XG.= 4.12:1
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pancreatic islet fibrosis present in Zucker diabetic rats fed either VFC, cellulose, or inulin
diets at the end of the 8-week study, based on a histologic score of 0-5, with 5 being the
most severe, as described in Example 1;
FIGURE 8A graphically illustrates the effect of VFC-, cellulose-, or
30  inulin-containing diets on Zucker diabetic rats after 8 weeks on hepatic steatosis, as

measured by reduced Sudan black staining, based on a histologic score of 0-5, with 5

being the most severe, as described in Example 1;



FI GURE 16B graphically illustrates the apparent sedi mentation concentration
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20.0C. The ordinate is expressed in fringe units per Svedberg (S) and the
abscissa is in Svedberg units, as described in Exanple 6; FI GURE 16C
graphically illustrates the apparent sedi nentation concentration
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(PGX®) at 0.2% (w/w), as described in Example 6;
FIGURE 11C graphically illustrates the flow curve comparison of ungranulated
30  VFB (referred to as Ternary Mixture 1 ("TM1") and processed (e.g., granulated) VFC

(PGX®) at 0.1% (w/w), as described in Example 6;
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di sorder, as well as therapy for preventing, |owering, stopping, or
reversing the progression of severity of the condition or synptons being
treated. As such, the term"treatnent” includes both medical therapeutic
treatnment of an established condition or synptons_and/or prophyl acti

adni ni stration, E53%5§ﬂ6@&¥%¥%@”£ﬂhﬁ§“ﬂ§%@P%@@é@ﬁF“Fﬁ&mF%Wﬁﬁmﬁgégﬂﬁﬁg" al so
enconpasses y4eaif! &Qg&aed,t(@.%.,%Pama%eupwezpétt@) SHPk &ftkan! gint) 8€Gesti2a 80T |
preventing the netdbolic disease or disorder, or preventing one or nore
synpt ons asSweinpleéd with the pathol ogy of the netabolic disease or

di sorder, incl udi | i Lsar any
ynpt oms’ assoct af U RRaE g By TERFRR e pEhaRaRS o Rhe byt 2

met abol i 6 divGEgRM b pcsseeddels., grantiBtedy FYERPGH®) and rotancuoe apdesontedar  nor e
synpt ons asigéia ed with the netabolic disease or disorder. As used
herei n, the TéM“%edi cal food" refers to a food that is formulated to be
consuned or adm FIGUREQdAeptaphiadllyy illivdaes thee flowpetnrve sifokorgde glupbyainen an and

that is intended for the specific dieta agenment of di sease or
condi tion f df Vhh B SRt g‘?(’?"r{(‘ﬁ/‘i")v"’é ’?ﬁi‘?‘frf"{ %/tc}gg‘?’ qgg&ﬁpbgﬁ’@rﬁéfr‘p%a@ed on
recogni zed sci enfpiGURERSBNGLFHi&Sy ALSratSt @bl flcwhebrvBYofRaiital zey at 0.avd, on.
As used herein, the term"glucomannan” refers to a water-soluble dietary
fiber wiloh 2% 1ndP-5% (e apmesstred 8t 28 Capsleseriped in Exampled- D- gl uco se

' eld : d
qﬂlstﬁ”g%s }’lfc'ﬂ&lﬁ Sufel IFK@EAmIALALE 356, 18]

residues in apprexd -y i;
groups. It is nng?bggﬁggﬁﬁémég%?gé a om konj ac root (ARorphophall us

konj ac), but0.2%mndl0sH86 be'w)) somedsextd fat DT Coasdsscrivled it Exople®s . As used
herein, the term. n qunt refers to,aqshet i i ni ng
gl ucose, nannosg?“é@?gggﬁdﬁﬁ%wmg%aﬁﬁét% %%g?gﬁéﬁggggéggéﬁg&&%ﬁgygggﬁgate.
As used her q0B% doeentratioh) of k@harirgXturce bempriding konjacxghetopmhiyame kantifanrgamur oni ¢

aci d 25and gul urgnic_ acid. As used herein, the m "fiber blend . .refers to
a mixturlg ofinf iSB‘BP@.algmate’ Cﬂgta\?é‘@é‘oﬁ@tcé?‘fﬂ’mﬂ’f@nt(gm a"\(}i’?ﬁtg‘ﬁ% g\ffflggp) Bf%nd"
("VFB") ref ebfisthi® rdio KM ce= afl 29 UEDIRABRkmoxAR i SeHigH Al girdbal08d, ghave. As
used herein, the term"viscous fiber co Iex"‘&"VFC') refers to an_3
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xanthan gum, and sodium alginate, containing konjac glucomannan (KM) and xanthan

gum (XG) at a constant ratio (KM:XG=4.12:1) and variable amounts of sodium
alginate (0%, 2%, 5%, 8%, 11%, 13%, 17%, 21%, 24%, 27%, 30%, and 33%), measured
at 25°C, as described in Example 6,

25 FIGURE 14C graphically illustrates the flow curve of aqueous solutions (0.5%
concentration) heated for 4 hours of ternary mixtures comprising konjac glucomannan,
xanthan gum, and sodium alginate, containing konjac glucomannan (KM) and xanthan
gum (XG) at a constant ratio (KM:XG=4.12:1) and variable amounts of sodium
alginate (0%, 2%, 5%, 8%, 11%, 13%, 17%, 21%, 24%, 27%, 30%, and 33%), measured

30  at 25°C, as described in Example 6;

FIGURE 15A graphically illustrates the dependency of K on the proportion of
sodium alginate in the mixture for unheated or heated (one hour) 0.5% aqueous solutions

of mixtures of konjac glucomannan, xanthan gum, and sodium alginate at a constant
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raw i ngredi ents that prevent the individual conponents from exhibiting the
properties that they would each showin their pure state. Medical Foods In
one aspecwp 20heoproesent i nventi on provi des nedical foodecramoundexdofor the
5 prevention, treatnment, or anelioration of one or nore synptons associ at ed
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obt ai ned by conbi ning granul es of 30 nesh (about 600 m crons), granul es of
20 about 40 nmesh (about 400 microns), and granul es of about 60 mesh (250

m crons). The proportions of glucomannan, xanthan gum and alginate in
the viscous dietary fiber blend/ conpl ex-§VFB/ C) contained in the nedical
food may be from about 48%to about 90% of gl ucomannan (such as from about
60% to about 80% or from about 60%to about 90% or from about 65%to
about 75% or from about 50%to about 80% or from 25 about 50% to about
70% or about 70%, from about 5% to about 20% of xanthan gum (such as from
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30 gum and alginate in the dietary conpositions contained in the nedical
food are about 70% gl ucomannan, from about 13%to about 17% xant han, and
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medi cal foods are fornulated to provide a total daily consunption in a
human subject of from1.0 g to 100 g of a viscous fiber blend, or conplex
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of the iBvVenNdPNim 3 730Prd ©668)RNMREULEE EsyRidlontd is @ nAn¥tit £gdfp of gﬁnpt&ush oils
i ncl ude vegetable oils (e.g., canola_oil, saqybean oil, palmkernel oil,

olive oi |, dbtfocawdesdha and wf praeted sdth B increased Sige qf GFYGF@é%’dﬁor%aFy corn
oil, cott On%ﬁ@% g’i'séase PEARYIL {ype‘ﬁahﬁbléteso' |TheaéyHR)ﬂﬁinsobf metHbalké sm&in@' |
even| ng prinrose oil, coconut Oil, borage oil, "and bl ackcurrant oil);
marine oi | s ifdudg extré ivelghtoirpendahelwhist(eeritial errabdpminpl obspity, riglkblapdpresseieeof |
10I'n sone e n r

Fnvent fon cotad Tegeugier. BBk g ol SN AR TP AR BRRe Sl Ty
coconut 30i | hxghagmdser nelis dieligved niflatbinttler resistamedisuthecinainncansd gf ymwetabolles i n
purified form In some enbodi nents, the medical foods of the

i nvention prsmr%ethe sol e source of calories and nutrients for a patient.
I n some enbodi NBAkSised R@eiNBdeGain fRRUoAECATEHsNBnELSf the simptomB\WEMidiabalit S
designed to provide the primary source of fiber in the diet of a human
subj ect. | nd&sHE Endistiierentosludes symptematiy thepey tadevrdi Hi§VRE: thdnashvBhti on
is designed to provide the sole source of fiber in the diet of a human
subject and is | abeled and/ or adm nistered by a physician accordingly.

Medi cal foods that are to be consuned as part of a conplete, bal anced di et
are 20 typically formulated to replace one or nore neal s throughout the
day, thereby decreasing the amount of fiber consuned from conventi onal

f oods. Because nedi cal foods are adm ni stered under the superw 5| on of a

1 L T -,



30 di abetes, type Il diabetes, obesity, non-al coholic steatohepatosis
(fatty liver disease), pancreatic disease, and hyperlipidem a, as further
descr i bedwvbenai 19900 I n sone enbodi nents, the nedi calpciraxdonioovise
invention is admnistered to a subject in need thereof at |east once per
day. In sone enbodi nents, the nedical food of the invention is adm nistered
two tinmes a day, preferably once in the norning and once in the

af t ernoon/ evening. A typical treatnent regine for the nedical foods wll
continue fromat |east two weeks to eight weeks or |onger. Depending on
such factor syIaBtomheofn‘élsll@aﬂasfc@hdiliommsasoééeﬂgast FheEepE ofoR MIEVERIENS: deygige i n
Lhe PaUT et obliie! SCALIRL EQOTR G TTBY e AR Ehaifl b LA band
experiences aPr%P?oratl on one s tom of the di sease or

di sorder. Atmpsedd. cals stﬁc:homeoémt 'he:ameas en¢ludas\betht m@calmthelrapwtpl feeetthent pan

d d
consuTes | U EeL ML BT i B BRRh OB AT Ry o

adm nistgred to '[Abetséiiﬁdr@ﬁtthaﬁ:rxh heeasmg'eals(omcompm‘sest dqléndhhg er theaohdition t i mes
per day as part of . a rredlc er.vi cal.orie die gi ne.
An exenpl ar I thsesujectdn %W ‘FrS Brﬁ ‘iﬂ’l‘lf‘%ﬁﬁll‘éﬁtgbo?(lg d}sﬁasf ﬁ&dlf?rg%ﬁ ﬂre?{fwenim%bem ty

to bring ab%‘d& of ﬁ@fe%‘ggtoq{atasdo@fafed&m thﬂ@tﬁ&@@&cdfltmaﬁbcﬂlard&bmt abb@tléc ri sk
factors. Methods of i ng di cal Foo I n anot her aspect, the

present i nvenduding pnsstiofidke merbelitodisese o ehwrden PT LI YRPIYBH ASBFHE ot
conpri sing ttﬁe?ex%ﬁfpaso&felﬁ%g'rg&cﬂ'% ?{ef s‘%@éﬂt}f %fadeQ Urﬂétatfbfhc it 8f Wisbideelor 15
conposition conprrsing a viscou , or conpl ex thereof
(VFQ) cdlpr ipgéventing aiconmencanf oxaor mem sgmmonaraasoaiagadn’aﬂethe tertabplic dserse al
food product. .In sone enbodi nents, the nethod of preparing a nedical food
pr oduct conﬁffl’s?@éi’ihe step of adding an effective amount of a dietary fiber
conmposi ti on conprssisePhdeih] e termohmpddessl foVE‘CjeférmtdmﬂJoﬁrtmniafwmsbwdso bt ber

bl end (VFB) conpri si ng gl.uc nna nd_.al.gi nat he
medi cal f oodOpEHdr dFTHnlétB’r'?gﬂ %H‘ H’Eﬁf% L&’Smﬂﬁé 8§Ia O ar|c1)ra(r)1 5
conpounded flﬁ’trenciehefoprtﬁé/ QP&di RN die %zﬁfﬁgémer@rofaﬁﬁlhde@d’eabﬂ Qéhdifono fte ®h1c]imr e
synptons associated with a netabolic disease or disorder.. In so

embodi mekdt s, digtinetivei evtaitigngl; teapirenennifo hasedo wna RGNS f‘ﬂ%ﬂt’r’(riﬁdp’&%ﬂlgesooﬁe

pr oduct conpy VFB), or a fiber conplex (VFC) 25 forned
fromthe fi bééraﬁlgﬁ%e@%y%’%gal%a{r}%ﬁ)&l ated VFB), conprising fromabout 48%to

about 90% (W w) g&sunsednhanemn fi{esterrh "glicémomeribretirs GD%Watrblyble Be9ey Fher f r om

about 60%to e bou A, rom about 65%t r f boyf, 50%
to about 80‘?Vl r(ggﬁpé 't]j'gﬁ*?}m[o abo(gt (5&;457‘@?1%&%%%909% xreglri{a(l)é% about 5%
to about ZO%wa(w)atéiﬁBilhaﬁ‘b g Arisucd -liakedf gabitoad end gré @9 t101saimucormﬁ%1y or

from about 11%to about 13% qr fro 0 3%to abau ar_.about
13% or Hhoutolatesgromaodiac reth (gﬂmhogi%?ntuﬁﬁgﬂﬁﬂt i el l%ﬂlag? ?m PEich as
from about Yo kouralout 20% or from about 13%to about 17% or about 13%

or about 179 . In some enbodi nents, proportions of gl uc mannap nt han
gum and al gi nat éisi msadhkerpinpdhe Bpahdxanshan gunhaefernd? & HRISTBL YF%?F ®from
t he

containing glucose, mannose, potassium or sodium glucuronate, acetate, and pyruvate.
As used herein, the term "alginate" refers to a mixed polymer of mannuronic acid
25  and guluronic acid.
As used herein, the term "fiber blend" refers to a mixture of fibers.
As used herein, the term "viscous fiber blend" ("VFB") refers to a mixture of
glucomannan, xanthan gum, and alginate.
As used herein, the term "viscous fiber complex" ("VFC") refers to an
30 interlocking matrix of the three components glucomannan, xanthan gum, and alginate in
which the components are processed in a manner (e.g., granulation) that allows them to
interact to form a novel ingredient rather than a mixture of three separate components by

forming secondary and tertiary interactions (junction zones and networks) between the

-10-



fiber blend, contained in the dietary fiber conposition that is added to
the nmedi cal food are about 70% gl ucomannan, from about 13%to about 17%
xant han, woaofwemoabout 13%to about 17% al gi nate. | n sece/crbodioosnt s, the
anount of the dietary fiber conposition conprising the 5 viscous fiber
bl end (VFB), or conplex thereof (VFC), added to a nedical food product
formul ated for the treatnent or prevention of a netabolic disease or
di sorder is from about 5% to about 20% of the total weight of the nedical
food product. In some enbodi nents, the anount o%)th .di.et@lrﬁy fiber
conposi t i onravpingeediepisdbet prrapridhe indipmna cogmarants Frp rehibiing MgProrstigs frbduct
conpri ses f?&gl“q,g cHstPw A ¢ e §86. day, such as 10 from5 g to about 50
g per day, fromabout 10 g to 35 g per day, such as fromabout 12 g to 35g
per day, such asMedial Bénslst 15 g to 35 g per day, such as from about 20g to
35g per day, suc gFom
about 15g to abo&&%%ﬁ%grﬁggﬁge%gggg&gﬁ& ggggszulﬁrrgtgfaggéoﬁ %¥%§§g%?ﬁ% per
day. Thes5nedievedtiohp adatpreotd et andioratie dfnerenel orera SENPYRIS casbdojatebowstined at
| east once a . _preferabl. Wi i edi cal food
accordi ng t@e?%%égc |le§\‘73esﬁt°|rc§irll%|r&ser’f Sgl(rgh %% anfl ete%%% % sdtr@g‘?’itg%gﬁ& tygg;ﬁh%t%f ary
fi ber conposkédriag pammgtic shsnfficdidney,findleding paivdts sofferimenfrbre)chidner potreatitsy be
conbined with any type of nedi cal fao roduct, ingludin id, liquid, or
seni -sol i d #RYPL W#%é?%?odﬂf& g%edléaeﬁ‘ﬁﬁ aafﬁorg‘é‘Fita st %sfgtl‘(%a 1%Vr685‘3%t S
include, butsoRApgsed0Od highty tvdodsOpolgsiicEtiaride. detaryr fibe, corgiositibn (dvatprisingcol d) ) ,
granol a, oatneal, baked goods 2 bread, cookies, nuffins, cakes 0/and
ot her s) .10pagissoysi fker (éindd VEBdrecomplrelhiieph (i Qe CpPistige oy 2RPHs38% iR at
(e.g., poul tpy BElw/w) 3RomRBIL, FHRABAAD s tARbuH 0T Y Wik PRUseaf dufh, @nd M | K,
db Exempl ary |1 qui

yogurt, cheese, ice créam an utter). np y or sem-liquid
nedi cal f oodropr dwuti% to aloutides (W(ve) abaieateygnd phlpdst enp mesronyignt sedgsted fEament

drinks, fruigt i ces.. i.nc i r up m xes), dietary
suppl enment s,theaé{ upscr%l(s)ltg%%es. r(géghég%gbg‘?gtgy%ﬁﬁér conposi tion conprising the
fiber blend or cor@eexibéhimrpeodingd)s. FeteatdbigdicttontNe 100,68, fllalom 4prdduct

rior tq _co ti,on Usi ny suitable t re-.exanmplie,nt di.et ar

i ber cdipoctbt g maytiseUin ek Ko Rer® NEdoaPoToduehPomEs 28y 58 i Yea
wi th the medircalic Rakrddfadetghorated bspeferdibgd highle isteunpdieathatidodieprpduct .
The nedi cal foods of the inventiqn are packaged in un'bt df%’?ﬁ% w(ﬁﬂgg | abel
clearly 30 dibst parpposiign compripngyiiber Blend (YFEAguropplex jagres &G Ement
of a specifiy M&Q%ifﬁo&iaﬁ&ﬁae%% BROHEHE (w/ WINEesoridnBarg URSH Vib&ita, a5 a

physi ci an. thods for Preventing, Treating, or Aneliorating One or

Mbr e Synpt orsowtsXe (vt dantheth samnverchFom 0opf Sedeehait Hsoy g alginate, Hap
anot her Rspeal, d%@e%p%ﬁ?%&mnefcmﬂ?nltﬁ&&dptrooé@ dﬁﬁy@ly@%l@@ﬂ f Qf "PEREENtHRNY,
treating, or ameliorating one of nore synptons associated with a nmetabolic
di sease or oswésordery highohateshaecamoity end geldfouning prapseyl Tdicatoastivent t ype
Il di abetes, obesjty, non-al coholic.steatohepat 0si t iver. di;sease),
pancreatic diog'é%@h?r}/dﬁnc&m?%%’?ﬁ? {h&fefrlwt?eé.cmflﬁ%&ﬁ% %?)cfﬁgg%%reh%ﬁ)g{ot %Cltl g):th;e?as pect
of the invenhian a&Rki&HS t@@TNit®he rtergetions ehahleadro s ldvpleeftvidcnsityeteat it her eof

an effective dosage of a hjghl]y viscous polysaccharjde dietar i ber
conposi t i on TEaH 5 W‘g‘esah‘&?egé]ﬂ%sanf"i%}éef ¢ ‘jé‘r‘i%ﬁ‘(“%%)pog'lsac(?gaﬁg‘f'e&t e%crng’g

(VFO), 13 coppekshpies T3 omdalm uterd8%it thagbbetn Aofarhinkdy) thgl ucimapnarsseduch as
from about 60%to about 80% or from about 60%to_about 90% .or from about
65% t 0 about(c-gssrnplpted) gie thise gempsspis gluspaananowtha SHpoih é’%ﬁﬂ‘ﬁﬁte BiAY o

about 70% qf BHEU ndiiingrbdiedp febﬂgtexwi:g"ﬁb@mr 2080 { Whikure<anBhapargem
(such as from about 10%t0 about 20% or from about 11%to about 13% or
from about IkeMppreentsduiforntinggecondany g tertigny intsraciens{ WHEHONZPYES A YOS about
5% to about 30 th! nd IRAMiRRP YA GrorPYibidmer from
about 13%tc?%a 88&%6%&?%%&%@%6}%&%%%&;5a out 17%?10% n sgrre enﬁo I ments,
proportidons pdpegieas tenthenaopldeactt thaw ig ther parestait.gi nate in the fiber blend or

conpl ex t her eof e .ahout. 70%.gl uc nnan, .f.rom about. 139% %
xant han, and froﬂ{hb?%gﬁy ﬁ%“tgggeé%glgglrlc%%pgwg?nn%pé Sgﬁllg%%sc%lﬁgn%??gg}%nts,
the nmethod GEBSiiySEE p@dBinkisSiadongntd aliaclodel gfaviiedtric qupnisy thaanthaowhichsi ng a
viscous fiber blend (VFB) .or conplex theregqf. %égg such aeal, for %@a}r{,gl e,
granul ated VEBYd be seayired Wi qtheg iplbls tbergod iy LEOPSYE W RP G LS annan,
from about 5% to about 20% (w w) xanthan gum and from about 5% to about
30% (W w) alginate to a human subject itillneed thereof at a dosage of from
1.0 g 25 to 100 g VFB/ C per day, such as fromabout 5 g to about 50 g VFB/C
per day, such as fromabout 10 g to about 35 g VFB/ C per day, from about 12

g to 35 g VFB/ C per day, or such as fromabout 15 g to 35 g VFB/ C per day,
such as from about 20g to 35g VFB/ C per day, such as from about 12g to

I T sy r=r~] I~ v o o, N =~ I~ I



(VFB) or conplex thereof (VFC) to a mammalian subject, such as a human
subject, in need thereof at a dosage of from about 25 ng/kg/day to about
1000 ny/ kyoOday/103200h as from about 50 ng/ kg/ day to aboutrceé@iom/degsday,
such as from about 100 ny/kg/day to about 500 ny/kg/day, such as from
about 200 ny/ kg/day to about 400ny/ kg/day, for a time period effective to
prevent, treat or aneliorate one or nore synptons associated with the

met abol i ¢ di sease or disorder in the subject. In sone enbodinents, t he
dietary fiber conposition conprising a fiber blend 5.%VFB | ex
ther eof (VF@)is ifbengamppsicsr & At ebskubiplephysidlogirk o & food

product, as festriRethier @i otled SAMR EBHQJ k. Madking NE eﬂilﬁtﬁf)’ncf)t;bw’[e
conposi tion I's adm'nistered to a subject in need thereof at |east once per

day. |n sonencenibg@®l quantitics of tas mipterialriytofeaseiutfeonposi tion of the invention is
admni stered tvou! LIPeng faxmcﬁjl% FeARRRGEed h RS RICAND Bt fRAiQRGE [ N

t he afternoon/evening {reat ment regl me accordance with
this aspect ﬁbfer Blbel d\mmma mce&sddlvucgnanmlm tbrpmﬂua@anmkocklmnmm«sf they 16

weeks or endi ng on sy ong 9] [ bei ng
treat ed and ﬁ%c‘?rﬁg R & ‘fg’n ‘?‘f?ﬁ %g(% %%g he%%ﬁﬂ tloﬁ@?&éﬁr%;&@%y

ext ended untpidcedshef pat d:rmger@enpem mlmhemnaalnmmmsaare @nathefed abgdtteasito dargers y npt om
of the metabolic disease or gaﬂgr | n._one enb](%g\ netg, gl LPresent

i nventi on pPERAIEY a8HEISd Pi BPAtCnEegRP g s AEFIE PP ahg

associ at ed Wy fiBmbheh PERYaSEH, @ﬁn@i‘onl &SglldburhmbESTﬁé aaaﬁy fibar aodimﬁﬁlnn§mby ect
suffering from or at risk for, devel o’l‘p r"ig type |1 diabetes. hod

The
accordi n§ t (betgrﬁnﬁlaéﬁéplé@g verious Resh igesn 6 AcTE rﬁf@h"s‘@ger%l@ﬁb"rﬁlé@c %frtp‘?ﬂlﬁt‘ €the

hunan subj eg| {a ©0deRRO HimER N
ng/ kg/ day Edgt@m?ﬁ Jggegb%}, &%?%%ﬁ?lgﬂw%%ﬁg%g/g fétks gr from 1350 ngsl kg/ day
to about 45C1‘hﬂgh¢sg/sziEy)uscﬂ haelhn fghITyylfvleggwalgntzﬁaspsﬁtyygla}teméﬁﬂblééld?étfd ¢ fiber

conposition s g .qr e (V ogpri sing
f rom about Afg‘?/%?cg% a%ggieeﬁoz}b(ldb w%( I uegdrrlg a }%g(gin{ ag[{)ut ?%%rgaegout 20%
(W w) xant hgfanglatipn &ired t]ﬁer amllabthe tmsHsize) cﬁbbajdletaﬁﬂxﬁl(w\/b@v)lpcait@mameleﬂdhea time

period effectlvetoa rat easi one synptom of ,t ogr nof
i nsul i n PesilQKhEdakes H‘1 SE P"éﬁﬂ%i{?‘bh e pipt 0 ggsﬁlinﬁc%lg i §5e1tg %f?

enbodi ment s, fifeh @oRBosRINNDEhpERNRI gré@Batadi Mkifg i esrhbiged heesielisiteatiyy sépabﬁhg
conposition for a time period of fromat |east i) vgeks up to 16 wegks or
| onger . Accaraiukged: atends Rydhgic pasticle 5126, hel SEPRPINGIR ﬁd]’a‘f“ﬁ "4t SPBHAF? Hear t

Lung, and Bl,ondid RSLAb WideslTBI ARRKE pRARA R Rxisipld] AGRSRA Ashhekng3pr esent
if a subject” has ee or nore of e fol lowi ng: blood pressure equal to or

hi gher t han t4 80/i88btaimeil by oobini@0gwngay of 30 trees 3bowqe miceng) grnglee of t han
100 g/ % ! B0 %O sﬁ hg&htr lﬁ)grﬁglg{oﬁgcﬁmd(%%ﬁles%@aﬁo’ﬁ?@@ﬁxeﬁf (ZW&%OM”‘E”

i nches or nore I"este under ng/ dL; wonen: under 50
mg/ dL); or tri gI ﬁmepr@emoeqmﬁagluctomaonanhmgiﬂ@n guivamdiBeinatg Ardithe viFparsdiatre, i n

sonme enbodi oratin t
associ at ed \T@%‘Eﬁg{eﬂ‘i{ @g’f&@?@ﬁ %‘%alpﬁdsu t|ger31mreglsclg]s 8@%%& bg%orﬁﬁ%%%sﬂﬁﬁoe t
suffering fr@put 9o, atgmdoﬁisnﬁasnr(suoﬁey&bmmba@ 610%)@ abtbut(*l()%;)et fem abop 60%@

d t t he subj ect ffect \FB/ d
i1 ective 1 GUpHPOHodE BB FE-HRRbE LRGhl car TosbE 10 fe catibp 2k S T evel

bel ow 106 myfdh 506240 J%qyﬂﬁﬁ,t&%bmlm%)cfr&ﬁ%ﬁ@tr%%aﬁcmt b@%@iﬂx&tﬂﬁl pishes
for a male subject, or below 35 inches for a fenale subj% nd/o OH(IS)

reduce t he |(ewel asofromy phguy E&%6; lgeabopi20%e a5 fapm cabauy 11P%, ty 2 P‘@§§ ® HA
150ng/ dL. about 13% to about 17%, or about 13%, or about 17%), and from about 5% to about 30%

of alginate (such as from about 10% to about 20% or from about 13% to about 17%, or
about 13%, or about 17%). In some embodiments, proportions of glucomannan, xanthan
30 gum, and alginate in the dietary compositions contained in the medical food are

about 70% glucomannan, from about 13% to about 17% xanthan, and from about 13% to

about 17% alginate.
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As described in Exanples 1-4, the efficacy of VFC (e.g. granulated VFB) is
denonstrated for aneliorating the devel opnent and progression of the early
phase of wetaboelopmosyndrone in mammal i an subj ects, incl edirmn20h@oedsdl ity to
sl ow the progression 10 of glucose-induced organ damage, reduce lipid
accurmul ation in the liver, preservation of pancreatic beta cells, and

i nproved insulin sensitivity, as conpared to the control group. Methods for
Anal yzi ng a Sanpl e Conprising at Least One Pol ysaccharide In yet another
aspect, the present invention provides met hod for determnin e
conponent sugar s §9mg Wﬁ}@ﬂ@ofﬁ&rm@%ﬁ%}ds [3ES P“Blﬁ'ﬁgﬁ‘bpﬂf’é’ﬁl&?htgﬁ H@}y such

as a dietar Xorgsgfmﬁ'@i(;}?[n G HIRAR I shbjeRt SOfBhI B0 BGoa0d bheTa bisend, fitkf bladpbeX
t hereof . The nmethods according to this aspect of the invention conprise:

(a) hydrol yzompjen sthepspe OERF) seamprisingl dxgy 5 A81ey dacryr i%e UMW an
acid to pr Oggggm%ﬂaﬁdﬁ&h Y5k S fobz}boﬁfaﬂf% o A%ahihGn Ml Mo BEABYELS 10

the hydroly a chromat ographi ¢ nethdd; (c) detecting the hydrol ysis
product s5separuaBex (wrw)stgipaté BYFB/Ehdutods foomplaut fg to Akouh§ele ¢ perggduct s

detected in 20 st.e c), to on I, r ef r g ne the
conponent s8YAAS Pﬁlagbﬁét 1soa51‘8Ia§91835?\]}%@ps?%@%ﬁ%%h@n&%é?%%ﬁ?éﬁﬁ?e
conpri ses atay,@astichossefrahh @bat ¥5 bithas g VEB/€qree deyybodi aselinis abgu £0g snpie

conprises sodium al ginate. |n sone enbodi , S | e.conprises, a
fiber bl end &P/ e BfpTaxs ‘ﬁé?é@@,age‘&&gﬁﬁ%g??ygﬁt@%%@“g%&%%aﬁn%ﬁ‘%r? t 25
xant han gumsgingrBbiis sy MFBAC Citr GRIIC € Innisbrile teRbodiidnad sho inetifehls f@dpeed  of
the invention, the sanple conprising at |east one pol saccg ride is

hydrol y28d Wrimlasgs tcpravide apladu detagg of VERGdpa s 1t 8 %%r_ne%ﬁldtd?rsr’rent s,
the acid us r%%apgtgréﬁbﬂtzﬁ)obnﬁ%&%,esubﬁ adBlotd fldPB0aREkY/8aya Sboltl 6AY -

In sonme enbo the sanple conprises alginate, a m xed pol yner of

nmannur oni ¢ ae/idydayd suphl asrfoom @beuti 190 merke/deshtoeshest PR mede/dakiesusl @f dToysi s
step of the _sa C i Si i (.S carried out under conditions
SRl LIl

sui tabl e to?providé “preservation of L-guluronic acid
as well as the DIhanmdicahifeodapiaiuctFort ik ampéntion i may fertlenirodiaine pdditieriak

initial hydrolysis of alginic acid can he effected wth ejfh 9

sul phur ilg a(?PIHg%f’teI‘@éu’Flb Fg PP AMIGP e\%ﬁ%f h 53’ JEBh rl‘lpsé Vg%rglgg’arﬁgfé) S5

t enper at ur e gh@r colfttdRQUhGuraPSor dgaficihlb@dvdyy, Hyeschierotiandcoldemize hdditives,aeodr dance
with such 5 enbodinments, before stirring in.the al .gi ni c_.aci.d, .ﬂ%ﬁeral acid
is cool ed t FrasevaREh -Tho teAy " vigminsTipeluded duthds pfimited 1oy iamp, 1hdla¥Bghi y to

avoi d f or maty @fniRfacldt PRRothdhe ami,xx%ﬂfd_@xih&_l{i&ﬁﬂ folid A€ ditamninB Y, Uipbiedhcidce and
wat er until the sul phturic acid solution is about 0.5N. The solution is then
heat ed for ssoortioasid, \iaman Boyitamig Daaitamingaend vitain Kaedise inciuded withiohe al ci um
carbonat,g. After .filtrati Shi Gl ATeS MR R thldhni

pr eci pi E?“gte,te%e“{)alrnlnggshfatr%/gﬁagt\?vgf %@t @fpﬁggsﬁgﬁ&g%&) are con_cent%‘raat e&?et hen
passed t hr opgtophospasteso (TER) havie malonmteatidd EdHIBnflavan eaflening edinyaiedtided

pressure to in syru ter further con ration.in,. | cat or
and i nnocul é?‘lmég W?tﬁ‘a Pdr?’a?‘n BPﬁr(g%Wﬁegﬁg? ZI(L:I&(? e%ggtﬁ{r%[a@% %%ﬂlﬁlgi (H?HCT%?%% some
of the | act gnesphhtg INAIDH)Z€Senk it (TR AYY ptdoxdl ythogihhte, bibcyting tdpablydpdiolied

al gi nic acid contai ned nore D-nannyrqnic gci o(li lt?san L& gul Hrlo%gcf aqi Cli‘he 15
After rempvaridefoenranciisstiBpylyiias Bl iantirdndiddetoRBY P RE PSRl IS Ny

D- mannur@noligat aRemanRd also Ghdisdes BhdlindChifhe af€pRhatiRet, byd ghneseiroghaphi c
net hods as described herein. . I'n_anot her enbadi r’rgnt, .t he hiyd({.ol Si s
step of the Barpie eiampl! siferg taimgrsraiceubymses sudals. imad tedliksy rqapirg Baceti c

acid (TFA). hﬁﬁfg‘? Q@e%, ihaﬁdiﬁgvtﬁ@hégﬁnﬁé’aefo, 31882 kron, 29n@6é18S WAl cdppbMGodine,
sufficiently volatile to allow for its renoval sinply by freeze-drying the

hydr ol ysat e.mdgncsilenawmﬁlél,ortwélﬂfswgﬂ,smiﬂrgamawséiﬂlmlﬁwt@n@@r ap] PYEEEH for a
time period ofdi O ARAKH ~£A@R% MU 49 BRI fathelhagabeen shown to

be a suitable alternative ydrolysis in 1M H2SO4 under the same
condi ti @0s. (Houdhs@he ethbddimeérits,itke modied fodrstofghhintemiopsigher icpmpises ®18 hour s

typically suffices far degredation, of 2 ol ysacchari gdes.c S f.
neutral sugdf §}°r‘h%\lﬂB\a§r gs g’f’?ﬁ 0 AOLRGS %gh ﬁ'l’so%?sbc‘)%é%?né of 8 1RO & ol
defined as a substance such as a fat, oil, or wax that dissolves in alcohol but not in water.

As used herein, the terms "fat" and "oil" are used interchangeably and comprise fatty
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residues in appreciable proportion introduces the further difficulty that

gl ycosi duronic acid |inkages are, in general, much nore resistant to acid
hydr ol ysiwotzhamoedoner gl ycosi di ¢ | i nkages. For pol ysacclraricasiigoelsoas t he
capsul ar pol ysacchari des of bacteria, containing uronic acid to the extent
of approximately 16 to 30 % nol ar, hydrolysis in 2 M 30 TFA at 100C under
nitrogen for 18 hours has been shown to be satisfactory in sone cases
(Hough et al.). However, where sugar residues particularly susceptible to
degredation by acid (such as D ribose, D xylose, or L-rhamose) are
present, thecidsmih wmerphodinestssthe dipilar eeabihy cpmapsitian ogwesssH fahisleeed and
subsequent | Y@ tHe@eduptandi g analiity ﬁate.g.,rxﬁﬁyfat%uit&rfa@,lag%in{a@f@w%.,nﬁr i nked
to uronic acid, the proportion of "aldobiuronic acid in the hydrolysate

bei ng f ound %y vg&tabihiabieeg cgeeyhgil.cace buftetnpalin aik pemangitinedd gel . I'n
some enbodi nent s, N f . rhSl lglpate is
carried out by H%?:E a% F}r%[)étﬁ eﬁésshgrrl}g?g&\?\,iﬁ?rhm%ﬁiquﬁgﬁﬁnﬁﬁghig??ﬂggﬁg#ﬁ? IPom
about 48 5t o dmpHsds@nredibktoibortaaniperavinils. Sacyoitgnéindmvegkiabit 08$C.g. candlaut
110C. As desgribed in. Ex le 6, .it..was..det.erm ned by, the pres i nyentors
t hat hydr ol yogll’ s?o)(%efuh O+F$fﬁ’florm7e§ Ho e \%éssagéf‘%we%t"fﬁvé“%‘” eﬁ;sl‘%do‘flyﬁaésef’ | ease
of the sugar(linfeedymib ce@mngl, eot@ngedi «l, pgarat gilwileut dlelindd dl, Wt Gecdadil, ai ni ng
sanpl e. Chronat.ographi c separation of the hydrol ysate 10l n accordance wth
e et hods SSRTITAPARIASS oL ogct A HomEs:H B1Y SHAETRPO) Jee SR atani n t he
hydr ol ysat e gk @nd Hivee i), r QGnivdutdthéestir omat ogr aphi ¢ met hod, such as, for
exanpl e, thin |ayer chromatography, gas chraomatography or liquid

cHon
chromat odr apy (L&) soPhembadingnenhdediped b wedn ths edey {‘j’l(ﬁléﬁség Fstigrenies. | n
sone enbodi %thpfﬁsest&'@ BRLRATR ASi@RR SN er%l?&@'idEs? sﬁéhoé’sb:%?%orﬂft oﬁgpgg%érﬁw

neutral sugars from 15 uronic acids, such as Donex chromatog

The hydr ol ygiilsanst adtecersnesaparchaie tigmeetides iwpurdiedtfonr. aphi ¢ et hod are
detected and co . er.en ndar ds t.o.determ ne the
component - sugar o el o LEkar 0E B ShRARAL AT 8 rE SRR

det ecti ng swjaslsrié¢srent ndeiehtsdorPupasient. Ampenoembadimenbe tleahaticabfoodiaoseding or an

Evapor at,_ve Li.ght Scatteri.ng Detector (ELSD) 20 or SS ectr ter
attached>t o & H&F&g wt‘%ﬂﬁf%% pf‘@’f‘gertgéll?’ém éﬁﬂrﬁf’ﬂggﬁgd‘&%ﬁeté’g HEE i t h
known conponrgbit&, If8smbembstimass,aROinedical FO6PhRSrding Bahéinkltionié Besighed t est
sanple. Alternativel %’éolt he reference standard may be the known

char act er i st'f @vile Bhecls soures ef Boarin dha det donpunansubisqiyandsis (ebelpd andigr ent i on

time/ hei ght /agkadtév@b Rl RYsididh a%é‘cfr@ih%l@?e sanpl e anal yzed by a particul ar

chr omat ogr aphi ¢ net hod, " as described’in Exanple 5. 25 In sone enbodi nments,

the nethod in acdsdigghBedwihahaterp degepwred gf pafiefiarspmpidio hatoerdr dietcase

hydr ol yzinng ;a.: ISl t | i C

ol gi nat & o e Al RER RS L of SR SR RBAGRER Wl e HE R le o o
with a chr o emoaphif dibee tchmsimed mim asnvantiddal ®sly.s tBmrwse trhedical¥8ods adreim;
detecting the hydrolysis product.s w t.h detector, such as an. ELSD mass
spect r omet era;gmgﬁsgerg%ﬁﬂé\?i tﬁ% SPRREVIEat é’tcftae@@tflaﬂr 6tdﬁc?1§&f18 tgﬁtep%lrm%ﬁo‘?’%ﬂ
reference steaimdaicadditional éleRivifibe sifptent@i@nRMingtitgar s i n the sanpl e.

The foll ow ng ex |l es. merely jllustrate the best node now contenpl ated for
practicing the i %ggmealéiﬂ,fg’B‘b‘){/Otjs‘H%BTeaenﬁb‘iveﬁtéO"c%ﬁ§?rr‘t?€é?y toelecthppulatan of

inventi Q8. patients that are under the care and supervision of a physician. The medical foods of the

invention may be administered to a mammalian subject, such as a human suffering from,

or at risk for, developing a metabolic condition in order to prevent, treat, or ameliorate

one or more symptoms associated with the metabolic disease or disorder, such as

metabolic syndrome, (also known as syndrome X and insulin resistance syndrome), type I

30  diabetes, type Il diabetes, obesity, non-alcoholic steatohepatosis (fatty liver disease),
pancreatic disease, and hyperlipidemia, as further described herein.

