1 PROCESSI NG OF NATURAL POLYSACCHARI DES BY SELECTED NON- PATHOGENI C

M CROORGANI SM5 AND METHODS OF MAKI NG AND USI NG THE SAME TECHNI CAL FI ELD OF
THE I NVENTION 5 The present invention relates in general to the field of
probi otic organi sns, and nore particularly, to conpositions and nethods for
the delivery of dietary suppl enents that have been treated and processed by
pro-biotic organi sms. BACKGROUND OF THE | NVENTI ON Wthout limting the
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establish stable col oni zati on and conpete for nutrients 20 agai nst
pre-existing organi sns. TBAGKGROIAVRMQITHREJ&S/ENIBION di gesti ve organisns is
that they often becone increasingly resistant to antibiotics, becone well
est abl iWith«mmilnniting thatsesppe ofitheninverstinn, lizvisackgrduad i geseribedhiin yohmectioa pritht 0
he | ocal,.environnment, effectively conpete for nutrients and are not
jﬂspd’?‘f‘éﬂ“‘bﬁ?ﬁga’b‘ﬁmﬁhe digestive tract. One such invention that attenpts to

address the .problem of probiotic _colgnization is taught in 25 United_ States .
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often become increasingly resistant to antibiotics, become well established in the intestinal

mucosa, have had an opportunity to adapt to the local environment, effectively compete for

nutrients and are not transported out of the digestive tract.

One such invention that attempts to address the problem of probiotic colonization is taught in
25  United States Patent No. 7,172,777, issued to Schmitt, et al. for a powder for preparation of a
probiotic yogurt food. Briefly, Schnitt teaches a powder for preparation of a probiotic yogurt
food that contains probiotic cultures with a prespecified proportion of living probiotic lactic-acid
bacteria and a thermogenetic-lipolytic resorption-enhancing agent, in particular pepper extract,
to intensify the resorptive processes in the intestine, as well as a capillary-dilating agent, in

30 particular nicotinic acid, to achieve dilation of the capillaries in the intestinal tract.




Yet another invention is taught in United States Patent No. 6,203, 797,

I ssued to Perry for a dietary supplenent and nethod for use as a probiotic,
for alleviating the synptons associated with irritable bowel syndrone. The
di etary suppl enent taught is a probiotic and for alleviating 10 synptons of
irritable bowel syndrone, that includes2freeze-dried al oe,
fructo-ol i gosaccharides, and dahlia inulin juice mxture and optionally
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more probiotic microorganisms such as Bifidobacterium and a carrier to transport the
20  microorganisms to the large bowel or other regions of the gastrointestinal tract. The carrier is a
modified or unmodified resistant starch, particularly a high amylose starch, which acts as a
growth or maintenance medium for microorganisms in the large bowel or other regions of the

gastrointestinal tact.

United States Patent Application No. 20070059296, teaches a probiotic composition having
25  acid-resistant enteric coating that includes 15 to 20 wt % of milk powder, 25 to 30 wt % of corn
starch, 8 to 15 wt % of modified starch (capsule), 10 to 15 wt % of ethylcellulose, 5 to 15 wt %
of bacterial broth, and 10 to 15 wt % of talc. The probiotic composition is microencapsulated to
form a plurality of microencapsule coated with an acid-resistant enteric coating for improving
the enteric acid-resistance, the probiotic survival rate, the antimicrobial property, the stability,
30 - the moisture-proof property, and the mobility of the probiotic composition preventing from

coagulation in a moist environment and for being used as an additive applied to livestock feed.




5 recogni zed that absent changes in digestive flora and/or during the
rebuil ding of favorable digestive flora, a need remains for the nutrients
that these synbiotic mcroorgani sms produce fromthe food consuned by the
host. Symnbi otic digestive tract m croorgani sns provide the host with a
nunber of advantageous functions, includding: fernenting unused energy
substrates; activating the i nmune system preventing the growh of
non-synbi oti c or harnful species; 10 producing vitam ns and nutrient
precursors for the host (i SUMMARYOBITHE BNNENTI@N n K), and produci ng
certain hornones or hornone-precursors. The present invention relates
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20 Lactobacillus, Lactococcus, Streptococcus, Enterococcus, Leuconostoc,
Acet obact er, Candi da, Kl uveronyces, Saccharonyces, Torula, Torul aspora,
Debat yonyces, Zygosaccharonyces, Bacterioides, Bacillus, Bifidobacterium
Eubact eri um Peptostreptococcus, Rum nococcus and Pedi ococcus. The

pol ysacchari des may be at |east one of gl uconannans, al oe gl ucomannan,
konj ac gl ucomannan, gal actomannans, arabi nogal actans, | arch
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pol i ac sipplénckes,, the hlysatahadtespareyisalateth amiagl efforartte miierobaxd toells, aand| the dsedatbér
enbodi nent, the. pmet hod further includes the processed, polysaccharides are
| oaded P&WC&Q&HH@E@@ ?08%4 LHp Acfosass Fum ff‘é%ﬁ‘é‘rﬁo@aﬁ?%‘ﬁﬂ‘eé’, C‘@’éP]éaﬁac%PaHP@Ft;
ef f er veg@aRbscbAlRhIby, 1ihhid ¥y Gu@tydummy. I n another enbodi ment, the processed
pol ysaccharides are isol atéd away fromthe bacteria, and the processed
pol ysac ' ' : ' 0 ot
Capsur o | nsBedk, HEBRECet BOnBLRIREOH: 000 SEUERLT SypfiemA R s,

aspect tdmepirigsendt of moee matmnali olysackibatidesyarsiuyipble maietohidal dedle df pit dehst bné bét
i nc udeg a?é)ro&esied Al oe vera inner | eaf gel incubated with a praobiotic
bactler i LGIAPACIS of BHRGOSF 1S ISTERIORRS S r I Groceaes W rMe@RaTIaoy & cpigbeder, £ diddes s

the Al ognNefdn EH?eSaécﬁgffongﬁés,i FhAUA. %stgbéc?bpglgg{yf?%%&tr Vs o.?cf}@harorngces,

enbodi nment, the probiotic bacteria inclu e bacferia sel ected
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MW st andards wi t h_a/-axi S bei ng. MV X-axi s being retention tine in
m nut esthe polysaccharides and viable microbial cells are incubated In a bioreactor. In yet another

embodiment, the polysaccharides and viable microbial cells are provided in a sustained release

30 form.

In another aspect, the present invention is a dietary supplement comprising the extract from the
processing of selected natural polysaccharides by non-pathogenic, probiotic microbial species in

a bioreactor. In yet another aspect, the present invention includes a method of making a dietary




6 FIGURE 3 is a diagram showi ng Al oe vera gel polysaccharides (AVP) end
products following 72 hours incubation with 4 subjects' human col onic
bacteria. FIGURE 4 is a diagram show ng m xed sacchari de suppl enent (MSS)
end products following 72 hours incubation with 4 subjects' human col onic
bacteria. 5DETAI LED DESCRI PTI ON OF THE?I NVENTI ON Wi | e t he naki ng and using
of various enbodi nents of the present invention are discussed in detail
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The nupraduconkl one eslasimente therisobiptio bagterda meludeat lest gambadienid slectes frﬂm
seb@ ct %gflﬁf)gﬁlh?} |Lca\c}3?&tc%§ | Shé %'tosc c&gegﬁn}} 5c%' S?Jre%t/ceonﬁgtopr ?e%l){a%te?né'év%zda

el évat € ése Ical r| en e di'e
human Kikaleraerks Sacdhaiovipies) doridtd rﬁe;m&labﬁwm Dbbeirydndices, th@sactthmrammal
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nat ur aﬁaggrzggigﬁ Basilluse Bifigobgcterium, Eubacterium, Peptostreptococcus, Ruminococcus and
Pediococcus or coimbinations thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

25 For a more complete understanding of the features and advantages of the present invention,
reference is now made to the detailed description of the invention along with the accompanying

figures and in which:

FIGURE 1 is diagram of HPLC retention time of 5,000, 10,000 and 800,000 polymaltotriose

MW standards with y-axis being MW and x-axis being retention time in minutes.

