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Description

BACKGROUND

[0001] The present disclosure is related to nutritional compositions comprising dietary fibers for promoting gut micro-
biota balance and health and methods of improving gut microbiota balance and health, which includes administering an
effective amount of such composition.
[0002] It is well known that infection by pathogenic bacteria can be detrimental to health. Examples of these bacteria
include Clostridium perfringens, C. difficile, Salmonella and other enteropathogens.
[0003] In the past, infection by these harmful bacteria has been allowed to proceed until it must be treated by antibiotics.
The antibiotics have a good effect on harmful bacteria. However, they suffer from the problem that they also kill populations
of intestinal bacteria that are not harmful and that aid digestion of food and provide other additional health benefits.
These bacterial populations are often referred to as "friendly."
[0004] Gram-positive, non-motile, often branched anaerobic bacteria (Bifidobacteria) are one of the major genera of
bacteria that make up the gut microbiota, the bacteria that reside in the colon. Bifidobacteria aid in digestion, are associated
with a lower incidence of allergies and also prevent some forms of tumor growth. Other health benefits of Bifidobacteria
include increased defense against pathogenic bacteria, stimulation of the immune system, and health benefits relating
to the production of short chain fatty acids ("SCFAs"), as well as less abdominal sensitivity.
[0005] Prebiotics are non-digestible substances that can beneficially affect the host by selectively stimulating the
growth of the gut microbiota. FructoOligosaccharides ("FOS") are compounds for promoting the growth of Bifidobacteria
and other beneficial gut microbiota, and have been extensively studied as prebiotics. FOS are short chain polymers of
simple carbohydrates that do not behave like simple sugars in the body. FOS occur naturally in chicory, bananas, garlic,
and certain other foods, and are, technically, a soluble fiber. It has been shown that FOS selectively support the prolif-
eration of intestinal probiotics, especially the Bifidobacteria.
[0006] Oligofructose ("OF") is obtained from inulin, which is extracted from chicory using hot water. This yields a
product with:

~92% inulin-type fructans (molecules with β-2,1 fructosyl-fructose glycosidic bonds);
Degree of Polymerization ("DP") ranging from 2-60 (avg of 10-12); and
∼6-10% free sugars (fructose, glucose, and sucrose).

[0007] Further processing (partial enzymatic hydrolysis or separation procedures) can yield OF products. This can
also increase purity by removing free sugars. All bonds in these products are in the β-2,1 configuration.
[0008] Alternatively, FOS is produced synthetically starting with a sucrose molecule. The fungal enzyme β-fructosidase
is used to add fructose units with β-2,1 linkages in a process called transfructosylation. A limited number of other linkages
are also formed by this process. The DP range is usually 2-4, and all start with a glucose residue.
[0009] The term inulin-type fructans ("ITF") refers to all linear fructans that contain β-2,1 fructosyl-fructose glycosidic
bonds.
[0010] Product contains molecules with varying DP and proportion of glucose; generally described by the average
DP, max DP, or range of DP.
[0011] Some ITF have a glucose as the starting unit ("GFn-type"), while others do not ("Fn-type")
[0012] ITF are not labeled uniformly in the literature, as there is no official standard. However, they can be categorized
by DP:

Long chain = ≥ 10 DP; and
Short chain = <10 DP.

[0013] Nomenclature for ITF is inconsistent in the literature. Some consider OF and FOS synonymous and are defined
as ITF with DPmax <10. Others use FOS to describe short chain ITF (DP <10) that are synthesized from sucrose and
have the GFn chemical structure and enzymatically attached fructose units. OF describes short chain molecules derived
from inulin hydrolysis and can have either the GFn or the Fn structure.
[0014] PREBIO1™ additive, available from Nestlé SA, is a unique prebiotic blend of the soluble fibers FOS and inulin,
designed to support complete colonic health, in particular, proximal and distal colon health, to help maintain colonic
integrity and to promote healthy gut microbiota. Formulas containing PREBIO1™ additive can also provide nutrition
support for patients with gastrointestinal ("GI") compromise, such as chronic diarrhea/malnutrition, early enteral feeding,
transition from TPN, short-bowel syndrome, chronic pancreatitis, malabsorption related to cancer treatment, HIV/AIDS,
delayed gastric emptying, and cystic fibrosis.
[0015] The present disclosure satisfies the needs of the nutritional support industry by providing a composition with
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improved tolerance and increased prebiotic benefits compared to the PREBIO1™ additive, thereby providing a new
composition that promotes gut microbiota balance and health of the individuals to which it is administered.

SUMMARY

[0016] The present disclosure now provides a novel nutritional composition that includes the combination of a FOS,
a polysaccharide which is acacia gum and inulin in relative amounts sufficient to provide nutrition when administered to
an individual in need of the same. The composition provides a nutritional supplement to the individual’s needs, and may
be administered orally. Enteral administration for patients in need of tube feeding is also possible.
[0017] The composition generally comprises FOS in an amount of 35% to 44% by weight. The polysaccharide is an
arabinogalactan, namely, acacia gum ("AG"), and is present in an amount of 38% to 50% by weight. The inulin is present
in an amount of 12% to 24% by weight. The FOS and polysaccharide are present in a weight ratio of 62:38 to 38:62;
and the FOS and inulin are present in a weight ratio of 82:18 to 58:52. AG is a highly branched, high molecular weight
molecule comprised of galactose, arabinose, rhamnose, and glucuronic acid units. It is slowly fermented compared to
other soluble fibers and increases production of SCFA, and therefore may benefit the distal colon. See, Cherbut, et al.,
"Acacia Gum is a Bifidogenic Dietary Fibre with High Digestive Tolerance in Healthy Humans," Microbial Ecology, in
Health and Disease, 15(1):43-50 (2003). AG has a very high gastrointestinal tolerance, with up to 70 g/day causing no
major side effects. See, Id. Low doses of AG (3 g/day) have been shown to be prebiotic and support the growth of
Bifidobacteria when combined with 3 g/day FOS. See, Rochat, et al., "Method of Treating Irritable Bowel Syndrome,"
U.S. Patent No. 7,141,554. Animal studies suggest an ability of AG to improve symptoms of diarrhea, and human trials
have shown effects on normalizing bowel function. See, Wapnir, et al., "Gum Arabic Promotes Rat Jejunal Sodium and
Water Absorption from Oral Rehydration Solutions in Two Models of Diarrhea," Gastroenterology, 112(6):1979-1985
(1997). See, also, Bliss, et al., "Supplementation with Gum Arabic Fiber Increases Fecal Ntrogen Excretion and Lowers
Serum Urea Nitrogen Concentrationin Chronic Renal Failure Patients Consuming a Low-protein Diet," Am. J. Clin. Nutr.,
63(3):392-398 (1996). See, also, Cherbut, et al. In addition, 5 g AG added to a meal has been shown to lower the
glycemic response, and chronic consumption of 25 g/day has a lipid lowering effect. See, Ross, et al., "A Study of the
Effects of Dietary Gum Arabic in Humans," Am. J. Clin. Nutr., 37(3):368-375 (1983). A prebiotic composition for enhancing
immune response, comprising FOS and inulin, is disclosed in US 2003/040492.
[0018] In one embodiment, the nutritional composition of the present disclosure comprises FOS and the arabinoga-
lactan each present in an amount of about 40% to about 42% by weight; and inulin present in an amount of about 16%
to about 20% by weight.
[0019] In an embodiment, the nutritional composition of the present disclosure comprises FOS and the arabinogalactan
each present in an amount of about 41% by weight; and inulin present in an amount of about 18% by weight.
[0020] It is advantageous for the FOS and the arabinogalactan to be present in a weight ratio of about 44:38 to about
35:50, or about 42:40 to about 40:42, or about 1:1. Also, it is advantageous for the FOS and inulin to be present in a
weight ratio of about 38:24 to about 44:12, or about 40:20 to about 42:16, or about 7:3.
[0021] In one embodiment of the nutritional composition of the present disclosure, the FOS is present in an amount
of between 1.5-5.5 g/L, or about 4.12 g/L, the arabinogalactan AG, is present in an amount of 1.5-5.5 g/L, or about 4.12
g/L, and inulin is present in an amount of 0.5-2.5 g/L, or about 1.76 g/L. This composition may further comprise partially
hydrolyzed guar gum ("PHGG") in an amount of up to 10 g/L. For example, PHGG may be provided in an amount from
about 2 g/L to about 9 g/L. In one embodiment, PHGG may be present in an amount of 7 g/L. In another embodiment,
PHGG may be present in an amount of 2.6 g/L. In another embodiment, PHGG is present in an amount of 5 g/L.
[0022] It should be noted that while guar gum is, chemically speaking, a polysaccharide, and while a PHGG might still
be, at least in small part, a polysaccharide, the "polysaccharide" included in the presently claimed nutritional composition
does not include PHGG. Instead, the PHGG may be added in addition to the polysaccharide such that, for example, AG
and PHGG are not added together to obtain the 38-50% polysaccharide. Instead, PHGG may be added to the nutritional
compositions in addition to the 38-50% AG polysaccharide.
[0023] In yet another embodiment, the nutritional composition of the present disclosure further comprises at least one
insoluble fiber, such as a soy fiber, an outer pea fiber or both. In an embodiment, at least one insoluble fiber is a
combination of a soy fiber and an outer pea fiber. The ratio between the soluble fiber of the composition, i.e., FOS, AG,
arabinogalactans and inulin, and the insoluble fiber is between 1.5:1 and 1:1.5, or between 1.25:1 and 1:1.25, or about
1:1. In an embodiment, the FOS and AG are each present in an amount of between 2.5-3.5 g/L, and inulin is present in
an amount of between 1.25-1.75 g/L, and the soy fiber and the outer pea fiber are each present in an amount of between
3.25-4.25 g/L. In yet another embodiment, the FOS and AG are present in an amount of about 3 g/L, inulin is present
in an amount of about 1.5 g/L, and the soy fiber and the outer pea fiber are each present in an amount of about 3.75 g/L.
[0024] Another embodiment of the present disclosure relates to a dry powdered formulation comprising one of the
nutritional compositions described herein. These powdered compositions may be made by a method that includes
preparing one of the nutritional compositions disclosed herein as a liquid and then drying the liquid by spray drying,
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freeze drying or other drying techniques. It is also contemplated to add additional nutritional components or compositions
to the liquid prior to drying to provide enhanced nutritional benefits to the powdered composition.
[0025] The present disclosure also relates to a number of different treatment methods that are designed to provide
nutrition to various individuals. In general, the treatment methods promote gut microbiota balance and health by admin-
istering an effective amount of the nutritional composition of the present disclosure to an individual in need of such
treatment.
[0026] Another method relates to improving patient tolerance to various medical treatments that lead to gastrointestinal
tract disorders, such treatments including radiotherapy, chemotherapy, gastrointestinal surgery, anesthesia, the admin-
istration of antibiotic, analgesic drugs, or treatments for diarrhea. The method includes administering to such patients
an effective amount of one of the nutritional compositions disclosed herein.
[0027] Another method relates to conferring systemic benefits, such as better catch-up growth, to hospitalized children.
The method includes administering to such children an effective amount of one of the nutritional compositions disclosed
herein.
[0028] Yet another method relates to reducing hospitalization time for patients. The method includes administering
an effective amount of one of the nutritional compositions disclosed herein to a hospital patient, such as an elderly
patient, to enable such patients to achieve acceptable nutrition levels and feeding goals with greater tolerance of such
formulations to thus increase compliance with feeding turn improve the patient’s condition to reduce hospitalization time.
[0029] Additional methods include treatments for minimizing negative evolutions of gut microbiota in an elderly indi-
viduals due to advancing age by administering an effective amount of one of the nutritional compositions disclosed
herein to such individuals to enable such individuals to maintain healthy microbiota levels longer despite their increasing
age while also decreasing Clostridium and increasing Bifidobacteria.
[0030] The present disclosure also provides a method for increasing butyrate production in a patient’s colon, by
administering an effective amount of one of the nutritional compositions disclosed herein to the patient to increase
butyrate production compared to formulations that do not contain AG to produce cell proliferation and differentiation in
the colon and to lower colon pH to inhibit the growth of pathogenic bacteria to provide anti-inflammatory benefits that
help protect the patient’s gut barrier.
[0031] Yet another method relates to boosting an individual’s immune function by administering an effective amount
of one of the nutritional compositions disclosed herein to decrease Clostridium difficile while T-cell function, gut-associated
lymphoid tissue ("GALT") and secretory IgA ("sIgA") are enhanced to increase the individual’s ability to resist sickness.
[0032] A method for improving organ transplant tolerance is also provided by administering to an individual who has
received a transplant an effective amount of one of the nutritional compositions disclosed herein to impart therein specific
colonizations that provide unique down regulation of the immune response and modulation of the inflammatory cytokines
leading to decreased lean body mass, that GLP-1 and GLP-2 lead to increased insulin release. GLP-1 is insulinotrophic,
but GLP-2 has trophic effects on the gut, e.g. enhanced intestinal crypt cell proliferation and villous height, see, Martin
GR et al., "Nutrient-stimulated GLP-2 release and crypt cell proliferation in experimental short bowel syndrome," Am. J.
Physiol., Gastrointest., Liver Physiol., G431-G438 (2005), and a decrease in the imbalance between the T-helper cell
(TH) 1 and TH 2 responses, see, Zhao Y, et. al., "Th1 and Th2 cytokines in organ transplantation: paradigm lost?," Crit
Rev Immunol., 1999;19(2):155-72.
[0033] Yet another method relates to improving bone growth or preventing bone degradation in a patient in need of
same, by increasing absorption of vitamins and nutrients in an individual’s intestine and colon. The method includes
administering to the patient an effective amount of one of the nutritional compositions disclosed herein to increase
absorption of nutrients such as vitamin D, zinc, or calcium to assist in improving bone structure, growth and function.
[0034] Another method of the present disclosure relates to enhancing a patient’s muscle mass by increasing absorption
of vitamins and other nutrients in an individual’s intestine and colon. The method includes administering to an individual
who desires such enhanced muscle mass and increased absorption an effective amount of one of the nutritional com-
positions disclosed herein in order to specifically increase absorption of vitamins and minerals such as (but not limited
to) vitamin D, folate, B12, magnesium, or calcium in the individual to assist in improvement of general well being,
musculoskeletal health, mobility and cognitive health, prevent muscle mass depletion or improve muscle mass recovery.
[0035] The present disclosure also relates to a method of improving an individual’s metabolism. The method includes
administering to an individual who desires such improved metabolism an effective amount of one of the nutritional
compositions disclosed herein in order to enhance micro-nutrient absorption, to improve bioavailability of such micro-
nutrients.
[0036] The present disclosure also relates to a method of providing a fuller feeling or satiety so that the individual is
able to have a better morning start, to avoid overeating, to decrease caloric intake or to provide sustained energy after
administering of the composition.
[0037] Another method of the present disclosure relates to treating diabetes in a patient in need of such treatment.
The method includes administering to such patient an effective amount of one of the nutritional compositions disclosed
herein in order to decrease insulin resistance, to decrease blood glucose excursions or to lower CVD risk and to reduce
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azotemia in those with renal insufficiency.
[0038] The present disclosure also relates to the use of a polysaccharide, namely AG in a nutritional composition that
includes a FOS and inulin for administration to an individual to provide nutrition thereto. The polysaccharide may be
present in an amount effective to provide greater tolerance of such nutritional compositions when administered to the
individual, with the polysaccharide, FOS and inulin being present in the amounts disclosed herein.
[0039] Another aspect of the present disclosure is the use of acacia gum for preparation of a nutritional composition
for promoting gut microbiota balance and health in an individual. The nutritional composition also includes a FOS and
inulin in amounts disclosed herein.
[0040] Additional features and advantages are described herein, and will be apparent from the following Detailed
Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0041]