In some embodiments, the medical food of the invention is administered to a

subject in need thereof at least once per day. In some embodiments, the medical food of
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EXAMPLE 1 Thi s exanpl e describes the effects of the dietary fiber
conposition conprising a granul ated viscous fiber blend, (also referred to
as the viwoauos/fpwer conplex (VFC) commercially known agciPalAzd yoasheX
(PGX8)) on Insulin Resistance, Body Wi ght, 5Pancreatic 13-cell viability,
and Lipid Profile in Zucker D abetic Rats. Rati onal e: The Mal e Zucker
D abetic Rat (ZDF) (ZDF/ Crl-Leprfalfa) was chosen as the aninmal nodel for
use in this study because this animl nodel is considered to be an

excel l ent nodel of adult-onset obesity with co-norbid type Il dd' abet es

and/ or r edudiednyenten ispdminisiered Gvq §mexd dayy prefrabhyise ictheplogypgend aice ) .
Nutr. 132:967- %%FZ) ; : . leachebdLw aplise Res.
Conm 324:9 -69%%%20%/5%; . Nl.Ax %llb%o%]e,%&%agigﬁgzgreﬂr%ges 4:147-153 (1984)).
ZDFs are nuffant & lefratwoereeks tusightt wedka ok loness- n Depgnding eregushifagters asdhg in i s
a protein secrete .adi i L t 4 Fé%ﬁlll' n.
Therefore, IV d{cﬁlegoél Bﬁlﬁ)ﬁ gh?ﬂg Zrteéﬁeé ?ﬁ(g rt%hll%%po?ﬁg)eg P‘Zg“g Sg{gﬁﬁsﬂhté (r%]raelgt:rﬁr%g{ to ré;d uce
appet i t e50r niag b Reidndedsmtii @ patiedDpeatrsecongdiormtion 0ba least engrsymhioghefithg es and

15 becone ohese very rapidly...This el ther.ef or. 0 g I oF: are
obese thr ougﬁeféﬁ?é’F gé?ﬁdﬁg.gﬁgedfcﬁg%oﬁf)g? gtp§esﬁ%cucl)‘r’re§5§ g@@@’ﬁ%%é‘%‘ﬁ%@‘l becone
i nsensi tive it Gwb NehHirgd, per WY 8Sa sreNrdpiuceraent (@l sack bétercerethenls. ab sebabol i ¢
syndrone). The ZDF rats are als erlipidemc,.showng this r del to
be a good msEEPdimsisne AsEIcRldog ﬁg‘}l’gﬁ’é’e‘i‘tﬁ’nﬁﬁ %H%’%Steﬁ}i_etp t%i ngzedt %?‘%g’}bet es
progresses ifytd6r Aok HREG forditdsaer HBy hdBarPbP B MBSl sEfdrvised iR RSy
becoming florid with | oss of pancreatic 13 cell (insulin secreting ((:)?I | s)

popul at i16n. cpiede dichzeeiea ofie eybpRlamale by 2 VA 18X egiitisde hecEterTy
problems in OEQ%tP t(;gi:% eﬁ)ggterggﬁ v)%éhmo@{ SRind Hzﬁﬁ&ffoﬁ B¢ cR&@be@bbIRI ¥ fhdfork.he

ki dneys. Hig ucos cause glycation of proteins, causing diabetic
nephropat hy and Witladsaf MidviegMedieal Fopdages of ZDFs (five weeks ol d) were

used in this stu wi.t hout hjgh fat . ' I ; rperi fothe
adni ni stration o?’yrﬂlﬂc’g}%ﬁ%’eﬁi glglp reégﬁ rtrﬁrF‘%gg%rC@&%lﬂas?%ﬁ%?}g&s ché"gﬁ’%&ggﬂ%}ﬁﬂ]e
onset and/ orfoddegrédectt dvenpBRingr tht ystepf oflhdding @s. effective ditheurs tefnaldietaryreliicer  of
the degree of glucose damage to. protegjins is ted he | obi n c),
whi ch i d5el EOBRPRYIGY, COppEsng & RiStP B EPgs b?ﬁ%g(%gi Phﬁ8?‘?n€?%t 8‘8@?&39‘5@ or
drug appr OVQ:L)mbHsiHQg}ucb Aidh SXERMHan Qhma bR Blgthatel) td BR HEdidie 0@ @béurt.a 180

standard marker of diabetic injury to the kidne The FDA gui,dtePnes for
by g&Re

treat ment ofsomk gpbpdmcpisile F@t@ﬁﬁf@ﬁepen%ﬁmeéica%ﬁad PEYYEL: SOBRTIZES
damage caus LD BerVE BS6unt oME AR fifkRSMmpBRhaNERshriRA: adWeomplex

Vi scous fi bg’?ag%{?% ex (VFO) (knor?L;c/xa%t han/ al gi nate (70: 13: 17) granul es
(i.e., the f(VBE) fdvinehGomesviprone Bserdiend\V B heamprisinglycompaeah X0
commerciglly nQ s, PGX8 inGorporated into basic rat chow (D11725:
Researci‘?%Di eaflg?gwggvg}%r lfr%l%?/c(\%nxlc@ fo\eﬁlg\r/f/’dggt'rsey). Alternate diets used in this
study i ncor por at &gl wifeeembodiments,ortes medsals owin poetuciwis reompBlEed . fonl the di et s

were formul ated to be as isoener,getic ossi bl e given the di.fferen
energy cont rBEHHSK Hemenk ot ppd f%tt?&r‘??zm%vﬁt RNl S?ﬁ’aﬁm %ﬁs%%laste({p‘r%%@i ‘{izled

3. 98 kcal / g pashotieiistdsesedipsrast desbhnte Qfbddaadntglhe dld4se tibed @amovieien skleéct ed

as the basic reference fiber that is insol E'ﬁ %% IS nﬁn-fernisnt@g}:§ and

i s consi der d8 théompdicd] foed,Brofudt SPBPHIE S aftd ?‘ IRE SRR eBR e (VALY .

Nutr. 124 7%%d(§&9&%-ﬁb'ef‘blbﬂld‘ﬁeig$, g RNkcdder B eshprisit BSE aRak ¥8Bito that i s

wat er sol ubl e and non-di gesti bl e and has shtgvvn efficacy in sone (})oudl es

wi th respect90fo(w/mpicticrmarnani(Bih ah dom shoario o R0 P SR A B8O put

the resul ts g1 o6ar PRl difcsPs toRReRSh AL Atom e Sobo (Do SOR; dr fork 2008)
0 u 0

The nunber ructose or glucose units (degree of polynerization "DP")
the inulin wasut$9%0ewatnt W%, hort dbeutaipds)afempDibopestge abgut 20AB|(w/w): xanthan

Conposition of the Three Diets,Contaln it her MFBo, @elidddt P88, orForh NUI i N
(Percent CoritHl {fﬁ%l Bn ot a%%rlééﬁq{énaﬁjgutgy %@F&%’ﬁ Abolit 1% Y abd ;o
30  about 13% to about 17%, or about 13%, or about 17%), and from about 5% to about 30%
(w/w) alginate (such as from about 10% to about 20% or from about 13% to about 17%,
or about 13%, or about 17%). In some embodiments, proportions of glucomannan,

xanthan gum, and alginate in the fiber blend, or in the fiber complex formed from the
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Vi scous Fi ber Compl ex (VFC) (Konjac/ Xanthan/ Al gi nate (70:13:17))
PGXG anul es I nsol ubl e Fi ber (Cellul ose) Sol uble, Non- Viscous Fiber

(I'nul'in) Weearwboodi ets Fornul a # D08012504 D08012507 DP8OAAZ0A/0Cesei N 20%
20% 20% Met hi oni ne 0.3% 0. 3% 0. 3%

fiber blend, contained in the dietary fiber composition that is added to the medical food
are about 70% glucomannan, from about 13% to about 17% xanthan, and from
about 13% to about 17% alginate.

In some embodiments, the amount of the dietary fiber composition comprising the

5  viscous fiber blend (VFB), or complex thereof (VFC), added to a medical food product
formulated for the treatment or prevention of a metabolic disease or disorder is from
about 5% to about 20% of the total weight of the medical food product. In some
embodiments, the amount of the dietary fiber composition, or complex thereof (VFB/C)
added to the medical food product comprises from about 1 g to 100 g per day, such as

10  from 5 g to about 50 g per day, from about 10 g to 35 g per day, such as from about 12 g
to 35g per day, such as from about 15 g to 35 g per day, such as from about 20g to 35g
per day, such as from about 12g to about 25 g per day, such as from about 15g to about
25g per day, based on consumption of two servings per day. The medical food products
of the invention are typically consumed at least once a day, preferably twice or three
15  times a day. The medical food according to this invention is for oral administration.

The dietary fiber composition comprising the fiber blend, or complex thereof,
may be combined with any type of medical food product, including solid, liquid, or
semi-solid medical food products. Exemplary solid medical food products include, but
are not limited to, grains (e.g., rice, cereal (hot or cold)), granola, oatmeal, baked goods

20  (bread, cookies, muffins, cakes, and others), pasta (including noodles made with rice or
other grains), meat (e.g., poultry, beef, lamb, pork, seafood), and dairy products (e.g.,
milk, yogurt, cheese, ice cream, and butter). Exemplary liquid or semi-liquid medical
food products include, but are not limited to, meal replacement drinks, fruit juices, soups
(including dry soup mixes), dietary supplements, and smoothies.

25 The dietary fiber composition comprising the fiber blend or complex thereof may
be added to the medical food product prior to consumption using any suitable method.
For example, the dietary fiber composition may be baked into the medical food product,
may be mixed with the medical food product, or sprinkled onto the medical food product.

The medical foods of the invention are packaged in unit doses, with a label clearly

30  stating that the product is intended for use in the management of a specific metabolic

disease or disorder, under the supervision of a physician.
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Corn Starch 50% 50% 50% Mal t odextrin 15% 15% 15% Fi ber* 5% VFC (PGXO) 5%
cellulose 5% inulin Corn oil 5% 5% 5% WO 2011/ 109900PCT/ CA2011/ 000260
Vi scous Rvbenii@espbex (VFC) (Konjac/ Xant han/ Al gi nate PCT/CA2011/000260

Methods for Preventing, Treating, or Ameliorating One or More Symptoms

Associated With a Metabolic Disease or Disorder
In another aspect, the present invention provides a method for preventing,
treating, or ameliorating one or more symptoms associated with a metabolic disease or
5  disorder, such as metabolic syndrome, type I diabetes, type II diabetes, obesity,
non-alcoholic steatohepatosis (fatty liver disease), pancreatic disease, and hyperlipidemia.
The method according to this aspect of the invention comprises administering to a human
subject in need thereof an effective dosage of a highly viscous polysaccharide dietary
fiber composition comprising a viscous fiber blend (VFB) or complex thereof (VFC),

10  comprising from about 48% to about 90% (w/w) glucomannan (such as from about 60%
to about 80%, or from about 60% to about 90%, or from about 65% to about 75%, or
from about 50% to about 80%, or from about 50% to about 70%, or about 70%), from
about 5% to about 20% (w/w) xanthan gum (such as from about 10% to about 20%, or
from about 11% to about 13%, or from about 13% to about 17%, or about 13%, or

15  about 17%), and from about 5% to about 30% (w/w) alginate (such as from about 10% to
about 20% or from about 13% to about 17%, or about 13%, or about 17%). In some
embodiments, proportions of glucomannan, xanthan gum, and alginate in the fiber blend
or complex thereof are about 70% glucomannan, from about 13% to about 17% xanthan,
and from about 13% to about 17% alginate.

20 In some embodiments, the method comprises administering a dietary fiber
composition comprising a viscous fiber blend (VFB) or complex thereof (VFC, such as,
for example, granulated VFB), comprising from about 48% to about 90% (w/w)
glucomannan, from about 5% to about 20% (w/w) xanthan gum, and from about 5% to
about 30% (w/w) alginate to a human subject in need thereof at a dosage of from 1.0 g

25  to 100 g VFB/C per day, such as from about 5 g to about 50 g VFB/C per day, such as
from about 10 g to about 35 g VFB/C per day, from about 12 g to 35 g VFB/C per day, or
such as from about 15 g to 35 g VFB/C per day, such as from about 20g to 35g VFB/C
per day, such as from about 12g to about 25g VFB/C per day, such as from about 15g to
about 25g VFB/C per day.

30 In some embodiments, the method comprises administering a dietary fiber blend
(VFB) or complex thereof (VFC) to a mammalian subject, such as a human subject, in
need thereof at a dosage of from about 25 mg/kg/day to about 1000 mg/kg/day, such as
from about 50 mg/kg/day to about 600 mg/kg/day, such as from about 100 mg/kg/day to

-17-



(70:13:17)) PGX(r) Granules Insoluble Fiber (Cellulose) Soluble, Non-
Vi scous Fiber (lnulin) Salt/mneral mx 3.5%3.5%3.5%Vitamn mXx 1% 1% 1%
Chol i ne bwoantw@mbd®o0. 2% 0. 2% 0. 2% Dye 0. 1% 0. 1% PCT/CA2011/000260

about 500 mg/kg/day, such as from about 200 mg/kg/day to about 400mg/kg/day, for a
time period effective to prevent, treat or ameliorate one or more symptoms associated
with the metabolic disease or disorder in the subject.
In some embodiments, the dietary fiber composition comprising a fiber blend
5  (VFB) or complex thereof (VFC) is administered to the subject in the form of a medical
food product, as described herein. In some embodiments, the dietary fiber composition is
administered to a subject in need thereof at least once per day. In some embodiments, the
dietary fiber composition of the invention is administered two times a day, preferably
once in the morning and once in the afternoon/evening. A typical treatment regime in
10  accordance with this aspect of the invention will continue from at least two weeks to
16 weeks or longer. Depending on such factors as the medical conditions being treated
and the response in the patient, the treatment regime may be extended until the patient
experiences amelioration of at least one symptom of the metabolic disease or disorder.
In one embodiment, the present invention provides a method for ameliorating at
15 least one symptom associated with the progression of insulin resistance in a human
subject suffering from, or at risk for, developing type II diabetes. The method according
to this aspect of the invention comprises administering to the human subject in need
thereof from about 25 mg/kg/day to about 1000 mg/kg/day (e.g., from 100 mg/kg/day to
500 mg/kg/day, or from 350 mg/kg/day to about 450 mg/kg/day) of a highly viscous
20  polysaccharide dietary fiber composition comprising a fiber blend or complex thereof
(VFB/C), comprising from about 48% to about 90% (w/w) glucomannan, from about 5%
to about 20% (w/w) xanthan gum, and from about 5% to about 30% (w/w) alginate for a
time period effective to ameliorate at least one symptom of the progression of insulin
resistance, such as a reduction in blood glucose levels. In some embodiments, the
25  method comprises administering the dietary fiber composition for a time period of from
at least two weeks up to 16 weeks or longer.
According to the American Heart Association and the National Heart, Lung, and
Blood Institute, metabolic syndrome is diagnosed as being present if a subject has three
or more of the following: blood pressure equal to or higher than 130/85 mmHg; blood
30  sugar (glucose) equal to or higher than 100 mg/dL; large waist circumference (men:
40 inches or more; women: 35 inches or more); low HDL cholesterol (men: under
40 mg/dL; women: under 50 mg/dL); or triglycerides equal to or higher than 150 mg/dL.

Therefore, in some embodiments, the method for ameliorating at least one symptom
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0.1% *VFC fiber granules comercially known as Pol yd ycopl eX(r) (PDX
(r)) (I'nnovoBiologic Inc., Calgary, Al berta, Canada), Cellulose (Research

Di ets, NewoBounswiook, New Jersey), and Inulin (RaftilineCT)cA2pii1/000mbt i,

Ti enen, Belgium, respectively. Study Design 5Thirty (30) nale

ZDF/ Crl-Leprfaja rats were obtained from Charles River (Kingston, New York)
at five weeks of age. The aninmals were housed singly in suspended wire nesh
cages that confornmed to the size recomended in the m)st recent Gui de for
the Care and Use of Laboratory Animals, DHEW (N H). %Bes wer e
approved by assheateFih ﬂi@sl”‘l’ﬁ etsion e isHi Tepinianes in pdumap, H‘b@%ﬁ AETPT®  The

ani mal 10 r g0 VYstdE k}wﬁ dﬁeaebwﬁﬁiswamﬁﬂst@ﬁhg @che Adfbcpanl dfdaouy
l'ight/dark cyc and was t clean and vermn free. The aninals Were

condi t i oned alﬁlountcﬂﬁé/ RRdE Horad tl@le paried effgctive (1) Fedug fsdeodhgarglisese) i f ood
and water a léulggétu{p a level b &Ltl%% 4&25‘&(&9@ tl{ea\tvﬁstv‘ﬁfcﬁm'fém%)beﬁ)%s' gned

to one of three groups on the basi itial | ucose and body
wei ght . Eacho g’rchespfooﬁ miadd subywass ogbulew 3(5%01169[5@' a)fenmlvow iEst; apdier @) FEdHES ei t her

VFC (commer r n (Raftiline(r) HP, a
chi cory- der ﬁ??g %ﬁﬁ?’ﬂwne“adgf F%z‘%‘%l 4 Orqﬁsslﬂ}aag %Pfggdqtabove in TABLE 1, for
a tinme period of A8 déaﬁlled iBExh@pl®Ni4, ahé REficaco of ¥FCe &. gregranubaeid NEBE ds

t hroughout the 8-week stuc{ ingtgu%%\)%i thrice: Weeklé gﬁﬁj nt, of Food
wei ght, weelFgorraied fenaReliostingqhy ent 27y PEOSFSSERR (96 M F ) BB Shnpl es
for gl Ucosen%%oh@%‘x‘nhfo%e 1htmdn§nzﬂﬁh@ﬁbjédﬂsﬁlﬁnddﬂlﬁlgaﬁe msintyftasloecdhapgyesdion of

gl ucose was starte t week 3, while the fasted ana]nn%%lﬁ was started.at

week 1. 10n vhelupes-ipdusedersamizmacs, refyredipidacraguighien VereRfesstVaHaR of ast
time point m?ea%%é %él?s HMd 1&% ﬂlsill‘}'hséeﬁgu% I'—}a @cdﬁ?p‘ire@qgﬁﬁ bordiRfoupt udy due

to the obserpvatl on t gr eat fects of C on stabilizing glucose
level s were obseMﬂel[bdeoﬂ Analyzing alSempM@omphygg atl.¢ast One Pelysaccharidpe

1 e

conti nuously bot serumtriglycerides
wer e neasur @dmfadSHeﬁugig@xutm hfsemﬁlemmpnmh'g belehdt one pet&mtladdarﬁudahsa d@talr)y a

term nal neasurenent, was taken ( ng)éﬁ( Nort h atgt r;@% useétt 5For
al | st udfes TOPHOMROSHAN SRR & S G VEREE S n at
appr oxi mat elyy i NRp&R OBthk ifRnin dobridéya)Hydebi gy @g*)ple Eﬂﬁ@rﬁﬁlgdyle“ﬂ@ne

concluded with two oral glucose tol erance tests, %@;arat ed llgﬁ/ ﬁq!%@ek and a
necropsy. Meakscehasidesvithantasid wPioguefed dydehsates Rletcaptic i éﬂ%ut t he

8- week st Ud%()oodé &1|WH%%%ate%{ﬂ EnrgikoBhabIRE rﬂcﬂioﬁoéi‘é@&lc&ﬂlg(lfle Bydelpsisrent al

f ood chow, t "'was neasured 3 tinmes a week ody wei ght was
neasur ed onqwa)dacbweselh@rated in stepl(oo dndi(dicesserazing theanbygrelysis B&d@?té dgisetedin weekl y

Ot STy 2isD, Al Ll SR hi S Toflen S BEN IR Ay GREN b B onBE s RAET VI 2

retroorbi't al® er an over ni g ood sa were ta
once a meeks&ﬁmeglucose and insulin at approximately the same tine of day

(m d- nor ni ng) . A smal | nt i was anal yzed w t.h handhel I er.
After renoving all S ‘@g?(glﬁmflﬁéﬁlil? FRMIDle, PFARTESes 4t Tegst Qae dle{]? findk Liﬁ(g <E’)t 0.5
L of serumepdsdihRIRY®E saffle ahapiss sodigh alginag. ymebméenmommms thAdzdnpzle onal
sanpl es were coll ect ed via a tail nick whgn t he, anlagal ) hgld access to food.

Bl ood gl ucoSEMRELS b A8 B < gl 0 0 h  CORPEENE LBt BUETUTEEAR 8

(Bayer Hegal t,&af gum Tarrytown, New York). Insulin was measured using an

ELI SA (Ani Lytics, Gal t hersburg, Mar yl and) .
Hydrolysis

In accordance with the methods of this aspect of the invention, the sample
comprising at least one polysaccharide is hydrolyzed with an acid to product a
hydrolysate. In some embodiments, the acid used to hydrolyze the sample is

30 trifluoroacetic acid (TFA).
In some embodiments, the sample comprises alginate, a mixed polymer of
mannuronic acid and guluronic acid. In such embodiments, the hydrolysis step of the

sample comprising alginate is carried out under conditions suitable to provide for the
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Oral ducose Tol erance Tests (OGITs) At week 9 and at week 10, the study
was concluded with two oral glucose tolerance tests (OGITs) in fasted and
non- f ast esloratigoownt h t he non-fasted OGIT done 25 | ast PCEara2bntdoofeast ed
and non-fasted OGITs, a baseline blood sanple for insulin analysis and

gl ucose neasurenent was taken. The initial blood sanple for the final
non-fasted OGIT was al so used for a clinical chem stry panel as descri bed
bel ow. The OGIT for both fasted and non-fasted ani mal s was i nduced by

oral gl ucose treatnent (2.9 gl ucose, by gavage). Bl ood sanples were
taken at 30,relgtye 208, pr%ﬁwa&%o b-FrlvpRie Soif %Seweli H% th Dopewuraicdacitd Frer e

anal yzed f orexgthie Osonaehbodisiéhi, mh&ﬁmaeﬁydro@gls tohalgﬁgasélw%hme efrediewngcond
gl ucose tolerance test, the rats were sacrificed i sof | uorane over dose,

and the rel @itheit 9% galrBunite ped 9 BYe dpre di4 fherrshps twetba Molsuigheia acidhat yegms
Honmeost ati s t RS s § a@ mgﬁﬁf_ﬁéh%ﬁ&‘ DRl U{n%@@rdﬁrﬁ% %%@%Uﬁ the

study as ng glucose X |n IS is generally accepted as a
reliable 5netembdd1ment§hbwmg§tluhmgehe plginiq acidli minewab peid amw}edvmtlhtwewerto HOVA

Scores. I epr gaenkina i GALSI: ttﬁaesgqgtsw%hg{g BEL!BHEE AL rohidh | o B! StROCe:

Conposite insulin’s Fedorore glucose
t ol erance t esiktufdASTthen &ilutedd @sthveeushediceandal ater mﬂzdhmmlmmb hlﬁldf oldtoniing

formila: G Slbout 0. 511\(1) the solution (13 thenqiaégteé\é fJor six ouz (g blochenagn\?v(at!erngatﬂ‘etﬁgg

neutralized with calcium carbonate. After filtration and washing of the calcium sulphate

10  precipitate, the bright yellow filtrate wash water are concentrated, then passed through a

cation-exchange column and concentrated under reduced pressure to a thin syrup. After

further slow concentration in a dessicator and innoculation with D-mannofuranurono-

lactone of melting point 191°C, some of the lactone crystallizes from the syrup, but only

if the hydrolized alginic acid contained more D-mannuronic acid than L-guluronic acid.

15 After removal of the crystalline D-mannuronolactone, the remaining

D-mannuronolactone and L-guluronic acid are separated by chromatographic methods as
described herein.

In another embodiment, the hydrolysis step of the sample comprising alginate

comprises the use of trifluoroacetic acid (TFA). TFA has the advantage over mineral

20 acids of being sufficiently volatile to allow for its removal simply by freeze-drying the

hydrolysate. For example, hydrolysis in 2M TFA at 100°C under nitrogen for a time

period of from about eight hours to about 18 hours has been shown to be a suitable

alternative to hydrolysis in 1M H,SO,4 under the same conditions. (Hough etal). Itis

noted that a hydrolysis time of 6-8 hours typically suffices for degredation of

25  polysaccharides composed of neutral sugars, however, the presence of uronic acid

residues in appreciable proportion introduces the further difficulty that glycosiduronic

acid linkages are, in general, much more resistant to acid hydrolysis than other glycosidic

linkages. For polysaccharides such as the capsular polysaccharides of bacteria,

containing uronic acid to the extent of approximately 16 to 30 % molar, hydrolysis in 2 M

30 TFA at 100°C under nitrogen for 18 hours has been shown to be satisfactory in some

cases (Hough et al.). However, where sugar residues particularly susceptible to

degredation by acid (such as D-ribose, D-xylose, or L-thamnose) are present, the time of

hydrolysis is preferably limited to eight hours and subsequently correcting the analytical
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This CISI score takes into account glucose excursion and area under the
curve with a higher score showing inproved insulin sensitivity. 10For both
fast ed amsonon/fembed OGITs, a baseline bl ood sanpl e forcirrsebivnossal ysi s
and gl ucose neasurenent was taken. The initial blood sanple for the final
(non-fasted) OGIT was al so used for a clinical chemstry panel including:
el ectrolytes, blood urea nitrogen (BUN), creatinine, alkaline phosphatase,
aspartate am notransferase (ALT), al anine am notransferase (AST), and
bilirubin (di r?ct + indirect) and total plasma 15 chol esterol (Analysis
done by | DEXSSY tNé‘f?rrtSHg?@rrs}Pﬁlawg Ipked E’C‘Fff]%‘étaf’é) the proportiage¢ mwmmgrrlye@ﬁunaes I'n
fasted ani majesp dﬁﬁ&s‘df'@ﬁefﬂg%my &ﬁ&n&ﬁé@gﬁﬁﬂs&{ £EHIPRIENAES dehe st udy,
while in non- fasted ani mal s, nal” measur enment was taken

(Anal ysi s done bn sm(mnbmmpmts Gﬁahy@nlyzmmwf%&mﬁg corapristigcalRingiedsri st ry
Panel : The i of used
for a clini cgﬁléegﬁ)é%%?%b%a%n}]gls%g 163“%’9{“%?2{8% ?%Plytl?e%g% %Q)crinol%rgé\ﬁgﬁ?rogen
(BUN), chseat72ioms,at al kabem@retungipp dians ebor KT ttabowrm il AUT.r Assfeserivse if ALT) ,
al ani ne am nQtransft er as S nd, bi | i rubin ndi r.ec d total
pl asma chol erkgfmpfc%lé %V d%ﬁs %‘8%% gh Pfﬁs&g(mﬁogo Ehé%‘?’ WSIS%glsg%ﬁﬁtgetts)
Ti ssue Anal WQIhSUrs@MB éf&bﬁveofortﬂjréroll}lﬁterb],eamnﬁ tie dngys framda shaplpanepassg wer e
fixed 25 inag.O% neut r al Vg#zf/é d formalin (NBF). The pancreas was

t r ansf er r ed 4&F*0ELH An 1"?‘3?‘“?5 SHBPFs. Ti ssues were processed and
enbedded in paraffin. c‘ﬂhﬁngtbgﬁbhﬁ@@lﬁ,z{%Qa@yfmlhgdﬁﬂﬁtateoned at approxi mately
5 mcrons and stained wth hematoxylin and eosin (H&E). The pancreas was
serial | y0secti on@Ha‘ﬁW‘lﬁécea‘t"lthﬁlb‘"‘rﬁb@h‘?ﬁ% ef thissaspeetr fnile infieatiqm dhesbydrolysis wer e
ei ther stai neguktd tﬂé%d%ys'a@&'@@ﬁh %%}ﬁ%ﬁﬁlalcﬁro%a%g'?ﬁﬂl \l,}df]&tHO@ s[fﬂ-’é?se

30anti body against rat “insulin rabbit anti-rat” I'ns
Si gnal i ng Tdehsstoply., thanlayes chmmgetaas)chmmmﬁm 4GEEhe o shiquyd

o o DRy BRI S e Ahel & L2 Sey M| SO REwFRNL (6, oBRE| 000

(nor mal nneapo was used assess
t he overal | elmbodimeots, the mhmpmmgfapmcanethdnhslcgpa:wmdf shantin geutrkbiugansl frogn

depar af f.i_ni zat i.on, tigen retrieval was performed using Declere(r)

sol ut i or>( c&fqm ‘i\feﬂddusé}?aﬁ/laiglroﬁﬂ g}‘PIBWOgrﬁBIPkI in, California) for 15 minutes at
120C, fol | owed bYhé hidrBlykie prodaeR seprmed ﬁﬁlﬂlﬁeecﬂr&nﬁt@graﬁﬂQ InAIRYdr dre YOtettbd ON.
Endogenous peroxi dase activity was quenched by incubation in. 3% hydrogen

per oxi de i n 2BEPYAPFEHtORDESK nms? ref@el?ﬁerﬁmné%rds t5j dedEBingethe CoTRRANSBY WEAF ¢t 20

mnutes in g% aapi@l RIpRLeneAIE MetedbR ssllltmqs%ﬁﬂ@ét@cuhgesngarpﬁmfee\ﬂe Wuishd t he
prinmary 10 antibody for 60 minutes, followed by incubation for 30 m nutes

i n biotinyl dmeRereyeritic Retertor bb@ilqnearﬂruabdiwporm@ Igphtdresttamedatentar (EhSbat ed
in ABC Bhi tg, ﬁ%@gg&tc&&)letér &tbcf?éd toBhH HbgaTE e, Cotyd %'%é}!:@%)e rsﬁa%ﬁ%ﬁgustﬁ‘gg Yl es.

Finally, specinmens were I ncu I'n di antnobenzidi ne
fol | oned by sieplat mdy Iknwmgunpcmlesfs,auambngun as control saﬁqﬂdsom/ipmglleiemﬂmhsyqst an

ddi t [ | d at 5
oM and o ai TG ACEaY: BRIREEF SR BRLOS e P RS o8 OF oy
acids and t fiogé yﬁﬁéulﬁleﬁ))nponent sugatd (e. &/ fett@sors timbMeightelalivdiéla)arefesnad uat ed

observed in ZDFs, such as

for norphologic c related to those comonly

an increase rg?,p Glﬂﬂiﬁ'zgﬁ?ﬂ?ﬂ’%f?‘ic‘blﬁr %’H‘Hn%{?\grial?]f‘é?‘élﬁ@gd’laﬁd‘fﬁﬁﬁmda* Eyegeeration in
the kidngy, panchre@hieCenibdti@ienteible ntl@GRNE hadok@ce WK tHERPLI Gf B iHfRALOSI S.
These changes were graded sem -quantl tati veI on a scale of 0 to 5 based

upon the se¢@FPEys Bidrelyane fistaplagompfitine & lenst eng nohsagebaridesipb ppalginate,  The

liver sli de%/ltﬁtﬁm%gpa\ﬂétfng tﬁyﬁiﬁﬂol%@ﬁ%dmf 150} ﬁ?ﬁ’lg fy@ge ARS8 Hographic
sem - quantitati vel y he presence of Sudan pOSl tive VaCUO| es on a

scal e of 0 mstHd, sich HS 5n H@Lﬁgﬁysth@ wigs e C48 velugin; Q@W@gﬁ@rm@mlym profects s| et
area wi th igsyl] Het?&éﬂ, Ghit€as 51 LEiSﬂaér ﬁgs@ssﬂgcggn%%r, gﬁ?d comparing the detected

30  products to one or more reference standards to determine the component sugars in the
sample.
The following examples merely illustrate the best mode now contemplated for

practicing the invention, but should not be construed to limit the invention.

21-



pancreas slides i munohi stochemcally stained with anti-insulin antibody.
Thi s neasurenent was performed norphonetrically. Ten islets per pancreas
wer e manwabl2g1iombdonned by a veterinary pathol ogi st. AreaeTmadil0ee6d or
insulin staining within these islets were simlarly outlined, and the
percent of islet areas positive for insulin was cal cul ated 30 using

| magePro(r)Plus i magi ng software. Statistical Methods: I nterval data
collected at nmultiple tinmes was anal yzed by two-way repeated nmeasures

anal ysi s of variance (ANO\/A) Significant effects were followed by post hoc
conpari son using Bonferroni's multi §X\MEkEaki sons test, as described in
Motul sky H., | ntigh 'eyﬁmﬁb Ggﬁ% Sﬁlh@ﬁ“ectm thbJal ¥y %b@rycoﬁfp%§1ﬁoﬁ dSmising 2

I nsul i n, chol est ér ol emstries neasured only at the end of the
study i n nograhalsted dviscats fiver blemhe(hlyq acfetygd tmes ey visgaawvAibesceaplex E¥RE)
effects were follo 5 by ® 1 e pl e
corpar; sons PRRF TR TTO 1 Ga NGBS, RRE IR b 1 RE ey kA

Bi ost ati st i @ancrdd¥ic BLdt&llweubﬂitjz y&nd)LQﬁ&Px(oﬁB:QE)ZuclNoﬁhabnnele or di scr et e dat a

élgsgr; bgljslt (r)1| (I\)/g%lﬁ?‘gor 3 Thy hﬁﬂ?t?’ff\g et hg?tKéééf%N@Iy%hffvgr; ty Br ess

(1995) . Si gRhédek a@meaﬁma;hﬁ)dmbleusfe@;h &@ymhybgecms thmmmem@m lssmnsdeusd ng
Dunnets MCT. 10Results Bod ht and Food Ciﬁnsungré 5
graphi cal | y 19 bf g8 texeqlieat m lé>1f1a wi-onset Qesity @it GorTprld %Peilrﬂj‘mef?sd‘fl % on

body wei ght ; %@Y&miﬁ@aﬁm%{y B0 ehifier SpMeE. DYl IRalZugeiy dbAOEt T3 rats.

As shown in A, the i1ncrease in body weight with r‘%z‘fect to tinme was
si gni fi dént I(?yOOth dm’tlé@nll@d |€ﬁat ,h@W@nt e Riepfys.atss. v Ep8us 3469287 0@80Ped
animals or i ed.ani n r dy,

al | Zucker d %E lslog ‘?%fmsﬁ i S’S Af?a\{\%glg %4)9 Znﬁ%sagyglu%%%l&artrg{'eﬁ ﬁﬁn&w

Over the neXicktBiﬁlﬁGetheﬂeseptdrat iefatad isce bfottdlmsserracd bn mﬂlpnseclmaueathat sngnfdhow
gai ned approxwrate re.on.ayerage than rats. fe Cco i pi.Ng
chow. Si gni fPREYHR S Teﬁsé?’gn esref%ef\%éﬁ Ig‘l”?ntf 38; %’f@ érsis celﬁ ?I%I%agié -t(por

l nul l N- cont éduic® Apptiti@d &r &ﬂln\d@éeesafﬁb@er ZEH thts agvneeK fobdtad wepekigB rétdhandynbol
"***" jndicates p <0.001, Bonferroni' I\/C;l' No, S|gon|f| ant 0?lef gﬁ:es

wer e obdér végedig ‘\)@éﬁw"%f@@édmﬁlﬂlqdﬁl BERFIER PIRC SEORLG R ATSi Gse(f'ﬁfé’fl

FIGURE 1 B graphif %alAsy th'elzﬂfsfalfsaﬁé%mre RBese! ﬁl@?trap@ély YE&meCigtbdnbitios & inflini NUl i N

diets on food consunption (g/day) over tinme during the 8-week study in
Zucker di abgtst@s sednsin pAgn Q%Sosmfﬁmrdltﬂ aF in@uRelia Byndreyae). cHBiresGRPt e Bradlso
S|gn|f|cantl cedl rats t e EEKS if t he
synbol " h&aelrc}é ¢ic sh@avYI& ht1{ ﬁ?kl%gel % haf QJOd rﬁg&‘c}ei lférsl‘b@t%ylg gﬁﬁes 5 <0. 001
at week 2; amdlahdweo@eylmbml thé’thabetndpmgttemsmthé)ZDF Imdell;/eminlas)o tthmrqsmlake in
t he VFC rou emai ned | owe r emainder rotoQ

al t houg af t”grhuﬁq%e%o‘?lﬁ’tgoﬁ?wg (fft Rnerediy & SRE Gl mshﬂén Isecr T CiR)
statistical |p)6 ﬂhﬁ&rﬁrﬁﬂklﬁsrﬂéﬁlrﬁ@gﬁyb&e@b%&fe dx8s GhubfRes cadhﬁhg&pr@b’]dzrﬁs matwdth

di fferences were observed between rats fed |nuI|na d cel qu e co qlnlng
di ets. ZiRftssandgman/mith Qg TUREHRY PAGRM AT it 19 ]9 e G
§g orr ect 5302 gﬁsgfé?%réahf\‘g@f PRy RhRRMe é&eﬁ@lﬁéﬂ%bﬂﬁﬁ{ﬁiﬁﬂ vaScub dﬁﬁfa é d@m)ly Rat s

n-contalning ¢ how typicall'y ate 21-27 éeg
(corrected fages fiFiDisdfes wedkaiolders usedireipis sy Nﬁ@l@‘{ltwlgiﬁfaﬂﬁedlk%éll reeny9 .

In summayy, de@%ﬁlt%e Eﬁ%ﬁé’%ﬁnggm%tfﬁcgugﬂ%r ¢ RAHIEAREC) Qraﬂﬁ?l@é’cd‘éﬁd Sy ok t h

respect totlrre ica observe n the ZDF rat nodel was significantly
obt unded mohmbn&aﬁd/Mﬁ@duce@wtsederﬁwama@teSG ycemi c Control: Blood Sugar and

Met abol i sm | fLect
cel l ul ose-, or i ﬁh?l %@%ﬁt@ﬁrm nafptlc}} (@glj%r?'ff%st%%a%a%ﬁao%gggﬁucosels %&’ %JRE 2A) ,
fasted ser umlemnglubmn(}(bEsIIG,JRE[naB)s, elacated msZB8s,bk owd gleuchthe rhfdt GupEtaC) , and
fasted Honeost 3 I\/Q . .

mar ers or drug approval in man. Measurement of albumin in the urine is also a

30 standard marker of diabetic injury to the kidney. The FDA guidelines for treatment of

diabetes require glycemic control and reduction of tissue damage caused by high glucose.
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10 Assessnent (HOMA) scores (FlI GURE 2D)
8-week study. As shown in Fl GURE 2A,
rats wer ewoabiigeavl y el evated in any of the rats,
observed in glucose values for the VFC-treated rats (the synbol
indicates p <0.05 at weeks 3 and 6).

insulin levels in fasted rats was reduced in 15
t hroughout the study period,

statistically signific
i ndi p<0.0]8[fﬂ%(’ld§

i ndi cat es

er week 4).