30 FIGURE 2 is a diagram showing Larch arabinogalactan (LAC) end products following 72 hours

incubation with 4 subjects’ human colonic bacteria.




5 selected probiotic bacteria present in defined anmounts, another mamal
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As used herein the term “nutritionally effective amount” is used to define the amount that will
provide a beneficial nutritional effect or response in a mammal. For example, as nutritional
response to dietary supplements varies from mammal to mammal, it should be understood that
20 nutritionally effective amounts of the natural polysaccharides with selected probiotic bacteria
will vary, respectively. The present invention includes both the natural polysaccharides that
have been processed by the probiotic bacteria separate from the probiotic bacteria (at least
partially isolated away from the probiotic bacteria), combined with inactivated probiotic bacteria

and the natural polysaccharides and the probiotic bacteria.

25  The skilled artisan will recognize that certain individuals will benefit from one or more of the
combined formulations that are natural polysaccharides that have been pre-processed by the pro-
biotic bacteria (e.g., those that. have normal digestive flora, those that are not in need of
additional pro-biotic supplementation and even those that are avoiding the probiotic bacteria).
Likewise, the lack of natural polysaccharides with selected probiotic bacteria are known to affect

30  physiological and cellular functions.
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extended period of time, defined herein as being between about 60 minutes and about 2, 4, 6, 8
or more hours using the formulation of the present invention. Modified release may also be
defined functionally as the release of over 80 to 90 percent (%) of the nutrient after about 60
30 minutes and about 2, 4, 6, or even 8 hours. The release may also be evaluated by making the
natural vitamins or natural minerals available to the user regardless of uptake, as some actives

may never be absorbed by the animal. Various modified release dosage forms may be designed
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sodi um benzoat e, . sodi um acetate, sodium chloride, dicalcium phosphate, and
m xt ur e@ow@gﬁe& in the @rttqfé:arbohydrate chemistry. Although the compositions of the invention

are intended to include at least two or more essential saccharides, it should be noted that the
saccharides can be in the form of mono-, oligo- and/or polysaccharides, e.g., a composition
containing gum tragacanth and guar gum will be considered as containing galacturonic acid,
20  sialic acid, mannose and galactose. Therefore, by controlling the amount of particular gums in a
given dietary supplement, one can control the amount of the respective saccharides in the dietary

supplement.

As used herein the term “isolated” refers to an organic molecule or group of similar molecules
that have been subjected to fractionation to remove various other components and that retain
25  substantially its expressed biological activity. Where the term “substantially purified” is used,
this designation will refer to a composition in which the active form of the nutrients of the
composition constitute about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or more
of the total molecules in the composition. In some cases the active form of the nutrient can not
be successfully removed from its normal cellular milieu without affecting its activity. In fact,
30 the present invention takes advantage of the natural processing of polysaccharides by probiotic
microbes in a bioreactor to deliver the highest quality and quantity of active, nutritional

compounds. However, in some cases a balance is achieved between the level of processing or
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20 preserve the powder. Capsules. Capsules may be prepared by filling
standard two-piece hard gelatin capsules each with 1 to 1000 m |l ligranms of
probi oti c-processed pol ysaccharides. The capsules may be filled with
excipients, carriers and the like, e.g., 0.5 to 150 mlligrans of |actose,
0.1 to 500 mlligranms of cellulose and 001 to 60 mlligranms nmagnesi um
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are produced in plant tissues and that can be processed by the pro-biotic microorganisms of the

present invention. The natural sources for the natural sources of poly-, oligo-, di- or mono-
saccharides that form part of the present invention are typically isolating at least a part of the
20 plant away from its natural state, e.g., by removing water (e.g., extracting the juice and/or pulp),
extracting one or more components chemically, mechanically, thermally, by size or otherwise
separating the components using polar, non-polar, mineral, petroleum or other solvents, and that
have some degree of beneficial health or therapeutic activity. The isolation of the active agent
from the plant will depend on the nature of the active agent, e.g., water soluble, insoluble,
25  miscible and the like, sensitivity to decomposition (e.g., denaturation by heat, pH, oxygen, light,
etc.). Plant extracts also include dehydrated plant materials in which the bulk liquid is removed
to concentrate the bioavailable solids in the plant or herb. Most herbal agents can be toxic,
especially when concentrated, but are generally safe when utilized in their more traditional

manner in teas and poultices as a “folk medicinal for the treatment of disease and promotion of
30 good health.”

Probiotics are live non-pathogenic and non-toxigenic microbial species, including Lactobacillus

species, Bifidobacteria species and yeasts, which can be either natural constituents of the
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use well-characterized bacteria that are selected for specific health-enhancing effects. Currently,

various species of Bifidobacterium and Lactobacillus, as well as Lactococcus lactis,
Streptococcus thermophilus, Enterococcus faecium and Saccharomyces boulardii are recognized

15  in the Physician’s Desk Reference (PDR) as probiotics.

Powders. The probiotic-processed polysaccharides may be provided in powder form. The
powder form may also include the pro-biotic bacteria or portions thereof as disclosed herein.
Often, the powder form may also include one or more carriers, excipients, wettability agents,
flowability agents, flavors, colorants and the like that increase the look, feel and even help

20  preserve the powder.

Capsules. Capsules may be prepared by filling standard two-piece hard gelatin capsules each
with 1 to 1000 milligrams of probiotic-processed polysaccharides. The capsules may be filled
with excipients, carriers and the like, e.g., 0.5 to 150 milligrams of lactose, 0.1 to 500 milligrams
of cellulose and 0.1 to 60 milligrams magnesium stearate. The capsule may also include pro-

25  Dbiotic bacteria as disclosed herein.

Soft Gelatin Capsules. A mixture of probiotic-processed polysaccharides is dissolved in a
digestible oil such as soybean oil, cottonseed oil, or olive oil, and the like. The probiotic-
processed polysaccharides and injected by using a positive displacement pump into gelatin to
form soft gelatin capsules containing, e.g., 100-500 milligrams of the probiotic-processed
30 polysaccharides. The softgel capsules are washed and dried. The softgel capsule may also

include pro-biotic bacteria as disclosed herein.
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United States Patent No. 5,928,664, issued to Yang, et al., relevant portions incorporated herein

by reference. Briefly, a consumable gummy delivery system is taught in which the present
25  invention is combined into a gummy delivery systems that includes an probiotic-processed
polysaccharides admixed with a glycerylated gelatin matrix prepared by heating an aqueous
solution of gelatin and glycerin to a temperature and for a time sufficient to remove some of the
moisture content of the initial aqueous solution. The probiotic-processed polysaccharides taught
herein can be delivered from a shearform matrix carrier. For a plant-based formulation to
30  provide a “gummy consistency”, the present invention may use the compositions and methods
taught in, e.g., United States Patent No. 6,586,032 issued to Grazela, et al., relevant portions

incorporated herein by reference. Briefly, a gelatin-free gummy confection using gellan gum
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25  intracellular fermentation of polysaccharides by certain microbial species, such as Enterobacteria

|
]

and lactic acid-producing bacteria, has been extensively studied, the actual biological
significance of extracellular enzymatic digestion by bacteria such as Bacterioides

thetaiotaomicron within the human GI tract has apparently not been extensively explored.

A lactic acid bacterium, Enteroccus is ecologically versatile and able to tolerate a wide range of
30 temperatures and pH conditions. It colonizes the human small and large intestines. The two
bacterial species best able to compete for all three IPs in this study, E. faecalis and E. faecium,

are popular probiotics. Human probiotic supplementation studies have documented that both




Lb. brevis Lb. casei 15 Lb. lactis Lb. plantarum Lb. paracasei Lb.

cel | obi osus Lb. del brueckii 20 Lb. fructivorans Lb. helveticus
Lb. hilgardii Lb. kefiri Lb. kefiranofaciens 25 Lb
kefirgranum Lb. parakefir Lactococcus lactis Streptococcus salivarius

S. thernophilis 30 S. lactis Enterococtéis durans Leuconostoc crenoris

species can stimulate the immune system. E. faecium has also been shown to decrease serum

cholesterol and reduce the expression of cell receptors involved in the inflammatory response.