FIG. 1 shows time to reach the target caloric intake in hospitalized children in pediatric intensive care unit ("PICU")
receiving mechanical ventilation and enteral feeding containing Blend1+ (with probiotics NCC2461/NCC3001 +
prebiotics (PREBIO1™ + AG) + DHA) or Blend1 (without added pro- and prebiotics or DHA).
FIG. 2 shows a standard setup of a Simulator of the Human Intestinal Microbial Ecosystem ("SHIME"), which includes
five sequential reactors that simulate the different regions of the human intestinal tract.
FIGS. 3A-3F show graphs of concentrations of total SCFA, acetate, propionate and butyrate in the ascending,
transverse and descending colon for experiments performed with Blend1 (designated by the number "I") and Blend1+

(designated by the number "2").
FIGS. 4A-4F show bar charts of A/P/B ratios in the ascending, transverse and descending colon from experiments
run with Blend1 (designated by the number "1") and Blend1+ (designated by the number "2").
FIGS. 5A-5E show data for the effects of Blend1 (designated as "SHIME 1") and Blend1+ (designated as "SHIME
2") on the production in the different colon vessels of the SHIME experiements. The data is presented per experiment
week. Differences in ACFA concentrations among the colon compartments were evaluated by means of a one-way
ANOVA, and individual means were compared using the Tukey’s Test.
FIGS. 6A-6B show bar charts graphing ammonium concentrations (mg NH4

+/L) in the ascending, transverse and
descending colon for experiments performed using Blend1 (designated as "SHIME 1") and Blend1+ (designated as
"SHIME 2"). The data is presented per experiment period. Significant differences in ammonium production (CTRL
v. TREAT) have been assessed by means of a Student’s two-tailed Ttest and are indicated with * for P < 0.05 and
** for P < 0.01.
FIGS. 7A-7B show bar charts graphing lactate concentrations in the ascending, transverse and descending colon
for experiments performed using Blend1 (designated as "SHIME 1") and Blend1+ (designated as "SHIME 2"). The
data is presented per experiment period. Significant differences in lactate production (CTRL v. TREAT) have been
assessed by means of a Student’s two-tailed Ttest and are indicated with * for P < 0.05.
FIGS. 8A-8F show acid-base consumption in the ascending, transverse and descending colon for experiments
performed using Blend1 (designated as "SHIME 1") and Blend1+ (designated as "SHIME 2"). The data is presented
per experiment period.
FIG. 9 shows a short-term screening assay consisting of the sequential incubation of a representative dose of the
selected compound under simulated conditions for stomach, small intestine and ascending colon.
FIG. 10 shows a scheme of the batch experiment sampling for pH and gas measurements.
FIGS. 11A-11B show the change in total gas and CO2 productions in the batch experiment. Blend1 is designated
as "A", Blend1+ is designated as "B." Significant differences (as compared with previous sampling points) have been
assessed by means of a Student’s two-tailed Ttest and are indicated with * for P < 0.05.
FIG. 12 shows the change in pH in the batch experiment comparing the values at time 0 hours and 48 hours. Blend1

is designated as "A", Blend1+ is designated as "B." Significant differences (as compared with the other product)
have been assessed by means of a Student’s two-tailed Ttest and are indicated with * for P < 0.05.
FIGS. 13A-13B show qPCR data for the total bacteria presented per experimental week in each colon compartment.
FIG. 13A represents data from experiments with Blend1 and FIG. 13B represents data from experiments with Blend1+.
Where designated by *, the difference from the average of the control is statistically significant according to a T-test
(p < 0.05).
FIGS. 14A-14B show qPCR data for the total Bacteriodetes presented per experimental week in each colon com-
partment. FIG. 14A represents data from experiments with Blend1 and FIG. 14B represents data from experiments
with Blend1+. Where designated by *, the difference from the average of the control is statistically significant according
to a T-test (p < 0.05).
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FIGS. 15A-15B show qPCR data for the total Firmicutes presented per experimental week in each colon compartment.
FIG. 15A represents data from experiments with Blend1 and FIG. 15B represents data from experiments with Blend1+.
Where designated by *, the difference from the average of the control is statistically significant according to a T-test
(p < 0.05).
FIGS. 16A-16B show qPCR data for the total Lactobacilli presented per experimental week in each colon compart-
ment. FIG. 16A represents data from experiments with Blend1 and FIG. 16B represents data from experiments with
Blend1+. Where designated by *, the difference from the average of the control is statistically significant according
to a T-test (p < 0.05).
FIGS. 17A-17B show qPCR data for the total Bifidobacteria presented per experimental week in each colon com-
partment. FIG. 17A represents data from experiments with Blend1 and FIG. 17B represents data from experiments
with Blend1+. Where designated by *, the difference from the average of the control is statistically significant according
to a T-test (p < 0.05).
FIGS. 18A-18B illustrate comparisons of the data of each colon vessel for the two products in a scatter plot. AC1,
TC1, and DC1 refer to Blend1; AC2, TC2, and DC2 refer to Blend1+. Weeks 1-2 were the control period and weeks
3-5 were the treatment period. The red arrow indicates for each group the position of the knot in the spline model.
FIG. 19A-19B illustrate comparisons of the data of each colon vessel for the two products in a scatter plot. AC1,
TC1, and DC1 refer to Blend1; AC2, TC2, and DC2 refer to Blend1+. Weeks 1-2 were the control period and weeks
3-5 were the treatment period. The red arrow indicates for each group the position of the knot in the spline model.
FIG. 20 is a comparison of the data of each colon vessel for the two products in a scatter plot. AC1, TC1, and DC1
refer to Blend1; AC2, TC2, and DC2 refer to Blend1+. Weeks 1-2 were the control period and weeks 3-5 were the
treatment period. The red arrow indicates for each group the position of the knot in the spline model.