As shown in FlI GURE 2B
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ngn

the serum
reated rats

in ZDF rats over tinme during the
t he bl ood gl ucose values in the fasted
wi t hpelri@hdiliaerseases

and the seruminsulin | evels were reduced at

antly levels starting at five weeks (the synbol
As shown in Fl GURE 2C,

gl ucose val ues i pighgnheited Rat €Rbw ats were significantly reduced in
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cel | ul ose- ccpatyaieﬂzm@ndDet)snfthe inulid wasH9 %% P Sswith drcaecrdgr Dhgemge 28our se of
this study in fasted rats was assessed by cal cul ati ng honeost asi s nodel

assessnent ( HOWA) .

of the study forABLE 19/CUaRDsitiohbf tht Thick IIE@@CBMth@SEﬂ&@r VBB, Cdlubsé,ed a

VFC-containing diet than for rats fed_ cellulose, or

di fferences 10 bet weerPrVmdin/(Bersend Coairibyhigysed Ipgredipgnts

and 7 wee
<0.01, as
obser ved

gr aphi cal
scores fo
di ets dur
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during th
animal s s
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As shown in FI GURE 2D, HOVA scores rose over the course

seen at 5, 6,

S (p <0.05, as indicated by the synbo] "*7) andat 8 weeks (

i ndi cated by the sympRbousTibe} CoMglegi gni fIhs(z)ane di|f f suletie@donver e

pet ween rats fed cell ul ose- or i nulin- é i Ni Ng dgets El GURE 3A
y illustrates the |conposi (¥ %hsulin sen5| Fity |i ndBREESF) 15

r fasted Zucker d|ab@@hﬁmbgggmh@gggmgher«yﬁgkmgelIulogﬁmH@r inulin
ng the 8-week study shown in GURE 3A, CI Sl scores

d for the OGIT test(7%135§ﬂ8@X§Hﬁﬁ@ﬂ§3mere si gni fli cantly hi gher (p
rcated by the synfjol™ ") Tor VFC-ireated aninals, further

| REGalc APIQY EGulistl i N sensedoivsdey for | besovE<79r|oumass1zmBparied
tutose- and inulin-fed groups. Z0FI E 3B graphically

P6adehe conposite insulin sepgihtivity inpdexa@ee! Sl)| scor®®,for
Zucker diabetic rlats fed either VFC | cellulose,] or inulin dilets

eVRtgeke study. As [shown i np§9.GURE 3B, | t hep. 3%C-t rleat ed).3%on- f ast ed
owed a significantifly higher Sl score (p <0.001, indicated by

Cotn*Starth t herefore higher Boesul in sensiti®%y, as conf®ed tg the
and Tnultn-treatgd 25groups. Peak glucose |evells were seen at 30

Optattedcieg@se chal | enge, and tiwg 15% 15%

Fiber* 5% VFC (PGX®) 5% cellulose 5% inulin

Corn oil 5% 5% 5%
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VFC group had a significantly | ower peak val ue conpared to the other two

groups.
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at week 1. In the non-fasted animals, insulin was only measured at the last time point.

The analysis of the non-fasted state was added to the study due to the observation that

greater effects of VFC on stabilizing glucose levels were observed while the fiber was
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nor phol ogi ¢ changes related to those commonly observed in ZDFs, including
an increase in tubular dilation and an increase in tubular

degener atwonbriegewer ati on. Several renal pathol ogy parametraraosiovzsd

di fferences between Zucker diabetic rats (ZDF) rats fed a VFC-contai ning
diet and ZDF rats fed inulin- or cellul ose-containing chow 15 FIGJRE 5A
graphically illustrates the effect of VFC, cellul ose-, or

i nulin-containing diets on Zucker diabetic rats after eight weeks on renal

tubul e dilation, based on a histologic scaore of O0-5, 'tg 5 bgi r]% t he nost
severe. As ghoigally prespnGiRthesastraippiiingl ek dtelyrfugde t@cfg?té atfhe guckapralysent

in VFC-treatgd. 20, §i@kShoth daGOMdr Aizhe. [HDMEd Ghln@ld, CRriMASrifI0tRded dehe
present in ZDF rats féd celldlose and inulin. The 20 scores shown in FI GURE
5A showed anshsyridf ithranghout ethe nendy, etvhidet in( ordastrdl animpd, cerldabierpial synbol

"*") between th ' in. No significant
di fference \W/fésug%ng%l?§§%ta¥(%d@?{g%%gﬁ§%(lr)%ﬁb'ltn %ngéh&l:s {Rzﬂ'i on between the
ani mal s fed i nul For ahdtudies,| the bked semploRms&Bfgrgptvse ahd yosulin werg takes at he

effect of VFC-, .cellulose-, .or pnul i-p-cont ai ny I

di abetic r af’%prnglfn@}'ekyeﬁha ﬁ?m%lg'lgs(’%?hco nay;ténr’lé;'fno ulé)%l gfh Qhnfdy St SRttt
degener at i Ofké B@EglatRE toditandd &sedseparated by atwakbgind asieaogsyof 0-5, with 5 being
t he nost severe. As shown in FIGURE 5B, rats fed a VFC-containing diet
showed an aver agMefiiteire ®iegener ati on/ regenerati on score of 0.1, which

score consists Ofh@fpHEMne nffastkerh St R kR MRbUdhYNt theIs-MRek &tady: and a score
of O (wthin nornal Iin‘its%efor the other 9 rats in 30 the group.f I(P
00

contrastl0 the av&pedydnighesRefprsr andagfier ringodpron ek exrrigwatal dpod chow,

i nul i n-cont i g Al e1S:MBSintes G wedf. further shown in FIGQURE 5B. The
treatnment effect of VFC on reducing the severity of tubule

degener at i on/ r eg8nér me¢ighsrwanasasireggh¢rice eayeek.(p <0. 01, indicated by the synbol
"rxm)y o owith oa significant diff c r . Ver sus
cel 1 Ui ose or 1 nuPitd CGes Ik IRABRE ReRRe BL R b e oL ween
cel | ul ose okxpdiiticntal chow, blodd GalREolkCtedrapnétmaltital blebdi sfteraaregverhightefiaftect of
VFC-, cell u:Bgse-, oge i nul i n-contai nik(r;ﬂ d]EBet S o(g. Z ck%r di a.begilct rat Se after
8 weeks 16n 1B0nd sampples oredpkes 0BG R HEFKMT SRS NG sy 3t 2PRPFAIhE RS Saneyt o5,
Wi th 5 bei nginfehyt dap&hidSBNRMS). ASnfllQjEntith whs AIREed Giithta ten@ihedTEincdnidter.
mesangi al expansi on_scoring showed | ower scores for the qroup receiving the
VFC- cont ai niAdT simavings? @ esiln amlysisel miyvgsalloed forflgt &2 Antiariithg
diets. A thQough.thedSGeLEyIAfolMBERARGHR coRRRNABmoh R 36REEs RS @llkcted
statistical significance (p <0.05)," the only Bal r of treatnment groups that
di ffered 10 v&i gtail hickarieh yheomipds badnseess exsfopfhgBloed gluchse eas sRAISUIEEEINGTC and
inulin nt g _nin i . < iNdL.c t iﬁ(’;}P "o b, @
strong ? gnd?ﬁ@? ‘fgsocg SZ‘} rﬁle1 E%lé‘go’g%“c@%g%rr%c?ﬁg oé)a)téﬁeﬁ%r u’gjse y %?r)é%'. mlggqulhcr eas
FI GURE 6 gr aphineadured dsidglaatBlds & sAtiHeytips Gaghtrslgeg,Marplandr eat i ¢ i sl et insulin

15 i mmunoreacti v r nt i u i abetic rats fed either VFC
cellulose, or in r%rrﬁlgf‘gfggéf""tcﬁgeéﬁ@(g#?ghe 8-week study, as determ ned by
staining w th anfi-wek 9l agubi Wednto, e wtudpswash omelided FHiEURE Gralrduesé ed a
VFC-contai ni ng di et maintained a higher area of i-r@l?‘ lin if ngggﬁ,?cdti vity as
a percent oftolegpes tests (@Y Ths)ey fpgtedsand npop ?tffgfatiaé(ﬂ SR B a 1“°RBss) ,

as measyiked iy FRY RstbAEMNQRAL BHAEOSTITS 4 Baselds HdRahsd Oinflinsnblgds 20
cellul ose- or inulin-containing djiets. ANOVA anal ysi s sh&wed a Si g]tlﬁ%l cant

treatnent efapéelucpss mesyEmEnt Vadpka: ethepyitish Blogg spygple e the final jpan- st hoc
testing Showfwai ALENGE ForRRIMBANLERLEy bat ¥Wdescad bl ul ose- cont ai ni ng
diets (p <0.001). No differences were seen between the aninmals fed inulin-
and cel | ul ose- cothaiO§iTHgfadibethstastedrpd pemfasipd animadewaninguess iy Helaelugosh dat a

showi ng | ower fastij,ng ser [ L2 j ( E

greater | n\é\ﬁﬁef‘tﬁl e%e@s@f% gllugo;pe’(llﬂ—'ls%%éé %B%?ngﬁgl}eég’%}eeq?%gt#%%é?&% dagggi C
rats fedoa Vhfuteo#fteitri ghgeosd phd med weraianalgzedifonglhicosantd psmembient. ritshe ve
capacity for insulin secretion in c arison to . rats fed. a,cel.l W ose- or

i nul i n- cont &PRilRPPThe sesopdaticoR t@&g%‘ﬁ? &b 1% 1Aty ‘G’grtersg‘frg‘éceil %@ ! Ollﬂél 81'%gi cal
score for paRekisal ifd theteflvamQrgn QetedapREted R hastopatholoyicaledblysinf i | trat es
present in Zucker diabetic rats fed either VFC, cellulose, or inulin diets
at the end of the 8-week study, based on a histologic score of 0-5, with 5
bei ng the nost severe. As shown in FIGURE 7A, there was no difference in
treatnment effect observed on the scores2for the presence of islet

nononucl ear infiltrates. FI GURE 7B graphically illustrates the

hi st ol ogi cal score for pancreatic islet cell degeneration present in Zucker
di abetic rats fed either VFC, cellulose, or inulin diets at



5 the end of the 8-week study, based on a histologic score of 0-5, with 5
bei ng the nost severe. As shown in FIGJRE 7B, scores for the degeneration
of islet welbsi/meye absent in rats fed a VFC- cont ai ni ngpdirata2oandoisended to
be higher in rats fed cellulose- or inulin-containing diets; howver, these
di fferences did not reach statistical significance. FIGJRE 7C graphically
illustrates the histol ogical score for the amount of 10 pancreatic islet
fibrosis present in Zucker diabetic rats fed either VFC, cellul ose, or
inulin diets at the end of the 8-week study, based on_a_hi &]gcl}o i c score of
0-5, with 5 bei nfompestatisModeh Assessmeng (H) ?Cﬁfeﬁlwle}’@,tei “égo‘?tél?e t he
amount of | shaf afhbLABLS JRRARAMA HEThOWalenblly Rospibedh drclfitle GambabNi ng

di et conpare o rats fed cellulose- or inulin-containing diets; however,

t hese di f f eslBrvdes chingen it insela fesistaned, Stithclewes HEHVLA| searee eeprassninsc FREFE! f or
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effect of VEC-, .cellul.ose-, or 20 inulin-containing diets on Zucker

di abetic raf@ %R TBYEht weeks on hepatic steatosis, as measured by
reduced Sudan bl ack staining, based on a,histologic score of 0-5, with 5
bei ng the nost severe. Ascishewn—in ELGURE-HSA__rats fed a VFC contai ning

di et showed | ess hepatic steatf6is, [ mbasuyd@ipy,.,Sudsn, bl ack staining) than
rats fed cellulose- or inulin-containing diets. On a scale of 0 (within
normal limts) to _S\ésevere), rats fed a 25 VFC-contai ning djet averaged
3.4. This conpar ERis\IShsepre taeseingt acpopntsglpcope excursaen andoarpd gndss diecBiY&i ni ng

di et d 4.]. . i:pul IR iet. Th diff d
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di ets (p0<0.01, Her bl fasteddndynontfestesly PHIITs; & *bapelinkicbleddyaininle gart insulin

di fferences re observed between r uli.n- I ainin
! 11 1QS e SR 9

di ets. 30Rata§m§¥sésda ds%]{'f SE ST ‘gi&%aj(grﬁslorﬂ gﬁ}g\g\lfeddapgqsg epat ocyt e
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diets. FIGU B graphic illustrates.the effect of VEC-.. cellul ose-, or
i nul i n-cont gfoﬁﬁr‘ﬂéegad?lg?%engh%cﬁrg?tm&?eaﬂgﬁul? ﬁ‘é?ts%ha b SPPRARINLOERS RS i ¢
m crovesi cul AL TY kb atdiandfasQA AST),2anb ibSlirobi gdieecs € ad@reaf add total pladrhd 5
bei ng the nost severe. As shown in FlI GURE 8B, m crovesicul ar vacuol ati on

was scorléd abolewerel(@nplysiadpnebyt IDEXSY Northrptiprs dassashusettil i n- cont ai ni ng di et
(average score o e @Pides! T GORLT Afinald Mefund QH@cEG GRS Fhdabied di et
averaged a scor eggr?'"g.giy(y?hpll)lde)s. Dunnet s'1 I\?CT shovvedggc_si gni fi cant

di fference liebughent theotply, frditle \iF@og-dastesli ariimglsapdy Sc@mighlomeasssienl ihg
diets (p <0.0Q01,,as indicat |\ o X% 2 t not between groups
fed inulin-" ﬁ%l(%réﬁ%(sb %E%-%gg%g?éhlﬁalgh %%%@%.Massaeh}lﬁt JRE 8C graphically
illustrates the e€flihizat CohbmisHE- Pareé| Thd oseéal, blowd sauple rfor diret fnali my-idited s on

Zuck i abet i t ft el ght Kk .h ti ieul ar.
vacual atPon OGELBE Bd o LPiUeRS S GpBd B SRS B Thiross 10

severe. As 3BOW) cRafilifd Rikdee ptosghatasé,r ephii@e tangnathpsferas@ (AQTES dlenihar
hepat ocyt e vacuol ati on was generally | ess prom nsnt thag gailscro el(ss‘i cuLar
hepat ocyt e PHERSRESFraYe, (ARD)r @nd SEpreRin; (e dpdieesy ) tal p5rEe %8 WE3t e
FI GURE 8B t QaR%)sis Y¥elb§ IDBKK, SioMB Griton Mdbdaing@Ry.ai ni ng di et showed a
tendency to have reducéd vacul oation as conpared to rats given a
cel | ul ose- cont ai sy dnelysis:t Anslobr pf Bredivee onakidney. a8d i reprrean yere fixed
signi fieant  , IRnuda idered Shnhiheant THe bher&Ghs hahWesl rouPaniRd VFC
versus ¢el | Ul 0se-contai ni ng and inulin-containing diets (p <0.001, as
i ndi cat ed byfteti lprsb olisstes wene progssseil gnd fhbelded i paraffian dbe livgsraad Lelagy

i nul

bet ween groups_ fed. i n-_an | . - t.at ni:ng: i i :

hepat ocyt e d‘%ﬁeeﬁee‘:?lg{l? oft & ég)fllglﬂéég's?g& 1gr?>§soﬁfs?£g€\ag%h2\9 ltﬂ?(g% §ttoég\r}aﬁfgll“f(ggssmsevere
scores in rgH&E).eddk pamgedyascendlBi sebtitmed iteice abegprotimstelii dmivoinsy @dche
statistical significance (data no shown) . . shawn, bel ow i n TABLE
2, several GFIRPEHECHER é?lp WH@&E%"?B’F gn@w%ohﬁéoﬁﬁ?‘?@kfaﬂﬁa%d ‘é’ﬁ%\%ﬁouge

subst angpal hfigal r%fnstef‘aft §&dufin Vi 800 M6t ahh8athRRd@in, CelNgighRHgal @htdeey,

am notransferase” (ALT) and aspartate am notransferase (AST) are rel eased
into the bl dwaviyy Mespachueetib) ul ar injury, even with intact cell menbranes.
Sprague-Dawl ey rats with no 25 overt liver disease range have ALT | evels
from22-48 UL (IDEXX reference data).-26he data shown in TABLE 2 showed
overall treatnent effects with regard to ALT and AST | evels. Post hoc
testing showed | ower blood ALT levels in rats receiving VFC containing diet
conpared to rats receiving cellulose- or inulin-containing diets (p <0.05),
and significantly higher blood ALT levels in rats receiving
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30conpared to rats receiving a cellul ose-containing diet (p <0.05).

Bl ood AST showed a simlar pattern of results as further shown in TABLE 2.
Spr ague- Daol2ey/mad08 Wi th no overt liver di sease range hace/cASaileembs from
33-53 UL (IDEXX reference data). Rats receiving VFC containing diet
averaged approximately 170 IUL, rats receiving cellul ose-containing diet
averaged 870 IUL, while rats receiving inulin containing diets averaged
1010 U L. The overall treatnment effect was statistically significant (p
<0.0001), alt hou?"r: the difference between the groups fed inulin- and

cel | ul ose- cont ai fitmynefiigedeyisirinot significant, the difference between
groups fed VFC [anthdhitdcHiRRRy AR Haiehinled i fBliSwNain SédtyPef dog@sit anfipods0. 001,
Dunnets' MCT). Rats fed a VFC containjng diet had | ower serum al kal i ne
phosphat ase (Hoswal| mbbit a6 RED Prterese | Yignerpelis, oYinngiats) ivasobedi i aeFSHit s, as

shown in TA . mal.; | ! i agEs 4R ey
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liver, and elevations reéeflect conprom sed hepatic function. The nornal
range for gBobingamef dialifpriaufer Cflaniaytes.at Finallyp edimensgy/vare (inpybrigd2
reference data).. ,As .sh i i Q .1 ons averaged 3.4
g/dL for r at%lsa@%(g’éaﬁ}?lﬁg%g 5\7%&1@%%550?%9%8%5# é‘ltog,aylglnégﬁﬁt.@%{agrﬁ%é?& 9 g/dL for
rats receiving cebllawingeccandy, auddditioadritvar lobegaslsspsrozem spdeddedah WCIThe

effect of fiber t. ignificant. <0.001), . Wth a signjf] t
di ffererde BBY &% ﬁ&gir %\%Sp@fagla W%a‘?%é 5%%’31%%&% 8?1at13ésllsn(i§flnlg)q% ﬁ%‘\g/ivg?égﬁe 001,
Dunnett's Mgy aclldand@iglRefidern groups fed inulin and cellul ose containing
25 diets. Simlarly, rats fed a VFC cont a'ini g%ﬂdi et _averaged O. 113t ﬁErg/dL

r Tt s fed

total (direct andllisidey ®aipsd withitpwere aaluatedifr MerPRAlSEEE Sanges
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respectively. The reference range for Sprague-Daw ey rats is 0-0.4 ng/dL
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(1W ANOVR, - K 20,68) T S0 8R)orad Ldhnidugh@RiJel oY s} dtofd ShaRaephet ween
gr oups 8d \?&éoglg’ngg?sgi%}ﬁ%@%slové’%g gfagg%%%[g?qu&tnnetet' S I\/SCT) but not beF ween
groups fed itimdeveritanfitheefindingpweh & baingithrd mopt dévetes. Al t hough gl obul i n and
bilirubin |levels re wwthin normal limts f I r f VFC
contai ni ng di et gﬁ%vﬁﬁr §li‘d§ﬁi %}ialgggﬁtﬂ}h r%‘\kdéf—‘ g%ﬁlge!ﬁ?rgag ?%ﬁastec{ Satgg gga%@of
bot h anal yt esmiquantigtitdie f@tiResregha@ufSudatiggesiositige vaqpoley exla scalest Ftardct i on.
The normal range for bilirubin for Sprague-Daw ey rats is 0-0.4 ng/dL
(1 DEXX r ef erM8Riceba Hs mMORG S Gni fi cant differences in bilirubin were

obser vedsbet ween Thh @eReitr SathIBAL 460 WG indliBUpIsitivevdrile fvak snaymthesihed by
the liver, was simlar in all_ treatnment

of key anal yeeseasaRlides aifnf{l‘l*f@hisgﬁc?ﬁfﬁiéﬁl}yoﬁ%égﬂf PS’Yéth:srg\‘gbflt_igls‘i‘%W ?Bﬁgﬁst e T?ﬁf:rkgr
di abetic rats.,(hasglivig p@ﬁ&%ﬁd%ﬁﬂflor@&ﬁ%ll@alTeﬂQﬂetﬁ et Shcfal WrreRhgtualtyC
(PeQ) Cell L(I)ugisngd llo}rf] g lv:atgrinary pathologist. Areas positive for insulin staining within these islets
were similarly outlined, and the percent of islet areas positive for insulin was calculated
30  using ImagePro®Plus imaging software.
Statistical Methods:
Interval data collected at multiple times was analyzed by two-way repeated

measures analysis of variance (ANOVA). Significant effects were followed by post hoc
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Chol esterol (nmg/dL) 179.6 6.4*** 383.7 23.2 350.8 21.3 Aspartate

am notransferase (AST) (l1UL) 165.9 24.5*** 871.4 109.3 1010.1 169.1

Al ani ne awonotvmsmberase (ALT) (11U L) 93.3 1 13.3* 299. #CH/BR0A/NTBO7 T777*
?|3I4| r2ubi79*££rg/dL) 0.1 0.0* 0.2 0.0 0.2 0.0 Alkaline Phosphatase (1UL)

comparison using Bonferroni's multiple comparisons test, as described in Motulsky H.,
Intuitive Biostatistics, NY, University Press (1995).
Insulin, cholesterol, and blood chemistries measured only at the end of the study
in non-fasted rats were analyzed by one-way ANOVA. Significant effects were followed
5 by post hoc comparisons using Dunnets' multiple comparisons test (MCT), as described
in Motulsky H., Intuitive Biostatistics, NY, University Press (1995). Non-interval or
discrete data (e.g., histology scores) were analyzed by the Kruskal Wallis test as
described in Motulsky H., Intuitive Biostatistics, NY, University Press (1995).
Significant effects were followed by post hoc comparisons using Dunnets' MCT.
10 Results
Body Weight and Food Consumption
FIGURE 1A graphically illustrates the effect of VFC, cellulose, or inulin diets on
body weight (g) over time during the 8-week study in Zucker diabetic rats. As shown in
FIGURE 1A, the increase in body weight with respect to time was significantly obtunded
15  in the VFC-treated rats versus cellulose-fed animals or inulin-fed animals from week 1
on. At the start of the study, all Zucker diabetic rats had similar body weights
(approximately 160 g). Over the next three weeks, rats fed cellulose or inulin-containing
chow gained approximately 40 g more on average than rats fed VFC containing chow.
Significant differences between rats fed VFC versus cellulose- or inulin-containing diets
20 were observed from week 1 to week 8 (The symbol "***" indicates p <0.001,
Bonferroni's MCT). No significant differences were observed between rats fed inulin and
cellulose containing diets.
FIGURE 1B graphically illustrates the effect of VFC, cellulose, or inulin diets on
food consumption (g/day) over time during the 8-week study in Zucker diabetic rats. As
25  shown in FIGURE 1B, food consumption was significantly reduced in VFC-treated rats
for the first three weeks (the symbol "*" indicates p <0.05 at week 1; the symbol "***"
indicates p <0.001 at week 2; and the symbol "**" indicates p <0.01 at week 3). Food
intake in the VFC group remained lower throughout the remainder of the protocol,
although after 4 weeks into the study, the levels were no longer statistically different from
30 the other two groups. No significant differences were observed between rats fed inulin-
and cellulose-containing diets.
Rats fed VFC-containing chow typically ate 20-23 g/day (corrected for spillage;

equivalent to approximately 70-85 kcal/day). Rats fed cellulose or inulin-containing
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327.7 46.8 302.3 30.3 dobulin (g/L) 3.4 0.1*** 4.0 0.1 3.9 + 0.1
Albumn (g/dL) 3.1 0.1 2.9 0.12.8 0.1 Blood Uea Ntrogen (ng/dL) 10.4
0.6 13.4 woQoin/1v9900 + 2.6 Triglycerides (ng/dL) 276.4 +pre4/@\2R2iAB00266- 43. 5
352.6 + 67.6 10* significantly different fromcellul ose group (p < 0.05)
** significantly different fromcellul ose group (p <0.01) *** significantly
different fromcellulose group (p < 0.001)

chow typically ate 21-27 g/day (corrected for spillage; equivalent to approximately
75-100 kcal/day).

In summary, these results demonstrate that increase in body weight with respect to

time typically observed in the ZDF rat model was significantly obtunded in the
5  VFC-treated animals.

Glycemic Control: Blood Sugar and Metabolism

FIGURES 2A-D graphically illustrate the effect of VFC-, cellulose-, or
inulin-containing diets on fasted blood glucose (FIGURE 2A), fasted serum insulin
(FIGURE 2B), non-fasted blood glucose (FIGURE 2C), and fasted Homeostatis Model

10  Assessment (HOMA) scores (FIGURE 2D) in ZDF rats over time during the 8-week
study. As shown in FIGURE 2A, the blood glucose values in the fasted rats were not
greatly elevated in any of the rats, with slight increases observed in glucose values for the
VFC-treated rats (the symbol "*" indicates p <0.05 at weeks 3 and 6).

As shown in FIGURE 2B, the serum insulin levels in fasted rats was reduced in

15 the VFC-treated rats throughout the study period, and the serum insulin levels were
reduced at statistically significantly levels starting at five weeks (the symbol "***"
indicates p <0.001 after week 4).

As shown in FIGURE 2C, the blood glucose values in the non-fasted rats were
significantly reduced in VFC-treated rats starting at approximately five weeks (the

20  symbol "**¥*" indicates p <0.0001 after week 5) as compared to the cellulose- and
inulin-fed rats.

As shown in FIGURE 2D, VFC-treated rats had significantly reduced HOMA
scores starting at five weeks into the study (the symbol "*" indicates p <0.05), with
weeks 5—7 (p <0.05), and week 8 (the symbol "**" indicates p <0.01).

25 Generally, under fasted conditions (i.e., animals tested in the morning after
approximately 16 hours without food access), the ZDF rats maintained much lower blood
glucose concentrations than those seen under food-replete (non-fasted) conditions
(compare FIGURE 2A to FIGURE 2C). As shown in FIGURE 1A, for all fasted groups,
blood glucose values were typically observed in the range between 95 mg/dL and

30 145 mg/dL, which is considered marginally diabetic, with little differences observed
between the VFC-, cellulose-, or inulin-fed groups.

As shown in FIGURE 2B, under fasted conditions, rats fed a VFC-containing diet

maintained much more stable serum insulin concentrations than rats fed cellulose- or
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Di scussi on of Results: This study in the Zucker diabetic rat nodel
denonstrates that a VFC-containing diet significantly inproves glycemc
control, wedooemdondney danmege, preserves pancreati c betraTa2bH/00028pr oves
insulin sensitivity, and therefore reduces total glucose 5 load in the
body. In addition, a reduction in the rate of body wei ght gain by

approxi mately 10% over the course of the study was observed in rats fed a
VFC containing diet in conparison to the other fiber enriched diets. This
may be partially due to the reduced food intake se(gn dur | nq,tpe st udy,
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FIGURES | A an : e S i [nx@ay | ~ :
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aver age e ghte dfseivhdbeiwednantsifat isulisardpelidricrmntinng@desg (see FI GURE 1A),

then the dosage in 15 thjis stud er k . appr.oxi .
Assuming a hurranlh}sgluéﬁ%ﬁtan%eo&ll‘(rb%, ?ﬁ%‘ﬁg’? \é\fén d%g(%'glél ft\i\%%f@%&%%@%%fjwal ent
of about 21Qalkulgfitihonteoktads MdteE rssekisneng (HORIA)osashswoin FIGURD2BGEOMAased on

body surface area to volune of _fromO,1 to 0.15 the.rat .dpse to h , as
descri bed i HOREHGENVSh C@k‘fs%l?f.tile fé}t\nés}E%f 3@&5"%?8?’ %5’2?%%@938%31%632%96% fa%{%‘? s

woul d translatecidh@inghd @RAdRn" ARG | 18d @ebblodedo ihiBA. 0Sighifiednt adidetbncd? gr ams
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2516 hours FSJF? Br to testing, across diet groups, insulin levels were higher
in the cell ul oseFaGIAREBWY grapticaigtibubtrgtes thescoaposienpadie detsitivityenddxQCi§Igat ed
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theory, the Loy aﬁi&awf FHRE BShbiskhdide pRsEvMEdsdfR dhgtMECd BRI

animal s that were faste 6 hours prior to testing nmay be due to
i ncreased pragipus agoparekiortbs sillples¢-Sninulinded growes- et al ., J. Nutr.

128:1786;,1793 (1 : i her. AR 37 -

(1996))?320 or my%gééggg%a@graggdﬂl%%ﬁ%%thgf‘%%g%feeﬁ%%%% zYty\?J‘l%%o(gjgggt al .,
Cin. Exp. Rbaesfor Rty fisel Z2dket Biab&io(12Q06) gither VFC, ceBilves ot nglimdietsalusing hat
were fasted for 16 hours priqgr to.t i r.e y. sl i.ghtl pergl,ycem c,
starting at BhPS%e “i KSoSHORR & E@Uﬁgﬁﬁgﬁ% gﬁh&tﬁeél&eedv\égn'gﬁsg% ar?érg%%r ed 5
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hyper gl ygem LoudhefeRg1dche ROLTBIeRe bddn tah80 Witkutbd Sest-BRic@eQihplldiag, Gldusese
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and t he HOMA and scores also showed inproved insulin sensitivity in
the VFC treandie awinied withscootmpas debdt ercessedusinpdhe greyigps 24 hours), rats fed a

VFC-containing diet maintained lower blood glucose levels than rats fed cellulose- or
30  inulin-containing diets during all weeks tested. Blood glucose testing began during the
third week of the study and continued until the eighth week. Glucose testing of the
animals in the fed state was added to the study protocol given the observation that fasted

glucose values were very close to the normal range and, while not wishing to be bound by
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Therefore, in view of the results that seruminsulin was significantly
reduced in both fasted and non-fasted states in the VFC-treated ani mal s,
and t he bvoadigilopmoese was 15 significantly reduced in YEC«azertosakeéani mal s
tested in the non-fasted state, it appears that VFC treatnent of the Zucker
di abetic rats was effective to delay early progression of diabetes.

In addition to inprovenents in glycemc control, it was determ ned that the
VFC-treated animal s al so had reduced organ damage in conparison to the
cellulose and 20 inulin-treated aninmals. Diabetjc nephropathy is a
clinical ly amppatiemar theagyidl is behevad disemany ofthe ﬂe@hﬁnaﬁtwctms ok X%Pnlavwe t he

gl onerul ar BagguR Rl WAL 30K, and expansi on of the mesangui m and tubul es and
t ubul ar degeneration, resulting from netabolic disturbances and henodynam c
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cells present at the end of the 8-week study a ared b‘gl the inulin or
cel | ul ose- tﬁ’é&tﬁéﬁltqflgﬁfﬁ%ces THA'S OB ERdt BELVSFD; %'I‘B?t %Q PSRTRBERE rat s
fed a VFC copkai ning diet for eight weeks maint a| ned a significantly
greater reserve capacity for insulin secretion. is noted that
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t hat increa eq'; me
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AST were si gailflbeanhlel $BaHC et icn2thecdksCodrimatitlogiidy pwer‘éhlloﬁlhreﬂ n@ll glat ed
reduced liver damage in the VFC-treated group. Moreover, base

hi st ol ogi cal8rRa| W& strendfopgedluloseiegied %Wﬁ?lﬁéﬁ"l%sa‘tmﬁ\‘ﬁi‘]@‘ loenirig, Cﬁ‘?ffeﬁﬁ’f s had
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al kal i ne phosphat ase, ch may indicate that VFC treated aninals had
reduced 20 @h@ff@mdai@lrsal‘a@s wehjuregsat ghey ead 9f thegrdynsesyra i gyrepdesoksrs simblag omon
acconpani ne 1sGohil toERGOCT i noL
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including the ability to slow the progression of glucose-induced organ

damage, lipid accunulation in the liver, and inhibit |oss of 30pancreatic
beta cells. EXAMPLE 2 Thi s exanple describes a study carried out in a
hi gh-sucrose diet induced obesity rat m3tel to determ ne the effect of a
dietary fiber conposition, conprising a granul ated




vi scous fiber blend (VFC granules) (also referred to as the fiber conpl ex
Pol yd ycopl eX (PGX8)) on pancreatic dysregul ation, dyslipidema, and
obesity. wo2011/i@@do0onal e: As described in Exanple 1, thecmaazbii/onsdcer

sol ubl e fiber conplex, VFC granules, also referred to as Pol yd ycopl eX(r)
(PGX0) (rmanufactured from konjac 5 mannan, xanthan gum and alginate to
forma highly viscous pol ysaccharide conplex with high water hol ding and
gel -form ng properties), reduces body weight and increases insulin

sensitivity in Zucker diabetic rats. However, the effect of VEC granules
observed in the Persrie@rgan EffeciscHistplogion! Enalpeiqyentilives, Ramciees and K C‘gﬂe@ ycerol s

(TAGQ was vari ab{g;e Tﬁ@g&fﬁ'&k&gbéd E‘tyovgffoﬁ/ %ﬁb&b‘s‘mfl RQlR shew iRpcel gRtlum TAG
| evel s has been observed 1 n ot st udi es may relate to fiber type

and the par B¢n§1mlvay anh gera¢m1m$Qellr01(WhJVF@| teeaelﬂenéltlssue&%%’d wWasIHHTICE Pt i
10: 27-37 (1997 Qe}; 94)
( Qs tm ffg& r('% o arr?eh%rgh@%}hg e(g]g%gz;)ﬂﬂa%% ’tcf3 erézg’slsuz:ﬁ Bis (t1994)

R Wod et &°% | zenne et

al., J. But k1dn6.)2 wm&a@ymmﬁc@w%mwn fodre semml te diahetixt wyropythmwku et
al . showed t TAG by.non dl ecfi t on
the severity % %&?ﬁlyi%%fﬁﬂng’écﬁﬁl yccz)lv“er% for gr %uésﬁﬁ&g@ {?@

Bi oned. EnV'dEg}Qe ofs&‘dmags w29 addd&sed 1990 jndicator of thEhability udVFd:etmnndzmmb delay h| s
Exanpl e was carried out to determne the effects of gra %)VFC ( PGXED)
on body wei §itPregiesiionofdighstesand@y PYPYERF HiesYrPRES, assé’g’&teﬁ g‘tqe “®teatosis in
sucrose-fed Ml eg; g;,rggue Dawl ey rats, a nodel of diet-i nduced obesity (high
sucrose 65% w/w) nown to result in wei ght%ﬂgal n and._consi st ent fScreases

in |ivedOand 20 &dr slideT At diskasicskidpey tivwial SRS WHBIN HER oYere revainped

whi ch cl osel a ab
Neve 13 1.7 r%/ %%ﬁcsﬁi}ﬂ%?el%%@ f thbﬁe@o%%sob@évéé 1n(2‘5"I§ngsf gﬁﬁdgl ag élgl?%aéi
(2006) ; andifPtubRz dilatetn aikd. an Brreast. inNutular @cn_‘pr@o mggr)itlorrrhgevngqudgpal
described in S exa |ed u ture
a reasonabl @atﬁagﬂptgy Bfra’{glﬁtgrsl S}(I\%‘ee&g reen(c)?sqtf Lweeg ugﬁee{n %iré}gcx%a% @Iﬂﬁéﬁé ?%(fée‘ﬁt

i ncreases i IVrEetdhmimdbd dict z{rﬁ\ZﬂFSratsffad inalig- «helhAaeenitatning dbwt hi s nodel .
Met hods: Fi ber enhanced rat

Vi fib
(konj ac/iRant han/ Bl¢fREPe (5@’%1‘@Y¥X7)‘1}‘lsség'§?s1u hl@see(rfﬁ“ton&l f‘ﬁFeéf i 6%41—““’3Fen8f was

processed bXn&B%H’Jaﬁﬁﬂgﬁ(ﬂet& On f7REI8r AibeiPlaaftef BIERBN&kabh Yenaﬂtukﬁle\&ﬂat&m PGX8)
was incorporated into basic rat chow (D11725: Research D ets

Br unswi ck, Nedeerr gebistologia seasatad Ogh-etvith gskedng fhe Fiost SevgERy |4F(:8]P‘ﬁ’8? & ed
ot her fiber g SURE %érréd%ﬁé/\'&nélﬁ%h%s' §aorIé\%L»%e§1§ ekt Wl ese-yarasbeeied igs the

basi c reference i nsoluble and is non-fernentable and is
consi dered tconthmst, abulenilation wisdounitte be present inlZDE rag fedrrglbylassrand inubin. The Nyt r .