Prebiotics are food ingredients that stimulate the growth or activity of certain GI tract
microorganisms. Commercially available prebiotics are generally indigestible polysaccharides of
5 plant origin that are selectively utilized, via anaerobic fermentation metabolizm, by certain
beneficial lactic acid bacteria such as Bifidobacteria and Lactobacillus species. Some
commonly employed probiotics include inulin, fructooligosaccharides (FOS), and Jerusalem

artichoke.

Example 1. Selection of probiotic cultures for enhanced growth on selected polysaccharide

10  substrates.

Different species and strains of bacteria, that are present within the human GI tract, have the
ability to utilize different polysaccharide substrates. For example, in a study of 154 strains from
22 different species of Bifidobacterium, Peptostreptococcus, Lactobacillus, Ruminococcus,
Coprococcus, Eubacterium, and Fusobacterium were surveyed for their ability to ferment 21
15  different complex carbohydrates. The common food polysaccharides starch (amylose) and

amylopectin were fermented by the most bacterial strains in the survey. At least some strains in

7 of the 22 species surveyed were able to utilize amylose and/or amylopectin. Other
polysaccharides such as D-galactosamine, dextran, gum karaya, fucoidan, alginate, carrageenan,
chondroitin sulfate, hyaluronate, heparin, ovomucoid, and beef submaxillary mucin were not
20  fermented by any of the strains tested. The other polysaccharides included in the survey,
glucosamine, fucose, xylan, larch arabinogalactan, gum guar, gum locust bean, gum arabic, gum
ghatti, gum tragacanth, pectin, polygalacturonate, and laminarin were fermented selectively by
certain bacterial strains but not by others. This study shows that it is possible to select bacterial
strains from the human GI tract for the selective processing, via fermentation, of selected

25 polysaccharides.

Cultured foods such as, fermented vegetables, yogurt, kefir, ymer, buttermilk and laban use

various microorganisms to create food for human consumption.

A wide variety of bacterial and yeast species are safely used in the production of these food
products. These microbes, with long histories of safe use in human foods are excellent
30  candidates to screen for their ability to process purified long-chain polysaccharide compounds
into smaller biologically active compounds such as shorter polysaccharides, oligosaccharides,

disaccharides and monosaccharides. Such processing could be engineered to occur either in vivo
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by combining one or more of these microorganisms with natural polysaccharides in a form

whereby both components are simultaneously administered orally to humans or other animals.

In this first example, the processing of the polysaccharide by the microorganism would occur

during transit through GI tract. Alternately, the microorganism and the polysaccharide could be

combined in a mechanical fermentation apparatus under controlled physical conditions (i.e.

nutrients, temperature, hydrogen ion concentration, oxidation/reduction potential, oxygen

availability, water activity, salt concentration, etc.) and incubated until the desired final end

products (i.e. acceptable ratios of shorter polysaccharides, oligosaccharides, disaccharides, and

monosaccharides) are produced.

Typical microorganisms found in kefir grains, which are stable mixed cultures of various

bacteria and yeasts, include:

Lactobacillus acidophillus

Lb. brevis

Lb. casei

Lb. lactis

Lb. plantarum

Lb. paracasei

Lb. cellobiosus

Lb. delbrueckii

Lb. fructivorans
Lb. helveticus

Lb. hilgardii

Lb. kefiri

Lb. kefiranofaciens
Lb. kefirgranum
Lb. parakefir
Lactococcus lactis
Streptococcus salivarius

8. thermophilis

S. lactis
Enterococcus durans
Leuconostoc cremoris
Leuc. mesenteroides
Acetobacter aceti

A. rasens

Candida kefir

C. pseudotropicalis
C. rancens

C. tenuis
Kluveromyces lactis
K. marxianus

K. bulgaricus
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Debaryomyces hansenii
Zygosaccharomyces rouxii

10

Some typical bacteria used in the fermentation of vegetables and dairy products include:

Lactobacillus acidophilus
L. bulgaricus

L. plantarum

L. lactis

L. delbrueckii

L. leichmannii

L. salivarius

L. caret

L. pentoaceticus

L. brevis

L. buchneri

L. cellobiosus

L. confusus

L. coprophilus

L. fermentatum

L. sanfrancisco

L. thermophilus

L. bavaricus

L. casei

L. coryniformis

L. curvatus

L. plantarum

L. sake

Leuconostoc dextranicum
Leu. mesenteroides

Leu. paramesenteroides
Enterococcus faecium
Enterococcus faecalis
Pediococcus acidilactici
Pediococcus damnosus
Pediococcus pentocacus
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45  polysaccharide utilization.

Additional agents for the enhancement of probiotic organism -growth and
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5  having a lesser effect on gram-positive bacteria, such as Lactobacillus and Bifidobacteria
(2) selective antibiotic substances, which inhibit the growth of gram-positive bacteria while

having a lesser effect on gram-negative bacteria, such as Bacterioides species

(3) substances which stimulate the growth of probiotic bacteria such as sub-bituminous humic

substances, which have been used in animal feeds to stimulate the growth of beneficial bacteria

10  (4) substances, such as inorganic or organic acids and bases, which change alter the pH

conditions of the growth system to favor the growth of beneficial, probiotic microorganisms

(5) substances, such as hydride ion and/or other chemicals with chemical reduction potential,
which alter the oxidation-reduction conditions of the growth system to favor the growth of

beneficial anaerobic microorganisms such as Bacterioides, Lactobacilli and Bifidobacteria

15 Example 3. - Compositions and methods for selecting and making Probiotic-processed

polysaccharides with or without Probiotics.
Bacterioides thetaiotaomicron

A probiotic food or dietary supplement formulation comprising a natural polysaccharide(s) and

viable cells of Bacterioides thetaiotaomicron

20 A probiotic food or dietary supplement formulation comprising a natural polysaccharide(s) and
viable cells of Bacterioides thetaiotaomicron and selected growth-promoting agents, which

stimulate the growth of gram-negative anaerobes

A method for producing bacterially-modified polysaccharides, oligosaccharides, disaccharides,
and monosaccharides using Bacterioides thetaiotaomicron to effect enzymatic degradation of

25 naturally occurring polysaccharides in a closed bioreactor system

A method for producing bacterially-modified polysaccharides and oligosaccharides with
immunological activity using Bacterioides thetaiotaomicron to effect enzymatic degradation of

naturally occurring polysaccharides in a closed bioreactor system

Bacterioides fragilis
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20 occurring polysaccharides in a closed bioreactor system

A method for producing bacterially-modified polysaccharides and oligosaccharides with
immunological activity using Bifidobacterium longum to effect enzymatic degradation of

naturally occurring polysaccharides in a closed bioreactor system
Enterococcus faecium

25 A probiotic food or dietary supplement formulation including a natural polysaccharide(s) and

viable cells of Enterococcus faecium

A probiotic food or dietary supplement formulation including a natural polysaccharide(s) and
viable cells of Enterococcus faecium and selected growth-promoting agents, which stimulate the

growth of gram-negative anaerobes




Bi fi dobacterium | ongum A probiotic food or dietary supplenent fornulation

conprising a natural polysaccharide(s) and viable cells of Bifidobacterium

| ongum 15 A probiotic food or dietary supplenent formulation conprising a

nat ural pol ysaccharide(s) and viable cells of Bifidobacteriuml|ongum and

sel ected growt h-pronoting agents, which9stinmulate the growth of anaerobes

A net hod for producing bacterially-nodified polysacchari des,

Fl [ gosaAsmlilsalfic;gcﬂﬁﬁ,prﬁﬂt&ﬂtgcbuﬁdgiiﬁyméaﬁﬁedmml?mhdrme:s,fjdigosaxichg'i&sj didadohardides) um-
ongumtaqo effect enzymatic_degradati on of najura 20 occurrin

pol ysacBHARPRASICChATIGES USHBBIOGP ek feAc Ty 49 gk pelaes § a%ﬁﬂea BEparally

pact er | el indBalykh ﬂaﬁ&&sXﬁQSﬁ%ﬁ biffAcRPGyslh gosacchari des wi th

i mrunol ogi ca Ivity usin obacteriumlongumto effect enzymatic

degradaj i t v 0 | i i . . Qr eachor
Syat om el R, BoRlodbe BRI S REKE ARG PAL AR Tnf 6L ARE LG RAk

f or sul amnaumolopidall Aéthaty aisingt Enrerocay fireiihatol effeCtgnzandtiv dedrbdationl df hatukally