DETAILED DESCRIPTION

Definitions

[0042] As used in this disclosure and the appended claims, the singular forms "a," "an" and "the" include plural referents
unless the context clearly dictates otherwise. Thus, for example, reference to "an amino acid" includes a mixture of two
or more amino acids, and the like.
[0043] As used herein, "about" is understood to refer to numbers in a range of numerals. Moreover, all numerical
ranges herein should be understood to include all integer, whole or fractions, within the range.
[0044] As used herein the term "amino acid" is understood to include one or more amino acids. The amino acid can
be, for example, alanine, arginine, asparagine, aspartate, citrulline, cysteine, glutamate, glutamine, glycine, histidine,
hydroxyproline, hydroxyserine, hydroxytyrosine, hydroxylysine, isoleucine, leucine, lysine, methionine, phenylalanine,
proline, serine, taurine, threonine, tryptophan, tyrosine, valine, or combinations thereof.
[0045] As used herein, "animal" includes, but is not limited to, mammals, which include but is not limited to, rodents,
aquatic mammals, domestic animals such as dogs and cats, farm animals such as sheep, pigs, cows and horses, and
humans. Wherein the terms "animal" or "mammal" or their plurals are used, it is contemplated that it also applies to any
animals that are capable of the effect exhibited or intended to be exhibited by the context of the passage.
[0046] As used herein, the term "antioxidant" is understood to include any one or more of various substances such
as beta-carotene (a vitamin A precursor), vitamin C, vitamin E, and selenium) that inhibit oxidation or reactions promoted
by Reactive Oxygen Species ("ROS") and other radical and non-radical species. Additionally, antioxidants are molecules
capable of slowing or preventing the oxidation of other molecules. Non-limiting examples of antioxidants include caro-
tenoids, coenzyme Q10 ("CoQ10"), flavonoids, glutathione Goji (wolfberry), hesperidine, lactowolfberry, lignan, lutein,
lycopene, polyphenols, selenium, vitamin A, vitamin B1, vitamin B6, vitamin B12, vitamin C, vitamin D, vitamin E, zeax-
anthin, or combinations thereof.
[0047] As used herein, "complete nutrition" means nutritional products that contain sufficient types and levels of ma-
cronutrients (protein, fats and carbohydrates) and micronutrients to be sufficient to be a sole source of nutrition for the
animal to which it is administered.
[0048] As used herein, "effective amount" is an amount that prevents a deficiency, treats a disease or medical condition
in an individual or, more generally, reduces symptoms, manages progression of the diseases or provides a nutritional,
physiological, or medical benefit to the individual. A treatment can be patient- or doctor-related.
[0049] As used herein, "incomplete nutrition" are nutritional products that do not contain sufficient levels of macronu-
trients (protein, fats and carbohydrates) or micronutrients to be sufficient to be a sole source of nutrition for the animal
to which it is administered.
[0050] While the terms "individual" and "patient" are often used herein to refer to a human, the invention is not so
limited. Accordingly, the terms "individual" and "patient" refer to any animal, mammal or human having or at risk for a
medical condition that can benefit from the treatment.
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[0051] As used herein, non-limiting examples of fish oils include docosahexaenoic acid ("DHA") and eicosapentaenoic
acid ("EPA"). DHA and EPA may also be present from a non-fish oil source (e.g., algae, modified plants, etc.).
[0052] As used herein, "food grade micro-organisms" means micro-organisms that are used and generally regarded
as safe for use in food.
[0053] As used herein, "long term administrations" are continuous administrations for more than 6 weeks.
[0054] As used herein, "mammal" includes, but is not limited to, rodents, aquatic mammals, domestic animals such
as dogs and cats, farm animals such as sheep, pigs, cows and horses, and humans. Wherein the term "mammal" is
used, it is contemplated that it also applies to other animals that are capable of the effect exhibited or intended to be
exhibited by the mammal.
[0055] The term "microorganism" is meant to include the bacterium, yeast and/or fungi, a cell growth medium with the
microorganism, or a cell growth medium in which microorganism was cultivated.
[0056] As used herein, the term "minerals" is understood to include boron, calcium, chromium, copper, iodine, iron,
magnesium, manganese, molybdenum, nickel, phosphorus, potassium, selenium, silicon, tin, vanadium, zinc, or com-
binations thereof.
[0057] "Nutritional compositions," as used herein, are understood to include any number of optional additional ingre-
dients, including conventional food additives, for example one or more, acidulants, additional thickeners, buffers or
agents for pH adjustment, chelating agents, colorants, emulsifies, excipient, flavor agent, mineral, osmotic agents, a
pharmaceutically acceptable carrier, preservatives, stabilizers, sugar, sweeteners, texturizers, and/or vitamins. The
optional ingredients can be added in any suitable amount.
[0058] As used herein the term "patient" is understood to include an animal, especially a mammal, and more especially
a human that is receiving or intended to receive treatment, as it is herein defined.
[0059] As used herein, "phytochemicals" or "phytonutrients" are non-nutritive compounds that are found in many foods.
Phytochemicals are functional foods that have health benefits beyond basic nutrition, and are health promoting com-
pounds that come from plant sources. As used herein, "phytochemicals" and "phytonutrients" refers to any chemical
produced by a plant that imparts one or more health benefit on the user. Phytochemicals can be administered by any
means, including topically, enterally, and/or parenterally. As used herein, non-limiting examples of phytochemicals and
phytonutrients include those that are i) Phenolic compounds which include Monophenols (such as: Apiole, Carnosol,
Carvacrol, Dillapiole, Rosemarinol); Flavonoids (polyphenols) including Flavonols (such as: Quercetin, Gingerol, Kaemp-
ferol, Myricetin, Rutin, Isorhamnetin), Flavanones (such as: Hesperidin, Naringenin, Silybin, Eriodictyol), Flavones (such
as: Apigenin, Tangeritin, Luteolin), Flavan-3-ols (such as: Catechins, (+)-Catechin, (+)-Gallocatechin, (-)-Epicatechin,
(-)-Epigallocatechin, (-)-Epigallocatechin gallate (EGCG), (-)-Epicatechin 3-gallate, Theaflavin, Theaflavin-3-gallate,
Theaflavin-3’-gallate, Theaflavin-3,3’-digallate, Thearubigins), Anthocyanins (flavonls) and Anthocyanidins (such as:
Pelargonidin, Peonidin, Cyanidin, Delphinidin, Malvidin, Petunidin), Isoflavones (phytoestrogens) (such as: Daidzein
(formononetin), Genistein (biochanin A), Glycitein), Dihydroflavonols, Chalcones, Coumestans (phytoestrogens), and
Coumestrol; Phenolic acids (such as: Ellagic acid, Gallic acid, Tannic acid, Vanillin, Curcumin); Hydroxycinnamic acids
(such as: Caffeic acid, Chlorogenic acid, Cinnamic acid, Ferulic acid, Coumarin); Lignans (phytoestrogens), Silymarin,
Secoisolariciresinol, Pinoresinol and lariciresinol); Tyrosol esters (such as: Tyrosol, Hydroxytyrosol, Oleocanthal, Oleu-
ropein); Stilbenoids (such as: Resveratrol, Pterostilbene, Piceatannol) and Punicalagins; ii) Terpenes (isoprenoids) which
include Carotenoids (tetraterpenoids) including Carotenes (such as: α-Carotene, β-Carotene, γ-Carotene, δ-Carotene,
Lycopene, Neurosporene, Phytofluene, Phytoene), and Xanthophylls (such as: Canthaxanthin, Cryptoxanthin, Zeaxan-
thin, Astaxanthin, Lutein, Rubixanthin); Monoterpenes (such as: Limonene, Perillyl alcohol); Saponins; Lipids including :
Phytosterols (such as: Campesterol, beta Sitosterol, gamma sitosterol, Stigmasterol), Tocopherols (vitamin E), and
omega-3, 6, and 9 fatty acids (such as: gamma-linolenic acid); Triterpenoid (such as: Oleanolic acid, Ursolic acid,
Betulinic acid, Moronic acid); iii) Betalains which include Betacyanins (such as: betanin, isobetanin, probetanin, neo-
betanin); and Betaxanthins (non glycosidic versions) (such as: Indicaxanthin, and Vulgaxanthin); iv) Organosulfides
which include Dithiolthiones (isothiocyanates) (such as: Sulphoraphane); and Thiosulphonates (allium compounds)
(such as: Allyl methyl trisulfide, and Diallyl sulfide), Indoles, glucosinolates which include Indole-3-carbinol; sulforaphane;
3,3’-Diindolylmethane; Sinigrin; Allicin; Alliin; Allyl isothiocyanate; Piperine; Synpropanethial-S-oxide; v) Protein inhibitors
which include protease inhibitors; vi) Other organic acids which include Oxalic acid, Phytic acid (inositol hexaphosphate);
Tartaric acid; and Anacardic acid; or combinations thereof.
[0060] As used herein, a "prebiotic" is a food substance that selectively promotes the growth of beneficial bacteria or
inhibits the growth or mucosal adhesion of pathogenic bacteria in the intestines. They are not inactivated in the stomach
and/or upper intestine or absorbed in the gastrointestinal tract of the person ingesting them, but they are fermented by
the gastrointestinal microflora and/or by probiotics. Prebiotics are, for example, defined by Glenn R. Gibson and Marcel
B. Roberfroid, Dietary Modulation of the Human Colonic Microbiota: Introducing the Concept of Prebiotics, J. Nutr. 1995
125: 1401-1412. Non-limiting examples of prebiotics include acacia gum, alpha glucan, arabinogalactans, beta glucan,
dextrans, fructooligosaccharides, fucosyllactose, galactooligosaccharides, galactomannans, gentiooligosaccharides,
glucooligosaccharides, guar gum, inulin, isomaltooligosaccharides, lactoneotetraose, lactosucrose, lactulose, levan,
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maltodextrins, milk oligosaccharides, partially hydrolyzed guar gum, pecticoligosaccharides, resistant starches, retro-
graded starch, sialooligosaccharides, sialyllactose, soyoligosaccharides, sugar alcohols, xylooligosaccharides, or their
hydrolysates, or combinations thereof.
[0061] As used herein, probiotic micro-organisms (hereinafter "probiotics") are food-grade microorganisms (alive,
including semi-viable or weakened, and/or non-replicating), metabolites, microbial cell preparations or components of
microbial cells that could confer health benefits on the host when administered in adequate amounts, more specifically,
that beneficially affect a host by improving its intestinal microbial balance, leading to effects on the health or well-being
of the host. See, Salminen S, Ouwehand A. Benno Y. et al., "Probiotics: how should they be defined?," Trends Food
Sci. Technol., 1999:10, 107-10. In general, it is believed that these micro-organisms inhibit or influence the growth and/or
metabolism of pathogenic bacteria in the intestinal tract. The probiotics may also activate the immune function of the
host. For this reason, there have been many different approaches to include probiotics into food products. Non-limiting
examples of probiotics include Aerococcus, Aspergillus, Bacillus, Bacteroides, Bifidobacterium, Candida, Clostridium,
Debaromyces, Enterococcus, Fusobacterium, Lactobacillus, Lactococcus, Leuconostoc, Melissococcus, Micrococcus,
Mucor, Oenococcus, Pediococcus, Penicillium, Peptostrepococcus, Pichia, Propionibacterium, Pseudocatenulatum,
Rhizopus, Saccharomyces, Staphylococcus, Streptococcus, Torulopsis, Weissella, or combinations thereof.
[0062] The terms "protein," "peptide," "oligopeptides" or "polypeptide," as used herein, are understood to refer to any
composition that includes, a single amino acids (monomers), two or more amino acids joined together by a peptide bond
(dipeptide, tripeptide, or polypeptide), collagen, precursor, homolog, analog, mimetic, salt, prodrug, metabolite, or frag-
ment thereof or combinations thereof. For the sake of clarity, the use of any of the above terms is interchangeable unless
otherwise specified. It will be appreciated that polypeptides (or peptides or proteins or oligopeptides) often contain amino
acids other than the 20 amino acids commonly referred to as the 20 naturally occurring amino acids, and that many
amino acids, including the terminal amino acids, may be modified in a given polypeptide, either by natural processes
such as glycosylation and other post-translational modifications, or by chemical modification techniques which are well
known in the art. Among the known modifications which may be present in polypeptides of the present invention include,
but are not limited to, acetylation, acylation, ADP-ribosylation, amidation, covalent attachment of a flavanoid or a heme
moiety, covalent attachment of a polynucleotide or polynucleotide derivative, covalent attachment of a lipid or lipid
derivative, covalent attachment of phosphatidylinositol, cross-linking, cyclization, disulfide bond formation, demethylation,
formation of covalent cross-links, formation of cystine, formation of pyroglutamate, formylation, gamma-carboxylation,
glycation, glycosylation, glycosylphosphatidyl inositol ("GPI") membrane anchor formation, hydroxylation, iodination,
methylation, myristoylation, oxidation, proteolytic processing, phosphorylation, prenylation, racemization, selenoylation,
sulfation, transfer-RNA mediated addition of amino acids to polypeptides such as arginylation, and ubiquitination. The
term "protein" also includes "artificial proteins" which refers to linear or non-linear polypeptides, consisting of alternating
repeats of a peptide.
[0063] Non-limiting examples of proteins include dairy based proteins, plant based proteins, animal based proteins
and artificial proteins. Dairy based proteins include, for example, casein, caseinates (e.g., all forms including sodium,
calcium, potassium caseinates), casein hydrolysates, whey (e.g., all forms including concentrate, isolate, demineralized),
whey hydrolysates, milk protein concentrate, and milk protein isolate. Plant based proteins include, for example, soy
protein (e.g., all forms including concentrate and isolate), pea protein (e.g., all forms including concentrate and isolate),
canola protein (e.g., all forms including concentrate and isolate), other plant proteins that commercially are wheat and
fractionated wheat proteins, corn and it fractions including zein, rice, oat, potato, peanut, green pea powder, green bean
powder, and any proteins derived from beans, lentils, and pulses.
[0064] As used herein, "short term administrations" are continuous administrations for less than 6 weeks.
[0065] As used herein, a "synbiotic" is a supplement that contains both a prebiotic and a probiotic that work together
to improve the microflora of the intestine.
[0066] As used herein, the terms "treatment," "treat" and "to alleviate" include both prophylactic or preventive treatment
(that prevent and/or slow the development of a targeted pathologic condition or disorder) and curative, therapeutic or
disease-modifying treatment, including therapeutic measures that cure, slow down, lessen symptoms of, and/or halt
progression of a diagnosed pathologic condition or disorder; and treatment of patients at risk of contracting a disease
or suspected to have contracted a disease, as well as patients who are ill or have been diagnosed as suffering from a
disease or medical condition. The term does not necessarily imply that a subject is treated until total recovery. The terms
"treatment" and "treat" also refer to the maintenance and/or promotion of health in an individual not suffering from a
disease but who may be susceptible to the development of an unhealthy condition, such as nitrogen imbalance or muscle
loss. The terms "treatment," "treat" and "to alleviate" are also intended to include the potentiation or otherwise enhance-
ment of one or more primary prophylactic or therapeutic measure. The terms "treatment," "treat" and "to alleviate" are
further intended to include the dietary management of a disease or condition or the dietary management for prophylaxis
or prevention a disease or condition.
[0067] As used herein, a "tube feed" is a complete or incomplete nutritional product or composition that is administered
to an animal’s gastrointestinal system, other than through oral administration, including but not limited to a nasogastric
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tube, orogastric tube, gastric tube, jejunostomy tube ("J-tube"), percutaneous endoscopic gastrostomy ("PEG"), port,
such as a chest wall port that provides access to the stomach, jejunum and other suitable access ports.
[0068] As used herein the term "vitamin" is understood to include any of various fat-soluble or water-soluble organic
substances (non-limiting examples include vitamin A, Vitamin B1 (thiamine), Vitamin B2 (riboflavin), Vitamin B3 (niacin
or niacinamide), Vitamin B5 (pantothenic acid), Vitamin B6 (pyridoxine, pyridoxal, or pyridoxamine, or pyridoxine hydro-
chloride), Vitamin B7 (biotin), Vitamin B9 (folic acid), and Vitamin B12 (various cobalamins; commonly cyanocobalamin
in vitamin supplements), vitamin C, vitamin D, vitamin E, vitamin K, folic acid and biotin) essential in minute amounts
for normal growth and activity of the body and obtained naturally from plant and animal foods or synthetically made, pro-
vitamins, derivatives, analogs.