125,75 B3 398 ol s SN e ARG Secpm st
Vi scous fi bayy tBospiteX "{"Ybevebkti)graps faiwﬁerahalcgium@r (0ind NAA)ifi@K( r )
granules | nsd?flfelf‘?rlcg vs];als %Eser\ge%elll ltlyel z?n?oex)nt of tubule dilation between the animals fed inulin
and cellulose.
FIGURE 5B graphically illustrates the effect of VFC-, cellulose-, or
25  inulin-containing diets on Zucker diabetic rats after eight weeks on renal tubule
degeneration/regeneration, based on a histologic score of 0-5, with 5 being the most
severe. As shown in FIGURE 5B, rats fed a VFC-containing diet showed an average
tubule degeneration/regeneration score of 0.1, which score consists of a score of 1
(minimal severity) in one rat, and a score of 0 (within normal limits) for the other 9 rats in
30 the group. In contrast, the average score for rats fed with cellulose- or inulin-containing
diets was 1.0, as further shown in FIGURE 5B. The treatment effect of VFC on reducing
the severity of tubule degeneration/regeneration was significant (p <0.01, indicated by the

symbol "**"), with a significant difference observed between groups fed VFC versus
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cellulose or inulin. There was no significant difference observed between cellulose or
inulin.
FIGURE 5C graphically illustrates the effect of VFC-, cellulose-, or
inulin-containing diets on Zucker diabetic rats after 8 weeks on renal mesangial
5  expansion, based on a histologic score of 0-5, with 5 being the most severe. As shown in
FIGURE 5C, the glomerular mesangial expansion scoring showed lower scores for the
group receiving the VFC-containing diet as compared to the cellulose- or
inulin-containing diets. Although the scores for mesangial expansion reached overall
statistical significance (p <0.05), the only pair of treatment groups that differed
10  significantly on post hoc testing were the groups fed VFC and inulin containing diets
(p <0.05, indicated by the symbol "*"), with a strong tendency to be reduced as compared
to the cellulose diet.
Pancreas
FIGURE 6 graphically illustrates the percentage of pancreatic islet insulin
15 immunoreactive area present in Zucker diabetic rats fed either VFC, cellulose, or inulin
diets at the end of the 8-week study, as determined by staining with anti-rat insulin
antibody. As shown in FIGURE 6, rats fed a VFC-containing diet maintained a higher
area of insulin immunoreactivity as a percent of total islet area (i.e., a larger pancreatic
beta cell mass), as measured by insulin immunohistochemistry, as compared to rats fed
20  cellulose- or inulin-containing diets. ANOVA analysis showed a significant treatment
effect (p <0.0001, indicated by the symbol "***"), while post hoc testing showed
differences between rats fed VFC- and cellulose-containing diets (p <0.001). No
differences were seen between the animals fed inulin- and cellulose-containing diets.
Importantly, these data combined with data showing lower fasting serum insulin
25  concentrations (FIGURE 2B) and greater insulin sensitivity (FIGURES 3B), indicate that
Zucker diabetic rats fed a VFC-containing diet maintain a significantly greater reserve
capacity for insulin secretion in comparison to rats fed a cellulose- or inulin-containing
diet.
FIGURE 7A graphically illustrates the histological score for pancreatic islet
30 mononuclear inflammatory cell infiltrates present in Zucker diabetic rats fed either VFC,
cellulose, or inulin diets at the end of the 8-week study, based on a histologic score

of 0-5, with 5 being the most severe. As shown in FIGURE 7A, there was no difference
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*VFC fiber granules commercially known as Pol yd ycopl eX(r) (PGXe)
(I nnovoBiwbagiiciobwe. Cal gary, AB, Canada). Ani mal Mbdel PCTHA20m/080260
Sprague-Dawl ey (SD) rat was chosen because the sucrose-fed rat is
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presence of a normal genetic background (AAM Gadja et al., An Lab News
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recomrendedlﬂﬂ]trgtge nost recent CQuide for the Care and Use 15 of Laboratory
Ani mal s, DHEW (NI The animal room was tenperature agnd hum d

control | ed, had BIGUR gBreranhigaily éﬁﬁkatéyéleéllst%ﬁgcwgomefﬁrt P@F’@éﬁ‘f’ 15?‘/?8 er mi n
free. The a'&%gkrﬁtlé{fé\rgs&? ﬂpZﬁdkglnﬁglrJtlg cIatfs e elﬁﬁy YFR! bAlulds®, drastiindets at

Water: Filter ter was supp bitum by an automatic water
di spensi Ag Mdzndmf the 8-weeFoudy, bakedon hé{lbﬁitql%@ sente of &itSs wikrSebaingn e mgpt

assi gned to one O[(ssth n%%%@cﬁ&?or@fe%e%é&%mn%? ie%é?l%%veﬁéab@c/ﬂtqw/v"t)

or 5% VFB (V\f‘?evﬁ) crose add di et of
bot h groups rata'rfed chi Wéf avataenime dick, yands(mdejr g(etblechlghwrtlh taltsefqdebeﬂhullqsgeom et

bei ng 3.90 kc and t et b / f.or of
appr oxi mat eI“%}1 QtaH’l"kgtg?t?\é%vﬁYer t}i“F‘FS %ncv@e$gn? | rﬁa(%ﬁteauﬁmaﬂm uc‘r:a(l)]gee di et ad
libitumw th ei tFKHUKEWCUbﬁﬁlﬁcaG@t ﬂrutsumgs Iored ytis vt ggdat s&irerbﬂ tHe athoBinigpfor VFB
(starting weight of 220.8 3. ot al
Measur erfnt $ANGRAE 129 ﬁ@wnrﬁﬁmca §PF1§P5 & Efa aﬂﬁg?dgq@wf(vggéwe&l)]‘b“aﬂﬂ%“hn
diets at the end of the 8-week study, based on a histologic score of 0—5, with 5 being the
most severe. As shown in FIGURE 7C, scores for the amount of islet fibrosis tended to
be lower in rats fed a VFC-containing diet compared to rats fed cellulose- or
inulin-containing diets; however, these differences did not reach statistical significance.
15  Scores for the presence of hemorrhage or hemosiderin revealed a trend for lower scores in
rats fed a VFC-containing diet, but the results were not statistically significant (data not
shown).
Liver
FIGURE 8A graphically illustrates the effect of VFC-, cellulose-, or
20  inulin-containing diets on Zucker diabetic rats after eight weeks on hepatic steatosis, as
measured by reduced Sudan black staining, based on a histologic score of 0-5, with 5
being the most severe. As shown in FIGURE 8A, rats fed a VFC-containing diet showed
less hepatic steatosis (measured by Sudan black staining) than rats fed cellulose- or
inulin-containing diets. On a scale of 0 (within normal limits) to 5 (severe), rats fed a
25  VFC-containing diet averaged 3.4. This compares with a score of4.6 for rats fed a
cellulose-containing diet and 4.1 for rats fed an inulin-containing diet. The groups
differed significantly between rats fed VFC- versus cellulose- and inulin-containing diets
(p <0.01, as indicated by the symbol "**"). No significant differences were observed
between rats fed inulin- and cellulose containing diets.
30 Rats fed a VFC-containing diet also showed less hepatocyte microvesicular
vaculoation than rats fed cellulose- or inulin-containing diets. FIGURE 8B graphically
illustrates the effect of VFC-, cellulose-, or inulin-containing diets on Zucker diabetic rats

after 8 weeks on hepatic microvesicular vacuolation, based on a histologic score of 0-5,
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i ngredi ents or consuned as supplenents to allow for a consistently high
i ntake of soluble fiber. Ganulated VFC, also referred to as PGX(r)
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i s manufactured by reacting glucomannan, xanthan gum and al ginate using a
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Albumin (g/dL) 2.8+

Blood Urea Nitrogen 104+ 0.6 13.4+0.7 17.0£2.6

(mg/dL)

Triglycerides (mg/dL) 276.4 +24.6 276.7+43.5 |352.6+67.6
10 * significantly different from cellulose group (p < 0.05)

** gignificantly different from cellulose group (p <0.01)

*#* gionificantly different from cellulose group (p < 0.001)
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fi ber conplex PolydycopleX (PGXO) that could be added to a beverage or
food (e.g., a non-fat yogurt). Five gans of VFC granules was to be
consuned wot2n1150®on1 of water 5 to 10 m nutes before eaebTrmabimowot o
three tines a day for 14 weeks, for a daily total 5 intake of from 10 to 15
grans granul ated VFC/ day. Bl ood collection and | aboratory bi ochem cal
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SD % Change The amount of VFC granules used in this study was 5% VFC added to the rat
chow. As shown in FIGURES 1A and 1B, the consumption of food per day for VFC fed
rats averaged approximately 22 g/day, so in 22 grams, 1.1 g VFC. Assuming the average
weight of the Zucker rats is approximately 300 g (see FIGURE 1A), then the dosage in

15  this study per kg was approximately 3.66 g/d/’kg. Assuming a human is about 60 kgs,
then this dosage would be the equivalent of about 219.6 g/day for a human. Using the
conversion for dosages baséd on body surface area to volume of from 0.1 to 0.15 the rat
dose to human, as described in Reagan-Shaw et al., FASEB Journal 22:659-661 (2007),
this would translate into a dosage range in a 60 kg human of from about 22 grams to

20  about 33 grams VFC per day, or from about 366 mg/kg/day to about 550 mg/kg/day.

In this study, the fasted Zucker diabetic rats (i.e., animals tested in the morning
after approximately 16 hours without food access) did not have greatly elevated glucose
levels, likely due to the adequate compensation provided by the hyperinsulinemia
observed as the disease was just beginning to become apparent. In the animals fasted for

25 16 hours prior to testing, across diet groups, insulin levels were higher in the cellulose
and inulin-treated groups as compared to the VFC-treated group, which in conjunction
with the HOMA and CISI scores is indicative of a greater peripheral insulin resistance in
the inulin- and cellulose-treated groups in comparison to VFC-treated animals.
Therefore, it appears that VFC does not need to be present in the gut to improve insulin

30  sensitivity. While not wishing to be bound by any particular theory, the improved insulin
sensitivity observed in the VFC-treated animals that were fasted for 16 hours prior to
testing may be due to increased proglucagon expression (S.P. Massimino etal., J.

Nutr. 128:1786-1793 (1998); R.A. Reimer et al., Endocrinology 137:3948-3956 (1996));
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or may be due to upregulation of muscle GLUT-4 (Y.J. Song et al., Clin. Exp. Pharm.
Physiol. 27:41-45 (2000)).
Since the animals that were fasted for 16 hours prior to testing were only slightly
hyperglycemic, starting at three weeks into the study, plasma glucose was also measured
5  in the rats under a non-fasted state (i.e., continuous access to food prior to testing). It was
determined that in the animals tested in the non-fasted state, the animals in the cellulose
and inulin treated groups were hyperglycemic, whereas the animals in the VFC-treated
group had glucose levels that were reduced to nearly non-diabetic levels. The insulin
levels in the non-fasted state were only measured at study termination, and it was found
10  that insulin was significantly reduced in the VFC-treated animals, and the HOMA and
CISI scores also showed improved insulin sensitivity in the VFC-treated animals as
compared to the other groups.
Therefore, in view of the results that serum insulin was significantly reduced in
both fasted and non-fasted states in the VFC-treated animals, and the blood glucose was
15  significantly reduced in VFC-treated animals tested in the non-fasted state, it appears that
VFC treatment of the Zucker diabetic rats was effective to delay early progression of
diabetes.
In addition to improvements in glycemic control, it was determined that the
VFC-treated animals also had reduced organ damage in comparison to the cellulose and
20 inulin-treated animals. Diabetic nephropathy is a clinically important sequela of diabetes,
particularly thickening of the glomerular basement membrane and expansion of the
mesanguim and tubules and tubular degeneration, resulting from metabolic disturbances
and hemodynamic alterations (H.R. Brady and B.M. Brenner: Pathogenesis of
Glomerular Injury, in Harrison's Principles of Internal Medicine 15th ed., E. Braunwald
25 etal, pp.1572-1580 (2001)). Interestingly, it was determined in this study that
significant organ damage occurs very quickly in the younger Zucker diabetic rats with the
early onset of diabetes, despite a relatively mild diabetes. Importantly, it was observed
that VFC-treated animals had a significantly greater density of pancreatic B cells present
at the end of the 8-week study as compared to the inulin or cellulose-treated groups. This
30 data indicates that Zucker diabetic rats fed a VFC-containing diet for eight weeks
maintained a significantly greater reserve capacity for insulin secretion. It is noted that
preservation of pancreatic B cells has been seen for DPP IV inhibitors that increase the

levels of the insulin secretagogue GLP-1, and in some studies using DPP IV inhibitors,
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insulin is higher than control in models of type IT diabetes, particularly postprandial
insulin levels (A. Viljanen et al., J. Clin. Endocrinol. Metab. 94:50-55 (2009)).
In the Zucker diabetic rat model used in this study, non-fasting glucose levels
appeared to be sufficient to cause kidney damage. It was determined that there was less
5  renal injury in the VFC-treated group, in particular with respect to mesangial expansion.
Enhanced glycemic control during normal feeding and subsequent reduction in tissue
glycation likely served as a major factor in reduced renal injury. Interestingly, and
unexpectedly, histology showed that VFC significantly protected kidneys from glycation
damage, indicating a reduction in total glucose load, and therefore reduced glycation.
10  The FDA considers reduced glycation as a primary marker for anti-diabetic effects, as a
mere reduction of blood glucose is no longer considered sufficient for drug approval.
With regard to the effect of VFC-treatment on serum and hepatic lipid profiles,
plasma cholesterol was significantly reduced in the VFC-treated group. The effect on
serum triglyceride levels was more variable. Nevertheless, hepatic lipid levels (steatosis)
15  and hepatic measurements such as serum bilirubin, ALT, and AST were significantly
reduced in the VFC-treated group, which indicated reduced liver damage in the
VFC-treated group. Moreover, based on histological analysis, it was also determined that
VFC-treated animals had reduced indices of hepatocellular injury and reduced serum
levels of alkaline phosphatase, which may indicate that VFC treated animals had reduced
20 cholestasis as well as a reduction in steatohepatosis, a common accompaniment of
metabolic syndrome (A. Viljanen et al., J. Clin. Endocrinol. Metab. 94:50-55 (2009)).
Therefore, efficacy for the use of VFC is demonstrated in ZDFs in terms of
glycemic control, reduction of kidney damage and preservation of pancreatic beta cells.
As demonstrated in this Example, the VFC-treated rats had less renal injury, in particular
25 mesangial expansion. Enhanced glycemic control and subsequent reduction in tissue
glycation likely served as a major factor in reduced renal injury. Therefore, VFC may be
used as a dietary additive to help ameliorate the development and progression of the early
phase of the metabolic syndrome, including the ability to slow the progression of
glucose-induced organ damage, lipid accumulation in the liver, and inhibit loss of
30 pancreatic beta cells.
EXAMPLE 2
This example describes a study carried out in a high-sucrose diet induced obesity

rat model to determine the effect of a dietary fiber composition, comprising a granulated
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(PGX®)) on pancreatic dysregulation, dyslipidemia, and obesity.
Rationale: As described in Example 1, the novel, water soluble fiber complex,
VFC granules, also referred to as PolyGlycopleX® (PGX®) (manufactured from konjac
5 mannan, xanthan gum, and alginate to form a highly viscous polysaccharide complex
with high water holding and gel-forming properties), reduces body weight and increases
insulin sensitivity in Zucker diabetic rats. However, the effect of VFC granules observed
in the Zucker diabetic rats with respect to serum triacylglycerols (TAG) was variable.
The variability of various fibers to reduce serum TAG levels has been observed in other
10  studies, and may relate to fiber type and the particular animal model (W.U. Jie et al,,
Biomed. Environ. Sci. 10:27-37 (1997); A. Sandberg et al., Am. J. Clin. Nutr. 60:751-756
(1994); R. Wood et al., Metab. Clin. Exp. 56:58-67 (2007); and N.M. Delzenne et al.,
J. Nutr. 129:1467S-14708 (1999)). For example, a study by Mao-Yu et al. showed that
reduction of TAG by non-digestible fibers is dependent on the severity of TAG increase
15  and stability over time (Z. Mao-Yu et al., Biomed. Environ. Sci. 3:99-105 (1990)).

The study described in this Example was carried out to determine the effects of
granulated VFC (PGX®) on body weight gain, serum triacylglycerols (TAG), and hepatic
steatosis in sucrose-fed Male Sprague-Dawley rats, a model of diet-induced obesity (high
sucrose 65% wt/wt), known to result in weight gain and consistent increases in liver and

20 serum TAG levels, particularly when given chronically, which closely mimics human
type II diabetes (A.M. Gadja et al., An. Lab News 13:1-7 (2007); M. Hafidi et al., Clin.
Exp. Hyperten. 28:669-681 (2006); and P. Rozan et al., Br. J. Nutr. 98:1-8 (2008)). The
study described in this example was carried out for 43 weeks in order to capture a
reasonable part of the life cycle of the rats and maximize consistent increases in serum
25  TAG levels that are characteristic of this model.

Methods:

Fiber enhanced rat chow:

Viscous fiber complex (VFC) (konjac/xanthan/alginate (70:13:17)) granules
(i.e., the fiber blend was processed by granulation to form a complex, commercially

30 known as PGX®) was incorporated into basic rat chow (D11725: Research Diets, New

Brunswick, New Jersey). Alternate diets used in this study incorporated other fiber forms

as shown below in TABLE 3. Cellulose was selected as the basic reference fiber that is
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insoluble and is non-fermentable and is considered to be an inert reference compound

(J.W. Anderson et al., J. Nutr. 124:78-83 (1994)).

TABLE 3: Composition of the three diets containing either

5 VEC or cellulose (percent contribution of ingredients by weight)

Viscous fiber complex (VFC) Insoluble fiber
(konjac/xanthan/alginate (cellulose)
(70:13:17)) PGX® granules

Research Diets Formula # | D08012504 D08012507

Casein 20% 20%

Methionine 0.3% 0.3%

Corn Starch 50% 50%

Maltodextrin 15% 15%

Fiber* 5% VFC (PGX®) 5% cellulose

Corn oil 5% 5%

Salt/mineral mix 3.5% 3.5%

Vitamin mix 1% 1%

Choline bitartrate 0.2% 0.2%

Dye 0.1% 0.1%

*VFC fiber granules commercially known as PolyGlycopleX® (PGX®) (InnovoBiologic Inc.
Calgary, AB, Canada).

Animal Model: The male Sprague-Dawley (SD) rat was chosen because the
sucrose-fed rat is considered to be an excellent model of hypertriglyceridemia in the

10  presence of a normal genetic background (A.M. Gadja etal., An Lab News 13:1-7
(2007)).

Study Design: 30 male SD rats were obtained from Charles River (Kingston NY)
at six weeks of age. The animals were housed singly in suspended wire mesh cages,
which conformed to the size recommended in the most recent Guide for the Care and Use

15 of Laboratory Animals, DHEW (NIH). The animal room was temperature and humidity
controlled, had a 12-hour light/dark cycle, and was kept clean and vermin free. The

animals were conditioned for four days prior to testing.
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Water: Filtered tap water was supplied ad libitum by an automatic water
dispensing system.
Food: After habituation, rats were randomly assigned to one of two groups with
n=10 per group, cellulose at 5% (wt/wt) or 5% VFB (wt/wt), and with 65% (wt/wt)
5  sucrose added to the diet of both groups. The diets were nearly isoenergetic, with the
cellulose diet being 3.90 kcal/g and the VFC diet being 3.98 kcal/g, for a total of
approximately 3902 dietary kcal. The rats were fed the high sucrose diet ad libitum with
either cellulose (starting body weight of 214.7 = 2.6 g) or VFB (starting weight of 220.8
+ 3.5 g) for a total of 43 weeks.

10 Study Measurements: Food consumption (daily), body weight (weekly), and
weekly collection of blood samples for measurement of serum triacylglycerols (TAG)
(analyzed by IDEXX, North Grafton, MA), blood glucose (via Acensia Elite Glucometer)
and serum insulin (Ani Lytics, Gaithersburg, MD) were followed throughout the study.
The study was concluded with a final blood analysis to measure hemoglobin glycation

15  and blood urea nitrogen. A limited necropsy was then carried out as follows. One lobe
of the liver was snap-frozen for analysis of lipid content using Sudan black
histochemistry. One lobe of the liver was post-fixed for hematoxylin and oesin staining.

Statistical Methods: Body weight gain was analyzed for statistical differences
using repeated measures ANOVA and one-way ANOVA for differences in weight gain

20 throughout the study. Alpha error rates for multiple comparisons were controlled using
the Bonferroni correction. Histology scores were measured using Kruskall-Wallis test for
non-parametric data.

Results:
FIGURE 9 graphically illustrates the effect of granulated VFC (PGX®) or

25  cellulose diets on body weight gain and serum triacylglycerols (TAG) in Sprague-Dawley
sucrose-fed rats over the 43 week study ("*" symbol indicates p<0.05; "**" symbol
indicates p<0.01; "***" symbol indicates p<0.001). Initial body weights did not differ
between the VFC fed group (215 + 3 grams) and the cellulose fed group (221 £3 g). As
shown in FIGURE 9, body weight increased over time in both groups due to the

30  sucrose-rich diet, however weight gain was significantly attenuated in the VFC fed group
from study initiation up to week 22 in comparison to the cellulose fed group (p<0.05).
Repeated measures showed a significant treatment effect on weight gain (p=0.04) with

VFC fed rats showing reduced weight gain. Although final body weight did not differ
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with VFC ( P@@eekesin Smtmpitethe VFC fed rats showed significantly lower serum TAG levels
versus the cellulose fed group (p<0.01). The VFC fed group had baseline TAG levels
that were not significantly different from baseline TAG levels in the cellulose fed group.
10 Rats fed a VFC-containing diet showed less hepatic steatosis (measured by Sudan
black staining) that rats fed cellulose diets. Lipid content was determined by staining
liver tissue sections with Sudan black, and slides were evaluated and graded
semi-quantitatively for the presence of Sudan black positive vacuoles on a scale of 0 to 5,
with 5 being the most severe. Severity scores were 3.9 + 0.3 for the cellulose treated
15 group and 2.7+ 0.4 for the VFC treated group, which was significantly different. A
strong tendency for reduction in hepatocellular injury in VFC fed rats was also observed
in comparison to cellulose fed rats, although the difference was not statistically
significant (p<0.07 for macrovesicular vacuolation and p<0.11 for microvesicular
vacuolation, data not shown).
20 Blood glucose and insulin levels were monitored weekly throughout the study and
were not altered, which is expected for this animal model (A.M. Gadja etal., An. Lab
News 13:1-7 (2007)).
Discussion:
As expected in this diet-induced model of obesity, the Sprague-Dawley (SD)
25  sucrose-fed rats gained weight rapidly with time until approximately 18-25 weeks, at
which time the weight stabilized to a slower rate of growth. As shown in FIGURE 9,
during the rapid weight growth period, VFC granules significantly reduced body weight
changes in comparison to cellulose, with smaller reductions observed during the slower
growth phase in the later part of the study (i.e., older ages of the rats). As further shown
30 in FIGURE 9, plasma TAG only increased above baseline in the older rats, and VFC
significantly obtunded this rise in TAG. Consistent with this data, liver steatosis was
significantly reduced in VFC fed animals as mecasured by histomorphometry in

comparison to cellulose fed animals.
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Weight reduction in subjects consuming non-digestible fibers is thought to be
related to one or more of the following: reduced food intake, altered satiety hormone
response, reduced nutrient adsorption secondary to gastric slowing and/or nutrient
adsorption by the fiber (see N.C. Howarth etal., Nutr. Rev. 59:163-169 (2001); A.

5  Sandberg etal, Am. J Clin. Nutr. 60:751-756 (1994); G. Grunberger et al, Diabet.

Metab. Res. Rev. 23:56-62 (2006); and J.R. Paxman et al., Nutr. Res. 51:501-505 (2008)).

It is interesting to note that in the present study, little reduction in food consumption was

observed, therefore this factor likely did not contribute to the observed weight reduction

in VFC fed animals. While not wishing to be bound by any particular theory, it is

10  possible that slower gastric emptying and reduced nutrient absorption of the food eaten

may be responsible for the weight reduction, which may be due to increased secretion of
Glucagon-like protein (GLP-1) (N.N. Kok et al., J. Nutr. 128:1099-1103 (1998)).

Reduction of liver or plasma TAG has been the subject of many dietary fiber

studies, and the results vary widely (W.U. Jie et al., Biomed. Environ Sci. 10:27-37

15 (1997); A. Sandberg et al., Am. J. Clin. Nutr. 60:751-756 (1994); R. Wood et al., Metab.
Clin. Exp. 56:58-67 (2007); and N.M. Delzenne et al., J. Nutr. 129:14675-1470S (1999);
P. Rozan et al., Br. J. Nutr. 98:1-8 (2008)). Not all studies show TAG absorption to be
markedly reduced, with some differences observed between fiber types. For example, a
study by Delzenne and Kok showed that oligofructose reduced hepatic steatosis by

20  reducing lipogenesis in fructose-fed rats (N.M. Delzenne et al., J. Nutr. 129:1467S-1470S
(1999)). Similarly, Kok et al. suggest that GLP-1 secretion induced by oligofructose fiber
may also be responsible for reduced lipogenesis and fat mobilization (N.N. Kok et al., J.
Nutr. 128:1099-1103 (1998)). While not wishing to be bound by any particular theory, it
is likely that both reduced lipogenesis and reduced fat absorption played a role in the

25 TAG reductions observed in the VFC fed animals in this study. Reduced nutrient
absorption would explain the reduction in weight gain observed without a reduction in
food consumption.

In conclusion, this study demonstrates that VFC granules significantly lower
serum TAG in the Sprague-Dawley (SD) sucrose-fed rat model, which current

30  pharmaceuticals are not very effective at lowering. The reduced liver steatosis parallels
the reduced serum TAG, and such properties makes VFC granules a useful food additive
for treating patients with hyperlipidemia as well as other aspects of metabolic syndrome

including weight loss.
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EXAMPLE 3

This Example describes a study in overweight and obese adult human subjects
demonstrating the effect of a dietary fiber composition, comprising a granulated viscous
fiber complex (VFC granules) (also referred to as the fiber complex PolyGlycopleX

5 (PGX®)) on short-term weight loss and associated risk factors.

Rationale:  According to recent data published by the World Health
Organization, obesity has reached global epidemic proportions with more than 1 billion
overweight adults affected by this chronic disorder (www.who.int, accessed 3/15/08).
Coronary artery disease and stroke, insulin resistance, (metabolic syndrome), type II

10  diabetes, hypertension, and cancer are all well known medical co-morbidities of excess
body weight (K. Fukioka Obesity Res 10(Supp 12):116S-123S (2002)). In addition, a
recent epidemiological study confirmed that adult obesity is associated with a significant
reduction in life expectancy. This study showed that 40-year-old male and female
non-smokers lost on average 7.1 and 5.8 years of their lives respectively due to obesity

15  (A. Peeters et al., Ann. Intern. Med. 138:24-32 (2003)). Given these latter risk factors, a
number of therapeutic interventions are available for the overweight/obese that can
include surgery, drug therapy, and lifestyle modifications such as diet and exercise.

An important dietary strategy of any weight control program should involve the
intake of significant amounts of high fiber foods, particularly foods or food supplements

20  containing viscous soluble fiber (K.M. Queenan et al., Nuzr. J. (2007)). It is estimated
that the average U.S. citizen consumes approximately 2.4 grams of viscous soluble fiber
per day—half the 5 to 10 grams of dietary viscous soluble fiber recommended to be
consumed on a daily basis (T.A. Shamliyan et al., J. Family Practice 55:761-69 (20006)).

Due to the difficulty in obtaining ideal amounts of soluble fiber through diet

25 alone, there is a clear need for soluble fiber concentrates that can be used as food
ingredients or consumed as supplements to allow for a consistently high intake of soluble
fiber. Granulated VEC, also referred to as PGX® (PolyGlycopleX®) is a novel, highly
viscous polysaccharide complex that is manufactured by reacting glucomannan, xanthan
gum, and alginate using a process referred to as EnviroSimplex®. The resulting

30  polysaccharide complex (a-D-glucurono-oc-D-mannoiB—D—manno—B—D—glucan),
(a-L-gulurono-B-D-mannuronan), B-D-gluco-B-D-mannan, a-D-glucurono-a-D-manno-f-

D-manno-f3-D-gluco), (a-L-gulurono-B-D-mannurono), B-D—gluco-[f-D-mannan is a novel
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entity, as demonstrated in the structural analysis described in Examples 5 and 6, and has
the highest viscosity and water holding capacity of any currently known fiber.

This example describes a study carried out to examine the efficacy of VFC
granules and modest lifestyle modifications on weight loss, body mass index (BMI), as

5  well as cardiometabolic risk factors including cholesterol, low density lipoprotein (LDL)
cholesterol, high density lipoprotein (HDL), triglycerides, fasting insulin, fasting glucose,
and 2 hour glucose tolerance test during a 14 week time span in overweight and obese
adults.

Methods:

10 Participants: A total of 29 sedentary adults (23 women; 6 men), aged 20 to
65 years, with a body mass index (BMI) range of approximately 25 kg/m2 to 36 kg/m’,
were invited to participate through a series of advertisements placed in local newspapers.
Subjects provided informed consent prior to participation in this program. The
observational analysis was conducted in accordance with the ethical standards set forth in

15  the Helsinki Declaration of 1975.

Anthropometric and other measurements: Participants were evaluated on a
bi-weekly basis for height (cm), weight (kilograms), and waist-hip measurements (cm)
using a standard medical-type tape measure. Waist-hip measurements were taken at
consistent anatomical locations approximately 2.2 cm above the navel and around the hip

20  at the greater trochanter in subjects wearing a disposable paper gown. Percent body fat
was determined using bioelectrical impedance testing (RJL Systems, Michigan, USA) at
baseline (prior to initiation of the study) and every two weeks thereafter. A computerized
analysis of the impedance data was employed in order to determine the body mass index
(BMI) and percent body fat.

25 Diet and supplementation: Each volunteer received general directions from a
physician for healthy eating, weight loss and exercise. Moreover, dietary and exercise
counseling sessions were presented to the group every two weeks for 14 weeks. The
emphasis in these lectures was not on calorie counting, but primarily focused on portion
control and how to follow and maintain a low fat, low glycemic index diet. General

30 recommendations were also included in this program focusing on the variety, type, and
timing of exercise (e.g., strength and cardiovascular-aerobic training) that would augment
overall weight reduction. In addition, subjects were provided with granulated viscous

fiber complex (VFC) (konjac/xanthan/alginate (70:13:17) granules, also referred to as the
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-24.37 -27.26 (pnol /L) 36.29 **2 hr Insulin 17 433.53 270.32 355.76
-77.76 -17.94 (pnol /L) 332.44 196.51 *p < 0.05 fromweek 0; **NS (non
si gni fi camppofwromobasel i ne PCT/CA2011/000260

fiber complex PolyGlycopleX (PGX®)) that could be added to a beverage or food (e.g., a
non-fat yogurt).

Five grams of VFC granules was to be consumed with 500 ml of water 5 to
10 minutes before each meal, two to three times a day for 14 weeks, for a daily total

5  intake of from 10 to 15 grams granulated VFC/day.

Blood collection and laboratory biochemical analysis:  All laboratory
measurements were performed by an independent laboratory in British Columbia,
Canada. At baseline (prior to study initiation), subjects were asked to fast ten hours
before the blood draw procedure that included the following tests: total cholesterol,

10  triglycerides, HDL, LDL, glucose, insulin, and 2-hour insulin. A 75 gram oral glucose
tolerance test was also performed according to the criteria and procedures as determined
by the laboratory. Only those with aberrant risk factors were re-tested using the latter
laboratory parameters at week 14.

Statistical analysis: A computerized statistical analysis was performed using the

15  paired t-test in order to assess several types of variables including height, weight, BMI,
% body fat, and various laboratory values before and after treatment. Significant results
were obtained in those variables that yielded a p-value of <0.05.

Results:

Weight Loss and Other Anthropometric Parameters: During the 14 weeks of

20 VFC use, there were significant reductions in group weight (-5.79 + 3.55 kg), waist
measurements (—12.07 + 5.56 cm), % body fat (-2.43 + 2.39 %), and BMI (-2.26 = 1.24
kg/m?). Full results are shown below in TABLES 4 and 5.

Table 4: Group 1: Men and Women Combined

Test Sample Week 0 Week 14 Change & SD |{% Change
size Mean & SD Mean & SD
*Waist 29 103.58° + 12.78 | 91.51°+ 12,95 | -12.07 £ 5.56" | - 11.65
*Hip 29 116.30°+ 7.67 | 106. 83°+7.44 | -9.47+4.15° | -8.14
*% Fat 29 4030+8.28 | 37.87+8.8%8 | -243+239 | -6.02
25 *p < 0.05 from week 0

a= weight is in kilograms (kg)

b= waist and hip is in centimeters (cm)
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Anal ysis of efficacy using self-reporting scales: In a self-reporting scale
conpleted by the participants at the end of the study, 97.7% of the VFC
users notwd 20hadohey had a positive response to the preduatA2bordeoicn
curbing food cravings and hunger. 5 Side effects of the test preparation:
The use of VFC was generally well tolerated by the participants, with m nor
gastrointestinal (Ad) synptons conprising the majority of all the reported
conplaints. Sixty-eight percent noted that mld G synptons (e.g., gas,

bl oati ng, constipation, |oose stool sg‘r esol ved wi thin approxi mately three
weeks of beginning VFC. THARBKE 83@MpErall the GrupsfeopRingd ci pants found that
they had m|d[@ sidg 10 ef[fects thrgughout the programS But that [hese
were not suffilci €eft i|Paslear i tWeskdr tlhenVek di sqShengsueSHqe Changscient
controlled stydy on thhe;tollefplcd @) VRedROr)) was conducted inl France
whi ch al so confirned these [latter findings (I G| Carabin gt al _ Nutrition

J. 8:9 (2008) )y scyssicon:| sEee rudjocabh yyesupeg visege webght | o sf udy

descri bed i n thrs—i5texanpte denonstrates that—tihe use of [VFC granul es
al ong with gerfffealalechan@®s |i33.45 et7.5nNd3pAYsi 8 &1 |altiBY+196dver 6.8214] week

time period wa f benefit |i i fyin di & L ijc 1] factors in
overwei ght an 9411 ese cu&? pr‘r%'ﬂ}g?’gér%l | ,gl'%%eMig&ﬁLcéﬁﬁpeducti on
in group weight (-5 A%om3eca’d K9), waist neasurenments (-12.07 5.56 cnm), and
percent body fat p(-2.54§m 5.39% from baseline. Mreover, these latter 20
physi cal changesc#figksaral | el ed by a significant decrease in fasting LDL
(-25.51%, fasti aluc s ; d A8 Rk feddckionS TR dhevel s
over a relativel ?/gglga(lgl&t %tﬁﬁlnéexgspglﬁ(f{%fm@g e\ée@tgﬁﬁ : “It |ds I|0nteresti ng to
note that meestddostightoloss vesiablet apshenreina§aBLES 301 TABIE kgylowhahs tshewmonen

(-5.14 3.4 . el ek tine riaf.. Thi s.change I

ascri bed t O%Fﬁg)lﬂ%%%gkn%ﬁ?%%aﬁgg%e %g@r}f 2:‘)72) kgl tr%lﬁ qgﬁ%re 5;%%@& gaé’ n%lg? ure.
Dr. Robert kernuayovephtadss). hassimhavin TABAE 6 kensadesnbabyerdé ofiGLr 3149 ky
expenditure is apProxi mately 5 5 to 10%I§)wer in wonen conpared to nen
after stati SVFidas [hypdstudiperagsol §geveigtishh ty, and body conposition. (R
Ferraro et al., J. din. Invest. 90:780-784 (1992)). The results

obt ai ned by VFC in reducing bodymei@htp ( -Woien kgR3pr e conparable to those
who have taken the-antirebesity nedieatton—oeristat—{(Xenrieal{+r—AIli ).
Orlistat is a || paggeinhi bivik ot hat reduces theclaBgok®D 91y, ohadgt| (J. B.

D xon et al., AusL Fam |10 Physicijan 35:576-79 (2006)). Iin a contjrolled
study, 391 mild_to nmoder aMéept, (S\R\r\/\xﬁmﬁ‘m&i%i iduals who enployed the drug

orlistat at a dﬁ’%ig@f 6)85{@249@3? HoBs. 43k Y aver 13 46 |\weegkog i me peri od,

+

| ost 3.05 kg co od—to—1. 90 kg—intheptacebo group (I TW—Anderison et

al ., Ann. Phar naWatsher . | #8:9874 3993 8208&) 10.57-C -Uk 43" 56! rlesuled jin t he
reduction of other risk Q@rs_associ ate ith _mtd ta 15 rate
obesity. Overal Qﬁlp si gﬁﬁfﬁc@am‘sﬁe g@i&?ﬁ%ﬁ euggr ge“dﬁef i ¢hol est er ol

7 ottt <

level s (-19. 26% o #3t09 Mmylda) 43nd LPs3theligst engds®howsl § (=R80 51% -0.87
mmol /L) from baseline values (p < 0.05) after 14 weeks of VFC therapy. The
reducti dft in |ipfrd<94fesveehi eved with VFC was conparable to the use of
such early generation statin drugs like lovastatin (MevacorTm. For

exanpl e, one stuay Toted that {Mg)t hin one nonth of beginning 20 | ovastatin

t herapy, total abewdibindbindliesttersts(avs decreased by 19% and 27%
respectively in those with elevated cholesterol levels (WB. Kannel et al.,
Am J. CardiolL 66:1B-10B (1990 : . RAVeh=6)@S described in Exanples
1 and 2, the use of VEC not On?%/\B EC’]I’.E;%—%?"N ()g I)i pid levels but also may

be used to aneliorgie the deyeloopment gad pfogr e8qiRR LED23, g3 | Y phase
of netabolic syndrone. An increase in visceral pbesity, sgrum glucose, and
insulin level s|along w t hMeypé&rSlensi oMeam® Sy sl | pi demi a arle_a group of
clinical conditjions that. arga ctiyel ags ,tahe, petiabal j£ syndrone
(E.J. Gall aghez*l"g?gsﬁl _ éﬁldgg%nt&f O gﬁm RN 379543;- 30
(2008) ). Reseamrsnifias shoyniPhates hose.csho 1haye| matsabaliso |sy-ngoonme have a

50% greater risk of a e<g§)r| ncing a najor 30 cpronary event (D. E| Mller
et al., Annu. R&p Med. 3k 467267 20bHE}36” A3 % upH0-24ny 308ductd Uhs |i n

wei ght, fasti n%n[%rﬁyl in, Mﬁg.H?bs?,ZWE*QZ.@?nf er1§‘z“9£‘1f|5 dant; fealit h

4

benefits on these—+hdivi-duars—So—afftircted: Hm—thrs—I4=week st udy,
VFC use resulted in a decrease of fasting insulin |evels from®89.41 44.84
prmol /L to 65.04 33.21 pmol/L (p < 0.05%9- The reduction in fasting insulin
reflects inproved insulin sensitivity and may be due in part to increased
G.P-1 activity and decreased postprandi al hyperglycema along with the

i nprovenents in 5insulin sensitivity that acconpani es wei ght |oss (see G
Reaven et al., Recent Prog. Horm Res. 59:207-23 (2004)). These
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10 cardionetabolic risk factors. Unlike other types of standard nedi cal
interventions available to treat obesity and el evated chol esterol |evels,
VFC use iwoassowimbed with mnimal side effects. This ascamtaagamoecsaf ety
profile, along with its therapeutic efficacy, suggest that VFC should be
considered as a first line therapy for those who are overwei ght/obese, have
el evated chol esterol |evels and/or are insulin resistant. 15EXAMPLE 4

Thi s exanpl e describes a study in healthy adults with normal wei ght show ng
i ncreased plasma PYY |l evels and increased fecal short chain fatty acids
(SCFA) fol |l owi ng*Beipptearerela? i on with viscous fiber conplex (VFC) in
conparison with coptrol. j fed skimm | k powder. 20Rati onal e:

Nuner ous di et arygf?%gggém%gg\%}gﬁﬁg%n shown to have nunerous health benefits,

i ncl udi ng enhancbrngeit i hig &er @timgrRs¢fn) gut sati ety hornones and i nprovi ng
bowel function ( | I r.ingl 137 - e 6) ;

Rei mer and Russe f’ﬁi é%glg%n%%{egég %eﬁ?a%%%g)v’&&ﬁ%%méﬁ%Fﬁ%ﬁ@gﬁﬁ?@gﬁ&%‘% Nut r .
92:521-536 (@R604) wedksCof AdF&musencubja8s Rad. an\\eerageeregudonntfeiy26% Bn. tol  Nut r .

03: 845-851 0 ucagqn- i tide- P-1 n Nt . PYY)
are anor exi &ﬁﬁf’@'ﬁ%ﬁe&@é‘ﬁzv%f@éq?‘ﬁm ?’Vg(%ﬁ%)i a(r‘fdg_ ainc%g a?e nrg% Cglghﬁﬁ??gﬁ/ﬁ&fa in,
the only knaWwL eiofostegd Malepapt L 6lep < 0.95 @aoweaki®d As shbwhimGABLEW etreadid

Bl oom Gastroenterol ogy 132:2116-213Q (2Q007).),. t hough th hani s

regul ating tE&ksopBssaYsditevyfs gredpchop in E’Efg}“?z‘é‘? g m‘Frg?SF&n g@%ﬁ]gft&o od,
the product i\gRe9bbePRRAtin G studh 2hdWevdE HidSdiffeiehdl dbserbed Wareatht tsartismgilat e
some of the effects. SCFA, and chiefly acetate, butyrate, and propionate,
are prod@pedlgnrﬁoﬁﬁe | arge bowel by anaerobic fermentation of fernentable
dietary fibers, gd;Naye, Beery {;wb&d Afer SUivBL 86 PRC Qle, S@idRl 4 ch9kmBpes and
modul ation of serum cChol esterol. _The objective of this study was to
exani ne t he expsreheedoin dvemggwf age?G% redubtimmninniest@galucosPiny= a¢ice gRO&Ifram as

well as the fe SCFA congentr.at i i j fier co m ng
ei ther VFC (Vﬁ@gﬁ’&’ BrVESRY P g q%é)gﬁ’mgér%lﬁfli&pg\%gg X?O?rélwﬁ&éi%y@. %étp ho‘ggg

5Subj ects: Reant weblp@ntasd Wehecrhgabl H27.26%nredumioh iy fastihe snsatial 1dvelyehesl 7het ween
the ages of 18 and 55 years with a BM between 18.5 and 28.4 kg/nR2 (i.e

nor mal W& gty O-0ZRRy Wsek Oy s epmware ntﬂo}?ﬁs‘ilé]‘(i e (olv i - Iﬁaﬁ‘al, pB?lgI:Oe %léy
control | ed tifiighonvas carried out as follows: Participants were randomy
assigned into two groups: 10Goup 1 (n=27) consuned the test product

Vi scous fiber complex_(VFQ (konjac/xantha | gi nat 0.13:17 ranul es
(i.e., the fiber mt;I end )%%B 9’e?f>g‘€?lovﬁfagﬁgli’Og’[“tf)‘a’rfiea{a(()oz’faé‘? a Q)ngl ex,
comrercially known as PGX( @ghrigiiaph 4 @delbvial Way9PCqboyiRg | nc., Cal gary, CA).
Goup 2 (n=27) consuned the control product {skimred -mlk powder—which was
150f simlar color and texture as|the test product). The control |and
test produdestiere pre-mi xedSamele 10 Y&k Oy comYesekild pFhange i o ddBgsl by

CRI D Pharmm, France, and packs&ged Wikhn &350 M Mifand, PRI 6pal |y avail abl e
pl ai n yogurt—Participantsyconbinied the yogurt and prerm xed pfoduct prior
to ingestign. first seven|d fot he pat hé cipeant s gegnsuned
2.5 g of pt gatua(lf@{oﬁs{e%g%l 20 or ?(;nt 'o%@ti%'%t aﬁ%({/jgg'gzpa??@%fog?mqghzi%n

neal s. For (tnhwl/Last 14 days of the study, participants|consuned 5 g of
product (test or control) tw ce ajday. For the duratiopn of the|study,
parti ci pant¥Trglyecridast ruct ed tD abst &4 G9%m co¥stifiShg-0.40&0-89| c0f%ods and
limt di et?‘rn}gwﬁzbjer intake|{to approximately 1 Oy per day. Wth|the

nro.m yvadl Ay ~Adi i~ A

I o B FHHE al-l In £ |
exception FHe—pre-—mxearprogdet—ana—yogur{, —ar—otnegr—tooasTwere

hased { pared by th i i 5 2 hey |5
pur chase 1';!91 repared by {he par E'Si'ﬁ;gi”&?sa PoPE .7f,7it @.(gsuér'ﬁ.gzaa?iaf%

Assessnent s ticipants pad ass nt's per forme
visits. Scimaimy (Visit 0] a screening visit, "VO') ipvolved a physigal
exam nati on.
*LDL 16 3.40+ 0.96 2.53+0.64 [-0.87+0.56] -25.51
(mmol/L)
*Fasting glucose 20 5.75+0.78 534+£0.49 |-0.40+£0.65] -6.96
(mmol/L)
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Nutrition J. 8:9 (2008)).