Ent er ococcus faecium A pr.obiotic food or dietary supplenent formnulation

i ncl udisguEng Relysagcharides dna closed bleresstonsysteM apl e cel |'s of Ent er ococcus
faeci um and sel ected grow h-pronoting agents, which stinulate the growth of
gr am neYgiiaug grebirdierhsstesia. 19 A net hod for producing bacterial | y-nodified

pol ysacchari des, oligosaccharides, disaccharides, and nonosacchari des using
Ent er odSetestien f afe spenifi¢,0 nefi-petdibgenic vivad i prodesyingd aicronrgahismest droal | the ogoupy i ng

pol ysacchar,i des i cl osed bi oreact system . A net haod for, produci

bact or (AR IApari 1stpeBs e e o LRI E b de o Phededlpidd Lanilta

i mygnol Kigidey@st | StctMarbmyas, Edr8la0 CRSalEporae CDEBArYémfes, € Ty gssac yimbmsces,
degradation of naturally occurring polysaccharides in a closed bioreactor
syst emBagtdrioidespBatiilus, i hifidehacterivan, Iydpelerivin Peprosipenipdaceus. dammipraonenseid
food precessi 1LChQQ i gr g X LI . us,
St ept AeaR Rl HEE A0S Wi e SheblaR R BIAG ahof, ghRffRARES

Kl uver ailgec e glucombhl, Onysigse, phicohanndr ugdsponannabgbansbinogealactans, larch

Zygosaccharonyces, Bacterioides, Bacillus, Bifidobacterium Eubacteriu
Pept ost¥dpregalbckns, Rgal nacbsecrhandes pdusidasc udunga E%&Sﬁ&fiﬂﬂ?iﬁ: ¢ mgal

utigsi z haffd Cgﬁﬂ]ﬁ LOGRHST QB Elat CAFRNRANSum 3 @8ia and
gldgon§¥§%n, onjg%hbﬁﬁ%%ﬁgﬁh n, gd?g%tgﬁénngﬁsfggga i ndga ag?gnsu F&?ﬁh
ar abi negalbactiansthesofj &ir the pyoslactodnast mhdgsacdhaddes atigosat chagdes, disaycmaudésaanddes,
fungal 15 céﬁ%go. nnans, gumtragacanth, gum ghatti, xanthan gum guar gum

and gurftos 1 combi nati ons thereof for the production of
pol ysacchar.i des, oligosaccharjdes, djsaccharijdes_ and nnnﬁzﬁccharides

Conbi n&tqrahinaiongefeons; onpioee pelysacabaties idhetenchiometie rren Pheslisasmannans, aloe
gl “COW%NL%H&mﬁl % %&: Oflanfah, E% RoRTandhiiC APBHEacA, AR RAVIAS A actans,

ar abi ndgal act ans, act ans,
20  algal polysaccharides, fucoidans, fungal polysaccharides, fungal glucomannans, gum tragacanth,

gum ghatti, xanthan gum, guar gum, and gum acacia with viable cells of non-pathogenic
microbial species selected from the group: Lactobacillus, Lactococcus, Streptococcus,
Enterococcus, Leuconostoc, Acetobacter, Candida, Kluveromyces, Saccharomyces, Torula,
Torulaspora, Debaryomyces, Zygosaccharomyces, Bacterioides, Bacillus, Bifidobacterium,
25  Eubacterium, Peptostreptococcus, Ruminococcus and Pediococcus to produce a probiotic

dietary supplement or food

A method for producing partially-degraded polysaccharides, oligosaccharides, disaccharides,
and monosaccharides using non-pathogenic microbial species selected from the group:
Lactobacillus, Lactococcus, Streptococcus, Enterococcus, Leuconostoc, Acetobacter, Candida,
30  Kluveromyces, Saccharomyces, Torula, Torulaspora, Debaryomyces, Zygosaccharomyces,
Bacterioides, Bacillus, Bifidobacterium, Eubacterium, Peptostreptococcus, Ruminococcus and

Pediococcus to effect enzymatic degradation of naturally occurring polysaccharides chosen from
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pol ysaccharides (IPs) can activate macrophages, stinulate the proliferation
of T-cefd vard iBme@lohoduRHiRP RIrsaSHIRIQTEDE) &1 laViivate ﬂ%@%ﬂlﬁ%ﬁs, GYihfifdtd Ghe

rel ease and stinulate the intestinal imune system Polysacchari des of

hi gher prolifesaticgrofilere]hand Ragplls suppress complement activity, modulate cytokine release and

stimulate the intestinal immune system. Polysaccharides of higher molecular weight (MW) have

more potent immunomodulatory effects. Following oral ingestion IPs can be used as adjuvant
25  therapies for cancer patients-prolonging survival and improving quality of life. When ingested,
complex plant polysaccharides (CPPs) typically enter the intestines largely intact, where they
may then be degraded to varying degrees by the complex microflora in the gut. These substances
can thereby impact the composition and density of the bacterial flora and generate
monosaccharides, short-chain fatty acids, CPP fragments and metabolites, and gases. These CPP
30  degradation products can then impact the GI immune system and be absorbed or excreted. The in
vitro demonstration described below illustrates the human colonic bacterial utilization of a

mixed-saccharide dietary supplement (MSS) formulated for immune system support and two of
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for onesaimplesvs&teﬁﬁtﬁeiemrtbrbmlnguht@?&l&fﬁhe&&mgEmaldnedarrpl es were provided
by 4 healthy human. Subjects were chosen with ages younger than 45, wth

total dieeil sam@les dwdﬂ@préaﬁ%ﬂ ol & @lth{ Boslan Kubjeted weRkBossntwith 8idsGBukdrithah t he
| ast 12 non no A problens in the | ast 5 years, do not have

had
i rregulddr \};%tpl %tv;@ﬁlgﬁmg <2§|E}«dothf@§t fge@ distiot take antibiotics within the last 12 month,
15  had no GI problems in the last 5 years, do not have irregular bowel movements, did not use OTC

medicines for constipation, stomach or bowel cramps, or diarrhea, did not have food poisoning
in the last 6 months and do not worry about getting sick. Fecal samples were confirmed negative
for the following pathogens: Clostridium difficile, Salmonella, Shigella, Campylobacter, Vibrio,
Yersinia, and E. coli O157. Ten grams of fecal samples were mixed with 750 ml Brain Heart
20  Infusion and mixed in a blender for four 30 second pulses before 6 hour incubation at 37°C. One
ml aliquots were stored in 20% glycerol at 80 degrees C prior to use. On the day of
demonstration, an aliquot was thawed rapidly in warm water and then added to 2 ml of anaerobic
E media (0.2%) wiv citric acid, 1% wiv K;HPO4, 0.35% w/v NaNH;HPO4+4 H,O and 0.002%
w/vy MgSO, *7H,0) and incubated for 48 hours before addition to E media containing CPPs.
25  CPPs were suspended by agitation for 2 h in diH,0 and then added to anaerobic E media to
achieve a final composition of 1% w/v. Under anaerobic conditions, 20 pl of fecal suspension
was added to 2 ml of the CPP in E media suspension and left to incubate for 3 days under
anaerobic conditions (CO, gas pack) at 37° C. One control example set consisted of fecal
suspension added to E media without CPP was included to evaluate the effects of CPPs in E
30 media, another control example set with the CPPs in E media for 9 days under culture
conditions. After three days of incubation (i.e., day 3), 20 pl of the culture was added to 2ml of
fresh CPP in E media. This was repeated again on day 6. At the end of 9 days, bacteria were




medi ci nes for constipation, stomach or bowel cranps, or diarrhea, did not
have food poisoning in the |last 6 nonths and do not worry about getting
sick. Fecal sanples were confirmed negative for the foll ow ng pathogens:
Clostridiumdifficile, Salnonella, Shigella, Canpylobacter, Vibrio,
Yersinia, and E. coil 0157. Ten granms df2 fecal sanples were m xed with 750
m Brain Heart 20 Infusion and m xed in a blender for four 30 second pul ses
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cul t ur e Swad tilef 57 asodsies wererselosted Grm ithe Esmm af therpur feaal mlétmt BYAayas n

on g8y Bxirdthed AEmCRGIRS TiflP¥R: BIARLEY Kit'RGEnScript; Piscataway, NJ) according to
manufacturer's instructions. The PCR amplification of the purified DNA was performed using
TaKaRa SpeedSTAR HS DNA polymerase reagents and universal primers for 16S rDNA
amplification, forward F8 - 5' —~AGAGTTTGATCCTGGCTCAG - 3' (SEQ ID NO:1) and
reverse R1492 - 5' GGTTACCTTGTTACGACTT - 3' (SEQ ID NO:2). The conditions for the