Enteral nutrition

[0069] Enteral nutrition is the preferred method of nutrient delivery for individuals who are unable to meet their nutritional
needs orally. A standard formula is most commonly used in individuals with no specific medical concerns. These formulas
have macro- and micronutrient contents which meet the recommendations for a healthy population and are generally
well tolerated. In the past, fiber-free enteral formulas were preferred due to problems with tube clogging, as well as the
notion that bowel rest was beneficial. As clogging problems due to fiber have since been mostly eliminated, it is now
recognized that fiber can be included in such formulations in order to exert a number of beneficial physiological effects
that are desirable for this population.

Direct Benefits of Fiber

[0070] Fiber increases the water content and bulk of alimentary contents, normalizing the progression of stool through
the intestine. In this manner, dietary fiber contributes to improving the regularity of bowel movements, facilitating the
generation of soft-formed stools, and improving ease and control of stool evacuation. Furthermore, soluble, viscous
fibers have a number of metabolic benefits, including cholesterol-lowering effects. The presence of these fibers increases
the viscosity of intestinal contents and can interfere with absorption of bile acids in the ileum, causing an increase in
fecal bile acid loss. As a result, LDL cholesterol is removed from the blood by the liver and converted into bile acids to
make up for this loss. Similarly, viscous fibers may also attenuate the glucose and insulin response to nutrient ingestion.
These fibers can increase viscosity of the stomach, thus delaying gastric emptying. In addition, the increased viscosity
of the chyme slows the rate of intestinal glucose absorption and reduces the need for insulin. By increasing viscosity of
the stomach contents, these fibers also reduce the number of gastroesophageal reflux, regurgitation and vomiting
episodes, which improves tolerance to the enteral feeds.

Indirect Benefits of Fiber

[0071] Approximately 100 trillion microorganisms are present in the typical adult intestine. The balance between
beneficial and pathogenic bacteria is extremely important to maintain normal intestinal physiology, as this balance has
direct effects on immune function and nutrient digestion and absorption. By definition, a prebiotic substance is "a selec-
tively fermented ingredient that allows specific changes, both in the composition and/or activity in the gastrointestinal
microbiota that confers benefits upon host wellbeing and health." This typically refers to an increase in Bifidobacteria
and/or lactobacilli. Benefits of prebiotic substances (or prebiotics for short) include:

(1) an improvement in mucosal barrier function, helping to prevent translocation of bacteria to the blood stream;
(2) the promotion of beneficial and reduction of pathogenic bacterial subpopulations;
(3) the production of SCFA, e.g., butyrate, the major energy source for epithelial cells in the large intestine; SCFA
also help regulate Na+ and water absorption; and
(4) an improvement in host immunity, via interactions between intestinal immune cells and pathogenic bacteria.

Benefits of Dietary Fibers in Clinical Nutrition

[0072] Diarrhea and constipation are common complaints among patients on fiber-free enteral formulas. Fiber has
been shown to normalize defecation frequency and transit time, and fiber may thus be added to formulas to promote
regularity. A recent meta-analysis including 51 studies on fiber-supplemented enteral formulas found that fiber admin-
istration reduced the incidence of diarrhea and increased stool frequency when low, which is supportive of a moderating
effect of fiber on bowel function. Likewise, a consensus panel of experts recommended the inclusion of fiber in the diets
of all patients if no contraindication exists, based on benefits on diarrhea, constipation, and feeding tolerance. See,
ESPEN, Guidelines 2006. Additional benefits of fiber include improved gut barrier function, colonic epithelial proliferation,
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enhanced fluid and electrolyte absorption, alleviated gastroesophageal reflux, regurgitation and vomiting, improving
tolerance to the enteral feeds and benefits on glycemic control and serum lipid parameters. On the other hand, fiber
supplementation has sometimes been reported to cause gastrointestinal side effects such as bloating and flatulence.
Therefore, it is important to include fiber types and quantities with minimal gastrointestinal side effects.
[0073] Since it is well recognized that different fibers exert different health effects, the use of blends of fiber has become
increasingly common. It is thought that blends more closely resemble a normal mixed diet and allow achievement of a
range of physiological effects. There are currently no official recommendations for the ratio of soluble to insoluble fiber
although it is estimated that in a mixed diet approximately 30% of the fiber consumed is soluble.
[0074] The Standard Tube Feeding fiber blend of Nestlé HealthCare Nutrition is specifically designed to maximize
health benefits while optimizing gastrointestinal tolerance and ensuring acceptable viscosity and flow rates. The blend
meets current recommendations by providing 15 g/L fiber of formula and a mixture of soluble and insoluble fibers. The
soluble component of the fiber blend is designed to build and improve upon the existing scientific and brand equity of
Nestlé’s Branded Active Benefit, PREBIO1™ additive, which is a 70:30 blend of fructooligosaccharides (FOS) and inulin,
which are low-viscous, soluble fibers obtained from chicory. These molecules are linear fructans which contain β(2-1)
fructosyl-fructose glycosidic bonds. Inulin (included at 1.5 g/L) refers to molecules with an average DP of ≥10, while
FOS (included at 3 g/L) has a lower DP and can be obtained as a hydrolysis product of inulin or by synthesis from
fructose or fructose and glucose.
[0075] Both FOS and inulin have been extensively studied as prebiotics, with bifidogenic effects observed at doses
as low as 4 g/d. Both are readily fermentable and appear to increase the production of propionate and butyrate, which
is considered most beneficial for colonic health. These fibers have some bulking properties, and addition of FOS to an
enteral formula has been shown to reduce constipation. Inulin and FOS also appear to benefit immune function. Inflam-
mation and expression of proinflammatory cytokines were reduced in ulcerative colitis patients consuming 6 g/d of a
FOS/inulin blend, and elderly nursing home patients receiving 8 g/d FOS observed an improvement in immune response
as indicated by an increase in T lymphocytes. In addition, blends of these fibers (8 g/d and up) have been shown to
enhance mineral absorption, e.g., calcium, magnesium, zinc or iron absorption, primarily in adolescents and postmen-
opausal women, which results in lowered blood pressure and better cardiovascular health, as well as better bone
mineralization. To obtain the best results from FOS, however, daily intake should range between 5 and 10 grams a day
as dosages above 15 grams may cause gas or intestinal cramping from excess Bifidobacteria populations. It has been
found that GI tolerance due to gas production is improved when FOS/inulin blends are used compared to the use of
either one alone.
[0076] The present disclosure provides a nutritional composition with the dose of these fibers below that shown to
elicit gut discomfort while still confer prebiotic benefits. As discussed in the following section, the addition of AG in the
nutritional composition of the present disclosure enables the use of low doses of inulin and FOS while increasing total
fiber content and conferring a greater overall prebiotic benefit.