15

20

Discussion:

The medically supervised weight loss study described in this

example demonstrates that the use of VFC granules along with general changes in diet

and physical activity over a 14 week time period was of benefit in modifying the

cardiometabolic risk factors in overweight and obese subjects.

Overall, there was a

significant reduction in group weight (-5.79 + 3.55 kg), waist measurements (-12.07 =

5.56 cm), and percent body fat (-2.43 + 2.39%) from baseline. Moreover, these latter

physical changes were paralleled by a significant decrease in fasting LDL (-25.51%),

fasting glucose (—6.96%), and fasting insulin (—27.26%) levels over a relatively short time

span of 14 weeks.
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aut oanal yzer (Roche, Al nere, The Netherlands). The pH was neasured using a
mcro- electrode. Dry matter was neasured by drying a sub-sanple to
dryness avolaD@opmon a m ni mum of 2 days. St ati sti ealr/caal 1ye0%0
Results are presented as nean SEM SCFA at the three visits were anal yzed
by repeated neasures ANOVA with visit (V1, V2, V3) as the 5 wthin-subject
factor and treatnent as the between-group factor. Correl ati ons between SCFA
and othfr measured outconmes (satiety hornones, glucose, insulin and

HOVA- I R) were determ ned. using Pearson' s correl.ation anal ysis., Significance
was set at P<0.0H.1s puegfing:to gtest e St(’?%reﬁﬁqlég R fye38e ¥_§r133)lie§)7g ke)

parti ci pat eghdnhd H8meh (dy1480d Bk prEe thedld widk fiBeberidsiTiss (hddgd/Suld B
subjects withdrew fromthe st ugfy, and the product was wel| tol ergt gd. The
£l p

control gr ?@ﬁfﬁbé@: & henbpsiniex cdHEReRges SeEY e fes(ing) e EXPeadite ndTe &PPHLY a
mean age o 0 Wl il f ; : i /i
g F?}Qarg ez %}ice%é sﬁg\gn frt fk deBiMly 24 h3o§1? %&r%y(zf)%end]-tﬂ‘f“e_ i9 E@H&ufn@féﬁj 51 ng

the test product - a mean age "of o ‘and initial BM of 22.7
2.1. Thebe wel@%riowel ihfvwomercermparedje sedn afler etatisticelaidiustiarnti o€ Regriaetavity,
characteri st et - Set 1L ' ; i nsulin and
HOMA- 1 R cor Bl b SR K a%’r‘%@%elg@ DT " e .
Body wei ght, andThé astienibtaheddar ¥REtirreduahg bodyi weiglatr(t-572 bgsarercorgpasani¢ r ol or

\Z/E)C ' Vfo?éggtl) 6595.%)}%8? EéSk?it enm.\t}l?ka( g%%%m%&{ﬂagglg P ()&e\r/lli:ca ® X%li@().d%%IthAt iél 3 (day
a lipase inhibitor that reduces the absorption of fat (J.B. Dixon etal., Aust. Fam.
10 Physician 35:576-79 (2006)). In a controlled study, 391 mild to moderately overweight
individuals who employed the drug orlistat at a dose of 60 mg, three times daily over a
16 week time period, lost 3.05 kg compared to 1.90 kg in the placebo group (J.W.
Anderson et al., Ann. Pharmacother. 40:1717-23 (2006).
VFC use also resulted in the reduction of other risk factors associated with mild to
15 moderate obesity. Overall, a significant reduction was observed of total cholesterol levels
(-19.26%; —1.09 mmoVl/L) and LDL cholesterol levels (-25.51%; —~0.87 mmol/L) from
baseline values (p < 0.05) after 14 weeks of VFC therapy. The reduction in lipid values
achieved with VFC was comparable to the use of such early generation statin drugs like
lovastatin (Mevacor ). For example, one study noted that within one month of beginning
20 lovastatin therapy, total and LDL cholesterol was decreased by 19% and 27%
respectively in those with elevated cholesterol levels (W.B. Kannel etal., Am. J
Cardiol. 66:1B-10B (1990)).
Moreover, as described in Examples 1 and 2, the use of VFC not only decreases
blood lipid levels, but also may be used to ameliorate the development and progression of
25  the early phase of metabolic syndrome. An increase in visceral obesity, serum glucose,
and insulin levels along with hypertension and dyslipidemia are a group of clinical
conditions that are collectively known as the metabolic syndrome (E.J. Gallagher et al.,
Endocrinol. Metab. Clin. North Am. 37:559-79 (2008)). Research has shown that those
who have metabolic syndrome have a 50% greater risk of a experiencing a major
30 coronary event (D.E. Moller et al., Annu. Rev. Med. 56:45-62 (2005)). As such, any
reductions in weight, fasting insulin, and glucose would confer significant health benefits

on those individuals so afflicted.
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Body Weight (kg) 64.60 1.57 N M 64. 60+1. 52 68.201.71 N M 68. 43+1. 67 d ucose
(mml/1) 4.60+0.06 4.60+0.07 4.62+0.10 4.67+0.09 4.60+0.08 4.60+0.08
I nsul i n (Wo/20fmib9dwo 32+0. 85 4. 52+0. 33 5. 19+0. 33 5. 52+0. 5&C4/(A2610/088260

In this 14-week study, VFC use resulted in a decrease of fasting insulin levels
from 89.41 + 44.84 pmol/L to 65.04 + 33.21 pmol/L (p < 0.05). The reduction in fasting
insulin reflects improved insulin sensitivity and may be due in part to increased GLP-1
activity and decreased postprandial hyperglycemia along with the improvements in

5 insulin sensitivity that accompanies weight loss (see G. Reaven et al., Recent Prog.
Horm. Res. 59:207-23 (2004)).

These findings are consistent with the results obtained in the Zucker diabetic rat
study described in Example 1, and suggest that the therapeutic use of VFC in concert with
lifestyle modifications is of practical benefit to those suffering with obesity and certain

10  cardiometabolic risk factors. Unlike other types of standard medical interventions
available to treat obesity and elevated cholesterol levels, VFC use is associated with
minimal side effects. This advantageous safety profile, along with its therapeutic
efficacy, suggest that VFC should be considered as a first line therapy for those who are
overweight/obese, have elevated cholesterol levels and/or are insulin resistant.

15 EXAMPLE 4

This example describes a study in healthy adults with normal weight showing
increased plasma PYY levels and increased fecal short chain fatty acids (SCFA)
following supplementation with viscous fiber complex (VFC) in comparison with control
subjects fed skim milk powder.

20 Rationale:

Numerous dietary fibers have been shown to have numerous health benefits,
including enhancing the secretion of gut satiety hormones and improving bowel function
(R.A. Reimer etal., Endocrinology 137:3948-3956 (1996); Reimer and Russell,
Obesity 16:40-46 (2008); P.D. Cani et al., Br. J. Nutr. 92:521-526 (2004); T.C. Adam and

25 R.S. Westererp-Plantenga, Br. J. Nutr. 93:845-851 (2005)). Glucagon-like peptide-1
(GLP-1) and peptide YY (PYY) are anorexigenic peptides involved in reducing food
intake, while ghrelin, the only known orexigenic peptide, is associated with hunger (Wren
and Bloom, Gastroenterology 132:2116-2130 (2007)).

Although the mechanisms regulating these benefits of dietary fibers are not fully

30  understood, the production of short chain fatty acids (SCFA) is believed to mediate some
of the effects. SCFA, and chiefly acetate, butyrate, and propionate, are produced in the
large bowel by anaerobic fermentation of fermentable dietary fibers, and have been

linked to stimulation of satiety hormones and modulation of serum cholesterol.
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group at the endgf cdRtdendlebihtodRFReRp3-mitdd with 100§ 60a tdhaherciaChreadst PYY
| evel s are advantageous, as it is an anorexigenic hornone that is

associ at ed ietenl hetRER BharedFiapecared packaged xaths WSl ¢t eomaseaineyailablpeat ed
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20 or control) twice a day as part of two main meals. For the last 14 days of the study,
participants consumed 5 g of product (test or control) twice a day. For the duration of the
study, participants were instructed to abstain from consuming fiber-rich foods and limit
dietary fiber intake to approximately 10g per day. With the exception of the pre-mixed
product and yogurt, all other foods were purchased and prepared by the participants as

25  per their usual diet.

Assessments: Participants had assessments performed at four separate visits.
Screening (Visit 0, a screening visit, "V0") involved a physical examination.

Blood Samples: A fasted blood sample was collected at Visit 1, day O of the study
(baseline). Visit 2 = seven days into the study, following the one week of 5 g of product

30 ingestion. Visit 3 = 21 days into the study, after two weeks of 10 g of product ingestion.
During each visit, blood was collected in an EDTA treated tube with the addition of
Diprotin A (0.034 mg/ml blood; MP Biomedicals, Illkirch, France) and centrifuged at
3000 rpm for 12 min at 4°C. Plasma was stored at -80°C until analysis.
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control (P:O.OG)B Ttb}g;e wa az)gsi'gnificant effect of visit for fecal pH
(0.02) with both éﬁ” 6%‘"’(? & ng between V1 and V3. Correlations with
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-0.29; P=0.03). The change in propionate between baseline and the final
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praphonate Vas, TORRLLS Y A02SAEE g e IR i T

CNl ?0 6 6 6 PhoixPBarfhaceuticaldDni.n(Budjng@ndl G4). dh@ aSsag sensitivétyeios PEYOORS C

Cenlf N s?. %(.)060ncg3/rrql e(l)ndOO.?3 gg/(r)nl l}loreéﬁr-elirg 0 Iﬁtfa_-éssa(%focg Qs for both assays and
inter-assay CV<14% and <9% for PYY and ghrelin, respectively.

15 Insulin: Insulin was measured using an ELISA kit from Milliport (St. Charles,
MO). The assay sensitivity is 2 pU/ml with an intra-assay CV <7% and inter-assay
CV <11.4%.

Statistical Analysis: Results are presented as mean + SEM. Peptide levels at the
three visits were analyzed by repeated measures ANOVA with a Bonferroni adjustment

20  [two-factor analysis with time (V1, V2, V3) and diet as parameters]. Associations
between two parameters were computed using Pearson correlation coefficients. The
homeostatic model assessment for insulin resistance was calculated using the formula
[HOMA-IR= fasting insulin ( pU/ml) X fasting glucose (mmol/1)/22.5]. Data was
analyzed using SPSS v 16.0 software (SPSS Inc. Chicago IL).

25 Fecal Analysis: SCFA measurements were performed according to Van Nuenen
et al., Microbial Ecology in Health and Disease 15:137-144 (2003). Briefly, fecal
samples were centrifuged and a mixture of formic acid (20%), methanol and 2-ethyl
butyric acid (internal standard, 2 mg/ml in methanol) added to the clear supernatant. A
0.5 ml sample was injected on a GC-column (Stabilwax-DA, length 15 m, ID 0.53 mm,

30 film thickness 0.1 mm; Varian Chrompack, Bergen op Zoom, The Netherlands) in a
Chrompack CP9001 gas chromatograph using an automatic sampler. Both L- and D-

lactate were determined enzymatically in clear supernatant by a Cobas Mira plus

autoanalyzer (Roche, Almere, The Netherlands). The pH was measured using a micro-
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electrode. Dry matter was measured by drying a sub-sample to dryness at 110°C for a
minimum of 2 days.

Statistical analysis: Results are presented as mean + SEM. SCFA at the three
visits were analyzed by repeated measures ANOVA with visit (V1, V2, V3) as the
within-subject factor and treatment as the between-group factor. Correlations between
SCFA and other measured outcomes (satiety hormones, glucose, insulin and HOMA-IR)
were determined using Pearson's correlation analysis. Significance was set at £<0.05.

Results:

54 subjects (25 males and 29 females) participated in the study and attended all
four visits (V0-V3). No subjects withdrew from the study, and the product was well
tolerated. The control group receiving the control product (11 Males, 16 females) had a
mean age of 30.9+ 10.8 and initial BMI of 22.8 +2.4. The group receiving the test
product (VFC) had a mean age of 32.3 + 10.3 and initial BMI of 22.7 + 2.1. There were
no differences in baseline clinical and biochemical characteristics between the groups.

Body weight, glucose, insulin and HOMA-IR scores at V1, V2 and V3 are
provided below in TABLE 9.

TABLE 9: Body weight, and biochemical parameters of

participants consuming control or VFC.

in + ocov3cr? --,mir) 4 71-
6 6 v3) 00 C? CT) O CT 000 00O en NOOcnOO0OO-H+
0 -wo#=bitHob9) s t--- t----+7_1 00 oo ) cc)Cr;
ci (x) 0004 N,.--,
N 0? c? N
O -H-H+ kr)rr)+lc-4-H?.Dri) 6 0

C-H-H-Hoo kr) 71- c:
..-C,1*, --t---kr) N 1-(c) s +l

Control Group (Skim milk powder) Test Group (VFC)

V1 (day 0) | V2 (day7) | V3 (day21)| V1(day(0) | V2(day7) | V3 (day21)
Body 64.60 N/M 64.60=1.52 | 68.20+1.71 N/M 68.43+1.67
Weight (kg) +1.57
Glucose 4.60+0.06 | 4.60£0.07 | 4.62+0.10 | 4.67+0.09 | 4.60+£0.08 | 4.60+0.08
(mmol/l)
Insulin 5.32+0.85 | 4.52£0.33 | 5.19+0.33 | 5.52+0.56 | 4.52+0.49 | 4.61x0.47
(pU/ml
HOMA-IR 1.11£0.20 | 0.93£0.07 | 1.07+0.07 | 1.1540.11 | 0.96+0.11 | 0.94+0.10

Values represent the mean = SEM (n=27/group). N/M=not measured. When gender was included

as a covariant in the repeated measures ANOVA, the difference between visits was significant for HOMA-

IR (p=0.024) for the test group.
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As shown above in TABLE 9, there were no significant changes in body weight
between V1 and V3 in the control and test groups. Fasting plasma glucose did not differ
over time or between groups. Although there was a 14% reduction in fasting insulin
between V1 and V3 in the test group (i.e. with PGX), this difference was not statistically

5  different from the control group. The mean raw and percent change for HOMA-IR scores
were -0.04 or -3.6% for the control group and -0.21 or -18.3% in the test group. The
percent decrease in HOMA-IR was significantly greater in the test group than control
(P=0.03). Repeated measures ANOVA showed a P=0.067 for the effect of visit. When
gender was included as a covariant in the repeated measures analysis, the effect of visit

10  was statistically significant (P=0.024). When analyzed separately, males showed greater
decreases in HOMA-IR scores than females (P=0.042) between V1 and V3. The
reduction in HOMA-IR was similar for control and test in male participants ( -0.36 = 0.20
and -0.31 = 0.18, respectively). In females, however, HOMA-IR scores were increased in
the control group ( +0.18 & 0.17) and decreased in the test group (-0.08 & 0.19).

15 There were no significant differences in fasting GLP-1 levels across visits or
between groups (data not shown).

FIGURE 10A graphically illustrates the effect of control versus VFC on fasting
PYY levels in healthy adults for all participants (n=54) at V1 (day 0), V2 (day 14) and V3
(day 21). Values are mean = SEM. As shown in FIGURE 10A, repeated measures

20  analysis showed a statistically significant effect of visit (P=0.004) for fasting PY'Y levels.
When the results shown in FIGURE 10A were stratified by BMI, those participants with
a BMI<23 showed a significant difference in PYY levels as an effect of visit (P=0.03)
and treatment (P=0.037), as shown in FIGURE 10B. Analysis of variance showed a
significantly higher level of PY'Y in the test group versus the control group at the end of

25  the study (P=0.043). It is noted that increased PYY levels are advantageous, as it is an
anorexigenic hormone that is associated with reduced food intake.

As shown in FIGURE 10C, repeated measures ANOVA showed a significant
effect of visit (P<0.001) for fasting total ghrelin levels and treatment (p=0.037). As
shown in FIGURE 10C, reductions of 89.7 + 20.0 and 97.7 + 26.6 pmol/l were observed

30  in the control and VFC treated test groups, respectively.
PYY was negatively correlated with glucose at V2 (r = -0.27, P=0.046). There

were also significant negative correlations between ghrelin and insulin at V1 and V2
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Anal ysis of Plasma PYY |evels The results of the study described in
this exanpl e denonstrate that VFC use increases |evels of fasting PYY
conpar ed wo 20omtop®b product and this is statistically 5peirgmziiloaodcoi n
participants with a BM <23. Plasma concentrations of PYY are typically
reduced in overwei ght and obese humans (R L. Batterhamet al., Nature

418: 650- 654 (2002)), and this inpaired secretion of PYY nay pronote the
devel opnent of obesity and/or hinder weight |oss. Wiile the participants in
the control armof this study saw a nodest reductjon in 10 fasting PYY over
the course &F= tORS: 0B 8nanek ™ st oyl f’ﬁ%o%?arrﬁﬁpﬁ?tb’ﬁm ?néo%?éﬁ?ﬁnngl"?}ﬁb re

abl e to mai RENIA,at §1%nd W2the -C2BP=0l051 hase= b bk B (92 Jespretivedl) y i ncrease
their PYY levels. It has recently been shown that mcrobial fernentation of
prebiotics is as a 3¢ i ncrease in GLP-1 and PYY production in
heal t hy adults ( [ Al I : ) i FrPElant s,
short chain fattggg%?gquggkx?jyx]ﬁgﬂog%gﬂ?ﬁgy%génggﬁg%éwﬁgg?,nicréﬁial

f er ment ati omigher witle VACXPGEXDer versuavie dostel (BROOH groumi Feee wore sojdifigrenices PYY
secretion (V. noul in . et. al,.., Endocrinal 3780, 6,,.( 8 Konj ac
gl ucomannan,™ S%t%?ontcﬁgraé?%sr elh?’legengr%f er }1}% agg‘boﬁf &5%%&,%67 ﬁ’agE%@eoﬁ \i?a@v\}%btg@’

i ncrease t heuf @matnteoncentré sichiomtlyfthigheetvith & FCpPERET Jothat tae camtob! lgraupraat e i n
humans (H. L.. Chen ., J. Am . Coll. Nutr. 27:102-108 (2008)), Viscosity
of fiber has’ 3afp§8'ogé)eﬁjh§rl’?o‘%ﬂe inﬂosm‘iﬂ‘%{}lﬁ}m% GferepeR oy p§°85’(5’atl)ehpét 8> and
this effect vﬁ]%iﬁté?&:aﬁi%@tie,_abﬁ%cﬁye ddrcetitaltiofNBetiviers el SoypshOREEMARd IMatRase.

Level s of fasting relin were suppressed betwee i Sit ay .0) and visit
3 (day 29) iepalises shewed roempicash dsameat Pﬁ%"tt(@ﬂ'o& &ufefal gg&gfg‘aﬁ‘fh‘ "HC and
in the group;&ARSHIN Mghe: RRaIGREA Qv IRhadbieds cdRSEANE & FANYPEN™) whduiubitioes food
i nt ake and g(rieglrmt es 2%] adi?)o'si.ty (A M%\Ie%cet al § J. d |®rr? Endocri nol .
Met ab. 86: 54P20.899Fh¢r200)a sipnifiqant lsffpcteaf vadit for NegalipH @2) 908- tls 25r2p90) ) |
conmpounds that att t ogressive rise in ghrelin prior to nmeals are
attractive. qﬁ%?éﬁ%&éﬁaﬁg%yﬁhbreater reduction in ghrelin observed in the
VFC group ver sus (ohelations with sagetyprmva@es, ietulis aghghwasant |y different in this

study, aqthers ha sho ductions in fasti an alz kel at relin
with difary fi bﬁe é%f“ﬁgé?g . Eaﬁysﬁa?éngﬁls a??ié’pa%é‘f‘ n%‘fe, 1“2%6’5?.%?1 %Ekﬁglé
mechani sns QokY, ahd HOBLATY aEORP A NBSV S PPN BISS 9.9 Ak @hdwin Belew o TABRE! 10known,
it has been hypothesjzed that the ahsorption rate of gutr'ents andﬂ%?e
al~,

osnol arity dhere Was p sigaidicry fegatiyeprreleipndepyesy fastipg ghre RapRngle at

Endocri nol o X, PAB08P0Th2O0R)Y in F4poRRE bevebA bisclifMdthe iffnal Sisib@lagd t hat
VFC has a 3- to 5-fold greater viscosity than any currently known

i ndi vi dual pelcylsted eh XA \deandanféried ta #5alelit piopionpiRe Pylta propiopale WasiegabyRly
ansorptiAN A0t e RRPe 0.6 PLB.OS T BhHOMATRYE ¥aS, M f T er ence
detected’in Tasting l'evels 0 P-1’between the two groups over the course
of the three weeks. This lack of change in G.P-1 has 5 been observed with
other dietary fibers (T.C. Adamand R S. Westererp-Plantenga, Br. Nutr.
93:845-851 (2005); K S. Juntunen et al., Am J. din. Nutr. 78:957-964
(2003)). Al t hough the concentrations of glucose and insulin in the
heal t hy subjects that participated in this study were well w thin nornma
ranges, the 14%reduction in insulin over the course of the study in the
test group and the 5.3 fold greater reduction in 10 HOVA-I R scores in the
test group versus the control group may be indicative of underlying

i nprovenents in insulin sensitivity, which is consistent with the results
obtained in Exanples 1 and 3. In summary, this study denonstrates that VFC
(PGX(r)) increases fasting levels of PYY, a gut peptide involved in
reduci ng food intake, in healthy participants. 15Anal ysis of Fecal SCFA

| evel s As described supra, fernmentable dietary fibers have been shown to
reduce energy
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i ntake and increase the secretion of anorexigenic gut hornones.
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25Thi s Exanpl e describes the analysis of the primary structure of

granul ated vi scous fiber conplex (VFC) (konjac/xanthan/alginate (70:13:17)
(i.e., theohnbernywbend was processed by granul ation to formazoamomeex,
comercially known as PGX8). Rational e: Polysaccharides are naturally
occurring pol yners conposed of sugars 30 (nonosaccharides) |inked through
their glycosidic hydroxyl groups. They may be branched or |inear and can
have very hi gh nol ecul ar weights ranging from several thousand Daltons to
more than two million, The primary structure of granulated VFC (70%

konj ac- mannan, 1P#FRiM™han gum 13% sodi um al gi nate) was det erm ned using

nmet hyl ati on anal Mﬁcizl)ssis M&Mayﬁ)i’}sle@é%d chromat ography and hydrol ysis and NVR
spectroscopy. Konjac glucomannan is a partially acetylated (1,

4) - 3- D- gl uconann®he otsuitd abthef sredy déseribadbiar thisofxamplsi divenmeiaate Gaat NG age or
Konnyaku ro . i 1 St . dr at es
in Geen Pl gl%{és&&\ﬁgg %gkﬁpgsﬁﬁgﬁﬁé E& Qgg&‘ﬁz‘%"‘%ﬁ% Wigas S&?(%ﬁtgl hlfsyén gum
i's a m chobisizhifaityis patibipite evithraodME €83 .b¥laxaa cormenirmionc oh¥E¥ tard typicklily has

uni que rheol ogi cal and | farmn roperties.. T u [ «X@pthan is
based on a 5%%?3?5’5?‘6@“6%?%%%&%?99@31 (ZS]I‘I ;é%tf?é%%g?{J%'bg\;élyuﬁgiﬁg'@@%?ch
have a 10 tkmapc el ihkeingjatted edvadtion aff AN meyeproihoiethe deelapiedt ofolreste

| i nked to every second, gl ucose unit in the main chain. Sone term nal
mannose uni #84/gan I“’G‘Eg‘ﬂgf%d, and sonme of the inner nmannose units are

acetyl ated (Andr @ik -thdpartiAPentsSHTROSrikd] &1 bEthisNudydaw (aliBdde}) red&@idh tm
Alginate is a sodiumsalt of a polysaccharide_ obtained fromthe brown 15

seaweedd 0( e fasting Bihayar dhnggyerendriba hrewaek sy éhn retigpanseptping drhC
nodosum . T%lr&mgqoqﬁiintﬁﬁl[ Hﬁitlg e &dlg)é;éﬂ I\}’ﬁ&s% v?{h Blpeks a&tﬁallgllmcrélz%e their PYY

| i nked- P- D- pol ymannuroni ¢ aci d (po ), ,4) i r]ked- a- L- pol ygul uronic
acid (poly @Gvekndt kedstregentiy bevy showe st micrethd fermenigtionpprakiptes i§ pupgiateds) .

Grasdalen, H., et. al ... I L9 ) j - S m
Strong ool s it Pt BRELRR M rack iAok MRk o AR O
used to 20deSmr Vbe. (R00R). flarodeafs, hettahainfattySerls BEM), which are the¢ baprodudEBS

Lett 32:195-198 (1973). Methods:. All the | ysacchar | des yseq. Jn this
Exanpl e IRer Q%érﬂﬁé%’?]ege)nﬂ?“i‘t}%'v%%}‘%@égﬁ T e %@p 3’&%’9&"&6@% %{Tm‘gﬁtﬁg’a}(ﬁ .

Si ngl e pol ysagehar i(despuRb@in k@al. aE-gbssRmnnang:§730t3780S (199838 andng681) ;
xant han gumg&{@ot nos. 2504 and .252]%%:;_ and_sodi um al gtilnate_(l ot 25 ggg.

2455, 2638, ZHedmeEBY)oneqf dhfutatingmotedals PEXFC bts her Shoapoa decreie e de¥070523)
was pr oduced, oy RheRdibP etk GRiopste, TANARratd [Vh%amshAN. atth «aad j13% sodi um
al ginate), adding 30%to 60% (wWw water to the VFB and then drying off the

added wat er Gsyl. Apil 37 H3- W8AR008Banpisessitnpf s hansteo besp sbawn indspegdantly o
(unorocoseednibed 5, PR RELRA B0 BEPREGRIN Ghufions L3N 4LARN, 0 o
1112050809) release.
Levels of fasting ghrelin were suppressed between visit 1 (day 0) and visit 3
(day 21) in both the group consuming the test product containing VFC and in the group
consuming the control product. Because ghrelin stimulates food intake and promotes
25  adiposity (A.M. Wren etal.,, J Clin. Endocrinol. Metab. 86:5992-5995 (2001); M.
Tschop et al., Nature 407:908-913 (2000)), compounds that attenuate the progressive rise
in ghrelin prior to meals are attractive. While the 8 pmol/l greater reduction in ghrelin
observed in the VFC group versus the control group was not significantly different in this
study, others have shown reductions in fasting and meal-related ghrelin with dietary fiber
30 (see e.g., Parnell and Reimer, 2009). While the mechanisms by which dietary compounds
suppress ghrelin are not well known, it has been hypothesized that the absorption rate of

nutrients and the osmolarity of the intestinal lumen could play a role (Overduin et al.,

Endocrinology 146:845-850 (2005)). Further in this regard, it is noted that VFC has a
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1. Met hyl ati on Anal ysis Rational e: GCMS anal ysis of partially
net hyl ated al ditol acetates has been used to reveal the nonosacchari de
conmponentwoabipobysacchari des and their positions of | ipalrageo(ikoodspor ndal
et al., Carbohydrate Research 5:433-40 (1967)). Therefore, nethylation
anal ysis can reveal new and unexpected sugars and |inkage positions that
have been created by the process of adding the three polysacchari des

(konj ac- mannan, xanthan gum and al gi nate) together and processing them

through heat treatment and the S granul ati proces However | ati on
anal ysi s do@stonufold H{?@Jf’hwoﬂﬁbé}lﬂa‘a‘ agy UK O‘t"%g‘éit“ﬁé‘?al Pﬁlyﬁﬂ"c}(a@fe TS

Met hyl at'Ont&%!)ﬁéslfkély'ﬁaﬂfe?ﬂiﬁ@leﬁt%b?&'ﬁ ﬂg&ﬁ@ﬁt@ﬁﬁfefor anal ysi s of uronic
acids (e.g sodi um al gi nate do not mevhél ate and are reS|stant to

hydrol ysi s (Per cin/tis S@ldYaﬂhere vcasélmdsﬁqrgncaﬁetegﬁci stagylevsts aeFlinb betvgsh
Pol ysacchar igdeg,, y@g@&%ﬂﬂ@g&a DI 38 Rldcks BHRYRE SAbD Bl GLMALES T S

conposed entirel uroni c mar mur oni ¢ and gul uroni c aci ds),

addi ti onal te¢rhddevedwih pthgudiceg ﬁbﬁraﬁaﬂi y&@nVﬁ@ R.ghWehteierpsBliagteeah fu ol ysi s
and anal ysi S g raI g n hi gh
perfor rrance%é‘grr %19425 %ﬁ @éég)glgr ?u uélﬁrrl gtpl’f A {h pu slzd}(sggn%g%?re@pb
detection ( HPAECAEAE))ghathd cd:k&ehdﬁ:dﬁoﬁpeﬁrghmsgeoqua inadindegbe héxdttly sebjests tHebt hods:

15The sanpl es s .bel.ow in TABLE 11 were ncl.udes..each
e dan GarEAS ™ GHS ety vf@nvgkwnawm g e P R I ERRTS
ungr anul at eqdvMHBe (do8fs8rdrale kRdRASn the kB Edoufi 20l Whe 581 Tol@ greatdvlireduceogl in
granul ated VFC (referred to as PGX0) ed ampunt s of sjingle

pol ysacdRar T ARG seasesniy {henfesit E“PBE VWESP% hey enirol Henp, MR P8ty of

di methyl suly BF&?S}'U‘%E ﬂf@B@en?éﬁ%egl ﬁrﬁuﬁ%ger{sitﬁllt f W‘ﬁﬁ‘:ﬁh132&)n§1§t@ipcl @'1th-|:cH@ rSRIp| es
wer e pernet hyl ate ng sodi um hydr oxi de {NaO iodid éz é{bthe

sanpl es wer ebgheiém Exieplesband 3t du sfromagy, thas studsoflemmtratt:a e VEGd eriod
of [0 Nour Saer S AR RRMPEGYPHEL o §gd£¥ggbédgmé&amg Gl iRk, ‘Pd‘lééai}ﬁy“

hydrol yzed Wih oroacet or two-hours at 120C and
reduced V\Iltl‘paﬂmd)lantm bor odeut eri de (NaBD4) in 2M NH4OH for two hours at room

terrperature The e o] the 25 deconposition of the
bor odeutler i de vvaé”‘t‘ ?/@0 %Wl@é??addl tions of a mxture of nmethanol in
glacial acetic a@is@ed{BBediprd, FbiRnRb eliyetdry @ipbis havebded Bhowi® BduTpleaggyer e

then acetyl ated using acetic anhydride (1 hour at 100C). The ace t ed
sanpl es vveréntplﬁprf}nﬂlﬂé‘de%?ﬂ@%?qfﬁmQfﬁn?rﬁ’éléeré%g‘ﬁrhemnﬁf ﬁé‘“s%ﬂn'?ré‘ tiew Oflt\%:( yation

fga't KZ' gugg‘r}rso anghﬁc&,ﬂm Reh&RMHRARD T hielBy ibdrflinthe Bls@s duted B\ s18y h esteondi ng
in this regulation. Recently, Cani et al, Am J. Clin Nutr 90:1236-1243 (2009)

20 demonstrated a significant correlation between breath hydrogen excretion (measure of gut
microbial fermentation) and plasma GLP-1, a potent insulinotropic hormone that also
reduces food intake. The present study builds on these data by demonstrating a
significant increase in fecal concentrations of total SCFA, and specifically acetate, in
subjects consuming up to 10 g/d of the novel functional fiber complex, PGX®.

25 Acetate, propionate, and butyrate are the chief SCFA produced in the distal gut.
The free fatty acid receptors (FFAR) that sense SCFA in the intestine have recently been
identified as FFAR2 (also known as GPR43) and FFAR3 (also known as GPR41). See
Ichimura A. et al., Prostaglandins & Other Lipid Mediators 89:82-88 (2009). FFAR2 is
expressed in enteroendocrine cells that express PYY, which is consistent with data

30  showing that SCFA stimulate PYY release (Ichimura et al., 2009). In vitro, acetate and
propionate have been shown to inhibit lipolysis in 3T3-L1 adipocytes via FFAR2
activation and suppress plasma free fatty acids (FFA) in vivo in mice. See Ge H et al,,

Endocrinology 149:4519-4526 (2008). Elevated FFA have been associated with insulin
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| i nkages in various sanple lots identified by GCMS (tr=trace, nd=not
detected) Sanple Lot No. Term nal Mannose or d ucose 2-Linked Mannose

4- Li nked wannogwoeLi nked d ucose 3, 4- Linked Hexaose keojraa2narnens)2538
12.52 nd 13.78 13.86

resistance and dyslipidemia. There is also evidence suggesting that orally administered

propionate increases leptin in mice via FFAR3 (Ichimura et al., 2009). Given that leptin

acts centrally to reduce food intake, it is possible that SCFA produced by microbial

fermentation of dietary fibers regulate host metabolism in part through FFAR2 and
5 FFAR3.

The results of this study demonstrate a significant increase in acetate and total
SCFA by the end of three weeks of VFC (PGX®) supplementation. While there were no
changes in body weight in our subjects over the three weeks of supplementation, it is
possible that consumption of the PGX® fiber at the final dose tested (10 g/d) could

10 decrease body fat mass as has been shown with other soluble fibers such as oligofructose
over a period of three months. (Parnell J.A. et al., Am J Clin Nutr 89:1751-1759 (2009).
The negative correlation between propionate and ghrelin fits with the overall reduction in
food intake associated with dietary fibers, particularly those with high viscosity such as
VFC (PGX®). The negative correlation with insulin and HOMA-IR is consistent with the

15  ability of this functional fiber to improve overall metabolic health and reduce insulin
resistance.

In conclusion, the results of this example show an increase in fecal acetate in
subjects consuming a moderate dose of the highly viscous and soluble fiber, VFC
(PGX®), over a 3-week time period. The SCFA, propionate, was negatively correlated

20  with fasting ghrelin, insulin and HOMA-IR. This is the first report to our knowledge
showing an increase in fecal SCFA concentrations with VFC (PGX®) that suggest its
fermentation in the colon may trigger a cascade of physiological effects, potentially
mediated via FFAR2 and FFAR3.

EXAMPLE 5

25 This Example describes the analysis of the primary structure of granulated viscous
fiber complex (VFC) (konjac/xanthan/alginate (70:13:17) (i.e., the fiber blend was
processed by granulation to form a complex, commercially known as PGX®).

Rationale:

Polysaccharides are mnaturally occurring polymers composed of sugars

30  (monosaccharides) linked through their glycosidic hydroxyl groups. They may be
branched or linear and can have very high molecular weights ranging from several
thousand Daltons to more than two million. The primary structure of granulated VFC

(70% konjac-mannan, 17% xanthan gum, 13% sodium alginate) was determined using
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nd sodi um al gi nate 2455 nd nd 13.78 nd nd xant han gum 2504 12.54 13. 68 nd

13.85 14. 65 ungranul ated 900285 nd trace 13.77 13.85 14.65
WO 2011/109900 PCT/CA2011/000260

methylation analysis, hydrolysis and chromatography and hydrolysis and NMR
spectroscopy.

Konjac glucomannan is a partially acetylated (1, 4)-B-D-glucomannan obtained
from the tubers of Amorphophallus konjac or Konnyaku root (Bewley et al., 1985,

5  Biochemistry of Storage Carbohydrates in Green Plants, Academic Press, New York,
pp. 289-304).

Xanthan gum is a microbial polysaccharide produced by Xanthomonas
campestris. It has unique rheological and gel forming properties. The structure of
xanthan is based on a cellulosic backbone of B-(1, 4)-linked glucose unitsk, which have a

10 trisaccharide side chain of mannose-glucuronic acid-mannose linked to every second
glucose unit in the main chain. Some terminal mannose units are pyruvylated, and some
of the inner mannose units are acetylated (Andrew T. R., ACS Symposium Series No. 45
(1977)).
Sodium Alginate is a sodium salt of a polysaccharide obtained from the brown
15 seaweeds (e.g. Laminaria hyperborea, Fucus vesiculosus, Ascophyllum nodosum). The
chemical structure consists of blocks of (1, 4) linked-B-D-polymannuronic acid (poly M),
(1,4) linked-o-L-polyguluronic acid (poly G) and alternating blocks of the two uronic
acids (poly MG). Grasdalen, H., et al., Carbohydr Res 89:179-191 (1981). Alginates
form strong gels with divalent metal cations and the 'egg box' model has been used to
20 describe this form of gelation. See Grant, G.T., et al., FEBS Lett 32:195-198 (1973).

Methods:

All the polysaccharides used in this Example were supplied by InovoBiologic Inc
(Calgary, Alberta, Canada). Single polysaccharides were: konjac glucomannan (lot
nos. 2538 and 2681); xanthan gum (lot nos. 2504 and 2505); and sodium alginate (lot

25  nos. 2455, 2638, and 2639). Granulated VFC (PGX, lot nos. 900495 and 2029070523)
was produced by blending 70% konjac-mannan, 17% xanthan gum, and 13% sodium
alginate), adding 30% to 60% (w/w) water to the VFB and then drying off the added
water by applying heat. Samples of the same ternary mixture (unprocessed VFB) were
taken prior to processing (e.g., granulation), which are referred to as ternary mixture #1

30 (TM1, lot nos. 900285, 900416, and 1112050809).

1 Methylation Analysis

Rationale: GCMS analysis of partially methylated alditol acetates has been used

to reveal the monosaccharide components of polysaccharides and their positions of
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VFB ( TML) (13.65) ungranul ated 1112050 12.47 trace 13.74 13.83 trace

VFB (TML) 809 (13.62) (14.63) granul ated
WO 2011/109900 PCT/CA2011/000260

hinkage (H. Bjorndal etal., Carbohydrate Research 5:433-40 (1967)). Therefore,
methylation analysis can reveal new and unexpected sugars and linkage positions that
have been created by the process of adding the three polysaccharides (konjac-mannan,
xanthan gum, and alginate) together and processing them through heat treatment and the
5 granulation process. However, methylation analysis does not show how sugars are linked
together (o or B). Methylation analysis is known to be unsatisfactory for analysis of
uronic acids (e.g., sodium alginate), which do not methylate and are resistant to
hydrolysis (Percival et al., Chemistry and Enzymology of Marine Algal Polysaccharides,
Academic Press 101 (1967)). Because sodium alginate is composed entirely of uronic

10 acids (mannuronic and guluronic acids), additional methods were required to analyze
VFC, which involved hydrolysis and analysis of the resulting neutral sugars and uronic
acids by high performance anion exchange chromatography with pulsed amperometric
detection (HPAEC-PAD) and 'H NMR spectroscopy, as described below.