15 PCR amplification were 94° C for 15 minutes; 35 cycles of 94°C for 40 seconds and 60° C for 30
seconds; and 72°C for 2 minutes, followed by a 4° C hold. Purity of products was confirmed by
running 2 pl on a 2% agarose E-gel. Amplicons were sequenced by Alpha Biolabs. The resulting
sequences were subjected to BLAST searches and the best match reported. Biochemical testing

Gram stains were performed on each isolate using a kit according to the manufacturer’s

20  instructions. Hemolysis was determined by isolated colony growth on Difco™, tryptic-soy agar
plates containing 5% sheep's blood agar. Oxidase production was determined by using the
oxidase reagent according to manufacturer’s instructions. Catalase production was determined

by the ability of isolates to produce bubbles in hydrogen peroxide. The identifications were

confirmed using API Strep or API20 E strips according to manufacturer's instructions.

25  Chemical analysis of bacterial supernatants. Supernatants were thawed at room temperature,
added to deionized water and filtered with 0.2um polypropylene Mini UniPrep™ filters before
HPLC analysis. Separation on the basis of molecular size was evaluated using BioSep-SEC-S-
4000 column HPLC. 5,000; 10,000; and 800,000 polymaltotriose MW Standards were added to
deionized water (about 1 mg/ml) and analyzed by HPLC to confirm that CPP dialysis had

30  eliminated smaller saccharides (<6,000 MW) and to allow estimation of the MW of CPPs and
supernatants (FIGURE 1). FIGURE 1 is diagram of HPLC retention time of 5,000, 10,000 and
800,000 polymaltotriose MW standards with y-axis being MW and x-axis being retention time

1n minutes.




22 col lected by centrifugation and snap-frozen in a dry ice-ethanol slurry.
Supernatants were saved and eval uated for chem cal conposition by HPLC
refraction detection. Control exanple sets were processed in an identical
manner except that they were not inoculated with feces. Day nine bacteria
wer e harvested and processed for 16s rINA identification. 5 Bacteria
identification by 165 rDNA sequencing. On the ninth day, sanples were

st r eak RESUTLTS. [Baetetiai The gé@mhngadhlgmply@éleai SDisolsted af thenEntMedo@s gemed 4
were: 1) DifcoTM Lactobacil]lus MRS aE Bi fi dobaeceria MRS wi h.wy P
(nal adil%@.l%es&q,f.ch 4iibifealiand qoerisalate @ Kéﬁbﬁ’é a gRevmAY SPgPeaes

MRS wi thnf‘lc?/ &3@93@ t %ﬂ Eilg' flgvél Rirl 8 Rfaledr aridd Bk e&levieoP 46 1scﬁafe@t aI
of 57 i solates vere selecte romthe passages of th our fecal cultures.
DNA wa§ uﬂtﬂeraﬁérrtﬁ'mh’aoh hnd) wonfioiative of bactkegalt fpeciBaan®phenyotypic ch@ectSusticpwere

Pi scat a g t q..manuf.acturer's nstru he PCR.

amph i f PRG{ed Nl]%fblf’ AL PR AR W@f%d faf?lf %&?ﬁ%e&}%ﬁr@%
DNA pol-yiRhassl hﬁ%ﬁﬂ%@dﬂeéﬁﬂg\{ﬁ&ﬁ@ds m @néé)fdeﬁéf@cdft@hwgﬁmtmhl §@HARN,
forward F8 - | D NO 1) and reverse R1492

- 5 G@fd’pﬁ@ﬁﬂ'ﬁﬁ'ﬁm&;&(@ﬁused 30 d@@&@ne Iﬂammpnam AR gpsling; strigs AR 2¢ Rep forPCR
| f t f .94C f. d
07§ B hRRat AT S8 B PSR iy RS gl B R e Ruoes, o)

of pr Oév&hﬁed\ﬁﬁng&@fAmmﬁbbb% a[ddrtﬂé R@ulding idedtifidat o waadeta tikedd@hble APl | cons
wer e sequenced by Al pha Biolabs. The resulting sequences were subjected to

BLAST SAHIGEDeRAFsHIH tE BlodkBintddl ERRRdRdics Bt BaResHoed spE@i§§ {sBMtds' alfugddai ns
were perfornmed on each 1solate using a kit according to the manufacturer's
20 i nstoucfecarssmplde mdws insspeaidicdeR R meiline Thd yalueoirarentessotedray pgreenk ppssive

D fcoTM tr tlc agar plates containing 5% sheep's blood agar. Oxidase
pr oduc of ﬁ%&ﬂ?ned by using the oxidase reagent according to

manuf act urer’ s instructions. Catal ase production was determ ned by the
ability of isolates to produce bubbles in hydrogen peroxide. The
identifications were confirmed using APl Strep or API 20 E strips according
to manufacturer's instructions. 25 Chem cal anal ysis of bacterial

supernat ants. Supernatants were thawed at roomtenperature, added to

dei oni zed water and filtered with 0.21.tm pol ypropyl ene M ni Uni PrepTM
filters before HPLC anal ysis. Separation on the basis of nol ecul ar size was
eval uat ed usi ng Bi 0Sep- SEC- S4000 col unmm HPLC. 5, 000; 10, 000; and 800, 000
pol ymal totri ose MW St andards were added to dei oni zed water (about 1 ng/m)
and anal yzed by HPLC to confirmthat CPP dialysis had 30 elim nated snaller
saccharides (<6,000 M and to allow estimtion of the MNof CPPs and
supernatants (FIGURE 1). FIGURE 1 is diagramof HPLC retention tinme of
5,000, 10,000 and 800, 000 polynmaltotri ose MNstandards with y-axis being MV
and x-axis being retention tinme in mnutes. 23 RESULTS. Bacteria. The
sequenci ng anal ysis yielded 52 isolates of the Enterococci genus, 4

i sol ates of Escherichia coil and one isolate of Klebsiella pneunoni ae. The
sequence anal ysis had confidence (>93% to the genus level of all isolates
and to the species |level of 40 isolates. Further identification and
confirmati on of bacterial species and phenotypic characteristic were 5
obt ai ned by bi ochem cal profiling using comrercially available API testing
strips and conventional m crobiological testing nmethods. The sequence
identification, gramstain, oxidase and catal ase results were used to
determ ne the appropriate APl testing strip, APl 20 Strep for the
Entercocci and APl 20 E for the enteric isolates. The resulting strip

i nformati on was eval uated using the APl database and the resulting
identification was determned (Table 1). 10 TABLE 1 bel ow shows t he

bi ochem cal characteristics of Enterococci species isolates cultured from
fecal sanples grown in specific CPP nedia. The values are represented as
percent positive for each denonstration. 24 Table 1. Bi ochem: cal
characteristics of Enterococci species isolates The Enterococci were

Ent er ococcus faecium (46), Enterococcus faecalis (2), Enterococcus durans
(1), 5 and Enterococcus avium (2). In accordance with previously published
information, all isolated