Standard Tube Feeding Blend

[0077] The present disclosure provides a new and improved composition comprising a 70:30 ratio of FOS and inulin
(PREBIO1™) and a 1:1 ratio of FOS and AG. This provides a range of short (FOS), medium (inulin), and long chain
(AG) fibers that are fermented at different rates, thus conferring benefits along the entire length of the colon.
[0078] AG, also known as Gum acacia, acacia gum, Gum Arabic or Indian gum, is a natural, non-viscous, soluble,
fiber belonging to the complex arabinogalactan family. AG is a highly branched, high molecular weight molecule comprised
of galactose, arabinose, rhamnose, and glucuronic acid units. This native substance has an average molecular weight
between 300 and 800 kDa. It is composed for 95% of the dry weight of polysaccharides and for 1 to 2% depending on
the species of proteins. AG is composed of three different fractions, i.e., 1% glycoprotein, 1-10% arabinogalactan-protein,
and 90-99% arabinogalactan. AG is slowly fermented compared to other soluble fibers and increases production of
SCFA, and therefore may benefit the distal colon. Low doses of AG (3 g/d) have been shown to be prebiotic when
combined with 3 g/d FOS. Animal studies suggest an ability of AG to improve symptoms of diarrhea, and human trials
have shown effects on normalizing bowel function. In addition, 5 g AG added to a meal has been shown to lower the
glycemic response, and chronic consumption of 25 g/d has a lipid lowering effect.
[0079] Individuals generally have a very high gastrointestinal tolerance to AG, with the administration of up to 70 g/d
causing no major side effects in healthy individuals. It has been found that the combination of FOS and AG in a 1:1 ratio,
as provided in the composition of the present disclosure, reduces GI side effects such as bloating and stomach discomfort,
in comparison to FOS alone, while at the same time conferring a synergistic prebiotic benefit. Thus, AG may provide
partial substitution for FOS to offer prebiotic benefits without the tolerance issues. In addition, AG may also protect FOS
from hydrolysis and help reducing the viscosity of soy fiber and other fibers such as outer pea fiber. It is believed that
AG acts in a manner similar to an emulsifier to improve the performance of FOS in such compositions. Therefore, the
addition of the highly complex, large molecular weight AG improves gut comfort while increasing the prebiotic benefit of
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the FOS fibers.
[0080] AG also provides a number of unexpected benefits in the formulations of the present disclosure. For example,
it has been found that AG in the amounts described herein protects FOS from hydrolysis, thus retaining the FOS in a
form that is active after administration to the individual. It is believed that AG also assists in maintaining formulation
viscosity when other fibers such as soy fibers or pea fibers are present. Additional advantages of AG include its relatively
low viscosity in water, its high solubility at room temperature, its neutral taste, color and odor, and its ability to improve
mouth feel and enhance flavor release (when used with flavorants).
[0081] In the past, the rapid fermentation of inulin and FOS has been associated with excess gas and GI discomfort,
thus limiting the dose of prebiotic fiber that can be added to products. Advantageously, the use of slowly fermented AG
allows for delivery of a higher dose of prebiotic fibers without the associated GI intolerance. In addition, the use of a ratio
of AG and FOS in the ratio of about 1:1 has been shown to promote a synergistic prebiotic effect as well as enhanced
gastrointestinal tolerance, thus making this combination of soluble fibers ideal for addition to enteral formulas.
[0082] One of the major problems in enteral nutrition is the occurrence of diarrhea and other gastrointestinal side
effects during nutrition. There are reports about the diarrhea rate between 2% and 67% of patients receiving enteral
nutrition. See, Patti Eisenberg, "An Overview of Diarrhea in the Patient Receiving Enteral Nutrition," Gastroenterology
Nursing, 25(3):95-104 (2002).
[0083] The composition of the present disclosure uses strong prebiotic fibers with a range of molecular weights (very
small to very large) and fermentation rates (fast to slow), which allows for SCFA production and prebiotic effects to be
maintained along the entire length of the colon.
[0084] The amounts of FOS, inulin and AG can vary provided that they fall within the claimed ratios. As noted herein,
amounts of FOS or AG can each be within the range of 1.5 to 10g/L but may also be between 3 and 5.5 g/L. Inulin can
range between 0.5 and 5g/L but may also be between 1 and 2.5 g/L. These amounts used within the claimed ratios are
well tolerated by individuals to whom the compositions are administered.
[0085] In another embodiment, the composition of the present disclosure further comprises insoluble outer pea fiber.
Outer pea fiber is an insoluble fiber obtained from pea hulls and can be included at an amount of between 5 and 10 g/L,
or between 7 and 8 g/L, or about 7.5 g/L. Outer pea fiber is primarily composed of arabinose-rich hemicelluloses, cellulose,
and pectic substances, such as uronic acid. Addition of 4 g/d pea hull fiber to the diet of elderly institutionalized residents
significantly increased bowel frequency and decreased need for laxative use (prune puree administration) compared to
baseline. It has also been shown to increase stool weight in humans and animals. Addition of pea hull fiber (10 g) to a
meal has also been found to reduce postprandial serum cholesterol levels.
[0086] Addition of insoluble fibers such as outer pea fiber, soy protein, cellulose, or hemicellulose provides benefits
on regularity and fecal bulking. To provide efficacious doses of the prebiotic fibers and to optimize GI tolerance and
technical performance, the ratio of soluble/insoluble fiber may be set at 50:50. One embodiment of such a composition
is shown in Table 1. The amount of fiber offered by the blend in a complete feeding meets the recommendations set by
several professional associations such as:

(a) European Society for Parenteral and Enteral Nutrition ("ESPEN"): Patients with normal gut function, including
post-surgical patients, may benefit from added fiber; 10-15 g fiber/L is an appropriate minimal amount;
(b) Institute of Medicine ("IOM") and American Dietetic Association ("ADA"): 14 g fiber/1000 kcal; and
(c) American Diabetes Association ("ADA"): 15-25 g fiber/1000 kcal.

Table 1: Composition of the Standard Tube Feeding Blend (adult and pediatric formula)*

Fiber Type Amount (g) in 1 L
Amount (g) in 1.5 L (complete 
feeding)

FOS 3 4.5

Inulin 1.5 2.25

Acacia Gum 3 4.5

Outer Pea Fiber (source of cellulose, hemicellulose, 
and pectin)

7.5 11.25

Total 15 22.5

*Assuming isocaloric formula (1.0-1.2 Kcal/mL)
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Renal Fiber Blend