Methods:

15 The samples shown below in TABLE 11 were analyzed, which includes each
individual component of VFC (konjac mannan, sodium alginate, xanthan gum),
ungranulated VFB (referred to as "ternary mixture #1" or "TM1") and granulated VFC
(referred to as PGX®). Weighed amounts of single polysaccharides and ternary mixtures
were taken, and a few drops of dimethyl sulphoxide were added to 450 pg of each

20  sample. The samples were permethylated using sodium hydroxide (NaOH/methyl iodide
(MelI)), the samples were shaken then sonicated for a total of four times over a period of
two hours. The samples were purified by chloroform extraction then hydrolyzed with 2M
trifluoroacetic acid (TFA) for two hours at 120°C and reduced with sodium borodeuteride
(NaBDy) in 2M NH4OH for two hours at room temperature. The borate produced on the

25  decomposition of the borodeuteride was removed by three additions of a mixture of
methanol in glacial acetic acid (90:10) followed by lyophilization. The samples were
then acetylated using acetic anhydride (1 hour at 100°C). The acetylated samples were
purified by extraction into chloroform.

Results of Methlyation Analysis:

30
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2029070 12.51 trace 13.78 13.86 14.65 VFC (PGX0) 523 (13.66) gr anul at ed
2029070 12.48 nd 13.74 13.83 trace VFC (PGX0) 523
WO 2011/109900 PCT/CA2011/000260

TABLE 11: Retention times (in minutes) of PMAAs corresponding to the sugars and
linkages in various sample lots identified by GCMS (tr=trace, nd=not detected)

Sample Lot No. | Terminal | 2-Linked | 4-Linked | 4-Linked 3.4-

Mannose | Mannose | Mannose | Glucose Linked
or Hexaose

Glucose

konjac 2538 12.52 nd 13.78 13.86 nd

mannan

sodium 2455 nd nd 13.78 nd nd

alginate

xanthan gum 2504 12.54 13.68 nd 13.85 14.65

ungranulated | 900285 nd trace 13.77 13.85 14.65

VFB (TM1) (13.65)

ungranulated | 1112050 12.47 trace 13.74 13.83 trace

VFB (TM1) 809 (13.62) (14.63)

granulated 2029070 12.51 trace 13.78 13.86 14.65

VFC (PGX®) 523 (13.66)

granulated 2029070 12.48 nd 13.74 13.83 trace

VEC (PGX®) 523 (14.62)

"TM1": ternary mixture #1
Table 11 provides a summary of the results observed in reconstructed ion
5  chromatograms (not shown) of the linkage analysis performed on partially methylated
alditol acetates (PMAAs) derived from the seven samples. As shown in Table 11, the
sample of sodium alginate only gave a weak signal for 4-linked glucose. A comparison
of the signals observed in each polysaccharide sample show that components found in the
konjac mannan powder were consistent with the reported structure, namely glucose and
10  mannose linked through position 4 with short terminal side chains. The xanthan gum
sample gave a weak signal for 2-linked mannose in addition to strong signals for terminal
mannose and/or terminal glucose and 4-linked glucose. A signal eluting at 14.65 minutes

gave a fragmentation pattern consistent with a 3, 4-linked branched hexose. All the
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(14.62) " TM1 " : ternary mxture #1 Table 11 provides a summary of the
results observed in reconstructed ion 5 chromatograns (not shown) of the

| i nkage awel2ysii®operfornmed on partially nethyl ated al di tolri/@eetianeso ( PMAAS)
derived fromthe seven sanples. As shown in Table 11, the sanple of sodium
al ginate only gave a weak signal for 4-linked glucose. A conparison of the
signal s observed in each polysacchari de sanple show that conponents found
in the konjac mannan powder were consistent with the reported structure,
nanely gl ucose_and 10 nannose |inked ,éhrough position 4 with short term nal
si de chai ns.Xamhan gamtHEalsiencasring Witkviae zeppestk sEcRs Thesignals iprRed dfannose

in addi tion fgutSlule3nginstedMahs xdntanteafiinaall (VAR $£d ¥RC/shple k@icBAistgl ucose
and 4-1inked glucose. A signal eluting at 14.65 m nutes gave a

f ragment at i ontpée 8 et-Hnksdhexese branclypairf opsesyedsn tharagthap EaR EHBRIChexose. Al
the xanthan gumpgis {eJutSy %eeggé?%f' R0 tof Wadi Phabl2si ERROM! 8 SitnpKE (cdhtins ThE

signal s present at abo utes In the xanthan gumand all the VFB
and VFC sanpioepommnts @osistestt eith kewjadmainan3andithey alke dorieir coaporeaticthatsgn nt
observed in,the .xanthan gum ver i J: f
assi gnabl e sqegaﬁ%gnsegit(r)\ X?Iﬁgans np eésg%agénkp%oﬁﬁmﬁ%gg rrp%ﬁ’éér%l%ég r%l'c')drgss %? é}ﬁétlﬁ%gt h
konj ac nmannamith tadolidweys alnshusionsnt Birsty, totntho negtisulstbd VFBaiMi@ aad graguletddt o

th h point).  Th t hyl at | | i stent
M the ol Vi G R thidh il KEMRE et ke PR v SRBR R ) and
granul at ed \(5G-1{(dREXbfahdhet @hicaden RS SthéGhétaylatodEUEam if 4hd spadteth carennasy and

xant han %lrjm 3,4-1inked branched glucose). The ot her B'Et hlyl at ed Zatégars in
the spect urffeR Fitkeraphthesa BigPOBME t Rerotsh AtheE OB BIOPPINBFS . areeRO8FY

ot her comon,hi QROLYAGES 16 %ala&%&%naﬁe- EhrragBPakV b SRC eikE)0r6-BRleacemanans,
carrageenan, Or the |1 kg_éi, -li nked glucose (starches), etc. Third, there

i s no evi derfsterchesdneteheShird, etberietis nohavidenses sag dhesei raulist thefchey sygdidike been
formed (e.qg. Lstent w r VFC
and ungr anoi P SErPRERECE BIRLEIR nothd e Bbiflir Wy AR, GIA QAL VT

not abl e 15 VEC astemigrinnldtdicVER davinsimilgni mass speomp drvarth, thisenalgsis benot able t hat

native uronic.aci.ds.do not thylate (Percival et .al...Chem.str nd
Enzynol ogy of I%Eilg'ntge ATGER a%’r%%%’&ﬂ?&ig‘}tg‘& to %8 e(%f&: Pﬁak:n Pes! §°ni(bi°1{sl®6%t). The
aRaI ysis of rﬁﬁ&ﬂilbt?(ﬁéréﬁivﬁlfétal.,i Sheagdf;emzemmw&a@ @ymﬂhg/sggsz adsvgigl;zc(cjharides,

chr omat ogr aphy and hydrol ysi s _and _NVR spectroscopy, . as descr| bed. bel ow.
202. Hydr ol y sh@dgrpig mlﬂﬁél%ﬁg?)s Rbei Bakpie. of SOd“Pn{(zi‘}ﬁ“I“?é% lsgﬁﬁ‘iraﬁﬁd $84Pum

al gi nat e botfyfMiisahdll bl:BRheg@ehHand MedmRlyKis Hnd CNMRN kfectr¥Rbpy1aR @eeibeand

mannuroni ¢ and gul uronic (sodium al gi hate). These structural features
are difficulttelave i dentify due to the extreme hydrol ytic resistance of

uronic % ds in V%Vh‘si Eﬁ%ﬁﬂg‘%ﬂ%’%m%ﬁ?ﬁ?’gby the el ectron-w t hdraw ng

car boxyl~group, it very ult to achieve the first stage in
aci d-cat al yzed hyRintiohylei s, namely protonation of the glycosidic oxygen atom

(Percival et al. ’Xa%}l%m gﬁrtnr%dasggiur%na%gi%le P c%fntali\r@lrlgorql% a%}dg,arllamely glucuronic
(xanthan gum) and mannuronic and guluronic (sodium alginate). These structural
features are difficult to identify due to the extreme hydrolytic resistance of uronic acids in

25  polysaccharides caused by the electron-withdrawing carboxyl group, which makes it very
difficult to achieve the first stage in acid-catalyzed hydrolysis, namely protonation of the
glycosidic oxygen atom (Percival et al., Chemistry and Enzymology of Marine Algal
Polysaccharides, Academic Press 104 (1967)). This has the effect of making these
polysaccharides very stable to attack. Methods of sodium alginate hydrolysis in older

30 literature describes treatment with 90% H,SOy for several hours followed by boiling for
24 hours after dilution (Fischer et al., Hoppe-Seyler's Z Physiol Chem 302:186 (1955)).

More recently, however, a strong volatile acid, trifluoroacetic acid (TFA) has been used
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Pol ysacchari des, Academ c Press 104 (1967)). This has the effect of naking
t hese pol ysacchari des very stable to attack. Methods of sodium

al gi nat e Wwoannlsts in ol der 30 literature describes treatrrmendiviosiso 90%
H2SO4 for several hours followed by boiling for 24 hours after dilution
(Fi scher et al., Hoppe-Seyler's Z Physiol Chem 302:186 (1955)). More
recently, however, a strong volatile acid, trifluoroacetic acid (TFA) has
been used and found to hydrol yze the very resistant bonds in pol yuroni des

wi th the added advantage of volatility for, ease of_ renpval d((sil‘ 4—iou h et
al ., Car bohyet fouad RdydExvas thevegy (%@?2%0.1“15 In po Wﬁqr’éd"é)‘("g'gﬁ eadied ¢ VlaBtg§e a new
anal yti cal gpidiadity hﬁte%/éégﬁ/?&é;% @PEBufiDét af. NCarBYAIRNY Rbssareh 2YBR1 g, VFC

(also referred to as " ') and characterization of all_ the 5 hydrolysis

products (gl ucos@his fsanmpie desgribasor aaw canglyfier! mefherl thehives develorednt®T gl ur oni ¢
id) th . f d @R : ds:
aci Q) L ouglabReis 49 e %m%ﬁsﬁ)%%éﬂwtogz{} VERIEQRAE SR R/A%f avRhhods

GCVB Anal ysi e parti at ed ditol acetates (P wer e
separ at ed ahgdrolysistpréduetd (PycaBasn@nosargtugenonisiapidvasniBpie a¢dsmd BHY@ENVG) . GC

10 separation was r.formed-w th a DB5 col -G@AlM injection at 45C
and a terrpera%fflﬂg‘éoug’ﬁgﬁrug Clgpm toﬁ%@“@d’@g@%@%@% nto 100C, then
8C/ mn to 290C, amghddsnal |y holding at 290C for 5 mnutes. M
identification was perforned with an jonizatio | t age of V.in
scanni ng nmode ov&CMS n‘é%%‘y?%in\éwgheopa@éﬁ%%e@?tfdgﬁgd?\ﬂj taggﬂ?ﬁ t(EI{r)[eAgg? Jt$on.
15Partial hygs.plias bsd (RARED 85 GasHYBolaitgtaphy-SnR¢l iSpbaroscoper @ahey). st f or

trifluoro acetic acid (TFA) hydrolysis of VFB/ g@i hat woul d hy‘%ggl e the
pol ysacdRar iSerazation wenperEwmpd Vet pdaBy R (ROt {HENPR ALt s%‘éa? s to

such an ext E%ﬁ%e;%%légﬁa&ﬁé%ftlsm‘i\@w dodee nasked by dnmuart eflesiaratté on

products. T sTs was carried out on 30 sanpl es shown in TABLE 11
that were 20991CGced finalls balding at 96X frt hninuigsT A SaidentHisatiasgwesoperowed or | h,

2h, 4h, 8h, 2 han ?Orrlxgzatzg Vo]?a% o:fﬁﬁ)t %f riI? sﬂﬁﬂﬁ\éﬁgoﬁé 9Vr9rt hl%ﬁ%elgg @flf 56‘-@26“ ated

times, the TER (ks evapor a reeze rer and t e was
exam ned by Délftofis wily edit iebolaivat ogr aphy (TLC) (sol vent:

but anol : et hanol : water,. 5:3: 2 n sj.lica ge |.at e rck TLC.sili.ca gel
60F). Spots wer e%i’%aﬁ"f‘ggﬁs%sﬁ?fb‘ﬁé?ﬂsphtﬁx‘)é"@%f d ?%‘5 ong e ndRE fi%f was
det er m ned th@lorbdeeti?idEFA) 29Mdiysis @i Y FBOT tHay soald hiziirolyz¢ e poblkyshaiiear i des

in VFB/ C as conpletely as possible into the conponent sugars w.thou
at t acki ng t 18 cemplsiely %Sd)‘@ﬂg]ﬁ vafhout pttagking fher sugprs to auch aﬂ‘*sexgﬁn&ﬁ%@ﬁéasub§/

unvant ed  degyAdatd ARES BPMEE SRR Mo A duBEUbat i on for 72h at 100C
filtered, freeze dried x2. The results are summari zed in TABLE 12. Results

of Hydrolysis AndFpgivdrolgisTesicaried ouRes 30 mg sepplyrshonpdn diWAEst 1gbppree | ot
no. TFA 2laydrp?alc¥(§ ‘?ilt seeafegsﬂ'luers %i*ﬁ%i@?F%ﬂﬁ'%@ated to 100°C for 1h, 2h, 4h, 8h, 24h, and
72h. Samples were removed from the heat at the stated times, the TFA was evaporated in
the freeze drier and the sample was examined by Thin Layer Chromatography (TLC)
(solvent: butanol:ethanol:water, 5:3:2) on silica gel plates (Merck TLC silica gel 60°F).
Spots were visualized using sulphuric acid (5%) in methanol. It was determined that the
25  best conditions for hydrolyzing the polysaccharides in VFB/C as completely as possible
into the component sugars without attacking the sugars to such an extent that the results
are masked by unwanted degradation products was 2M TFA incubation for 72h at
100°C, filtered, freeze dried x2. The results are summarized in TABLE 12.
Results of Hydrolysis Analysis:

30 TABLE 12: Results of TFA hydrolysis
Sample lot no. TFA hydrolysate results
konjac-mannan 2538 mixture of glucose and mannose
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2538 m xture of glucose and nmannose Sampl e | ot no. TFA hydrol ysate
results sodium al gi nate 2638 m xture of mannuroni c and gul uroni c acids
xant han gwon28b0dIghucose, mannose, gl ucuronic acid VFC gCamua2eH/000260

(konj ac/ xant han/ al gi nate (70:13:17) PGX(r) lot no. 2029070523 gl ucose,
mannose and uronic acids Chromat ography: Havi ng establi shed

hydrol ysis conditions that rel ease the conponent sugars fromthe three

pol ysacchari des, a chromatographi c method was devel oped that is capabl e of

Sseparating bgth the neutral sugars (glutose, nmannose) fromthe urjonic
aci ds (gl ucur qRiample Iot no. TFA hydrolysate results

sodium alginate 2638 mixture of mannuronic and guluronic

acids

xanthan gum 2504 glucose, mannose, glucuronic acid

VEFC granules PGX® glucose, mannose and uronic acids

(konjac/xanthan/alginate Jot 10

(70:13:17) 2029070523

Chromatography:

10

15

Having established hydrolysis conditions that release the component sugars from
the three polysaccharides, a chromatographic method was developed that is capable of
separating both the neutral sugars (glucose, mannose) from the uronic acids (glucuronic
acid, mannuronic acid, and guluronic acid).

Dionex acid chromatography is a chromatographic method that has been used
extensively on sugars and related compounds. This method of detection is much more
sensitive as compared to many of the methods that have been employed in the past such
as Refractive Index.

Methods:

Equipment; Dionex ICS-3000 Dual pump IC system, electrochemical detector,
Chromeleon data system.

Materials: Water (de-ionized and filtered), sodium hydroxide (50% solution,
HPLC Electrochem. Grade), sodium acetate, anhydrous (= 99.5%).

TABLE 13: Chromatographic conditions:

Apparatus Dionex liquid chromatography system fitted with PAD detector

Column Dionex CarboPac PA1 (250 x 4 mm)

Dionex CarboPac PA1 Guard (50 x 4 mm)

Eluent A: water

B: 500 mM sodium acetate in 100 mM NaOH

C: 100 mM NaOH
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acid, mannuronic acid, and guluronic acid). D onex aci d chromat ogr aphy
I's a chromat ographi c nethod that has been used extensively on sugars and
rel ated cwopoun@s200Thi s nmet hod of detection is nuch nor @CTEM11V00e268S
conpared to nmany of the nmethods that have been enployed in the past such
10as Refractive Index. Methods: Equi pnent: Dionex |CS-3000 Dual punp IC
system el ectrochem cal detector, Chronel eon data system

Mat erial s: Water (de-ionized and filtered), sodi um hydroxide (50% sol ution,

15 HPLC El ectTochem Glade), sodi um acetate, anhydrouf (> 99.5% . TABLE 13:
Chr omat ogr aphif&iidpendi tijons: Appgs at us |Di onex ohgqui d chr omat egraphy system
fitted wth| PAD detectgr Columm DioneX| CarboPac PAI (250 x 4 mm) D onex
Car boPac PAL Cuard (50 |x 4 mm gEluent A: waterp B: 500{ "M sodisym acetate in
100 mM NaCOH C. 100 nM NaOR— G adient [Tine %8 %C
20 0 15.5
21 50 0
32 50 0
32.5 0 100
42 0 100
42.5 0 15.5
52 0 15.5
Flow Rate 1 ml/min
Injection 10 ul
Volume
Column 30°C
Temperature
Run Time 52 min

Preparation of Samples: (concentration ~0.02 mg/ml)
Sample solutions were prepared at concentrations of approximately 0.02 mg/ml
from an initial concentration in D,O of 30 mg/ml (NMR samples). Aliquots (15 ul) of
5 hydrolysate and standard solutions were dissolved in deionized water (30mg/ml) and
diluted to 0.0225 mg/ml with deionized water for analysis. Standard solutions of each of
the expected hydrolysate components from the three polysaccharides: glucose and
mannose (from konjac glucomannan and xanthan gum), glucuronic acid (from xanthan
gum) and mannuronic and guluronic acids (from sodium alginate) were similarly

10 prepared.

The samples were injected onto a Dionex CarboPac PA1 (250 x 4mm) column
with guard column (50 x 4 mm) at 30°C. The column was eluted with a solvent gradient

formed with A: deionised water; B: 50 mM sodium acetate (anhydrous > 99.5%) in
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100 mM NaOH (HPLC Electrochem grade) and C: 100 mM NaOH at a flow rate of 1ml
min-1, as shown in TABLE 13.

Results of Chromatographic Analysis:

TABLE 14 shows the results of the Dionex Ion Chromatography of hydrolysates

5  of the various fiber samples.
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0 100 42.5 0 15.5 52 0 15.5 Flow Rate 1 m/mn Injection Volume 10 pl.1
Col um Tenperature 30C Run Tinme 52 mn Preparation of Sanples:

(concent rwi2on/108002 ng/ m ) Sanpl e sol uti ons wer e PpTAR20HD06260
concentrations of approximately 0.02 ng/m froman initial concentration in
D20 of 30 nmg/mM (NWVR sanples). Aliquots (15 ul) of 5 hydrol ysate and
standard sol utions were dissolved in deionized water (30ng/nl) and dil uted
to 0.0225 ng/mM w th deionized water for analysis. Standard sol utions of
each of the expected hydrolysate conponents fromthe three pol ysaccharides:

gl ucose and mannosegaRhEOM k@dﬁﬂt@@fgiou@omrm@@mﬁagammfm@ﬂrcgymes gl ucuronic
acid (from xapthan gum—and-mannuroni-c—and—guluron-c—actds—{f+roemsedi um
al ginate) were simlarly

Sample Retention Time (minutes)/ height (nC)/Rel Area (%)
Standards:

glucose 13.98min/175.56nC/99.95%

mannose 15.22min/56.23nC/99.61%

glucuronic acid 25.58min/214.36nC/94.79%

mannuronic acid 25.75min/327.64nC/97.95%

guluronic acid* 25.13*

Test Samples (hydrolysates) |

konjac mannan (Lot#: | 13.98min/45.26nC/41.05% (glucose)

2538) 15.22min/57.94nC/57.27% (mannose)
xanthan gum 13.98min/6.49nC/46.99% (glucose)
(Lot#: 2504) 15.22min/3.99nC/29.93% (mannose)
25.58min/2.73nC/4.87% (glucoronic acid)
sodium alginate 13.95min/0.428nC/3.89% (glucose)
(Lot#: 2638) 15.23min/0.275nC/1.90% (mannose)

25.13min/7.06nC/14.95% (guluronic acid)

25.75min/35.03nC/75.37% (mannuronic acid)

Ungranulated VFB 13.98min/15.79nC/40.94% (glucose)

(TM1) 15.20min/18.76nC/52.42% (mannose)

Lot #900416 25.58min/1.44nC/0.83% (glucuronic acid)
25.75min/3.09nC/1.96% (mannuronic acid)

Granulated VFC 13.98min/15.70nC/40.62% (glucose)

(PGX®) 15.20min/18.76nC/52.50% (mannose)
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10pr epar ed.

acetate (anhydrous > 99.5%
100 MM NaOH at a flow rate of
Chr omat ogr aphi ¢ Anal ysi s:
Chr omat ogr aphy of hydrol ysates 5of the various fiber sanples.
Results of Di
(minutes)/ hel ghtplenC) / Rel  Arla@etédfonSFinfadaisies)oh
13. 98ni n1175. 56nCY 99._95% many '

25. 58mi n1214.
25. 13*

aci d*

10

15

The sanples were injected onto a Di onex CarboPac PAl (250
X 4mm) colum wi th guard colum (50 x 4 mm at 30C. The colum was el uted
with a sovoeenir/geadi ent formed with A dei oni sed wat er; PBI/(X20mnidosxwai um

in

100 mM NaOH (HPLC El ectrochem grade) and C
ImM mn-1, as shown in TABLE 13. Results of
TABLE 14 shows the results of the D onex |on

TABLE 14:

pNex Ton_Chronatjogr apny of

36NC/ 94. 79% mannur_oni (_:' a
Lot # 900495 25.58min/1

ci.d_ 25, '75rq'
42nC/0.82% (glucuronic acid)

25.75min/3.15nC/2.03% (mannuronic acid)

Hydrolysates Sanpl € Retentijon Tinme

SBC)/Rel Area (%) _
619 acid
n/ 327. 64nC/ 97. 95% gul uroni c

*the use of guluronic acid as a standard was ascertained from the hydrolysis of sodium alginate

(assuming that the second significant peak was guluronic acid).

TABLE 15: Commercial Biopolymers and their Monosaccharide Components

Commercial Biopolymer Name | Sugar Profile
Starch glucose
carrageenan galactose

sodium alginate

mannuronic acid, guluronic acid

LBG/guar gum

galactose, mannose

konjac glucomannan

glucose, mannose

Ivory nut mannan

mannosc

xanthan gum

glucose, mannose, glucuronic acid

Larch arabinogalactan

arabinose, galactose

Cellulose ethers

glucose

Acacia gums (Arabic, etc)

complex mixture

VFC (PGX®)

glucose, mannose, glucuronic acid,

mannuronic acid

As shown in TABLE 14, the results of the GCMS analysis indicate that the

component sugars and sugar acids were well separated in one 35 minute run. As further

shown in TABLE 14, TFA hydrolysis of VFB/C gives a unique profile in which four of

the possible monosaccharides, namely

glucose, mannose, glucoronic acid, and

mannuronic acid, were clearly observed in the Dionex traces. These results are consistent

with the composition of VFB/C comprising konjac glucomannan (mannose, glucose),

xanthan gum (glucose, mannose, glucuronic acid), and sodium alginate (mannuronic acid

and guluronic acid).

TABLE 15 shows the monosaccharide components of various commercial

biopolymers, showing that VFC (PGX®) has a unique profile of monosaccharide

-72-



Test Sanpl es (hydrol sates) konjac mannan (Lot#: 2538)

13.98m n145. 26nC/ 41. 05% (gl ucose) 15.22m nl1l57.94nC/ 57. 27% (mannose) xant han
gum ( Lot twd20#iy1048098m n16. 49nC/ 46. 99% (gl ucose) 15. 22mPoTAA20N@OESB0 93%
(marnmose) 25.58mi nl2. 73nC/ 4.87% (gl ucoroni ¢ acid) sodium al gi nate (Lott
2638) 13.95m n/0.428nC/ 3. 89% (gl ucose) 15.23m n/0.275nC/ 1. 90% ( mannose)

25. 13m n/ 7. 06nC/ 14. 95% (gul uroni ¢ acid) 25.75m n/ 35. 03nC 75. 37% ( mannur oni ¢
acid) Ungranul ated VFB (TML) Lot #900416 13.98m n/15. 79nC/ 40. 94% (gl ucose)
15. 20m n/ 18. 76nC/ 52. 42% (mannose) 25.58m n/ 1. 44nC/ 0. 83% (gl ucuroni ¢ aci d)
25. 75ni n13. COAEraents ot heraiort rthese deslis dymapsimatel teted TWAChydpelgis and GCMS

Sampl o Ret ol o atind ol (bl EO TR e PR doR o lB 8
25.58m n/ 1. 42nC/ Gn 8eganagt, tbaGEVLE aaclively of 3he7 BMAAS off kmiGAQ gBB8mimmean md oni ¢
5L ot U USR58 %08 SHARIBEE, Yo SR HAED, T
peak was 5gulexpenddcframi tyir kid\Bh pritary Sevcneesci HonjBt @hebmamas @ne Gtheedks
Monosacchar ic%?res%%n 18{2 %0 tﬁ?—linked glucose, 4-linked mannose, and terminal glucose and/or
mannose (mainly from side chains). Xanthan gum gave strong peaks corresponding to
terminal mannose and/or glucose (from side chains) and 4-linked glucose (in the main
chain), plus a peak for 3, 4-linked hexose (glucose) and a weak peak for 2-linked
10 mannose (both from side chains). Virtually all of these peaks were also detected in the
GCMS analysis of the PMAAs of TM1 and granulated VFC (PGX®), as shown in
TABLE 11, showing that they both contain konjac glucomannan and xanthan gum: The
trace peak eluting at the position of 2-linked mannose from the xanthan gum component
was too weak to assign categorically from the mass spectrum, but the signals at retention
15  times of about 12.47 and 14.65 minutes were consistent with the terminal mannose and
the 3, 4-linked hexose (glucose), respectively, of xanthan gum. Importantly, these
analyses did not reveal any additional unexpected sugars or sugar linkages in TM1 or
granulated VFC (PGX®) that might have emanated from other component biopolymers,
or from any new sugars or sugar linkages that might possibly have formed during
20  processing. As expected, the GCMS analysis of the PMAAs of TM1 and granulated VFC
was not able to identify sodium alginate components.

With regard to the HPAEC-PAD analysis, TABLE 14 shows the measured
retention times of the standards comprising the expected hydrolysate components of TM1
and granulated VFC along with a summary of the chromatograms obtained for

25  hydrolysates of TM1 and granulated VFC. As shown in TABLE 14, four of the possible
components (glucose, mannose, glucuronic acid and mannuronic acid) were detected in
hydrolysates of TM1 and granulated VFC. The fifth component, guluronic acid, was not
detected in this analysis, likely due to the relatively low sodium alginate content of the
mixtures. No unexpected hydrolysate components were detected. These results were

30 consistent with the results obtained from the GCMS analysis of PMAAs, supporting the
conclusion that TM1 and granulated VFC contains chemically unchanged konjac
glucomannan and xanthan gum. Further, the detection of mannuronic acid in the

hydrolysates suggests the additional presence of chemically unchanged sodium alginate.
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Commer ci al Bi opol yner Name Sugar Profile Starch gl ucose carrageenan

gal act ose sodi um al gi nate mannuroni c acid, guluronic acid LBG guar gum

gal act oseyormanmmos®okonj ac gl ucomannan gl ucose, nmannose PCECA20LIT00MEBONAN
mannose xant han gum gl ucose, mannose, gl ucuronic acid Larch arabi nogal actan
ar abi nose, gal actose Cel | ul ose ethers glucose Acacia guns (Arabic, etc)
conpl ex m xture

3. Nuclear Magnetic Resonance Spectroscopy of Intact and Partially
Hydrolyzed Polymers, and Monomeric standards
Rationale:
Nuclear Magnetic Resonance Spectroscopy (NMR) is a valuable tool for the
5 analysis of organic molecules, as the spectra contain a vast amount of information about
their primary structure through the location of the protons (hydrogen atoms) in the
molecule. Thus, on a basic level, the power of IH NMR spectra is to provide adequate
levels of primary structural information which can 'fingerprint' various features using well
established rules on the chemical shifts and integrals of the standard compounds and
10  unknowns in the mixtures of interest. Carbohydrates have a number of characteristic
features in the NMR which make it useful for analysis. The two major characteristic
features of the NMR spectra of carbohydrates are (i) the so called "anomeric" resonances,
which are protons associated with C1 in the sugar ring, and which typically occur at a
lower field than the other major feature; (ii) which is the "ring envelope" of protons
15  associated with the rest of the sugar ring. For example, for glucose, the alpha and beta
anomeric resonances are at 5.2 and 4.6 ppm, respectively, and the ring proton envelope is
between 3.1 and 3.9 ppm, respectively.
Interestingly, the uronic acids have NMR spectra which are somewhat different
than the typical hexose spectrum described above, and their resonances are rather
20  bunched together at slightly higher field than those for glucose and mannose
(3.9-5.6 ppm). Santi etal., 12th Int. Electronic Conf on Synthetic Organic Chemistry
(ECSOC-12):1-30 (2008).  Therefore, the NMR spectra of hydrolysates of the
polysaccharides of interest (e.g., VFB/C) may be used to determine the fingerprint of the
structural units (glucose, mannose, uronic acid, etc.) in the polymers.
25 In the study described in this example, the NMR spectra were used to fingerprint
the complex mixtures that result from hydrolysis of the various polysaccharides and VFB.
It is noted that whole polysaccharides cannot be examined in the NMR at the polymer
level due to problems with physical characteristics such as viscosity.
Methods:
30 Samples of single polysaccharides and ternary mixtures were partially hydrolyzed

with 2M TFA at 100°C for four hours and 24 hours. Filtered hydrolysate samples
(30 mg) were dissolved in D,O (1 ml) and freeze dried before redissolving in D,O and
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VFC (PGX0) gl ucose, mannose, glucuronic acid, mannuronic acid 5 As shown
in TABLE 14, the results of the GCMS anal ysis indicate that the conponent
sugars amsoopanymei ds were wel |l separated in one 35 m matreA20m/006%50f urt her
shown in TABLE 14, TFA hydrolysis of VFB/C gives a unique profile in which
four of the possible nonosaccharides, nanely glucose, nmannose, gl ucoronic
acid, and 10 rnannuronic acid, were clearly observed in the Di onex traces.
These results are consistent with the conposition of VFB/ C conprising

konj ac gl ucomannan (nmannose, gl ucose), xanthan gum (gl ucose, nnose
gl ucuroni c d¢IHE, maT%MRsB’HF%mng‘ﬁqlﬂéf’éh?% e srPEtedcing %‘H‘&OSG‘EPH%F 5284 aci d) .
TABLE 15 shgMge LRgicHeii0 $ReCdailarfleor onents of various comercial 15
bi opol yners, show ng that VFC ( has a uni que profile of nobnosacchari de

conponents. Ther 8\dRepeatnesere raeguired songlydsoiytateaend stardardsobptionfyal 288yt s and
GCVB separ At aTRYRE @%‘Hk OA@Vanbd ne %Eééﬁo}ﬂéﬁrfmﬁn 21 el eARPHRAIHA8S of

nonosacchar i n summary, t anal ysis of the PMAAs of konjac

gl ucomanan rawtinucieat hwhe gudrvaehisrismpere@tk adiesspy avemegeBoker hepsihsofiaiateer i sti c
sugars and ljnkages 5 _ex ted. f.ro i ri . Stk . Konj ac
ol Goommnnan §Avararrs el e AriskRlshilplet XA B Rk A Gl Rich
mannose, andvdsgivennab sghsicose and/ or mannose (rmainly from side chains).

Xant han gum gave stron ks corresponding to termnal mannose and/ or

gl ucose (from si a@s@ﬁaﬂqﬁ\?ﬁ (ixf-‘sl'i nked glucose (in the main chain), plus a

peak for 3, 4-1i nkedHheuRSPed:@!fHCASE Bondiatcharideal RaAKadi®Etarktatdseesl wiid
mannose (both fromside chains). Virtually all of these peaks were also

det ect ed0i n resebvediond thein FRAsacteristic Phranipalaalts grerer g iy begh é@ﬁ@@f‘é?ﬂsa@ﬁ@f
(PGX(r)), asaf@MuinaniABEEm! igiraROWhAGh tRakydkd194tot VFEOPGAU®) (Hef *f
gl ucomannan and xanthan gum The trace peak eluting at the position of
2-1i nked marshos®). fTherehemisabehiftsiolpergrdniot gupnsn erd maenpse Hempaaian gurasayldn

t i call i J ' ti
o apout - 12,570 o TRERAOEELEMT, st AR St FEENEL AR ooe:
and the 3, 43M4ippkod MHiex obamityl dhifos ehserveé Speatanmebyic apfl gduroiiamegls nfrom

or " sugar 1 | HRAGE BRI GoGt Getihe BEVGRC RGBT HAE AP BE Eanat o0

from ot her cemROREBlanilked OFBOTEPGX RO Mhylifobihtas were Wleslig ar@ndinagogarl thisakages
that m ght possibly have forped during 20 proces%ng[. As expect ed, tfqhe GCVs
anal ysis of few olysataave! FAher SHY HtdesrdiiEe WELRHofurthe) SUAPSTHNGENE fy

sodi um al gi NAten&CITRINEBAIS unchangedVddhint S8RARM it SrahiSteWAECPEAR)aNAI ySi S,
TABLE 14 shows the neasured retention tines of the standards conprising the
expect ed hydr ol ydn semmenmhsnMEs speetra i passchtapdands| eorpanspthydiobisgesniapt a
summary £f t r bt ali r ydr ;

gr anul atég)d ' %Porsfﬁ%évé\% cléﬁﬁ,?%%rt% ﬂ%i,dW?gugpéo%@jt ﬁegd%@gfﬁg%éﬁp%%%g

(gl ucose, mamaosged gl ioarp sinctadi fehatansofmomsachargleaoingynantsreitidetcbatged i n
hydr ol ysat es . of gi-fwﬂlig%”d granul ated VFC. The fifth conmponent, guluronic
acid, was notYGEEIEY in this analysis, likely due to the relatively |ow
sodi um al gi nat e @rAnComdludidis: M xtures. No unexpected hydrol ysate
conponents were detect ?d. Th; s(g,re ults re 30 consistent with the results
obt ai ned from thé @Gﬁ%‘térfjﬁf’?@fs in thip\AARPLe SIRHIPBF T R 1o B REREPUSTBHY hat

TML and mr anghatrdofVEen@aed aVFts (BOES) Gak | efseaniisiiaogedndearisasonipatidoamaan and

xant han gum Further, the detection, of nmannuronic %ci déﬁf{] t he hydrol ysates

suggest s th@réamqlat%ampw%%@@rwla&%\ﬁ%éTW).uﬁé sirgRet WobisPaPli Hat e.
WO 2011/ 10990QP&( A tht/ 8RG2E0m3n N 6F GakhMagR Rt GhERS ARG BRRoDRERH 288 COPY

of Intact and Partially ) )
xanthan gum components contained the expected units and links, and that there were no

unexplained additional structural components that might have been introduced by the

30  mixing together or processing of the VFB/C components.
Because sodium alginate, one of the components of VFB/C, is resistant to
methylation, further methods were employed to complete the structural analysis,

including partial hydrolysis, chromatography and NMR, in order to provide further
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Hydrol yzed Pol ymers, and Mononeric standards Rational e: Nucl ear Magnetic
Resonance Spectroscopy (NVR) is a valuable tool for the 5 anal ysis of
organi ¢ rebeoul®sgooas the spectra contain a vast anount pafi/dazdareosded on
about their primary structure through the | ocation of the protons (hydrogen
atons) in the nolecule. Thus, on a basic |level, the power of 1H NWR spectra
is to provide adequate |evels of primary structural information which can
"fingerprint' various features using well established rules on the chem cal
shifts and integrals of t he standard conpounds_and 10 upknowns in th?

mi xt ures of SHRROEHNES evidense oh{hfr wichanged\atue (i nthe Prigrary, igarmicelestiustre ©
features inyecNVR which make it useful for analysis. The two nmgj or
characterlstlc features of the NWMR spectra of carbohydrates are (i) the so
cal | ed "anoneri cn pesoarndesstudigs éascrzed ipribis dnemaleswepat &y cwneldsion that n t he
sugar ring, i t I y. OC ]15?!?9 maj or
feature; (i |g?ﬂ1w}1| chQFg risnréoqerglgael g&pgﬁe&?}ﬁg{ 3{ gﬁs‘gl ggarst&c:rgsl g%ggéw' th

t he rest 5Sof gtrdamla&ugmocq:ssng For exanple, for glucose, the al pha and beta
anoneri c resonances are at 5.2 and §;}8A especti vely, and the ring
proton envel ope is between 3.1 and ppm respectl vely.