Ent er ococcus species were gram positive, catal ase negative, oxidase
negative and positive for the hydrolysis of esculin. Only 5 of the 52

i sol ates were beta henolytic on bl ood agar. 100% of E. faecium and E.
durans, and 50% of E. faeciumwere positive for beta-gal actosi dase, the
enzynme necessary for 25 arabinogal actan hydrolysis. 100% of E. faecium and
50% of E. faecalis were able to fernent arabinose, a major nonosacchari de

i n arabi nogal actan. E. durans could not fernment arabinose. E. coil isolates
(4) were found only in the cultures usthg LAG A single K ebsiella
pneunoni ae i solate was recovered fromthe AVP culture. Table 2 bel ow shows
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The Enterococci were Enterococcus faecium (46), Enterococcus faecalis (2), Enterococcus durans (1),
5 and Enterococcus avium (2). In accordance with previously published information, all isolated
Enterococcus species were gram positive, catalase negative, oxidase negative and positive for the
hydrolysis of esculin. Only 5 of the 52 isolates were beta hemolytic on blood agar. 100% of E. faecium

and E. durans, and 50% of E. faecium were positive for beta-galactosidase, the enzyme necessary for
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arabinogalactan hydrolysis. 100% of E. faecium and 50% of E. faecalis were able to ferment arabinose,

a major monosaccharide in arabinogalactan. E. durans could not ferment arabinose.

E. coli isolates (4) were found only in the cultures using LAG. A single Klebsiella pneumoniae isolate
was recovered from the AVP culture. Table 2 below shows the metabolic profiling results from E. coli
5 and Klebsiella pneumoniae isolates. These enteric bacteria are gram negative bacilli that are catalase

positive and oxidase negative. Only one isolate of E. Coli was identified as beta hemolytic.

TABLE 2 below lists the biochemical characteristics of the enteric bacteria isolated from fecal samples

grown on CPP media. The values are represented as percent positive for each.
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Table 2. Biochemical characteristics of the enteric bacteria.

Klebsiellu
| prenmoniae:

Supernatants. There were notable losses of CPPs in all molecular weight ranges relative to a control
that was incubated for 9 days under conditions identical to those used for bacterial culture. However,

losses were variable and were dependent on the CPP and fecal sample. All four subjects' fecal cultures
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consumed LAG polymers equally well between the ranges of 800,000 to approximately 12,000 MW.
Polymers less than 12,000 MW, however, were consumed in differing amounts (FIGURE 2). FIGURE
2 is a diagram showing Larch arabinogalactan (LAC) end products following 72 hours incubation with
4 subjects' human colonic bacteria. LAG control (solid line) was subjected to protocol without colonic

5  bacteria. The y-axis is mRIU and the x-axis is retention time in minutes.

Polymeric components of AVP between approximately 1,000,000 and approximately 50,000 MW were
almost entirely consumed by fecal bacteria from all subjects, though there was some variability,
particularly at the 1,000,000 MW range. Polymers <10,000 were consumed in a highly variable
manner by different fecal cultures (FIGURE 3). FIGURE 3 shows Aloe vera gel polysaccharides
1V (AVP) end products following 72 hours incubation with 4 subjects' human colonic bacteria. AVP
control (solid line) was subjected to protocol without colonic bacteria. The y-axis is mRIU and the x-

axis is retention time in minutes.
Polymeric components of MSS of approximately 1,000,000 were not consumed, but polymers between

800,000 to 1,000,000 MW were consumed to varying extents by different cultures selected by MSS.
15 Interestingly, in three subjects, fecal culture degradation of MSS, but not AVP or LAG, resulted in the |

accumulation or low molecular weight polymers ~1,000 MW that are not found in the control MSS,
suggesting the export of glycosidic enzymes that clip small portions of CPPs from parent molecules
(FIGURE 4). FIGURE 4 shows mixed saccharide supplement (MSS) end products following 72 hours
incubation with 4 subjects' human colonic bacteria. MSS control (solid line) was subjected to protocol

20  without colonic bacteria.

Discussion. The human intestinal microbiota is thought to include 500~1,000 species, contributing
about 1.5 kg biomass. Bacterial utilization of polysaccharides in the i# vivo human GI tract is
undoubtedly a highly complex process. Polymer degradation is a corporative activity with enzymes
from many different bacteria participating in the process. Here, the process of repeatéd passage of fecal
25  bacteria into fresh media that contained only CPPs as the available carbon source selected for bacteria
best able to compare for and utilize CPPs. Bacteria that can use these sugars efficiently will rend to
produce more progeny then other species that are less efficient. Over time, these species will dominate

the culture. This is the first demonstration to show that Enteroccus sp. utilize LAG (Table 1).
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LAG was incompletely degraded by all. subjects, although there was variability between subjects in
their ability to degrade the lower MW (~10,000) portion (FIGURE 2, arrow). While oral aloe vera gel
has been shown to improve bowel function, this is the first demonstration to illustrate the utilization of
aloe vera gel polysaccharides by human colonic bacteria. One finding is that there is greater variation
between individuals regarding the ability to utilize high molecular weight (>1,000,000) components of
AVP (FIGURE 3, arrow). Consumption of very large molecules with limited solubility illustrates that
Enterococcus sp. can utilize these large molecules. There arc several paths that may be used, including
internalization of a large CPP panicle with subsequent degradation to smaller constituents. Another is
that some bacteria secrete glycosidases, leading to degradation of the large molecules to smaller
molecular weight components. Finally, utilization may involve a combination of these processes.
Enterococcus faecalis is known to encode 21 glycosylhydrolases. This is the first demonstration that
utilization of this mixed saccharide dietary supplement (MSS) by human colonic bacteria. A striking
illustration is that feeding E. foecium MSS leads to the abundant generation of relatively small
(~1,000) polymers in the supernatant (FIGURE 4, arrow). Since the MSS control is >5,000, generation
of lower MW substances must arise from the degradation of larger molecules. This could occur either
from degradation of large molecules by enzymes exported to the supernatant by E. faecium or from
secretion of small polymers by the bacteria themselves. What is quite surprising is that this
phenomenon is not observed for either LAG or AVP individually. Bacteroides and Bifidobacteria sp.
were dominant, but Enterococci sp. increased in abundance in the lowest stage of the system. Human
colonic degradation of other components of MSS has been investigated. Others have investigated
human in vitro fermentation of purified fibers (« and B-linked sulfated fucans) and total algal fibers (a
and B-linked alginates) from U. pinnatifida. Purified sulfated fucans were not degraded. Forty-seven to
sixty-two percent of the alginates were completely metabolized to short chain fury acids. The others
concluded that 60% of alginates appear to be degraded by "unusual and unknown" fermentative

pathway".

Enrerococclis is ecologically versatile and able to tolerate a wide range of temperatures and pH
conditions. It colonizes the human small and large intestines. The two species best able to compete for
the three CPPs, E. faecalis and E. faecium, are popular probiotics. Human probiotic supplementation
studies have documented that both species can stimulate the immune system. E. faecium

supplementation has also been shown to decrease serum cholesterol and reduce the expression of cell
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1y the capability of bacterial biomes recovered from different individuals to use CPP. In vivo subjects
were able to completely degrade high MW AVP components; lower MW components were variably
consumed. Colonic bacteria feeding on MSS lead to the abundant generation of relatively small
(~1,000) polymers, a phenomenon is not observed for either LAG or AVP, two major components of
the MSS. Research on these and other CPPs with systems more closely approximating the in vivo Gl

15  tract may also be performed by this invention.

It is contemplated that any embodiment discussed in this specification can be implemented with .
respect to any method, kit, reagent, or composition of the invention, and vice versa. Furthermore,

compositions of the invention can be used to achieve methods of the invention.

It will be understood that particular embodiments described herein are shown by way of illustration
~?  and not as limitations of the invention. The principal features of this invention can be employed in
various embodiments without departing from the scope of the invention. Those skilled in the art will
recognize, or be able to ascertain using no more than routine experimentation, numerous equivalents to
the specific procedures described herein. Such equivalents are considered to be within the scope of

this invention and are covered by the claims.