[0087] Patients with end-stage renal disease suffer from digestive disturbances, especially constipation. Approximately
50% of patients with end-stage renal disease suffer from constipation. See, Murtagh FEM, Addington-Hall J, Higginson
IJ. The Prevalence of Symptoms in End-Stage Renal Disease: A Systematic Review. Advances in Chronic Kidney
Disease 2007; 14(1):82-89. PHGG is a unique, water-soluble dietary fiber that is extracted from guar gum. The original
high viscosity of guar gum is nearly eliminated after hydrolysis, making it an ideal addition to liquid foods and nutritional
formulas. There is data to support for the benefit of PHGG for bowel regularity, and constipation in particular. Many of
the beneficial effects of PHGG are likely due to its complete fermentation in the colon, which produces significantly more
butyrate than other soluble fibers. See, Velazquez M, Davies C, Marett R, Slavin J, Feirtag J. Effect of oligosaccharides
and fibre substitutes on short chain fatty acid production by human faeca microflora. Anaerobe 2000; 6(2):87-92. As is
the case with other soluble fibers that are rapidly fermented in the proximal colon, PHGG does not significantly increase
stool weight. However, a number of studies have shown that PHGG is beneficial in normalizing bowel function, preventing
or alleviating both diarrhea and constipation, especially in patients receiving enteral nutrition and other high risk popu-
lations. See, Slavin JL, Greenberg NA. 2003. Partially Hydrolyzed Guar Gum: Clinical Nutrition Uses. Nutrition;
19:549-552.
[0088] In a randomized, double blinded clinical trial, the influence of a soluble fiber, PHGG, on diarrhea rate in medical
and surgical patients, was evaluated. Thirty of the 100 patients received total enteral nutrition ("TEN") following upper
gastrointestinal surgery, 70 patients received a supplemental enteral nutrition of 1000ml/d. Diarrhea occurred in 15 of
the fiber free fed patients (30%) and in 6 of the fiber fed patients (12%) (P<0.05). In the fiber free diet group, there were
40.6 days noted where patients suffered from diarrhea, and 10.2 days were noted in the supplemented group (P<0.05,
P<0.05). Discharge of enteral nutrition because of GI side effects was significantly more often in the fiber free group of
patients who received TEN than in supplemented group. Use of PHGG lowered the rate of diarrhea occurrence in patients
with total as well as supplemental enteral nutrition. Moreover, when diarrhea occurred in patients with fiber supplemented
enteral nutrition, the duration was shorter.
[0089] In a study of long term care residents with constipation managed by enemas, daily supplementation with PHGG
(18 g) resulted in a significant decrease in enema requirements in residents with higher enema usage at baseline. See,
Soriano CV, Hibler KD, Maxey KI. Long-term fiber intervention program: reduction in enema use at a developmental
care facility. Journal of the American Dietetic Association 2000S; 100(9):A82. In addition, PHGG (8-12 g per day)
decreased the occurrence of constipation and significantly reduced laxative use in elderly nursing home residents who
had been taking laxatives on a daily basis. See, Patrick P, Gohman S, Marx S, DeLegge M, Greenberg N. Effect of
Supplements of Partially Hydrolyzed Guar Gum on the Occurrence of Constipation and Use of Laxative Agents. Journal
of the American Dietetic Association 1998; 98(8):912-914. Similarly, the daily intake of 11 g of PHGG increased the
frequency of bowel movements of women with constipation. See, Takahashi H, Yang S, Hayaski C, Kim M, Yamanaka
J, Yamamoto T. Influence of partially hydrolyzed guar gum on constipation in women. Journal of Nutritional Science and
Vitaminology 1994; 40:251-259. PHGG has also been shown to reduce symptoms of irritable bowel syndrome, as well
as increase production of Bifidobacterium in the gut.
[0090] Moreover, the use of PHGG has also been shown to alleviate abdominal pain and improve bowel habits in
adults with Irritable Bowel Syndrome ("IBS"). The majority of subjects in that study had constipation-predominate IBS.
Subjects who received 5 g per day of PHGG reported greater subjective improvement compared to subjects who received
wheat bran. See, Parisi G, Zilli M, Miani M et al. High-fiber diet supplementation in patients with irritable bowel syndrome
(IBS): a multicenter, randomized, open trial comparison between wheat bran diet and partially hydrolyzed guar gum
(PHGG). Dig Dis Sci 2002;47(8):1697-704.
[0091] A number of compositions have been developed. As used herein, the composition referred to as "Renal Fiber
Blend" is not intended to be limited to renal patients; it is intended to for those patient groups that can benefit from such
a blend. For example, the Renal Fiber Blend also confers benefits for glycemic control and therefore is intended, in an
embodiment, for patients with acute or chronic renal failure, who also often have stress-induced hyperglycemia or
diabetes mellitus. Alternatively, the Renal Fiber Blend, since it confers glycemic benefits, is also intended, in an embod-
iment, for patients with hyperglycemia or diabetes mellitus without acute or chronic renal failure. In one embodiment,
the composition of the present disclosure is a Renal Fiber Blend that further comprises PHGG. In an embodiment, the
Renal Fiber Blend of the present disclosure comprises 3-5.5 g/L FOS, 1-2.5 g/L Inulin, 3-5.5 g/L AG, and 0-10 g/L PHGG.
[0092] In another embodiment, the Renal Fiber Blend of the present disclosure comprises 4.12 g/L FOS, 1.76 g/L
Inulin, 4.12 g/L AG, and 7 g/L PHGG.
[0093] In yet another embodiment, the Renal Fiber Blend of the present disclosure comprises 4.12 g/L FOS, 1.76 g/L
Inulin, 4.12 g/L AG, and 5 g/L PHGG.
[0094] In a further embodiment, the Renal Fiber Blend of the present disclosure comprises 4.12 g/L FOS, 1.76 g/L
Inulin, 4.12 g/L AG, and 2.6 g/L PHGG.
[0095] In a further embodiment, the Renal Fiber Blend of the present disclosure comprises 4.0 g/L FOS, 1.76 g/L
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Inulin, and 4.0 g/L AG.
[0096] The nutritional compositions of the present disclosure may be prepared in liquid form. While water is the most
common carrier for the other components, it is also envisioned to add the compositions to other liquids such as milk,
fruit juice, coffee, tea or other beverages when such compositions are orally administered. Water is typically used for
other enteral formulations.
[0097] The present disclosure also provides dry powdered formulations. These powdered formulations can be made
by combining dry powdered ingredients or they can be made from one of the liquid nutritional compositions described
herein. Typically, the powdered formulations are prepared by drying liquid nutritional compositions using spray drying,
freeze drying or other drying techniques. If desired, other nutritional components or compositions can be added to the
liquid prior to drying to provide enhance nutritional benefits to the powdered formulation. Such powdered formulations
have a much greater shelf life and can be packaged for storage and transport for future use. At that time, the powdered
formulations can be reconstituted with water or other fluids and then administered to the individual orally. The powdered
formulation can be packaged in various containers, including those for bulk provision of such powdered formulations for
adding to a liquid in a glass, bottle or other fluid containing vessel, or a single serving can be provided with the powder
present in a container to which water or other fluids can be added to form the liquid for oral administration.
[0098] It is also contemplated that various conventional additives can be included in the liquid formulations of the
present disclosure. For example, various flavorants, vitamins, minerals, antioxidants, preservatives or health benefit
additives can be including in conventional amounts for their conventional purposes.
[0099] The compositions of the present disclosure can also be administered to individuals to increase probiotic stability.
This benefit is particularly useful for powdered products, such that the powdered nutritional compositions can be recon-
stituted when the individual desires to consume the product to assist in maintaining probiotic stability.
[0100] The nutritional compositions of the present disclosure are generally used to promote gut microbiota health.
Experimental data have shown that the nutritional composition of the present disclosure is well tolerated when provided
enterally. In particular, the present nutritional compositions provide improved tolerance compared to PREBIO1™ as well
as increased prebiotic benefits.
[0101] The composition of the present disclosure may be included as a partial or complete nutritional composition for
use in enteral formulations that are administered for providing nutrition to HIV, Intensive Care Unit ("ICU") and pediatric
patients as well as for improving gut health. It has been found that catch up weight gain is improved in such patients,
most likely due to the improved tolerance of the compositions. It is also believed that the individual’s immunity is boosted
due to the improved microbiotic balance that is achieved after administration of the compositions.
[0102] The nutritional composition of the present disclosure may also be used to improve tolerance of various treatments
that lead to GI disorders such as radiotherapy, chemotherapy, antibiotics, diarrhea treatments, gastrointestinal surgery,
anesthesia, and analgesic drugs. The nutritional composition may also confer systemic benefits such as better catch-
up growth in hospitalized children.
[0103] The nutritional compositions of the present disclosure can also be administered to assist patients in driving of
Na/H2O or mineral absorption in their intestines as well as to normalize transit time. These improvements in improving
gut function also leads to a reduction in the side effects of various drugs that are administered for different treatments
as such drugs are more efficiently eliminated from the individual. It is believed that these improvements are at least in
part due to the ability of AG to provide a greater amount of butyrate in the patient’s intestines. AG provides much greater
amounts of butyrate compared to pectin, wheat bran, ispaghula or cellulose. In contrast, FOS primarily produces acetates
rather than butyrates and acetates are metabolized by the liver. Inulin and PHGG also produce butyrates. Butyrates are
desirable because they are the primary fuel for colon cells to produce cell proliferation. Butyrates also lower colon pH
to inhibit the growth of pathogenic bacterial. This results in anti-inflammatory benefits that help protect the gut barrier.
[0104] For elderly patients, e.g., those over 65 years of age, the administration of the nutritional compositions of the
present disclosure enable such patients to achieve acceptable nutrition levels and feeding goals with greater tolerance
of such formulations. For hospitalized patients, the achievement of feeding goals and the provision of adequate nutrition
typically leads to a decreased length of hospital stay, increased compliance with feeding requirements, and decreased
complications such as diarrhea or constipation. The decreased hospital stays leads to decreased costs both to the
patient as well as to the insurer.
[0105] The administration of the nutritional compositions of the present disclosure also minimizes the negative evolution
of gut microbiota due to increased age of the individual. This enables individuals who receive such compositions to
maintain healthy microbiota levels longer despite their increasing age. In addition, Clostridium is decreased while Bifi-
dobacteria are increased.
[0106] The administration of the present nutritional compositions disclosed herein can also boost an individual’s immune
system. In particular, Clostridium difficile is decreased while T-cell function and GALT are increased. The individual’s
adaptive immunity sIgA and innate immunity are increased, such that the individual’s ability to resist sickness increases.
The specific colonizations that are imparted by the present compositions provide unique upregulation such that inflam-
matory cytokine leads to decreased lean body mass, GLP-1 and GLP-2 lead to increase insulin resistance, and the
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TR1/TR2 imbalance is reduced. It is believed that these benefits will lead to better transplant tolerance in such individuals.
[0107] Yet another method relates to improving bone growth or preventing bone degradation in a patient in need of
same by increasing absorption of vitamins and nutrients in an individual’s intestine and colon. The method includes
administering to the patient an effective amount of one of the nutritional compositions disclosed herein to increase
absorption of nutrients such as vitamin D, zinc or calcium to assist in improving bone composition and function.
[0108] Another method of the present disclosure relates to enhancing a patient’s muscle mass by increasing absorption
of nutrients in an individual’s intestine and colon. The method includes administering to an individual who desired such
enhanced muscle mass and increased absorption an effective amount of one of the nutritional compositions disclosed
herein in order to specifically increase absorption of nutrients such as folates, vitamin D, magnesium or B12, in the
individual to assist in muscle growth, prevent muscle mass depletion or improve muscle mass recovery.
[0109] An individual’s metabolism can be improved by administering an effective amount of one of the nutritional
compositions disclosed herein. This enables the individual to enhance micro-nutrient absorption, to improve bioavailability
of such micro-nutrients, or provide greater caloric uptake. This can provide a number of advantages in that the individual
is able to have a better morning start with such improved absorption. Furthermore, this can also be used to treat obesity
in that the individual that receives the composition will have a fuller feeling or satiety to avoid overeating. This also can
lead to a decrease in caloric intake while also providing sustained energy so that the individual may be able to partake
in exercising or other activities that will burn calories after administering of the composition.
[0110] The compositions are also useful in treating diabetes in a patient in need of such treatment. The administering
of one of the nutritional compositions disclosed herein can reduce insulin resistance, decrease blood glucose excursions
or lower CVD risk.