I nterestingly, tMaiswxampk: @asi:rd:&:s hizy endN¥R sfpthe tffosy bitiagior ané nscroawhatlar

different than the typical Xose sp trumd scr bve

resonances APFUENHE %mﬂﬁtﬁ h&§CM8géPHer e§| @ﬂﬁj F(é?’ﬂﬂ%qtl%in?tﬁan
those for gl pse7)RNEamiBRINGSE 3. Pheb - HheridPFhs pﬁ%@isbdﬁb glanulatﬂoati@ fomi. a

El ectronic nf on ynt hetic Organic emstry (ECSCC-12):1-30 é2008
Ther ef orl®, tcr@PRKR BBty kopd pH PRIt es THE rF‘H’étS p‘%ﬂs‘gfg’ﬁédﬁaﬁhisd gargle
interest (€. @mondth ﬁ;/ tfrlt dﬁ%ﬂteﬁ%ﬁ&?ﬁ%c&ﬁnggb&%mﬁe%Bﬁp&ﬂeﬂﬂﬁf n'ﬂfate‘afVIf(f'e
structural units (glucose, mannose, uronhic acid, etc.) in the polyners.
251 n the st w(dythdamlzmdye&vclntq hstsblﬁhanitWerkStm Mmlgpé@msatw\é@@ @seevel o

fingerprint th r t I om (S vari ous
pol ysacchar s SRARGE I the' BRbiR’ Bl EHUEERAEL DRt o
exani ned i n nida@o RNR ghico}, (ael golusome+B-Denahudue),A-D-ghuoki-Brsansat.h phy5| cal

characteristics such as viscosity. Mthods: 30Sanpl es of single
pol ysacclﬁari des fop Fnary mixtures were partially hydrolyzed with 2M TFA

at 100C for four TheiugieaBEbcAVedO Wi Exdthplt leftcafyedr ikt ysiat &stigaspheme (B0 )
were dissolved in D20 (1 n1) and freeze dried before redissolving in D20

and pl aci ngemmwuhs@ewl%ﬁ midae dndwling kenee Brnapexagiisn iy apgyepdium

nmonosacchar i fes,apshtdiy f8wHORhE jREiHESzINeE Givelviflg A thiceRbSPBARE, resultmg NVR
spectra were acquired on hydrol ysate and standard solutions at 298.1 Kw th

a Bruker 400n wtlmﬂa\ﬁ@eonemesﬁwéeter@méio pudcessed{grapy ated t\’ﬁﬁeasmoaweltﬁéﬁ@ 5
Ut U] NUGe 2l dr AR A0 FLARIA wgpecrr%[@dgf&gﬁ BB Siddifl, TOPST N

sof t war €. sca S were un on the faj orl sanpl es excep for
gul uronic aoaadthsmrguhe amhsqdlrurmeaéggawenTEéS@resmsof R@smwalﬁnbﬁndﬁmo&ﬂalaya S:

The 1H NWR spectra fo nosacchari de and ur gl ndar wer e
wet1 10t osoRgERions HibvarE e BRgs Attt Bt B vRE PoRBrE BhTal® -
both the hydzve@,|11Y\&§ﬁgh$ed(1)flltﬁ<tﬂi61té%ﬁxﬁlq@$fdibﬁiﬂldedi&ﬂd)\uW’Sﬁic@biﬁaﬁyenteﬁiﬁdonsrbetmn

hydr ol ysate of VFC (PGX3D) (data not shown). The cal iSthIft observed

for gl ucose X9REC FAMRBERAr HHfh i%{ﬁlﬁ’i‘aﬁmgd’fﬁr%ﬁﬁl’e&teﬂ fg‘i"Bs f VEY f‘r‘?tféﬁea ric

resonancgs (#s®bed 2n FXApRNS, iher SHINis fuab EafrRIONANG EpefiBicAlyPpidde atire
chem cal shifts observed for mannuroni c and gul uronic_acids from 15 sodi um

al gi nat e wernartisingen of theydid oplysaseharisesodiug gipatpppossiblsteriapineragions-

resonances found;in gkg%%ﬁgﬁqlﬁge@P%(r)) hydrol ysates were clearly a
conbi nati on of those foun drol ysates of xanthan gum and sodi um

al gi nate, furthefn wpfirst sthéy ﬂOMeClHV@s‘éﬁ(@@r%ﬁlC%@trﬁ ganbgr afreneentialiPns 9fi um
alginate in ﬁﬁ%@gslséf/uen%ra\r/lﬁgte(dp% )(i“ernary Mixture #1, referred to as "TMI") and

30  granulated VFC (PGX®), and these were compared with flow curves for solutions of each
single component of VFB/C alone at the same concentrations to reveal synergistic effects

in the flow behavior of aqueous solutions of ternary mixtures.
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In summary, the NVR spectra of pure standards, conponent hydrol ysates, and
20 VFC hydrol ysates denonstrate that VFC (PGX0) is conposed of

pol ysacchwoizdasioswohanged in primary structural featuregcofcAronowexsehari de
conponents wi th unchanged gl ycosidic |links. Overall Conclusions: The
results described in this exanple denonstrate that the primary chem cal 25
structure of granulated VFC (PGXC) was essentially unchanged as conpared to
t he prefornul at ed, unprocessed/ungranul ated VFB (TM 1). As described in
this exanple, it was shown b}a/ﬁt he cl assical nethod of pethylation that the

konj ac gl ucomannan and xahfBER 1§uianytsspsskbntdicelricali el t he expected units

and |inks, and that F}tLhere were no unexplalrjed additional strjuctural

conponents that m gh Sample heen introduced H-SPHNQP 30 i xing It oget her or
processi ng of the Vi g Q@@'ﬁ;gx® Becauseosedi um al gijnate, one of

t he conponents of VF%‘%1 ?tg@u €si atam) to—mathyt dt?un, forttrer met hods were
enpl oyed to conpl et e Gheulsted ¥FOUPEX®Nnal ysi|9004%%c| udi ng partfial hydrol ysis,
chromat ography and NVR, in.or t ovi de f supporti|ing evi dence
for the unchanged nai\@?%a”ﬂg‘?ddgﬁ%r(m.iw & rl‘lﬂdslag“?gr-m*“m of VFB/ C.

y A\"ARACE N RAVE® Y oot ur © U
In sunmary, the studjesgraesasd VEE (M1} hi s Boaoplee support the concl usion
that granulated VFC [PGX) I's not nodified|chemcally in its| primry
features by the 5grantRdi#m algingicocess  EXAMRIZE3S This_exanpl e
describes the anal ysi§ il Lidfale! OW behavi or| pg macronol ecul ar properties
of granul ated vi scoustToerconptex (VFC) ((konjac/ xantttan/atgi nat e
(70:13:17)) granul es| X{ithan.gunt he fi ber bl en®50&s processed by granul ation
to forma 10 conpl ex|, ,comercially known as 8). The results described in
this Exanpl e denonst %?‘ghatnﬁ%lfn an—nteract "Z%%( eccurri-ng-bet ween t he
conponents of granul gk gfacMibcottanhdie pol yner| dsgyel to establijsh networks and
junction zones to fofma novel polysaccharijde wth the folTow ng

nonencl at ur e: Konjac glucomannan 2681

a- D- gl ucur ono- a- D- manno- f 3- Dmanno- P- D- gl uco), ( a- L- gul ur ono- 13- D- mannur ono) ,
13- D- gl uco- P-D-mannan. 15Rational e: The studi es described in this Exanple
were carried out SwepleRresirapat: e Whet her the ternary granul ated VFB/ C

m xture i ncl udi ng. konj ac nnan, nt han.qu and, spdi.um.al.di tains
et ks and | unciegrATGrEnaD and PRPLMHED pBRGRES RS D aReE" 1
sol uti on 5f | eitpe®pafet.i eScdubitdly afeizhud kathited ReRrdipesed ol @hadhtlagdm b \IHG, as
conpared to 20 the unprocessed/ ungranyl ated VF t he indivi

conponent s Ko§ 284 Ped®niEinl 00 g W%erg‘lgrﬁ/‘”o(}'zgoa‘i“ﬁ%s%dFWS‘ftg’.eP ﬂégg%%‘ﬁce of

non- coval entygRed RMRIdEA ERtwb RbEs 36 GSndialwRea WREhEOEBEuHRQF YeREGRART | des
in granulated VFC (PGX(r)) in solution was investigated with the techniques

descri bed ballasd ogi haraghétivapirar mndr aopTtesrepied \iiqye samples, which had been
weighed to four decimal places, were slowly poured into the center of the vortex. After

10 two hours, the solutions were sheared with a high speed mixer ( IKA shear mixer
(15K rpm)) for 1 minute to ensure that all the particulate material had been fully mixed.
Samples were then further stirred for 1 hour before being considered suitable for analysis.

Flow curve measurement:

Solution flow behavior was measured with a Bohlin Gemini Rheometer using a
15 Cl14 DIN 53019 concentric cylinder measuring system at 25.0 + 0.1°C. Steady state
shear rates were measured at a series of constant applied shear stresses ascending from
0.1 Pa to 10 Pa. Flow behavior was characterized initially using flow curves of log
viscosity versus log shear rate.
Results:
20 FIGURES 13A, 13B, and 13C graphically illustrate the flow curves of konjac

glucomannan, xanthan gum, and sodium alginate, respectively, at 0.1%, 0.2%, and 0.5%

-77-



konj ac gl ucomannan and xant han gum were expected fromthe results of the
study 25described in Exanple 5, further analysis was carried out to

speci fi cavbypoprobmoany partici pation of the third pol ysacthanrideoozodi um
alginate, in possible ternary interactions. 1.Rh eol ogical Measurenents

In the first study, flow curves were produced at a nunber of concentrations
of unprocessed/ ungranul ated VFB (Ternary M xture #1, referred to as "TML")
and 30 granul ated VFC (PGX8), and these were conpared with flow curves for
sol utions of each single conponent of VFB/C al one at the sa

concentrati OH¥ &b mesgEsd aéy?g%. Jip cflosy fupes fon they solutions B%ﬁlaﬁ/ﬂwwelfal

aqueous sol Y i\RnshRHdet @ﬁawlx FIGYRESASA-C I&%L%atlﬁamﬁageﬁ]% HeS G | g&\verﬁll
Rheol ogi cal "St'udy Sanple Lot No. G anul ated VFC (PGXO0) 20290705

Granul at ed WiECoi B@e0gegCOUSBR Exl gB hhellcaed by \Pma¢ Eivggmanna (368BE 13Agreadhul at ed
VFB (TML)  9QQ415,9Q0iihD i D B RS B3 SO AT ARl Fas 23PN BavAE™M

5 between solutions of different lots of the sample single polysaccharide. Xanthan gum
solutions also had the most extensive shear thinning regions across many decades of
shear rate where the logarithmic plots were linear.

FIGURES 11A-C graphically illustrate the flow curve comparison of
unprocessed/ungranulated VFB (TM1) and granulated VFC (PGX®) at 0.5% (w/w)

10  (FIGURE 11A), 0.2% (w/w) (FIGURE 11B) and 0.1% (w/w) (FIGURE 11C).
The data shown in FIGURES 11A-C was further examined by fitting each flow

curve to a power-law relationship between viscosity # and shear rate D as follows:
n= KDn-1

Where X is the consistency index (giving an overall value of thickness) and # 1s

15  the flow behavior index (indicating deviation from Newtonian behavior) derived from the
intercept and slope, respectively, of a logarithmic plot of viscosity against shear rate
which is linear for a power law fluid. The K value indicates the overall consistency and #
indicates the deviation from Newtonian behavior (# =1). A Newtonian fluid has an
value of 1 and, as n decreases below 1, the fluid becomes increasingly shear thinning.

20 As shown in FIGURES 11A-C, all the unprocessed/ungranulated VFB (TM1) and
granulated VEC (PGX®) samples gave very similar flow curves at each concentration,
indicating that a low water activity in processing or in a prior aging of the premix had
influenced the properties of the mixtures. It is noted that processing was at a much lower
overall water activity than the dilute solution conditions of the heat treatment. The flow

25  curves of the VFB/C mixtures were closest to those of xanthan gum; they conformed to
the power law and showed extensive shear thinning behavior, but the magnitude of the
viscosities and the degree of shear thinning at each concentration were actually higher
than those of xanthan gum alone. This is clearly shown by the differences in power law

K and # values between solutions of the VFB/C mixtures and xanthan gum, as shown in

30 FIGURE 12A.
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2504 Xant han gum 2505 Konj ac gl ucomannan 2538 Konj ac gl ucomannan 2681
Sanpl e Preparation: Single polysaccharides and ternary m xtures were
studi ed iwo=0iwmpmn i n deionised 5 distilled water. Acearataby/ooecghed
sanpl es were dispersed at concentrations of 0.1g, 0.2g, and 0.5g in 100 g
of water (0.1% 0.2% and 0.5% respectively) at 25C and allowed to hydrate
for two hours with stirring in which a wei ghed anount of water was pl aced
on a magnetic stirrer and a vortex created before sanples, which had been
wei ghed to four decinmal places, were slowy poured into the center of the
vortex. After 10F£%RE@&AS grenhicallp| ifustfes Wélpe PoWEar BY Wkt KORPHISGR SHeed
mxer ( 1KAg Qéssé@ai%{agﬁ%éﬁ \V@;@Mip gralmmealwt HGLOS UhE xididh k. Abe

particul ate erla een m xed ng es were then further
stirred for showur FIgaiRJ &&éhmgnmmsed@ngdn@l AFBe(TMVY) aad grapylated HiRw

curve neasur, ) I h t Gem ni
rheonet or uaros ) sunet i Rlyce SRRE"R Wals e BadiCERUERSG, BB POl P D
25.0 0. 3C iGheaely wsﬁatoecenlneaam r at esnomir thatvbizberr Edvahites ogesporsd tofgreatenst ant
appl i ed shear stress%f ascend ﬂ?@ 1 Pa,tg 10 Qu behaV|q was
char act er i z&#°PHIET &9 YWasy ﬁ’@ gWC 8 EEpIf gﬁgrv? ?ongatr VP 3710y shear
rate. RESUlQﬁnaﬁQﬁkﬁUB@§ 13A, 13B, and 13C graphically |IIustrate the fl ow
curves of konjac g}uconannan xant han gunl and sodlughglglnate

respectively, YBE 18Boogravkirglly. glipstratpsy e RONSUr B of s8@ParsAR ©f ow

curves for thy %&Eéélt/ i2RSuRfed VIEB (T Y iRt atAOV S AEGR®Y hteRanth@ Vi, NAE| GURES
13A-C shom/thg? xanfﬁan ?uéals tge n%st Sﬂerf Q%?SCLSIféIng ggént (FIGURE

13B), fdi0l owbewibin RIGHRIE I28.ube revitvan Werel Wﬂm&r akhdher YRGsppples atsesgh
al gi nate (FIQRE L3¢ ut é&lr@d i & lggés’?glﬁ%?‘éﬁﬁeiﬁ%@nderbff 'Mnﬁﬁha,vme %r

bet ween sol i1 0nS 0 rent e sarple single po ysaccharlde
Xant han gumrszahmumum&ledbgree dxﬁttiea:rh‘tanmgtm thetregia ofd). ¥hted350hi nni ng regi ons

across many decades .of shear te mh e the ogarith ne I near.
FI GURES 11A-C grg Pt | Pﬁ"PP@P?SaP%e t‘ﬁ’eg‘?‘Fr&w gﬁr%n“?%ﬁ%mﬁt §7 konjac
unpr ocessed/ghRgiamiinal Bd XdhifBat Thh) addh 039 rsadiumailgidatvf; thd REX b)ehmoroofa% (W w)

15 mixture would be expected to be broadly similar to that of 100% konjac glucomannan,

assuming no interactions between the polysaccharides. However, given that konjac

glucomannan is the predominant polysaccharide in the ternary mixtures, and xanthan gum

and sodium alginate are both minor components, the flow behavior of

unprocessed/ungranulated VFB (TM1) and granulated VFC (PGX®) solutions provides a
20  clear indication of an interaction between the polysaccharides in these mixtures.

Summary:

Comparing the flow curves of the granulated VFC (PGX®) shown in FIGURE 11
with the flow curves of the individual components shown in FIGURES 13A-13C, these
results suggest that an interaction has occurred between the'polysaccharides in granulated

25  VFC, giving rise to greater viscosities and degrees of shear thinning behavior than would
be expected for the particular ternary composition present in unprocessed/ungranulated
VFB (TM1) or granulated VFC (PGX®). The overall flow behavior of the granulated
VFC (PGX®) samples was closest to that of xanthan gum, but surprisingly, viscosities of
granulated VFC (PGX®) were actually higher than those of xanthan gum alone. This is
30 shown in FIGURES 12A and 12B, which highlight the higher K values, and below
approximately 0.45% concentration, the lower # comparison values for granulated VFC
(PGX®) as compared with xanthan gum. Considering the xanthan gum content of

unprocessed/ungranulated VEB (TM1) and granulated VFC (PGX®) is only 17%, and the
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10 (FIGURE 11A), 0.2% (W w) (FIGURE 11B) and 0.1% (ww) (FIGURE 11C).

The data shown in FIGURES 11A-C was further examned by fitting each flow
curve to wopowernsdoaw rel ati onshi p between vi scosity andprshaaoriabecd as
follows: 11= Kon-1 Where K is the consistency index (giving an overall

val ue of thickness) and ij is 15 the flow behavi or index (indicating

devi ati on from Newt oni an behavior) derived fromthe intercept and sl ope,
respectively, of a logarithm c plot of viscosity agai nst shear rate which
is linear for a power law fluid. The K value indicates the overall

consi st ency remaining 3¢+ cemasgses he desyiratiedil Fisenrifiewkotcamapemagndosodiun =1
A Newt oni an _f |: Ui V, r: : b fluid
becones i ncragé%lt%é ?/ég egrﬁ%ﬁ?%%%ﬁév@gce@ g Hgﬁgﬁﬁ@?&%ég&\fff%\b &wgrlll t he
unpr ocess ed/thrmplyactharidsd i0hB giaiMate)l VREGIPGRENshaplesl VFC (PGX0) sanpl es gave
very simlar flowy curyes e onc ratj-on, jndicatji wat er
activity in pr ocgssi nzﬁ%ﬁ}léﬁt @p%f‘il%lg? “gln%nﬁ% g nﬁeﬁ}éﬁglgrneﬁﬁu%g'ﬂgépt?%?e?z%%&d t he
propertigs fudilye m xtures. It is noted that processing was at a nuch | ower
overall water activity than.the dilute sqlution.conditions.of (tgue he

t
treatnment. The f tighal eRAGRECRF HE TRBACOH @ dreimie i &fed o twfr{?u?hose

of xanthan gufdentriifR¥s 60 8dduimRkitate idiethperredt df avatardnsnove theefidve beliavier Shear
t hi nni ng behavi or, but the magnitude of the viscosities and the degree of
shear t hi nniapgmacrogrkaqulanprerertiesaliVam/ Gt Pllgweual |y hi gher than those of
xant han gum al onggediss is clearly shown by the differences in power |aw K
and )7 val ues between sol utions of the VFB/C m xtures and xant han gum as
shown i 030 Fl GUREXxtuRA, of konjac ghpagyREnan? AXagthaphgvemlang sodivgs talginae Wee power
| aw K conparj son. 0 n I {

(PGX0), and & (r%ﬁ%ia&hg H%ﬁ%%@@%%ﬂﬂ%ﬁﬂ%g%&%%ﬁ(%ﬁd < ! GG ¥

unpr ocess ed/cangard matioaded: XFB 4 TPM)and nvedrighla ambatte df ddaBn{ Bigkele (@dnplAes) gave

very simlar | ugs  at ch,,co ti.on,and.the K.yalu increased
with concent(P(gt ¥%’ng{%’r @9‘1’ é?(??os]%/(cﬂ {Lﬁt(gzt 1?{?8’[&14%‘? 2@"\’/2?%39%“‘%&@95‘%&%3 $OPGT eat er
Vi scosi ti es,waddirdt Q¥eparetl ¢ Al QEx G E% IoF IRORED-IvRy Gopicafluddeghit@sandl xaathadr

t hi nni ng over the concentration range. FI GURE 12B %raphi cal_l%,

i |1 ust r dfes auRR opBRs W aalkorpc-gbRpRTIaBaphan, BEP PR St I AGFRsR AR ao s FB
(TML), gr anylaf §dhE ﬁi&ﬁl@fv?as%%h%@ﬂ)ti}a@indegﬂﬁﬁl RSesklry3 NRNBudHly mteWREnd 2B,
the ri values werd also simlar for all the VEC sanples at each
concent r at i onyrifishakeppadikept at ol SGgueib neadad  Paveiupiseluporsgd veeh efmpesiHPmi mum /
val ue, or ' ' €. ~ i,NQk: [ [ : .30 to
0asoh Sl (S ARLEE R AERL sk By aBAgs 0 brei LA R e
(70% konj ac tgllukp ofideiamizedl Witex ath héirrirguy a anagndtB3Ystemdi(lem alvgitexatve) first he

fl ow behavior of the 15 m xture | d be expected to be.hrgadly simlar to
Lhat. of S00REH R Sh e AP RS NEH iy geTen e fhraeh ofhe

pol ysacchar i\@gex) HaveN&red @ Wedrateh@itil KRRjogeneglisioosranarous. t Mae pledasi nant
pol ysaccharide in the ternary m xtures, and xanthan gum ag(g sodi um al gi nate
are both i rfelutieRyRiGHEMEe Werdkept dtonf mahkAl: t8s sastpletvoPER¥E/ ungr anul at ed
VFB (TM 1) and gapapl@i&inVFC (PGXO sol utions provides a 20cl ear
indication of an interaction between the pol ysaccharides in these m xtures.
Sumary: CoRfan} abquotieof ety slvticaswere e tgeaidarerdveCiqlioax Y1) shown
in FIGURE 11 _wi | o Loy NGRS in
FI GURES 3&%@4&3 hggne’glfgt\é\fﬁ ifgﬁ“ﬁeggjezs@"?‘h“%f%% ‘?n%e s hgimid??ﬁ??ed

bet ween t he il fleauciwici adegol (agpknuveat éu seded/Fantainéryitagveidslesses dye dat er
viscosities and degrees of .. ar, innj b e} . cted
for the par tﬁV%Qﬂrager%taélr éa’lr.l?/dlg%ﬁp%lg%e?ﬁ tgnén%r& gscgn Yﬁltenﬂ%(%r]%?%%\g%gé é%f ﬁﬁrbe‘ralgo%gl at ed
VFB (TM 1) aaoHrtansdBHje dowhCuks PO to A3sdH4veral | fl ow behavior of the

| ated VFC (P | | t to that of 1t h . but
Jrprisingly, i dE6dI 6 ag st ecnppess IO soraé BAHE of Hhigher
than thoge QfycsaRtdanxGidtnaue)and 348 akind€, SOHANMAINE Kofjh&RESmdndén gavl) 128,

whi ch hi ghlight the hi gher K val ues, and bel ow aj) r oxi mat e,Ig/ 0. 45%
concent rat i ¢Ad xepiban gy (X0) @bapanstas ratipalMsX§G o7 -g?iéhﬁﬂda‘faé‘& Iymmoppiesefy )) as

conpared w th: X i deri t t o
HSa BRRLH REOF Y 118,058, KEPLIEL R oM e o,

q
unpr ocessed/ ungr antl at ed M1
and the
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remai ni ng 83% conprises the | ess powerful viscosifiers konjac nmannan and
sodi um al gi nate, these results provide clear evidence of an interaction

t hat has wocurwwebobet ween t he pol ysaccharides in the graoulcazed /006260 ( PGXO0)
sanples. 2. The Effect of Sodi um Al gi nate Concentration and/or Heat

Treatnment 5 Studies Addi ti onal experinents were carried out to

determ ne the effect of various concentrations of sodium al ginate and the

ef fect of heat treatment on the fl ow behavi or and macronol ecul ar properties
of VFB/C as follows. Methods: 10M xtures of konjac gl ucomannan, xanthan gum
and sodi um ategg maasuregdat empgleﬁawatratrpn@f /iS%e: ut?*%@esé‘éhﬁgép?l‘@dthﬁé figns were

gl ucomannan (KM, A¢kX () hedfed 3 BRRLARQL ratio (Kl\/t XG = 4.12:1)
and vari abl eiarmlrjlﬁétls o?é% 3| um g]lbgl natee?AO to A33) (0% 2% 5% 8% 11%

13% 17% 21% 2R¥sul®7% 30% and 33%. Al the sanples were first prepared
as dry m xtures e two- Q C d gym or

t hree-way (konj agL hﬁv&)cﬁ%vﬁsn m cas xrannt]hancgllrﬁ)g]%1 m&g%gﬁﬁ%m%gg?&

conbi nat BOHSanE%SI’hréSﬁfZISWnGn (FmGMRErle)x Vieie flesw glree threasuoed atdSECnfak thel tvoes

(dry), thorou m xed .usi n Wi St aker, and t .at. s ti
needed. Aqué’@g géﬁlr’iﬁr?’ girsuss E’Fireé’(?i‘fﬁig WSHOW%%?VB&%FL%@EC gﬁs:ﬂﬁﬁl e
concentrat i gRwoburfesIheByireiddiN3eCHio? tig fio- @@cﬁldStaﬂsaiyan(mrxd thaeyere hedtekg of
dei oni zed water with stirri ngpﬁg&%ngénetlc stirrer (i.e., a vortex was

first 20 crderfowr hoyrsasesheaingn r and the sanples were slowy poured
into the center 9&;& shi\en MOFIGRIRE P4 18 thoWRitkaled nlYAFA! Ge uﬂ&ds nem{wﬁae&us

over four hours. The aqueous sol utions of m xtures were kept at 5C until
al | the 9anplegsaspayith qmrlagaasedn theecantent efssodimmt algmatm asamtdfhbe expsfted Hcthe

sol ution vere t hen take f e

anbi ent terrpera or 0(“? Sco ﬁg?e(g'}!/,’ %ﬁd )?(:sl lh% ré? Jgegcw)?{eag’ %‘t\?en wth
t hernost at i o/mosaﬁer(sbdl(lmaaﬂg)ﬂlm were in seal ed cont ainers to avoid | osses due
to evaporation a er| Odl en.to ensu Iete t on for

ei ther one hour éw ]?4% &rhg]ﬁrlglx 6—5#% I3 SRpO X‘rh@ # V\?'cur ves
at 25C of thﬁx&%&&ﬁﬂﬁaﬁ Hckhécdn®didin mgﬂatmwhﬂamemalafaldeanmw@&s@ w:mmnnan,
xant han 1gum and sodi um al gi nate, containi ngi konj ac gl ucorH; $§951§> . and

xant han lgumhighgy thag the @&ﬁgﬁ%mth thet sape TR Mailginate fhat pereyAgt B dhpunt s
of sodium alngUﬁtEelé(@% Ag%ﬁoval@n BfGURA Yac, 11%!%15%38{91632&%}16 ke tha W9 and

33% were measured dt a single concentration of 5% As descri bed above,
t he sol uti orhsatﬁérf@ 4 ihpirs rwaue [yiseitae do th%a@b%ﬁw@raft@néeﬁ@ﬁrfOI onrc hewt ebhesor

[ hour S - GPRH IiRicalt Nt e AeHE KRt HEAGHBtloRlind Wby AU R £
curves (neagemag 1ﬁbra2tﬁﬁ)beﬁm’entﬂt@oly&m0ha}deand ter nary m xtures that were
heated L o1 Mol RES SN0 5 R 1l S LIS R 00,
are shown i RyégoddRBoflsdium alginate in the mixture for 0.5% aqueous solutions of mixtures of
konjac glucomannan, xanthan gum, and sodium alginate at a constant KM:XG ratio
(4.12:1) and variable amounts of alginate (0 to 33%). FIGURE 15A graphically
illustrates the dependence of the power law K value on unheated and heated ternary
25  mixtures on the alginate content. The flow curves for solutions of the ternary mixtures
which had not been heat treated conformed to the power law and principally showed a
decrease in viscosity with increase in the content of sodium alginate. As shown in
FIGURE 15A, for unheated solutions, the power law K value showed a small initial
increase with increase in sodium alginate content, but this was followed by a major
30 decrease. There appeared to be a maximum K value at about 3 to 5% sodium alginate
content. As shown in FIGURE 15B, the 5 value increased (towards Newtonian
behavior), with an increase in the content of sodium alginate in the mixture. This

indicated a progression from a highly viscous and shear thinning binary mixture of konjac
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As shown in FI GURE 14A, for the unheated m xtures, the viscosities appeared
to 10 decrease with an increase in the content of sodium al ginate, as would
be expectwd 20f1/mobeot wo nore powerful viscosifiers (KM amrdTX@r0mvwe26bei ng
repl aced by the weaker viscosifier sodium al gi nate. As shown in FlI GURE
14B, for the m xtures heated for one hour, the ternary m xtures with an

i ncreased sodi um al ginate content naintained their viscosity to |evels 15

hi gher than the m xtures with the sanme ratio of alginate that were not
heated (shown in FIGURE 14A). As shown in FlI GURE 14C, the viscosities of
Che i xt ur o€ CARENTAR 1350 HERDEH ZRBr (TSI AETSHON PHiE 6 FHRAENOASE ved

after heati REoHRN andNEssNALYr thiAfBE Serh &S Yhikfurd AHBASIIEM A gifRal THEe rBRIS er nary
m xture conprising sodiumalginate resulted in a ternary interaction

bet ween t he iptitajsthatchasidiies algPer vGUREELES A weaker VERosifigryst rat e t he

dependency of botfle A if ix A hERRIANPLIAA L. SR S0 AlaflicD Bfefhatd) of N

m xture for 0.5% aqueous s ons of xtures o ] ac gl ucomannan,
xant han §gumshewnd is FdGUREal $A rad FIGURE ¢oBswaud bkMxK&Gtedathen (the B0 horand

vari abl e anpounts. .of. al.ginate.(0.to 33% . FEl GJRE 15A graphically i trates
t he dependeXC&°® l‘flff’fgﬂggﬁg‘t‘owéfvﬁl%o\%%%’ B ARHEs ey g’r? Yor: ré:a%f ééirgr?yagy 25
m Xt ures on vidakerplegd statethiamigeikcosifiee (follom elginaed fAsrshewh it IFDGEREf SAhe
ternary m xtures which had t bheen heat treated conforned.t.o the. power |aw
and princi péﬂ“&’gﬁtﬁ\)@ﬁ Ogta’&é‘gg’_éé‘glét‘?‘ﬁ fed s P??/E%r’tlﬁ ‘Fﬁﬁﬁgé‘ﬁélgn?l_ﬁiefqﬁlg "Ront ent
of sodi um alggd gahRe diStoMRMWeatnient h{@JREmLASinatk @bntetit eRWEMb o8OI % HuRBSL 1% he
power | aw K value showed a snmall initial 1ncrease with increase in sodium

al gi nat d0cormnéntovephe deching indagalpe Wpomueh Ioss steepdljan thag obsgeed derdhe unhgged
appeared to sﬁﬁ%ﬁﬁg’a%@%ﬁn\{ﬁml o B4 in3mb gea‘i%eﬁféé's&mi@dsgdt@@é Gighgpt ent .
, the

As shown in 17 val ue increased (towards Newtonian™
behavi or), \kigher ssliim cilgete comentid 8%t dato of ths deinamn mixgliresat dsishowinen

m xture. This_-jndicated a progression hi_gh ' S

Thi i g bi 1Py R REkAE BrkoR] a7 eRed KTs oSt MhRE W BRE AORRE
sodi um al gi nied ehgé ofvesdilen algdiagnidntenant For the $imited somber efidlutioss heilxelafor
thinning ternary m xture gt 33% sodi um al gi nate. These.results indicate
that thedds od.P‘t‘fngoé‘Fsgiﬁ?‘Fa%ea‘\a/dé Vé&?si W&rea%mgarv@é‘s‘éﬁﬁ ‘?HIaé]&etS]sfof i%éer ?amf‘n%()hg}é’gfi ne in
K and increagfed for {dly\oat HES (@HON& sBBeYt 5% sodi um al gi nate, as 5 shown in
FI GURE 15A and FI GURE 15B woul d be expected when the two nore powerful

vi scosifiers (koﬁ}la@ﬂmaﬁl}ﬁ%‘ﬁan and xanthan gum were being replaced by a
FLGURE 15A i mt Pag ot nes Ot acisad” ot SR8) (diel 17 0L fihe” Sokeh
i ndi cati ng aignifivatthyaincrdesed theevenlldével o€ nratreneoldandar inferaetioms.t Inecgningshio the
sodi um %Ogi %%a 105 Jrilelgtprobc%lss%% & grlétth§ %ovxpﬁléha%%r %g‘f%%e and after processing was
similar, these samples were heat treated in dilute solution and were made up from freshly
mixed components. Since the K value for solutions of powder mixtures containing
between 0% and about 5% sodium alginate actually declined after heat treatment, this
higher level of interactions was unlikely to be due to an enhancement of the interaction
25  between konjac glucomannan and xanthan gum. Rather, it appears that the heat treatment
enhanced the interaction of sodium alginate with one or both of the konjac glucomannan
and xanthan gum.
Overall, these data suggest that after the heat treatment of the mixture, sodium
alginate either restored and strengthened the interaction between konjac glucomannan and
30  xanthan gum, or became involved itself in interactions with the other two polysaccharides
in solution. Therefore, these results suggest that sodium alginate may be added to

glucomannan and xanthan gum at levels of above 8% to 20% in combination with heat

treatment without significantly compromising the rheology of the binary mixture.
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10 and above, the decline in K value was much | ess steep than that observed
for the unheated solutions. A maximumin K value occurred in the heat
treated swbubiionssoat the slightly higher sodi um al gi nat ecramzentooafso 8% t o
11%in the ternary m xtures. As shown in FIGURE 15B, the ri val ue of heat
treated solutions remained | ow and unchanged across the range of sodi um

al ginate contents. For the limted nunber of solutions heated for 15four
hours, the Kand ri values were simlar to those obtained for the sane

sol utions heated for only one hour (data not shown). Summary of Results:
Overal |, these résul tSedimeneigrenithpdneiwinal Ulteacerfifitgeot the ternary sol ution
significantly ingLaasfae the overall level of nmacronol ecul ar interactions.
In contrast to the 20 situation during processing where the fl ow behavi or

before and aft er The coewwsitadly igh gisapditarof VEEs&onjagfstrdkaniolgivato 64131 Bat ed in
di lute sol ut] I ] . ts. .ol the K
e, 5ol vy anendvaie gRUup (LeTALERI ) MR EeEoREN 5 gue the

val ue for s§f 1 0on er m xtur cont alni
sodi um alsgi rameesddllyddnbwnce PIGNTYdalad teferredaatas PolyGiyrepleX®t (ai3-ghicglers-at evel

of interactions was _unlike to he to an hancenment. of, the i raction
25 bet ween Q%Hﬁaﬁlbo'gpﬁ@BWFﬁiéﬁglg‘f?g xg‘ngfﬁﬁﬁmé]ﬁfﬁﬁ RATHEWO0} a?ﬁbplggl%cg %ﬁét t he
heat treat menn@N(POICYded betd invatigas iemydbdsndiicmoptgenatrixnirdshofdngaor  bot h
of the konjac glucomannan and xa}n_t han?ﬁgum. Oltgr‘all . these daha. suggest
that after t2Heomangan; xanhsne A0d cgleinple, A7 Ppanifesteds bl B ardimsaion elaty

restored an%&&ﬁ&@&&'@%ﬁg%&h@u&&h&rﬁg isakab YRR TokiakiadGo latithe Avdeanr and 30
xant han gum or becane involved itse fininteractions with the other two

pol ysacdRar iletsk whishgudsuprovide amhelpaasbasis briaé thess magrgscopigydsevatiat: dbdi um
al gi nate ey, 08 A00RH (dofnifthd!CLERBNAMRAIER NAfe MAly LiteLRiRLe JROVe 8%

to 20% in conbination wt eat treatnment wthout significantly

conpr om si ngs¢des thbpobeo fy infestigagngtheargperties tofi maxtures\® which glucomannan was
2011/ 109900PCTiCA203f1/ 00026,[0 3. ISedi tngﬁt at it n i Paf hnetAnaI ytical

U tracent ri fige R SHRPECIL SUPPIERFRICH RS F #hi%gh vi scosity of VFC
(konj ac/ xant han/ sMighéwt e (70:13:17)) granules (i.e., the fiber blend was
processed by granulation to forma conplex, 5 commercially known as PGX0),
al so reflerred t oPa9sgssharédeycopl ex(r)

(a- D- gl ucur ono- alR{MRBRRty3adeh RIS Asck3mIhg lstidPwerd Bupptisd by TAROBicIodR Inc,
mannur ono), f3-D-gluco-13-Dmannan (PGXe), led us to investigate the

hydr odynam dCpeapehltcas Ganadm) remelaskasfaciebisprentgnulobNantaf; XaeHie suM; loand
alginate, asdBig Rl euilt ARE RENOIENsAAON MRl REIANRRIAVIAL schlfed e
anal ytical ultracéntrifuge, Tn order to look for interactions at the
mol ecul ar 1Gndiededllyvni @b tenmyy pixdwiesieongprisoigegranutatedo @t érefsahd tudintthie stady

Teer oS0 © 0RBENE 0 L SR TR e B SR o
i nvesti gati rigssblved pr df@fitddakistidled Maxdr whé shenrdialiried Hntgl sotinenofbionisess et diie
dori nant - corpaReit o RYRE'IRE! & M %nd FENTA ot LhoREE vultE A9 6.5
Tonic strengths >0.05M were supplemented by the addition of NaCl.
Analytical ultracentrifugation
25 The technique of sedimentation velocity in the analytical ultracentrifuge was used
as the probe for the interaction studies. This free-solution method has the advantage over
other methods as it does not need columns, membrane materials, other separation media
or immobilization which might otherwise disrupt or interfere with interaction phenomena
(S.E. Harding Analytical Ultracentrifugation Techniques and Methods, pp.231-252,
30  Cambridge: Royal Society of Chemistry (2005)). A Beckman XL-I ultracentrifuge was
used equipped with Rayleigh interference optics. Data were captured using a CCD
camera system. Initial scans were made at a low rotor speed of 3000 rpm to monitor for

the presence of very high molecular weight particulates (which were not detected), before
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15Pol ysacchari des Al'l the polysaccharides used in the study were
supplied by InovoBiologic Inc, (Calgary, Al berta, Canada) nanely: konjac

gl ucomannao,20i1ot9Me. 2538; xant han gum | ot No. 2504; amdTaadiuvmoedegi nat e,

| ot No. 2455/2639. The pol ysacchari des were studied individually and as
ternary m xtures conprising granulated VFC (referred to in this study 20 as
"PGX0"), and ungranul ated VFB (referred to in this study as "TML"). Sanpl es
were dissolved in deionized distilled water and then dialyzed into
solutions of ionic strength 0.0001M O0.001M 0.01M 0.1M and O. 2M in
phosphat e- cHdissimgat 9 er spaed git3090gpmy SedimertafiangneHicionts oxwe friFested to

suppl ement edy iYah REn st Ir @ Qnsi¥bdd v1§‘,’3§1|t3y5f ﬁ@tkrr sldorRe eptldd 4gat kems 25The
t echni que of sedinentation velocity in the analytical ultfacentrifuge was
used as the vmrobed af twohminutetintervalsi fon 2 sernudine o ~Thheurs.r Bataswerg pdrzeder hod
has the adv o) Lol rane
materi al s, g%%%s@%ﬁuéﬁbgﬁf rfcgglt‘ %?agl?m%ef{f%mﬁt @%F?‘g%\o d¥1 ; (éégné%f erw se
di srupt or ikdréingeCerbabpdrate nR@rach | BB 10 0R60H) (U?zinE.thHa'ietastnglumgIg(t)i‘cal

Utracentrif 0 ch n - 257

Royal Soci et%ﬁg%%@?%ﬁﬁﬁ%%%éa]} kl\@%@%kﬂalﬁpjf(ﬁ f’gym%%?g;é @9@?9 &j\%és used
equi pped Wi tthe Rayd-@e@bntianigis eletidd &f QPivies et dDalB&)pA@mersCmIdzsadO@(S]%g) a CCD
canmera system Initial scans were nade at. a | Qw.rotor sg of 3000 rpmto

moni t or for Anbysisiod dhsrhangsin sepmentiatipn cpifisieri dfrigiiogh e feirgtads e whi ch

vere not detchRd)of DMEhRIRLHEH] USIENbadiy @nt&i@fiors PEEthePD.04RBAN Jr WB%

Sedi nentation coefficients s were corrected to standard conditions of the
densi ty Hhd @iSsiad Pegolorateravay eraployay. foxthe gonyioly apd gyigtures. Scans were taken at
two mnute inter ime of -12 hours. Data were analyzed in
terns of distri b\é%s'?)lnsfsaq% ﬁlsglglgror;ént ation coefficient distribution g(s) vs. s
(see, e.g., S. E. Ibtegtigofithegead@arbohydrate Research 34:811-826 (2005)) using

the "l east squar SEDFI T a orith m & Schuck

Enzynol ogy 384: 12@’ %@éﬂ?%@e’&m g @ gléaPa‘é’erglﬁgsﬁren?rmﬁ%ﬁedQgp%§até1?%d of
Claverie et tB¢ analyBicfliRdkacomrifugd 4 és%ﬁs}ﬂ.ﬁﬁ&@n(o]legﬂl&) inteBfigl ysi s Of t he Change in
sedi nentati on coefficient dist r} | ons s used to dg‘?‘certal n the esence

of an interacti oRNICHREJOaLTaPRSY yng1 WHAEL RS APPHAN FEIUPETHYION) CRRCRYFaY
0.5% 10 (0. 511Qn¥)1ﬁ10319%9%?fvs Wit c%@i’ﬂ’i'cﬁﬁﬁ ) foF glubem&ak r(Pi(ﬁJIQ]FJ%A),

m xtures. Results an scussion Integri tg the reactants Konj ac
gl ucomannan, sostiznt #hginate ﬁﬂ@U&EgWﬁitaéd f(FIGYRE h@@)a%?&aﬂﬁ’é(f%‘éﬁﬁ?té’ﬁlé’lf y by
the anal yti f r

|0, ATV EhulhaaeIid} U0 LRSS 3l ekl sstic Thobadki

concentrat i oaxpwsstl fin fmmge oms pgf‘ Sedberg (S)s entl the asaissaon icesflibérgupits:  (s) f or
760 at % Toadi nd eUhEar: eRbrsHTor SUAG) it s rpofigy BHeERRub 5600
rpm tenper adistfibutiong Fod Gnprobss@ndigiatiated SVERp(EBedt iiohid rstragghsu mOtB Nper

ar aphi cal |y FIS e 2RuaTRcaSFuie shbedisabmanid: RO BNt papvgRd VEC

0 0. 2 M (FI O 7 gt e 00 0L M (E1 U argy e

granul at ed \/EGe G‘P@X@f Ot 2Y S RIGURE ﬂ@?ﬁbt%orﬁpﬁﬁd@foﬂﬁ e EorErefyr ey 20-Ohq

| atgd VFC . 2 - g
25000 ?p%]d tenp(e r&%g%zgqtzs Ogré(}maauﬂlru%aem Qrrlt 3M el SEelRf dckDhesseBah Rlols Pee

concentration units M) on the amount of material with a sedimentation coefficient >3.5S
for unprocessed/ungranulated VFB (TM1) (FIGURE 18A); or granulated VFC (PGX®)
(FIGURE 18B). To facilitate the logarithmic scale the 1=0.00 value is represented at
[=0.00001 M.