25  All publications and patent applications mentioned in the specification are indicative of the level of
skill of those skilled in the art to which this invention pertains. All publications and patent applications
are herein incorporated by reference to the same extent as if each individual publication or patent

application was specifically and individually indicated to be incorporated by reference.
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The term "or conbinations thereof' as used herein refers to all
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(5):238-245. whadakerrang W Zi mrer mann K, Skarabis H, et al. [Reduction of
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conpri si ng: bg S%Ii%eﬁrl‘eé‘h%gﬁ?a"ﬁénﬁﬁ%? [PF@H’C‘F*M%%@?‘%‘%‘%& gfm al

pol ysacchar i tiesagerewd @iasty intciobdbdadetay lippienfeaobi ot i ¢ bacteria in a

bi oreactor system wherein the bacteria process the polysaccharides and the

resul ting prg)cesslqlg qde rowdd in the nutriti
Cuppl eront 3 Tha” SORSYRAES b Fp e BB bl Rt
pol ysacchar|d€n§1¢@9$ﬁgerfen1bl oreactor are adapted into a food or dietary

suppl enent. 3. The suppl enent of claim 1, wherein the processed

pol ysacchari gle armge @1%[&&% dftfafn @ @ﬂe‘f@ﬁ fhe 9&?@49&1a§18és%ménse§'ﬂl% SHRPiement  of
claim1, wherein the polysaccharides conprise at |east one of
glucomannans, aloe glucomannan, konjac glucomannan, galactomannans,

arabinogalactans, larch arabinogalactans, algal polysaccharides, fucoidans, fungal
polysaccharides, fungal glucomannans, gum tragacanth, gum ghatti, xanthan gum, guar

gum, and gum acacia.

5. The supplement of claim [, wherein the polysaccharides comprise acetylated

mannans from Aloe vera.

6. The supplement of claim 1, wherein the polysaccharides and the probiotic bacteria

are provided separately in a single dosage form.

7. The supplement of claim 1, wherein the polysaccharides and the probiotic bacteria

are incubated in a bioreactor.

8. The supplement of claim 1, wherein the polysaccharides and the probiotic bacteria

are provided in a sustained release form.

9. The supplement of claim 1, wherein the polysaccharides are

heteropolysaccharides, homopolysaccharides or both.




gl ucomannans, al oe gl ucomannan, konjac gl ucomannan, gal actomannans,

ar abi nogal actans, |arch arabi nogal actans, al gal pol ysacchari des, fucoidans,
fungal pol ysaccharides, fungal gl ucomannans, gumtragacanth, gum ghatti,
xant han gum guar gum and gum acacia. 5. The supplenent of claiml,
wherein the pol ysacchari des conpri se acetyl ated mannans from Al oe vera. 6.
The suppl enment of claim 1, wherein the polysaccharides and the probiotic
bacteria are provided separately in a single dosage form 7. The

suppl enent of claim1, wherein the polysgccharides and the probiotic
bacteria are incubated in a bioreactor. 8. The suppl enent of claiml,
wherei n the pol ysaccharides and the probiotic bacteria are provided in a
sustai ned rel ease THelstpplenfnt Jitire UPPLLEAR fe polysatbiiriteslisolabtedvely frobdBe

pol ysacchari des are heteropol ysacchari des, honopo|ysaccharides or both. 34
10. The suppl B¥& ‘56?1%6?%“% ‘i‘?{at%di@lw?fgi‘fl‘fﬁs EJTSI‘%?Q%L%%M%EP@S respisted avay
fromthe m cr@binadbwee] dafsulpélcdph@bles efatebnp@blys agahar dudes. are | oaded into
a dosage form selected from powder, capsule, gelcap, tablet, effervescent

tabl et, quuig or gu . -11. A praobiotic food or dietary suppl enment
formil ati on cohpr iAPREPs S el el FEay Ra EREh P P RO ROl

i ncubat ed W t tat@alpfobbacobdridedyaeti@niyandubatad Bitiva e@bio0e baysih @ bincaasterabl e

m crobial cells of at.]east one of Lactobacillus ctococcus,

St ept ococous ™ ieneef vebEaieo e ot sl Rt ey B B B,

Kl uver onyces, Sisapecheang Byeagocch Ll canosiny MeadpaeraCakdidia Ky ompaess,
Zygosacchar onyce Bact ri?i es, Bac&%jus, Bifi qpac%g%iqg%lg%g%ckpgiun]
Pept ost r ept ocGECL i HEl LU S RERE HLdY BrEEs F¥8O BT RS S HIP4E  on of
claim1l, wheB®ilfustRigdgpodyraas Enbacteding:, Egnptresecoatus) Riastocotres add

quconannans,Pa.oe | ucomannan, konjac gl ucomannan, gal act omannans,
. (4 lOCO(I‘C .?_ . . .
ar abi nogal act’ans, ch arabi nogal actans, al gal pol ysacchari des, fucoi dans,

fungal polysaccharides, fungal glucomannans, gum tragacanth, gum ghatti,
xant han gum Quar Thefarmalpdongpdslane dbivdiereinBe palyracdharidny cemprisa adeastpreiah 11,

wherein the pé?ﬁ%ﬁq%ﬁﬁ@,%ioggﬁm&%mgﬂ, ﬁ&]&cﬁﬁ%h@mﬂ galactomannans,

arabinogalactans, larch arabinogalactans, algal polysaccharides, fucoidans, fungal
polysaccharides, fungal glucomannans, gum tragacanth, gum ghatti, xanthan gum, guar

gum, and gum acacia.

13.  The formulation of claim 11, wherein the polysaccharides comprise acetylated

mannans from Aloe vera.

14.  The formulation of claim 11, wherein the polysaccharides and viable microbial

cells are provided separately in a single dosage form.

15.  The formulation of claim 11, wherein the polysaccharides and viable microbial

cells are incubated in a bioreactor.

16.  The formulation of claim 11, wherein the polysaccharides and viable microbial

cells are provided in a sustained release form.

17.  The formulation of claim 11, wherein the polysaccharides are

heteropolysaccharides, homopolysaccharides or both.

18. A dietary supplement in a single dosage form comprising a natural polysaccharide

and a non-pathogenic, probiotic microbial species.




mannans from Al oe vera. 14. The fornulation of claim11l, wherein the

pol ysacchari des and viable mcrobial cells are provided separately in a
single dosage form 15. The fornulation of claim11l, wherein the

pol ysacchari des and viable mcrobial cells are incubated in a bioreactor.
16. The fornulation of claim11l, wherein the polysaccharides and vi able

m crobial cells are provided in a sustained release form 17. The

formul ation of claim 11, wherein the pol ysaccharides are

het er opol ysacchari des, honopol ysaccharides or both. 18. A dietary

suppl ement in a single dosage forn1conpri§ing a natural polysaccharide and
a non- pat hogeni c, probiotic mcrobial species. 35 19. The dietary

suppl ement of @l ai %;gietam%gg% o n,?g' clA1A 14 @/lmrggltl')é%ﬁﬁ&ﬁgélgggctﬁﬂ% z;nla(%he

non- pat hogeni c, probiotic al species are provi st mul t aneousl y

i nto the humamowpathpgaaic, prpbiotichhisrabiabsngeips ara prsiviskee pimubneeisdy infole hugsar ei n
processi ng of dhgpnatural pol ysaccharide by the non-pathogenic, probiotic
m crobi al species 1s acconplished within the confines of the human
gastrointestinal tract. 21. The dietary supplenment of claim 18, wherein
t he nicrobialZQeIIgﬁ%@ﬁﬁWﬁE@“%ﬁ“W%%%?md%ew@¥mﬁaﬁ¥%%ﬁ%Pf@ﬁ%@“@bctococcus,

St r ept 0COCCUS polRicBlRRO6F the nor{,rgémdg@@at @oiotf&ﬁambapg[f&es iCaRdingfshed within