Exemplary Embodiments

[0111] One embodiment of the present disclosure is a nutritional composition for administration to an individual including
a fructo-oligosaccharaide (FOS) in an amount of 35 to 44% by weight; a polysaccharide in an amount of 38% to 50%
by weight; and inulin in an amount of 12 to 24% by weight. The FOS and polysaccharide may be present in a weight
ratio of 62:38 to 38:62, and the FOS and inulin may be present in a weight ratio of 82:18 to 58:42. In a further embodiment,
the FOS is 40 to 42 % by weight. In a further embodiment, the FOS is about 41% by weight. The polysaccharide is AG.
In a further embodiment, the polysaccharide is 40 to 50%, or about 41% by weight. In a further embodiment, the AG is
40 to 42% by weight. In a further embodiment, AG is about 41% by weight. In a further embodiment, the inulin is 15 to
21 % by weight. In a further embodiment, the inulin is 18 % by weight. In a further embodiment, nutritional composition
comprises: a (FOS) in an amount of 40 to 42% by weight; AG in an amount of 40% to 42% by weight; and inulin in an
amount of 15 to 21 by weight. In a further embodiment, the nutritional composition comprises: a (FOS) in an amount of
41% by weight; a AG in an amount of 41% by weight; and inulin in an amount of 18% by weight. In a further embodiment,
the FOS and AG polysaccharide are present in a weight ratio of 55:45 to 45:55. In a further embodiment, the FOS and
polysaccharide are present in a weight ratio of about 1:1. In a further embodiment, the FOS and inulin are present in a
weight ratio of 76:24 to 64:36. In a further embodiment, the FOS and inulin are present in a weight ratio of 7:3. In a
further embodiment, the AG arabinogalactan and the FOS is present in an amount of between 3-5.5 g/L, the arabinoga-
lactan is present in an amount of 3-5.5 g/L and inulin is present in an amount of 1-2.5 g/L. In a further embodiment, the
nutritional composition further comprises up to 10 g/L of (PHGG). In a further embodiment, the AG and the FOS are
each present in an amount of 4.12 g/L, inulin is present in an amount of 1.76 g/L and PHGG is present in an amount of
7 g/L. In a further embodiment, the FOS and AG are each present in an amount of 4.12 g/L, inulin is present in an amount
of 1.76 g/L and PHGG is present in an amount of 5 g/L. In a further embodiment, the FOS and AG are each present in
an amount of 4.12 g/L, inulin is present in an amount of 1.76 g/L and PHGG is present in an amount of 2.6 g/L. In a
further embodiment, the (FOS) in an amount of 35% by weight; AG in an amount of 50% by weight; and inulin in an
amount of 15% by weight.
[0112] Again, it should be noted that while guar gum is, chemically speaking, a polysaccharide, and while a PHGG
might still be, at least in small part, a polysaccharide, the "polysaccharide" included in the presently claimed nutritional
composition does not include PHGG. Instead, the PHGG may be added in addition to the polysaccharide such that, for
example, AG and PHGG are not added together to obtain the 38-50% polysaccharide. Instead, PHGG may be added
to the nutritional compositions in addition to the 38-50% polysaccharide.
[0113] In an embodiment, the nutritional composition further comprises at least one insoluble fiber in an amount
effective to enhance digestive function in the individual, wherein the at least one insoluble fiber is a soy fiber, an outer
pea fiber or a combination thereof. In a further embodiment of the nutritional composition the soluble fiber and insoluble
fiber are present in a ratio of between 1.5:1 and 1:1.5, and the FOS and AG are present in a total amount of between
2.5-3.5 g/L, the inulin is present in an amount of between 1.25-1.75 g/L, and the soy fiber and the outer pea fiber are
each present in an amount of between 3.25-4.25 g/L. In a further embodiment of the nutritional composition the soluble
fiber and insoluble fiber are present in a ratio of 1.25:1 and 1:1.25. In a further embodiment of the nutritional composition



EP 2 498 626 B1

15

5

10

15

20

25

30

35

40

45

50

55

the soluble fiber and insoluble fiber are present in a ratio of 1:1. In a further embodiment of the nutritional composition
the FOS and AG are present in a total amount of about 3g/L. In a further embodiment of the nutritional composition the
inulin is present in an amount of about 1.5g/L. In a further embodiment of the nutritional composition the soy fiber and
the outer pea fiber are each present in an amount of about 3.75 g/L.
[0114] In an embodiment, the nutritional composition further comprises antioxidants.
[0115] In an embodiment, the nutritional composition further comprises fish oils or nonmarine oils such as algae.
[0116] In an embodiment, the nutritional composition further comprises DHA, EPA or combinations thereof.
[0117] In an embodiment, the nutritional composition further comprises Vitamins, Minerals or combinations thereof.
[0118] In an embodiment, the nutritional composition further comprises phytonutrients.
[0119] In an embodiment, the nutritional composition further comprises protein.
[0120] In an embodiment, the nutritional composition further comprises fat.
[0121] In an embodiment, the nutritional composition further comprises probiotics.
[0122] In an embodiment, the nutritional composition is a dry powdered formulation. In another embodiment, the
nutritional composition is made by preparing one of the compositions as a liquid and drying the liquid composition by
one of the processes known in the art, including spray drying, freeze drying or other drying techniques to produce a dry
powdered composition. In a further embodiment additional nutritional components or compositions to the liquid prior to
drying to provide enhance nutritional benefits to the powdered composition. In a further embodiment, a nutritional com-
position is obtained by reconstituting one of the dry powdered formulations of claims 35 to 37 by combining the formulation
with a liquid.
[0123] In an embodiment, the nutritional composition is a complete nutritional. In an embodiment, the nutritional com-
position is an incomplete nutritional.
[0124] In an embodiment, the nutritional composition is used in a method of promoting gut microbiota balance and
health. The method includes an effective amount of the nutritional composition to an individual who can benefit from
such treatment.
[0125] In an embodiment, the nutritional composition is used in a method of improving patient tolerance to various
medical treatments that lead to gastrointestinal tract disorders, such treatments including radiotherapy, chemotherapy,
gastrointestinal surgery, anesthesia, the administration of antibiotics, analgesic drugs or treatments for diarrhea. The
method includes administering to such patients an effective amount of the nutritional composition.
[0126] In an embodiment, the nutritional composition is used in a method for conferring benefits such as better catch-
up growth, to children. The method includes administering to such children an effective amount of the nutritional com-
position.
[0127] In an embodiment, the nutritional composition is used in a method of reducing hospitalization time for patients.
The method includes administering an effective amount of the nutritional composition to a hospital patient, to enable
such patients to achieve acceptable nutrition levels and feeding goals with greater tolerance of such formulations to thus
increased compliance with feeding requirements, and decreased complications such as diarrhea or constipation to in
turn improve the patient’s condition to thus reduce hospitalization time. In a further embodiment, the patient is adult and
elderly.
[0128] In an embodiment, the nutritional composition is used in a method for minimizing negative evolutions of gut
microbiota in an elderly individual due to advancing age by administering an effective amount of the nutritional composition
to such individuals to enable such individuals to maintain healthy microbiota levels longer despite their increasing age.
In a further embodiment, the method comprises decreasing Clostridium. In a further embodiment, the method comprises
increasing Bifidobacteria.
[0129] In an embodiment, the nutritional composition is used in a method for increasing butyrate production in a
patient’s colon. The method includes administering an effective amount of the nutritional composition to the patient to
increase butyrate production compared to formulations that do not contain AG to produce cell proliferation in the colon
and to lower colon pH to inhibit the growth of pathogenic bacteria. In a further embodiment, the method leads to anti-
inflammatory benefits that help protect the patient’s gut barrier. In a further embodiment, the method leads to better
mineral absorption. In a further embodiment, the method leads to a normalization of gastrointestinal transit time. In a
further embodiment, the method leads to decrease in diarrhea. In a further embodiment, the method leads to a decrease
in constipation.
[0130] In an embodiment, the nutritional composition is used in a method for boosting an individual’s immune system.
The method includes to an individual who desires to stimulate their immune system an effective amount of the nutritional
composition. In a further embodiment, the stimulated immune system decreases pathogenic microorganisms, such as
Clostridium difficile. In a further embodiment, the stimulated immune system comprises improved T-cell function. In a
further embodiment, the stimulated immune system comprises improved GALT function. In a further embodiment, the
stimulated immune system comprises enhanced sIgA production. In a further embodiment, the stimulated immune
system increases the individual’s ability to resist illness.
[0131] In an embodiment, the nutritional composition is used in a method for improving organ transplant tolerance by
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administering to an individual who has received a transplant an effective amount of the nutritional to impart therein
specific colonizations that provide unique down regulation. In a further embodiment, the upregulation leads to decreased
inflammatory cytokine that leads to increased lean body mass. In a further embodiment, the upregulation leads to
increased insulin release through GLP-1 and GLP-2. In a further embodiment, the upregulation leads to decreased
TR1/TR2 imbalance.
[0132] In an embodiment, the nutritional composition is used in a method for improving bone growth or preventing
bone degradation in a patient in need of same by increasing absorption of vitamins and nutrients in an individual’s
intestine and colon. The method includes administering to the patient an effective amount of one of the nutritional
compositions disclosed herein to increase absorption of nutrients such as vitamin D, zinc or calcium to assist in improving
bone composition and function.
[0133] Another method of the present disclosure relates to enhancing a patient’s muscle mass by increasing absorption
of nutrients in an individual’s intestine and colon. The method includes administering to an individual who desires such
enhanced muscle mass and increased absorption an effective amount of one of the nutritional compositions disclosed
herein in order to specifically increase absorption of nutrients such as calcium, vitamin D, folates, magnesium or B12,
in the individual to assist in muscle growth, prevent muscle mass depletion or improve muscle mass recovery.
[0134] In an embodiment, the nutritional composition is used in a method of increasing absorption of vitamins and
nutrients in an individual’s intestine and colon. The method includes administering to an individual who desires such
increased adsorption an effective amount of the nutritional composition in order to specifically increase absorption of
vitamins or calcium and other minerals or vitamins and minerals in the individual. In a further embodiment, the vitamins
are vitamin D, folates, B12, etc. In a further embodiment, the minerals are at least magnesium or calcium. In a further
embodiment, the method assists in muscle growth. In a further embodiment, the method prevents muscle mass depletion.
In a further embodiment, the method improves muscle mass recovery after illness or injury.
[0135] In an embodiment, the nutritional composition is used in a method of improving an individual’s metabolism.
The method includes administering to an individual who desires such improved metabolism an effective amount of the
nutritional composition. In a further embodiment, the method enhances micro-nutrient absorption. In a further embodi-
ment, the method improves bioavailability of micro-nutrients. In a further embodiment, the method provides greater
caloric uptake. In a further embodiment, the method provides greater caloric uptake so that the individual is able to have
a better morning start. In a further embodiment, the method provides a feeling of satiety. In a further embodiment, the
method provides a feeling of satiety to avoid overeating. In a further embodiment, the method provides a feeling of satiety
to decrease caloric intake. In a further embodiment, the method provides a feeling of satiety to treat obesity. In a further
embodiment, the method provides sustained energy after such administering.
[0136] In an embodiment, the nutritional composition is used in a method for treating diabetes in a patient who can
benefit from such treatment. The method includes administering to such patient an effective amount of the nutritional
composition. In a further embodiment, the method decreases insulin resistance. In a further embodiment, the method
decreases blood glucose excursions. In a further embodiment, the method decreases CVD risk.
[0137] An embodiment of the present disclosure includes a use of a polysaccharide, such as a gum in a nutritional
composition that includes FOS and inulin for administration to an individual to provide nutrition thereto, wherein the
polysaccharide is present in an amount effective to provide greater tolerance of such nutritional compositions when
administered to the individual, with the polysaccharide, FOS and inulin being present in the amounts disclosed herein.
The polysaccharide is AG.
[0138] An embodiment of the present disclosure includes a use of a polysaccharide, such as a gum for preparation
of a nutritional composition for promoting gut microbiota balance and health in an individual, wherein the nutritional
composition also includes a FOS and inulin, in the amounts disclosed herein. In a further embodiment, the polysaccharide
is AG.
[0139] In an embodiment, the nutritional composition is used in a method of use of an effective amount of the nutritional
composition for long-term administration.
[0140] In an embodiment, the nutritional composition is used in a method of use of an effective amount of the nutritional
for short-term administration.
[0141] In an embodiment, the nutritional composition is used in a method of use of an effective amount of the nutritional
composition for tube-feed administration.
[0142] In an embodiment, the nutritional composition is used in a method of modulating hormones produced by the
gastrointestinal tract or regulated by the gastrointestinal tract comprising administering to an individual that can benefit
from the same an effective amount of the nutritional composition. In a further embodiment, the inflammatory hormones
are decreased in the individual. In a further embodiment, a feeling of well being of the individual is increased. In a further
embodiment, the serotonin is increased. In a further embodiment, the serotonin leads to improved sleep patterns in the
individual. In a further embodiment, the serotonin leads to improved sleep quality for the individual. In a further embod-
iment, the serotonin leads to a decrease in depression. In a further embodiment, the serotonin leads to a normalization
of appetite. In a further embodiment, cognition is improved.
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[0143] In an embodiment, the nutritional composition is used in a method for improving bacterial balance in a pediatric
patient by administering to an individual who can benefit from the same an effective amount of the nutritional composition
wherein there is decreased TR1/TR2 imbalance, TR1/TR2 imbalance is a favoring of the TR2 subset. In a further
embodiment, the decreased TR1/TR2 imbalance leads to a decreased incidence of allergies. In a further embodiment,
the decreased TR1/TR2 imbalance leads to a decreased incidence of atopic dermatitis. In a further embodiment, the
decreased TR1/TR2 imbalance leads to a decreased incidence of asthma. In a further embodiment, the decreased
TR1/TR2 imbalance leads to a decreased incidence of food allergies. In a further embodiment, the decreased TR1/TR2
imbalance leads to a decreased incidence of otitis media. In a further embodiment, the decreased TR1/TR2 imbalance
leads to a decreased incidence of viral infections. In a further embodiment, the decreased TR1/TR2 imbalance leads to
a decreased incidence of autoimmune diseases. In a further embodiment, the decreased TR1/TR2 imbalance leads to
a decreased incidence of allergic rhinitis.
[0144] In an embodiment, the nutritional composition is used in a method for providing nutrition to a patient with a
renal disorder. The method includes administering to such patient an effective amount of the nutritional composition. In
a further embodiment, the patient is in renal failure. In a further embodiment, the patient undergoes dialysis treatments.
[0145] In an embodiment, the nutritional composition is used in a method for management of at least one inflammatory
condition by administering to an individual patient an effective amount of the nutritional composition. In a further embod-
iment, the inflammatory condition is prevention of an inflammatory condition. In a further embodiment, the inflammatory
condition is gastrointestinal inflammation. In a further embodiment, the inflammatory condition is inflammatory bowel
disease ("IBD").
[0146] In an embodiment, the nutritional composition is used in a method that leads to a decrease in healthcare
spending costs. In a further embodiment, the decrease in healthcare spending costs is due to decreased length of stay
in a hospital. In a further embodiment, the decrease in healthcare spending costs is due to decreased length of stay in
a care facility. In a further embodiment, the decrease in healthcare spending costs is due to decreased complications.
In a further embodiment, the decrease in healthcare spending costs is due to decreased incidence of diarrhea. In a
further embodiment, the decrease in healthcare spending costs is due to decreased incidence of constipation. In a further
embodiment, the decrease in healthcare spending costs is due to decreased incidence of diverticulitis.