30 Unimodal plots were seen in all cases for the apparent sedimentation coefficient
distributions (FIGURES 16A, B, C). Under these conditions, konjac glucomannan has an
apparent weight average sedimentation coefficient sy, of ~1.6S, alginate ~1.3S, and

xanthan ~3.5S, where 1S = 10835,
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25 FIGURE 18 graphically illustrates the effect of ionic strength
(expressed in nolar concentration units M on the anmount of material with a
sedi ment avoaniicwedohi ci ent >3.5S for unprocessed/ ungr anulpatrah2vFR0(2EM 1)
(FIGURE 18A); or granulated VFC (PGXt) (FIGURE 18B). To facilitate the

| ogarithm c scale the 1=0.00 value is represented at 1=0.00001 M

30Uni nodal plots were seen in all cases for the apparent sedinentation
coefficient distributions (FIGURES 16A, B, C). Under these conditions,

konj ac gl ucomannan has an apparent wei ght average sedi nentation coeffl ci ent
s20,, of -1.6S, ngipnln;tl@rmﬂslsanéﬂw&f&mn%ddgiglsctr%ﬁ@re 1S = 10-13 S.

Conpl ex Formati og, (ﬁﬂgntﬁt}flﬁl LbfRedt @ifstr@g@&fjplgﬁs Qfkd ﬁ’ileﬁ/ ﬁlerated foﬁﬁg'fmlﬂé Ion
coefficient distribution plots were gener at ed th {%R
ES

ternary ni xtamas mluwp%oclem@w@h@mnulla@d@dhwﬂde‘éﬂédMB (EWR@S QM
17A, B d te I D),,.at t ot al
| oadi nzg gncgﬁé:%g#lr ga{te:%g%%gedp? nlﬁt8 ﬁﬁeﬁ%}%%ss%? D fZTEI ﬁh %?E)‘?e t })Ott%elr?%gﬁ%umoo?

105. As 6ur ccnidehteartionmséd)m thertetabt(R o/miyeuestd mmmmdmt dfel 08 nsur ofiterrent er i al

wi th appare dlmsntatlo ef f.i ci ent er t han that  of .the hest
sedi ment | ngr% PRI, Weh &5 h“bag q fjeg amo ‘?f; cmﬁlat“@ ApPpaLtl; Sr?%lﬁi‘*’“r?glo‘g
>3.5S is re@@éfﬂ@i@nt@greaﬂ@r thah efae6f the Righésd Sedirhenting species in thé@bteold7 xatiins t he
concentration of sedinmenting material >3.5S. The 10 ultracentrifuge cell

| oadi ng con@rahtsdBReiiAg Blaco s &eealtsd avainiFacHen PrPAMItE 17 Concentrati on

of sedinenting mgLQEi iﬁ sﬁéwﬁh@a%lc&ltﬁ%@n@ EdimBefigU Rlatcsihl Gausonampan 0
Al ginate 0 Xanthan 0.1 ML (unprocessed/ ungranul ated VFB) 3.4 0.1

PGXO ( gri@nuluiitasentsfogy cel lgadl(g goncentration in each case was 2.0 mg/ml.

TABLE 17: Concentration of sedimenting material >3.5S

Sample ¢>3.5S (fringe units)
Glucomannan 0
Alginate 0
Xanthan 0.1+0.1
TM1 (unprocessed/ 34+0.1
ungranulated VFB)

PGX® (granulated 0.8+0.1
VFC)

TABLE 17 shows the clear increase in concentration of sedimenting material for

15  both the TM1 and granulated VFC mixtures, in comparison to the individual components,

although there is still a considerable proportion of unreacted material particularly at low

sedimentation coefficients (~2S). FIGURE 18 and Table 18 also show the effect of an
increase in ionic strength on the appearance of the higher sedimenting-material.

TABLE 18 shows the results of the effect of ionic strength on TMI

20  (unprocessed/ungranulated VFB). Ultracentrifuge cell loading concentration in each case

was 2.0 mg/ml.

TABLE 18: Effect of ionic strength on TM1 (ungranulated VFB)

Ionic Strength (M) ¢>3.5S (fringe units)
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TABLE 17 shows the clear increase in concentration of sedinmenting rmateri al
for 15 both the TML and granul ated VFC m xtures, in conparison to the

i ndi vi duavoconpiopent s, al t hough there is still a consi decaldaopromsnt i on of
unreacted material particularly at |ow sedinentation coefficients (-2S).

FI GURE 18 and Table 18 al so show the effect of an increase in ionic
strength on the appearance of the higher sedinenting-material. TABLE 18
shows the results of the effect of ionic strength on TML 20

(unprocessed/ ungranul atfed VFB) . U Tracenfrifuge cellT Toadi ng concentration
in each case was 2.0 ng/ni. TABLE 18: Fffect ol4#dic strlength on TML
(ungranul ated VFB) lonijc Stre (M c¢>B.5S ({5i.nge unit|s) 0.0 3.4 0.1
0.0001 3.2 0.1 0.001 3+4—=0 @Q@B]\h 1310

0.001 34+0.1

0.01 0

0.05 0

0.1 0

0.2 0

TABLE 19 shows the results of the effect of ionic strength on PGX® (granulated

VEC). Ultracentrifuge cell loading concentration in each case was 2.0 mg/ml.

5 TABLE 19: Effect of ionic strength on PGX® (granulated VFB)
Ionic Strength (M) ¢>3.5S (fringe units)

0.0 0.8+0.1

0.0001 2.8+0.1

0.001 2.7+0.1
0.01 0
0.05 0
0.1 0
0.2 0

It can be seen that, for both granulated and ungranulated mixtures, significant
amounts of higher sedimenting material were observed up to an ionic strength of 0.01 M
above which the appearance of such material was suppressed (FIGURES 18A, B).
10 FIGURE 18A graphically illustrates the effect of ionic strength (expressed in molar
concentration units M) on the amount of material with a sedimentation coefficient > 3.5S
for unprocessed/ungranulated VFB (TM1). FIGURE 18B graphically illustrates the
effect of ionic strength (expressed in molar concentration units M) on the amount of
material with a sedimentation coefficient > 3.5S for processed (e.g., granulated) VFC

15 (PGX®).

Distribution of sedimentation coefficients of ternary mixtures
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0005 00.1 00.2 O TABLE 19 shows the results of the effect of
lonic strength on PGX(r) (granulated VFC). U tracentrifuge cell |oading
concent r avoamivmnmwach case was 2.0 ng/ m . 5TABLE 19: Ef PettcAzditioonico
strength on PGX(r) (granulated VFB) lonic Strength (M ¢>3.5S (fringe
units) 0.0 0.8 0.1 0.0001 2.8 0.1

Sedimentation coefficient distributions for mixtures containing a fixed
glucomannan: xanthan gum ratio and varying alginate concentrations (from 0% to 33%).
The mixtures were either unheated (0) or heat treated for one hour (H1) or four hours
(H4).

5 The sedimentation coefficient distributions were determined from the samples in
deionised distilled water at a total loading concentration of 5 mg/ml (0.5%). The results
for the unheated samples are shown in FIGURE 19A. The results for the heat treated
samples are shown in FIGURE 19B. As shown in FIGURES 19A and B, in the absence
of alginate, no significant interaction product is observed for the binary glucomannan

10  dominated glucomannan:xanthan mixture for either unheated (A0) or samples treated for
one hour (AOH1) or four hours (AOH4), with a sedimentation coefficient distribution
essentially that of the glucomannan control (see Abdelhameed et al., Carbohydrate
Polymers, 2010). However, the situation is different in the presence of alginate. As
shown in FIGURE 19A, the unheated ternary mixture showed some interaction of an

15  alginate content of 13%, 17%, 21%, up to 24%, based on the appearance of higher
sedimentation coefficient material, but no significant effects were observed above an
alginate concentration of 27%. For the heat-treated samples, as shown in FIGURE 19B,
complexes were observed above an alginate concentration of about 8%, consistent with
the rheological measurements. It is noted that some of the higher alginate content

20  samples that had been heat treated for an hour, such as A21H1 (21% alginate mixture,
heated for one hour), A24H1, A27H1, A30HI1 and all four hour treated samples
containing alginate had formed gels after the heat treating process and could not be
analyzed by the sedimentation velocity method. This implies the presence of interactions
in the original solutions of sufficient strength to flip these into the gel state. In contrast,

25  the molecular interactions in the unheated samples were insufficient to promote such a
gelation phenomena.

Conclusions

Mixtures of glucomannan, xanthan, and alginate show the presence of interaction
products which are removed on the addition of moderate amounts of electrolyte. These

30  observations are consistent with an interaction within the ternary mixtures which can be
suppressed by inclusion of a supporting electrolyte beyond an ionic strength of 0.01 M.

The interaction is not stoichiometric, as there is a considerable proportion of material
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0.001 2.7 0.1 0.01 00.05 00.12 00.2 0O It can be seen that, for
granul at ed and ungranul ated m xtures, significant anmounts of higher

sedi nent iwWQ 20at®ptoal

whi ch the appearance of such material was suppressed (FI GURES 18A, B)

FI GURE 18A graphically illustrates the effect of

in molar concentration units M on the ampunt of material with a
sedi mentation coefficient > 3.5S for unprocessed/ ungranul ated VFB (TML).
FI GURE 18B graphically illustrates the _effect loni ¢ strength (expressed
in mol ar coRtERENEE BoYH; dingtagan CReTigey ﬁf3'8$’ iR ea‘i°n§ﬁ“gw %{2 Tabe

sedi ment at i ghge@efficient > 3.55 for processed (e.g., granulated) VFC 15
Distribution of sedinentation coefficients of ternary m xtures

( PGXO) .
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4. Comparative Treatment of VFC and Sodium Alginate with Calcium
Chloride
Rationale:

Granulated VFC (PGX®) produces highly viscous solutions in water but does not
form cohesive gels. The results described above are consistent with the formation of
complex interactions of the three components (konjac mannan, xanthan gum, and
alginate) at the polymer level. In order to determine whether alginate could be separated
from the VFC, an experiment was carried out to test whether the alginate could be
separated from VFC in solution by calcium ions. Alginates are known to have calcium
mediated precipitation and gelling characteristics (K. Clare, "Algin," in Whistler R.L. and
BeMiller J.N. Eds., Industrial Gums, Academic Press 116 (1993); A. Haug et al., Acta
Chem. Scand. 19:341-351 (1965)). Pure solutions of sodium alginate react strongly and
instantaneously to the addition of calcium ions to form either precipitates or gels
depending upon the mode of calcium addition (Clare et al. (1993); Haug et al. (1965)).
Thus, in a typical gelling reaction, an insoluble calcium salt such as anhydrous dicalcium
phosphate is added to a sodium alginate solution followed by a slow-release acid such as
glucono deltalacetone which causes the Ca'™ ions to be released slowly to cause a
homogeneous gel to form. If, however, Ca™ ions are added rapidly, as in the case of
calcium chloride, then an instantaneous precipitate occurs. The polyguluronate segments
of the alginate macromolecule are known to bind most strongly with Ca** ions (Kohn
et al., Acta Chemica Scandinavica 22:3098-3102 (1968)), but if these segments were to
become less accessible due to interactions with one or both of the other two
polysaccharides, calcium alginate precipitation might be restricted.

Methods:

Aliquots of solutions of unprocessed VFB (TM1) and processed/granulated VFC
(PGX®) in deionized distilled water at 0.5% (0.5g in 100g water) were diluted to 0.1,
0.05, and 0.01% w/w. At each concentration, 5 ml of 10% CaCl,.2H,0 solution was
added and thoroughly mixed into the solution to achieve a Ca®” ion concentration of
0.5%. The same addition of Ca2+ ions was also made to (1) a parallel series of control
solutions of sodium alginate alone containing the same alginate concentrations as those of

the unprocessed VFB (TM1) and processed/granulated VFC (PGX®) solutions; and (2)
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Sedi nentati on coefficient distributions for m xtures containing a fixed

gl ucomannan: xanthan gumrati o and varying al ginate concentrations (from 0%
to 33% . wbeonirbewnes were either unheated (0) or heat wPceataediifooo2éone hour
(H1) or four hours (H4). 5The sedinmentation coefficient distributions were
determned fromthe sanples in deionised distilled water at a total |oading
concentration of 5 ng/m (0.5%. The results for the unheated sanples are
shown in FIGURE 19A. The results for the heat treated sanples are shown in
'FIGURE 19B. As shown in FIGURES 19A and B, in the absence of alginate, no
si gni fi cant selptiesLEbinsry Brduerel ddepkapoaecomspnanyy 3nihar gug v Mfan 10
dom nated g DR kdi i bhdftratldAb @ReRUrddAR) g @k 196gTP! es
treated forg%ﬁ{e&{gﬁour (IKA%@&?@%?%%%%%%G(%%M), Wi '?h a sedi,n%nt at?g(;qrjl

coef fi ci ent waiest andothei sameershasing ipsdnogtionh £ the twe @olyserehiridshan it dhg Pol (see

Abdel haneed .3l . , it ion is
different iR %@Spﬁé%g&%gegﬁﬁﬁﬁ%w pgﬁ%mgsgaﬂgﬁﬂ%%@clypt@%e?%heat ed
ternary #i xkelogorshowedalbone tntsendclor A9 ofinges bEfoad gisualt éspestivenfor dghe 13%
17% 21% up to 2/4% based on ‘t e appear ance of higher sedinentation

coef ficient W&?I?Fialéﬁe?ceb%tapﬁ%clpé a%ni ficant effects were observed above an

al gi nat e concent Rgdulg@n of 27% For the heat-treated sanples, as shown in

FI GURE 19B, conpl exes were observed n al gi nate concentration of
about 8% consisirB‘f'l‘EeSWStaFF%hﬁ@HSHIQB’I‘ngiA%—I% asurenments. It is noted that
sone of the higher alginate content 20 sanples that had been heat treated
for an hour, such as A21H1 éZl% al ginate m xture, heated for one hour),
A24H1, A@7HL, A30HL and alABEB&P: Hi8wple Consantegionsand|Resulisont ai ni ng al gi nate
had formed gels after the neat treating prpcess and cpul d not Be anal yzed

by the sedi nment at | df Wil @ednulatedeq hodelcimni s | i Ayginade % he FekEEhce of
interactions in the oriy sol Uty $ [ Ci S to flip these
into the gel state. | nPg}o}%@r ast, %&mté‘g% g%&b%rzg?éteﬁlg@%%g in the
unheat ed sanpl es wer@tinnsA0APDI ent @ /Nr ondbt e such a gel &/Non _phenonena.
Concl usi ons M xtufres of glucomanpan, xanthan, nﬁ625 al gI nat & show t he
presence of interaction ,J?-oducts whi-ch—are+renbved—on-the—addi-ti on of
noder at e amounts pf el ecgqol yte. |Thesg 30 obsepwyasi ons are congistent with
an interaction witfhin the ternary m xtures|whi ch can pe suppregsed by

i nclusion of a supporti el ectralyteNheyond #H0978ni c| strengthlof 0.01 M
The interaction i s not %t(ﬂi chiometricy as therg.qbls a consigderahl e
proportion of matertal—=sedimenting—at tower—sedrnentatiom—coefficients
(<3.58, under the conditions we have studied). 4. Conparative Treatnent of
VFC and Sodi um Al gi pate. with | ci um Chl or | tionale; . G anul at ed
VFC (PGX(r)) pr oégég%w’hi“\g}%? {Fs '33%18%3“584 &Tgﬁkggﬁ’ I%AEtCZ‘?ar B3t indBe 8RS £ or m
cohesi ve gelg$ 0. 5Ph€af-e skt whidk S61 iphRhitalRkiah algons iehe it a Mvehof ftdleast
formati on of cogpl ex interactions of the three c;orrponentls:a (k&&f&g@gnan,
xant han gum0-@ridaihgreriane yndication ef prsripHeHon 1B yelptionspt gragalatedg e

whet her 13l gigagheoCE! duRfleit ARl vd0 fl"h&”ﬁﬁchﬁ%\ﬂ:@ons@dﬂer@mﬁf KHEEVEBABS
carried out to test whether the al ginate could be separated from VFC in

sol uti on by compeiants intsmasting\igisplatiens teyfernk jumgion soreaaad dehearkmlie ditabed
precipitatiqn L, ] cterd sti . y T I istler
R L. and BeniTasy S LB TSR e ppacklimiol S Enres Wil inhrPleds) ' a
Haug et al . indicitigal GosponeBtaficn kBibBiik-tBE brqpeaB5 that theyr wowdIshewdng wie sodi um
al gi nate react strongly and 15.i.nstantaneousl-v.to th it ofy.: cium
ions to for r‘?ﬁ%ﬁ't{;ﬁlpuglr é&’inﬁ'ﬁetpé?cé%&geﬁ ge go éa%é%g}encé)tnﬁ%gﬁg@ %ébﬁglgeal%ﬁﬁ%:al ci um
addi t i orpo( Csalufodt exabpt fOrlBO st Haug sattial which 8aBjiped Mhufficientnalgingty po bal
gelling reaction, 3@ i ;@o{;ugl e calciumsalt such as anhydrous dical ci um
phosphat e | T4HIBEILY 02868 RSl gi nate sol ution fol lowed by a sl owrel ease

acid such as gl u¢epausieht al acet one which causes the Ca ++ ions to be

rel eased slowy to cause a o .
In this study of alginate behavior in granulated VFC (PGX®) it was demonstrated

that no precipitation or gel formation occurred when calcium ions were rapidly

25  introduced by the addition of calcium chloride. In a parallel control experiment, calcium
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20 honpgeneous gel to form If, however, Ca ++ ions are added rapidly, as
in the case of calciumchloride, then an instantaneous precipitate occurs.
The pol ygubenomab@osegnent s of the al gi nat e nmacr onol eculpeTarazoianmovzsot o bi nd
nost strongly with Ca ++ ions (Kohn et al., Acta Chem ca Scandi navi ca
22:3098-3102 (1968)), but if these segnents were to becone | ess accessible
due to interactions with one or both of the other two 25pol ysacchari des,
calciumal ginate precipitation m ght be restricted. Methods: Al'i quot s
of solutions of unprocessed VFB (TML) and. processed/ granul ated VFC ( PGXO)

i n dei oni zeghlafide wes eddedatoarura solptia, qfosodiyn AlegtsgoiveicERingePReegirttifited to
0.1, 0.05, 3Rgn0pRddocW W inMfanBR&Ns GREGHRRALY BF IcABumD alfina® el@YoaCatd2104H20

sol ution was 30 added and thoroughl'y mxed into the solution to achieve a
Ca2+ i on conlgémte eoncentrationso. Bivse Tavaltsssgaesh det theopplygulicanaie pesmentietd B so

de t 1 . i | I + i i
gg‘n,?ai gi g]g) fl%élﬁge;rﬁléérgr%xaﬁaﬁc% 85t RJrmal Bﬁlﬁ_str&%l&'%tﬁ@ Ofons QiAo s al one

I'nate concentrations as those of the unprocessed VFB
(TML) and prodiableedt gnavailitbde)etr \FECQ (IRE&@onsiol the VGIEC sehndiof Whergojodititons  of

bi nary m xtures, of either konj | ucomannan or . X M i um

al gi nate coﬁ{géﬁafﬁ W ke gﬁ%CJS%O% céﬁ“ﬁ??\%lfném%8%3%%@%@%2135?@% ing
in 100g wat s theddceghieatsSllRe hRb@dinokeulprtefQritisarsesoiblet dreuraveesyilde yo &athar i des
as in the 0.5% sol utions of the unprocess

: ed VFB (TM 1) and .
pr ocessed/ gidHuivate Al gpEvEPERIACH S it 08% 81 B‘ft,‘fd’ifg‘h%&‘gr 579 pdseE8d%and for
30 m nutes Re{oe a)@irﬁiﬂﬁ_%rebiﬂﬁﬂ@.@&fb@rbbg&{}edt WERerPC 25 6BELveRRSRIAEE tothe dinary
preci pitate. Results: e results are shown_ below in TABLE 20. 10TABLE 20:

Sanpl e @8nceplutiens efngthan Komies glucemapngrer xghthiy Bup oHitipegdiym @l&nats gvhigh 0495)
Cal ci um Pr e%{lé)élegtattﬂa(f) Neh6 YédfhunfY Qéiﬂ?t% ere%?lﬁ‘és()tthen%resa@%&)f GRMETHEN Fr&@cwd t ation
polysaccharides to interact.
Discussion of Overall Results

The results of the primary structural analysis of VFB/C described in Example 5

15 show that after granulation, the primary structures of the component polysaccharides

present in granulated VFC remain unchanged, and that no covalent interactions have

occurred either before (TM1) or after a processing involving heat input (granulated VFC).

However, the results of the analysis of macromolecular associations described in this

example reveal that non-covalent interactions do occur, resulting in a novel

20  polysaccharide complex that is produced at the macromolecular level in VFB/C. The

theological ~studies clearly show that the solution viscosities of both

unprocessed/ungranulated VFB (TM1) and granulated VFC (PGX®) are significantly

higher than would be expected from the combination of the viscosifying behaviors of the

individual polysaccharides in the mixture. The overall flow characteristics of VFC in

25  solution are closest to those of xanthan gum alone, but the viscosities of VFC are even

higher than those of xanthan gum. Considering that the embodiment of VFC tested in

this example (70% KM, 17% xanthan, 13% sodium alginate) only contains 17% of the

strongest viscosifier, xanthan gum, and 83% of the two weaker viscosifiers, konjac

mannan (70%) and sodium alginate (13%), it would be expected that its flow behavior in

30  water would be similar to that of konjac mannan. However, it was determined that the

solution flow behavior of VFC was actually closer to that of xanthan gum alone, and its

viscosities were even higher than xanthan gum.
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(YIN 0.5 NO.075 Y 0.1 NO.015 Y 0.05 N 0.0075 Y 0.01 N O.001 N As
shown in the results sunmarized in TABLE 20, it is clear that in the
presence wo 20115%99%a ++ ions, which will precipitate cal ecuwrosabgioetse down
to a level of at least 0.0075% there is no indication of precipitation in
sol utions of granulated VFC (PGX0) 15 down to the equival ent al gi nate

|l evel. This finding is consistent with the VFB/ C conponents interacting in
solution to formjunction zones and networks (i.e., at the secondary and
tertiary levels of the polysaccharide structures) which then prevent

i ndi vi dual conpoFieties sfudiseaésthé Bicplosigak bl prdpatation debmdeurt Heplunont 87 show
cor eSpond: K E4 O] CRAGMAD BRI UBRME, ERF e R P B
sol ution whicetfirmedtaatemedy intsartibi.cargnthisaves erbiaecet dbybleap tredtingi thatselgtiong. 0. 5%
Ca ++ Tons. particularly when the sodium alginate content of the mixture was greater than about 5%.
5  Further, Ca*t* ion addition experiments showed the presence of both the other two
polysaccharides was required to prevent calcium alginate precipitation.
These results demonstrate that, in solution, sodium alginate is interacting with
konjac glucomannan and xanthan gum to establish networks and junction zones to form a
novel polysaccharide complex with the following nomenclature: o-D-glucurono-o-D-
10  manno-B-D-manno-B-D-gluco),(a-L-gulurono-p-D-mannurono),B-D-gluco-f-D-mannan.
As described in Examples 1-4, it has been determined that the administration of
granulated VFC (PGX®) is useful for the prevention, treatment, or amelioration of one or
more symptoms associated with a metabolic disease or disorder, such as metabolic
syndrome, type I diabetes, type Il diabetes, pancreatic disease, or hyperlipidemia, in a
15  subject in need thereof.
While illustrative embodiments have been illustrated and described, it will be

appreciated that various changes can be made therein without departing from the spirit

and scope of the invention.
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Concl usi on: In this study of al ginate behavior in granul ated VFC
(PGX0) it was denonstrated that no precipitation or gel formation occurred
when cal cwormiiongsoeer e rapi dly 25i ntroduced by the addi rwrcAzbiicabisd um
chloride. In a parallel control experinent, calcium chloride was added to
pure solutions of sodium al gi nate of decreasing concentration, which
produced an instantaneous precipitate of calcium al ginate, even at very |ow
al gi nate concentrations. These results suggest that the pol ygul uronate
segnents of the alginate macronol ecule that nornmally bind strongly with Ca
++ ions in solution were less 5 avail @bPor unavail able) for such
interaction in tige MEBIEmSRS BE e RSvehiiG! B wineh binad @iveddrepey@or ipfivildpe is
presence of konjac gl ucomannan and xanthan gum This nay be due to these
segnents of Ckameedrratg gl exiollewbei ng | ess accessible or unaccessible to Ca++
ions due to alternative interactions with one or both of the other two

pol ysacchari des. | Cal ch yRfl.gisat r e e;?rb‘%nﬁ@ﬁ Q%aﬁﬁé'ne Sbeivadondedndar H

ions were added to the binary 10 solutions of either konjac glucomannan or
xant han gumnwir¢ yrspiding rasseicigiadavish aptebolisudjspase ot Hiaprdeh eompréfiignt diginat e
requires th t ct.

b1 Scuser on SRR it by Bod Ainok iy RERKAGGE UAAEE b, BERFO

anal ysi s of cMREEC thitesd) ¢dpgatising fooanpduw 4%l 6 WOWQ%E(W/V&X gle‘rong%namlfmri on,

or anol ot YRSl R aRngt? SRRt o SRET AP °F K RERE B Qo

occurred ei Tai'gﬁ{até?aﬁ@l’aﬁle(a.ngnk)inorﬁlfﬁeﬁf sélequedofrera sthe graup wohsisting dfq:md)temnput

(granul ated VEC). However, the r of the an si.s of macronol ecul ar

associ at i onsageRydrate agd faf. themed ’é?ﬁlaft'zj?ﬁqE gel%fi‘@’éli’o”flﬂ% %hﬂﬁ—pé%\?aﬁl%‘hgeatmem

i nteracti ong, dQe1Qrsbhof bESH rﬁdn@gyrhﬁﬂoﬁs AQRY&hted Wit AlnYtALHO Akt otsRIex t hat

is produced at the nmacronol ecul ar vel in VFB/C. The rheol ogi cal studies

clearly show that the solution viscgsitjies of hoth un I1{ essed/ un ranul at ed
{lops

VFB (TM 1) and gPanul BiccticdirtiqadaXdlaiay b Wit e @ittrl oAt SHOmPeRfdidul d be
expected fr %mvﬁd’ée C iyl ARLT SN 8 bkt VoS 01 hivdub d obefadi ME Shighly t Visous

i ndi vi dual pol ysaccharides in the m xture. The overall flow char acteristics
of VFC in 2%sbsaschande dictare fibgyesmpesitiathose of xant han gum al one, but the
viscosities of VFC are even higher than those of xanthan gum Considering
that the embodi mgnt ofy MRECHES Sl Alaibd, SvR¥AMBE S daid@lfobVis chfffouanti@n, 13%
sodi um al gi nate) "only contains 17% of the strongest viscosifier, xanthan
gum and 83%wmfidet hedailyodeseakefroni sbowi 13 e $0 deowlj ¢ srwindin 1(131@%“%9@85 sodi um
al ginate (139 that its flow behavior in 30 water
woul d be si rlhg? accﬁlan\ﬁ?hdaegargﬁb r)%% ésq?roam an. However, it was determ ned that
the solution fl ow behavi or of VFC was actually closer to that of xanthan
gum al one, and i#s vi Seosiclicels foudr ef Elaiin hi wheseint thardistanyt filkes puposition

Furt her studies_.of .the.rheol, o utions
of ternary HPRPTELBORERT ARG Sam: SRR (EFLPEEhEhLAn AETALEN BB e

| abor at ory ©o%f (w/weshnthah @umaind frorh ebeac 1 0% o atnt2@%hi(e/Wwiakzimthanced by heat
treating the sol utions, parti cularly when the sodium al gi nate content of
the m xture was great bout,. 5% Furth '

experi nents showdd th‘gﬁ lgar@%OJJ cg%lflh LR ﬁ‘ermﬁfhcdsg%ggg%g‘%? 2% was
required to ssleamerﬁonca}id:gmnp adogslstaigeofprretabmct agridemme, type 1 didhets, hpsUlt s
denonstrate that in solution, inate is interacting with konjac
gl ucomar man SRtk PARHEHC “ég’%%ﬁlgﬂgﬁetmr ks and junction zones to
form a novel polysaccharide corrpl ex with the follow ng nonencl ature:

u- D- gl ucurono- a- B- 10A method of preparing a medical food product, comprising the step of

-P-D- 13- D. g (a-L-gul -13-D- 13-D 13- D-
annan. g ARt SR el £ BRI e R DR 1 he

adm ni st r at ixginef o8k anY btRe e h&@i0Jootd pradsef ul for the prevention,
treatnent, or ane ioration Of one oOor nore Serpt ons associated with a

met abol i ¢ dlsease or disor ¢ch as ne ol i abet es,
type Il di abetes,- panépeBe 8d 8f§§’a‘§é W@P”Wy%‘éﬂ"’ﬁ‘ﬁf“d@?éé? C"W"é&%éﬂbﬁ&‘%ct in
need thereof,eyention, \Nyaﬂn?ent | LushEfkiied SMBRdorers PapRnRealodidtbdistithas ed and
descri bed, |t W I1 be appreci ated that various changes can be made therein

wi t hout depam¢t¢hwl;}0ﬂ18cﬁ$¢p¢1@5<5’é¢rr|t and scope of the invention.
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CLAI M5 The enbodi nents of the invention in which an excl usive property
or privilege is clained are defined as follows: 1. A nedical food for
t he prevewDi2ony10b90eat nent, or amnelioration of one or nDPETTAIPLIAING260
associated with a nmetabolic disease or disorder conprising a highly viscous
pol ysaccharide dietary fiber conposition conprising a viscous fiber blend
or conplex thereof, conprising fromabout 48%to about 90% (wW w)

gl ucomannan, from about 5% to about 20% (w w) xanthan gum and from about

5% to about 30% (w w)__al gi pate nd at | eas ne ronutri.ent sel ected
from the group cémsi sT}iedgetE‘?‘}?ﬁ'S@E? g; WE%fFlﬂéhﬁlgﬂegf@gngampg g‘“{ FERES cal
food bei ng eapPMBXERY, {Cdbolit 8P (e Blicomantah Sdrabdut 10% taaBhit 0%t (wow) of on
or nore synptons associated with a nmetabolic cgiﬁease or disorder. 2.
The medi cal xtEan g9, endyirem abouid e AbQUE 0¥ WA SPYBd i s conpounded to
provide a daily dose of fromabout 10 g to about 100 g of the highly
vi scous pol ysacchar i dehedingthad Yoffalb@d 6C oM HeOmedical food 3s cdinpoudel eal f ood
of Claiml1, wherein the nmedical food I s conpounded to Qr‘gvi dé{-}a dai |l y dose
p

d
of from abo@tovils g dagy adpseitof3Boyg #rout HE 8 tghBPUY 188 ot PBF B nAsP
dietary fi b%?ly%ﬂ%?iaghf-e%?y fiber compdkitiolhe nmedi cal food of Claim1, wherein
the dietary frber conposition conprises fromabout 60%to about 80% (wW w)
gl ucomannan, from about 10%to about 20%. (w w) xanthan gum and from about

. han g
10%t 0 about 20%¢-w wh mathyid{fas preventing, treating, pfAMARATRIENE ONP 95 HOFT SYBIPAHS 1,

wherein the a%E%EiQtQ@ Liih FhSSRHE dRbasdbP @58l8er, ihe n&ﬁlo@%ﬁlﬁﬁiiﬁ%’éﬁlﬁiﬁﬂteﬁh@d@a
consi sting of netabolic syndrone, t)lggetlzsdl abetes, type Il diabetes
H

pancreatic dimemsajechirdnedpbertefpiare mg/kg/day 18 sherthE0are k¥ dpaelihg a
medi cal food. product . ¢ hSkNg 3: ' of feahdV unt  of
o T s SRR BASSHAS, BOE0pih Nonfhepl b Geal

al gi nat e t o coinplexehtired] cdngodingrfooiuabout 48% to aboulTHRds et \ogluedmadha, s

wherein the dical food.j ounded for t revent) or
amel i orati oﬁg‘gF Sg/géo al?ougrab"% @‘8&8? NG A trlgodl? W ?‘ﬁ%a)“ gd;?%%gsﬁ%’n@p%%ase or
di sorder. alginate effeBtivelfofa PEIJAAA tigfe eBlcativR1t6 prevbie) tedanort dnselidiatd @teyor fridoer
conposition conprises fromabout 60%to about, 88%#%% .%I ucomannan, from
about 10% t GYBPETE a0gatedMih thenetARicgisrise SR diserdg; Pi®¢0% t 0 about 20%
(ww) alginate. 9. The nmethod of Caim6, wherein the nmedical food

i s compounded t 01provikemahsibt Flados er 0, Wietsin tlawdtabblc diséase abdisdrd&Gd g of
the highly viscous polysaccharide dietary fiber conpasitiof. 0. A
net hod for peledechiiony the; Seup | REsisHE ‘éfn’é‘F%B?lé& ?mr‘@?ﬁg tpe :[rﬁl:‘]aé’etse%nﬁ'?%r{é
associ at ed ifobie poRkaRekistasd! #8% igghigor der, the method conpri sing

adm ni stering tg’g human ssuegj ect ?ﬁerﬁ%ed 1t her eof from about 25 ng/kg/day to

about 1000 ng/ kg/day of a highly viscous pol ysaccharide dietary fjher
conposi tion conpi?si nEhf‘amP'ihB‘ng élaéﬁdoowh?,rﬁlﬁﬁﬁ"e%lbﬁ%}”e%ﬂe‘? %Fﬁﬁ?ggsﬁf%ﬂng rom
about 48%t % W WopB YERTRARRRANC F 0m about 5% to about 20% (w w)
xant han gumqmg[ﬁgpétrr%m abth g%lgto about én(:)%(w/w) al ginate effective for a
period of tinme effective to (E)revent, treat. or aneliorate one or re

synpt ons associ atdd whehmethe ﬁé@h’b‘ﬁlli()cf’VH?rg’@ég%s‘{?ﬂecﬂl“js’%ﬁe@lgf'er‘?oﬁ 1t !Bl ect .
11. The net H%% of o sRicR Zevgfopﬂaggglﬁg_@@:ﬁhﬁbegiIai?gaffaﬁxﬁpéél. ic disease or disorder

is selected frédmthe group consisting of metabolic syndrome, type |
di abetes, type |1 diabetes, pancreatic disease, and hyperlipi dem a.

12. The nethod ofi4Q alhs methodues Cdaim 1 evheraip & method suBPH g ylpinisiering

suffering from; | 9osi hQRI dAY fhrhsihd perfo@ BF SIBRESo weeks.  13.

The net hod cg%r]aéftgllrynf?)tlef)?d élfrngiﬁﬁt lgﬁs‘égsubj egt ri n ne%d Ot her eof i s?v;etff?eri ng
4.

t
from or at risk for, devel opin (ﬂl ucose-i nduced organ danage.
t ‘%@5

e 1
The method of C &fm 10he vprthasi AT (HaimdOnodersnghs sy i HosPeFARy 1§ he
dietary fiber ¢ L : ce a day for a tinme period of at |east
two weeks. %dmm%%gdllﬁgm%étfﬁoggﬁ%%&% aim 10, wherein the dietary fiber
conposition is adm ni stered as a nedi cal food product. . 16._ A nmet hod
for amelioratinglat | damethoddos ymetieating solegt & HMMOM MAssqsialgr BEki B of
insulin resistance in.a sUbl el SU L&LLPE LFBMe Bombr bt S HPrdevelEYiRE OPI NG
type Il di abetRe conprising adm ni Seer ng to ag rranma]i Ian subject 1n need
t her eof fr onypedbdiabetds comphgnglaimihisteabgtd a HGOGnaligh leghjekayn ofeddhéreefram
vi scous pol ysaccharide dietary fiber conposition conprising a fiber blend
or conplex thereof, conprising fromabout 48%to about 90% (w w)
gl ucomannan, from about 5% to about 20%fw w) xanthan gum and from about
5% to about 30% (ww) alginate for a period of at |east two weeks. 17.The
nmet hod of Claim 16, wherein the dietary fiber conposition conprises



from about 60%to about 80% (w w) glucomannan, from about 10%to about 20%
(w'w) xanthan gum and from about 10%to about 20% (w w) al ginate. 18. The
nmet hod ofwGl2aimoddp wherein the dietary fiber conpositi eaTica2admooiest er ed
as a nedical food product. 19.A nethod for determ ning the conponent sugars
in a sanple, conprising at | east one pol ysaccharide conpri sing:

(a) hydrolyzing a sanple conprising at | east one polysaccharide with an
acid to produce a hydrol ysate,; (b) separating the hydrolysis

products in the hydrolysate with a chr i C_ et C
detecting t AePWydmake ‘%/ t32BeHi PO %’M@gg P&&‘é}ﬁ“’(‘%)’&yﬁ‘ﬁﬂ‘aﬂde dietary ()
(d) conpari pged dﬁyﬂf)ﬁﬂcéﬁﬁbﬁmﬁ Pauet BleStEbeedrisled thefdo€ Roliisih® ﬁ@ﬁﬁa&)ﬁt nor e
ref erence standards to determ ne the conmponent sugars in the sanple. 20.The

met hod of CH8Yento1apouiapRS v} Blacereangan Seyn jahow38p 1q ayout L0y f‘Y/l"VQJd‘ta ¥btic
acid (TFA). 5%31 %ﬁefrdﬁ'?%b%gs%fto %@k @Qoﬂo%w/ %@At@fotr%emdﬂmk WZéthgo dkeist €p ()

is carried a tinme per from hours. 22. The net hod of

Claim 19, wherein the hydrol yzi ng at step ( is carried out at a
tenperature of f#dm 9BE mehad ofClaps 1 Gryghergia H@dh%?ry(ﬁl & SAMPYSItigH EPBPTIFEE he

chromat ogr apfyj,£, bfaﬁtt &v%* d &oﬁﬁm@g@wfgl&s&%@aw ﬂ&nraswtrm% tgtag@t&szof/or@nwr oni c

aci ds. 24. The net odo Clam wherei n the chronat ographi c net
conpri ses Dixamban gupi, dnéfrpmmhomgﬂ%(q)thwbout 20% (w/w) gdginatfhe net hod of C aim 19,
wherein the sanple conprises at | east one dietary fiber. 26. The

method of O aim 19, whagr eidhduh6r IR §6C VRS 8% FRAIYMRE doBRbSition is

administered as a medical food product.

19. A method for determining the component sugars in a sample, comprising

at least one polysaccharide comprising:

(a) hydrolyzing a sample comprising at least one polysaccharide with
an acid to produce a hydrolysate;

(b) separating the hydrolysis products in the hydrolysate with a
chromatographic method;

(©) detecting the hydrolysis products separated in step (b); and

(d) comparing the hydrolysis products detected in step (¢) to one or

more reference standards to determine the component sugars in the sample.

20. The method of Claim 19, wherein the acid used in step (a) is
trifluoroacetic acid (TFA).

21. The method of Claim 19, wherein the hydrolyzing at step (a) is carried out

for a time period of from 48 to 72 hours.

22.  The method of Claim 19, wherein the hydrolyzing at step (a) is carried out
at a temperature of from 95°C to 110°C.

23.  The method of Claim 19, wherein the chromatographic method is capable

of separating neutral sugars from uronic acids.

24.  The method of Claim 23, wherein the chromatographic method comprises

Dionex acid chromatography.
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27. The nmethod of C aim 19, wherein the sanple conprises glucomannan,
xant han gum and sodi um al gi nate.

WO 2011/109900 PCT/CA2011/000260
25.  The method of Claim 19, wherein the sample comprises at least one
dietary fiber.

26.  The method of Claim 19, wherein the sample comprises sodium alginate.

27.  The method of Claim 19, wherein the sample comprises glucomannan,

xanthan gum, and sodium alginate.
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