Kl uveronyces, Saccharonyces, Torula, Torul aspora, bar yonyces,
Zygosaccharonﬁ&é@?ﬁ@%@?éF#HPH@??“B%@?Wﬂd?Q*Bifidobacteriun1 Eubact eri um
Pept ost rept ococcus, Rum nococcus and Pedi ococcus. 22. The dietary

suppl ement of 2¢l ai Thel@etawhegpidnient dTelpall g seieediathe deSobiaingeld Genpaite dtéast one

of gl ucomannans oe,gl.ucomannan, konjac gl ucomannan, . gal act onannans,

ar abi nogal act 8?1%?%"5‘%%@?’ Cﬁﬁ‘é’éfsagir %{Jﬁ ,Oc‘g‘ty’ fer 6%6%%%6%{1@?@%& f ucoi dans,
fungal pol ysagesabdceeCanbida Falvegdmic&NBRBBNSHy @ Totula Jaedsnpbra, gum ghat ti,
xant han gum guar gum and gum acacia, = 23. The dietary suppl ement of claim
18, wherein t%@g‘ﬁ%‘%‘g%gﬁf C&&“@@ﬁb%ﬂ?@” Toldes: g?cé@@d‘g%ﬁ%{ﬁﬁ’étﬁgg’fi’rom Al oe ver a.
24. A di et ar y Eshippl-ienePdpt308R6dossB R IR0 coxduk atd Pddicebadube processi ng of

sel ected

22. The dietary supplement of claim 18, wherein the polysaccharides comprise at
least one of glucomannans, aloe glucomannan, konjac glucomannan, galactomannans,
arabinogalactans, larch arabinogalactans, algal polysaccharides, fucoidans, fungal
polysaccharides, fungal glucomannans, gum tragacanth, gum ghatti, xanthan gum, guar

gum, and gum acacia.

23. The dietary supplement of claim 18, wherein the polysaccharides comprise

acetylated mannans from Aloe vera.

24, A dietary supplement comprising the extract from the processing of selected

natural polysaccharides by non-pathogenic, probiotic microbial species in a bioreactor.

25. A method of making a dietary supplement comprising:

mixing one or more natural polysaccharides with a probiotic bacteria in a
bioreactor system under conditions that stimulate the processing by the bacteria of the
natural polysaccharides to make processed polysaccharides; and

preparing the dietary supplement after at least a portion of the natural

polysaccharides have been processed by the bacteria.




nat ural pol ysacchari des by non-pat hogenic, probiotic mcrobial species in a
bi oreactor. 25. A nethod of naking a dietary suppl enent conpri sing:

m Xi ng one or nore natural polysaccharides with a probiotic bacteria in a
bi oreactor system under conditions that stinulate the processing by the
bacteria of the natural polysaccharides to make processed pol ysacchari des;
and preparing the dietary supplenent after at |east a portion of the
nat ural pol ysacchari des have been processed by the bacteria. 36 26. The
met hod of claim 25, wherein the bacteria, process the pol ysacchari des and
the resulting processed pol ysaccharide are nmanufactured into a single
dosage nutritional supplenent. 27. The method of claim25, further

conpri sing thesst eps Mdthod of claim DS QlrdfeiiBe bRErPHREQS BRPoRBIVERAGHAd tdes from
t he natural polysaccharldes and the bacteria; and preparing a dosage form
conpri si ng t hESYHpREwstrd QB’IY%QE?EH%?IF&%“&C‘?@ InfoyeSIpgle ARsAEcOR Ko m 25,

further conprigbreehhe step of preparing a dosage form conprising the
processed polysaccharldes the natural polysaccharides and the bacteri a.

29. The net ho é . furﬁyﬁ% risin the ocessed
pol ysacchari d S ar IW§ &' PR 8?5& PRSP ée@t ed from powder,
capsul e, gel cap, hahﬁe@tMﬁi&ﬁﬁM@p@@ﬂ&dﬁﬁ@ﬁ@bnnhdﬂmha;ﬁbm@ﬂﬁﬁﬁman&@m The
met hod of cl erein the bacteria conprise at |east one of

Lact obaci | | us" g%ﬁéf@ occus, Streptococcus, Enterococcus, Leuconostoc,

Acet obact er, Candl pakepariigd M&fﬁﬁg}rfyﬁle&)mpﬁ&'ﬁ‘ag t@rpasa Sedpolysatdibiades. Tor ul aspor a,
Debaryonyces Zygosacchar onyces, Bacteri oi des, Bacillus Bi fi dobacteri um

Eubacterium Rep! otk LeRkaseagics RUTLIGAAAGHS 4800 PedLOsReeSus. By The

met hod of claim2 erein acc r S C T | east
one of gIucomwnmawsg&amueeghbwﬁﬁaamamk&kmnpamﬂgbu&mmandanmdgabaa@nnannans,
ar abi nogal actans, |arch arabi nogal actans, al gal pol ysacchari des, fucoidans,

fungal p0|ys&ﬁﬁhaﬁméﬁémoEHﬂgﬁhuB|H&ﬂ&ﬁﬁﬂ@ﬂémgﬂyﬂki&é%%gﬁﬂ&ﬂmnﬁaﬂkghatt
xant han gum guar gum and gum acacl a of clalm 25

wher ei n the rigdgf dito @@%%@%ﬁ@%éﬁwmﬁeééam@ewlm daplet, effervescent

tablet, liquid or gummy.

30. The method of claim 25, wherein the bacteria comprise at least one of
Lactobacillus, Lactococcus, Streptococcus, Enterococcus, Leuconostoc, Acetobacter,
Candida, Kluveromyces, Saccharomyces, Torula, Torulaspora, Debaryomyces,
Zygosaccharomyces, Bacterioides, Bacillus, Bifidobacterium, Eubacterium,

Peptostreptococcus, Ruminococcus and Pediococcus.

31. The method of claim 25, wherein the natural polysaccharides comprise at least
one of glucomannans, aloe glucomannan, konjac glucomannan, galactomannans,
arabinogalactans, larch arabinogalactans, algal polysaccharides, fucoidans, fungal
polysaccharides, fungal glucomannans, gum tragacanth, gum ghatti, xanthan gum, guar

gum, and gum acacia.

32. The method of claim 25, wherein the natural polysaccharides comprise acetylated

mannans from Aloe vera.

33. The method of claim 25, wherein the processed polysaccharides are isolated away
from the bacteria, and the processed polysaccharides are loaded into a dosage form

selected from powder, capsule, gelcap, tablet, effervescent tablet, liquid or gummy.




mannans from Al oe vera. 33. The nethod of claim 25, wherein the processed
pol ysaccharides are isolated away fromthe bacteria, and the processed

pol ysaccharides are | oaded into a dosage form sel ected from powder,

capsul e, gelcap, tablet, effervescent tablet, liquid or gummy. 37 34. A
di etary suppl enent or food product conprising: a processed Al oe vera
i nner leaf gel incubated with a probiotic bacteria in a bioreactor or
fermentor system wherein the bacteria process the Al oe vera inner |eaf gel
into a bioavail able product. 35. The product of claim 34, wherein the
probi otic bacteria conprise at |east one Hacteria sel ected from

Lact obaci | l us, Lactococcus, Streptococcus, Enterococcus, Leuconostoc,

Acet obacter, Gandi dadicdthy UV SIMMEGSooSREERRENPISRS, Torula, Torul aspora,
Debar yonyces, Zygosaccharonyces, Bacterioides, Bacillus, Bifidobacterium
Eubact eri um Pept 08PFaspestdiee iaa imghicdeebaeubsted ieh PeHibests beqiia in a

bioreactor or fermentor system, wherein the bacteria process the Aloe vera inner leaf gel

into a bioavailable product.

35. The product of claim 34, wherein the probiotic bacteria comprise at least one
bacteria selected from Lactobacillus, Lactococcus, Streptococcus, Enterococcus,
Leuconostoc, Acetobacter, Candida, Kluveromyces, Saccharomyces, Torula,
Torulaspora, Debaryomyces, Zygosaccharomyces, Bacterioides, Bacillus,

Bifidobacterium, Eubacterium, Peptostreptococcus, Ruminococcus and Pediococcus.