EXAMPLES

Example 1: Enteral formula containing pro- and prebiotics in pediatric intensive care unit (PICU): tolerance, safe use 
and intestinal ecology Background

[0147] This project was aimed at renovating a supplement with an innovative nutritional concept to increase the
product’s value proposition in the benefit area of growth and protection (reinforces child defenses).
[0148] For that purpose the formula was enriched with a blend of two probiotic bacteria Lactobacillus paracasei
NCC2467 (ST11) and Bifidobacterium longum NCC 3001 (Bb536), a unique combination of PREBIO1™:AG and DHA.
[0149] For substantiation of the tolerance/safety and the benefit in the context of health care environment, a clinical
trial was initiated:

Clinical Trial

[0150] The clinical trial was conducted in Nakhon Ratchasima, Thailand with 94 hospitalized children in pediatric
intensive care unit ("PICU") in need of mechanic ventilation and enteral feeding. The study was performed during almost
3 years. The tolerance/safety analysis takes into consideration both overall percentage of caloric intake and time to
achieve the target caloric intake while benefits analysis evaluates fecal microbiota composition, including presence of
the strains NCC 2461 (ST11) and NCC 3001 (BB536).

Methods

[0151] This was a double blind, controlled, randomized clinical trial. Two products were under investigation, an exper-
imental product and a control product.

Experimental Product (New Nutren Junior)

[0152] Enteral formula with probiotics NCC2461/NCC3001 + prebiotics (PREBIO1™ + AG) + DHA.



EP 2 498 626 B1

18

5

10

15

20

25

30

35

40

45

50

55

Control Product (Nutren Junior)

[0153] Isocaloric and isoprotein formula without added pro- and prebiotics or DHA.

Results

[0154] 94 patients were randomized and intended to treat, all having had at least at one day some study product
intake. 88 patients had more than 3 days of enteral feeding (PP data set).

Tolerance/Safety Analysis

Overall percentage of caloric intake

[0155] Overall percentage of caloric intake during hospitalization was calculated by summing up total volume admin-
istered in 24 hours over available days divided by number of days times weight times 70 kcal/kg/day. This was done for
each subject. Overall percentage of caloric intake was analyzed by Wilcoxon rank-sum test, confidence intervals were
calculated according to Hodges-Lehman. Summary statistics and the treatment difference are presented in Table 2.

[0156] The two-sided 95% confidence interval goes from -7.1% to 7.9% overall caloric intake. The lower boundary of
the confidence interval, -7.1% is greater than -15% that was defined as significant difference. Thus, non inferiority
between the two products was demonstrated.

Time to achieve the target caloric intake

[0157] Time to achieve the targeted daily caloric intake is time when daily energy intake ("DEI") passes 100%. As it
was not expected that a child would reach exactly 100% at a certain day, this time was calculated for each child by linear
interpolation between the day before 100% and the day after 100% DEI was measured. Children who did not reach the
daily caloric goal during the 7 days of tube feeding were censored. As shown in the Kaplan Meier plot presented in FIG.
1, 36% and 29% of the children did not reach the caloric goal in the test and control groups, respectively, over 7 days.
The median time to achieve the caloric goal was 5.10 and 5.03 days in the test and control groups, respectively. The
time difference was 1 hour, the 95% confidence interval goes from 29 hours to 61 hours. This further shows the non-
inferiority between the two tested products.
[0158] Time to achieve the caloric goal was also analyzed by a log-rank test. The p-value is 0.67. Median time to
achieve the goal is presented by treatment group in Table 3.

[0159] Safety was addressed through general improvement of health status and parameters of tolerance as supportive
evidences (abdominal distension, vomiting, stool frequency/diarrhea, etc.). Use of enteral formula containing pre- and
probiotics was found to be safe in respect to the 4 parameters indicated above.
[0160] According to clinical records the patients from both groups recovered from critical condition and were finally

Table 2: Summary statistics on overall percentage of caloric intake and the treatment difference. For summary statistics 
median and quartiles are presented, for the treatment difference the pseudo median and the two-sided 95% confidence 

interval. All refers to the PP data set.

data set
New Nutren Junior Nutren Junior 95% CI

median 25% 75% median 25% 75% Δ lower upper

PP 76.2 65.3 84.3 75.1 69.2 83.6 0.3 -7.1 7.9

Table 3: Summary statistics on time to achieve the caloric goal. Median time and the two-sided 95% confidence 
interval are presented. All refers to the PP data set.

95% CI
n events median lower upper

New Nutren Junior 44 28 5.10 4.64 ∞
Nutren Junior 44 30 5.03 4.46 6.14
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discharged from the PICU in the time frame of regular clinical practices (max. +/- 7 days post-hospitalization). Moreover,
no product-related side effects were reported by the investigator during the study, supporting the safety of the tested
products.

Prebiotic Benefits Analysis

[0161] Fecal microbiota composition was selected as a key parameter reflecting the gut balance in such critical envi-
ronment (patients under antibiotic treatment with high risk of infections). The following bacterial groups were measured:
the genus Bifidobacterum, the genus Lactobacillus, the group Bacteroides/Porphyromonas/Prevotella, the family En-
terobactericeae, the species Clostridium perfringens and the genus Enterococcus. Mean values (log10) are presented
in the Table 4.
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[0162] Within the genus Bifidobacterium, the strain Bifidobacterium longum NCC 3001 was identified by specific PCR
and within the genus Lactobacilli, the strain Lactobacillus paracasei NCC 2461 was also identified by specific PCR. The
NCC 3001 and NCC 2461 strains were identified in 18% 84% of the patients receiving enteral formula with pre- and
probiotics during the PICU stay.
[0163] The differences in change scores from baseline of Bifidobacteria, between the control and test group was 0.17
log10 CFU/mg and 1.43 log10 CFU/mg at 7 days and 14 days, respectively. The difference at 14 days was statistically
significant, p= 0.013. The increase in Bifidobacteria should not be solely attributed to the Bifidobacterium strain contained
in the test product but might also reflects an additional bifidogenic effect of the prebiotic blend (PREBIO1™ + AG) added
in the product. Differences for lactobacilli follow the same trend (not significant) with a level 0.75 log higher in the test
group compared to control at end of supplementation period (day 14). Mean values of Bacteroides and Enterococci
levels were maintained unchanged in both treatment groups.
[0164] There was, in both groups, a progressive decline in Clostridium perfringens levels along the hospitalization
period (PICU). Same observation was made for Enterobacteria. Although not statistically significant, the effect for the
latter was more pronounced (approx. 1 log decline at 7 days) upon feeding with test product.

Conclusions

[0165] The results show that enteral feeding with the a supplement comprising both PREBIO1™ and AG is better
tolerated than the Nutren Jr. already on the market comprising only PREBIO1™. Moreover, in comparison to Nutren Jr.,
the New Nutren Jr. is more effective in promoting not only the reduction of bacterial groups comprising known pathogens
among their members (Enterobacteria, Clostridia), but also the increase of microbial groups of reputed beneficial effects
(Bifidobacteria), thus positively balancing the microbiota composition in sick children.

Example 2: Enteral formula containing pro- and prebiotics in PICU: tolerance, safe use and intestinal ecology

Background

[0166] Malnutrition in hospitalized infants together with global disturbances of the intestinal microbiota are conditions
that favor both acute episodes of diarrhea as well as the long term harboring of intestinal pathogens source of nosocomial
infections.

Objectives

[0167] The present study aimed to demonstrate the tolerance of an enteral formula containing pro- and prebiotics, its
safe use in the PICU and its capacity to support intestinal bacterial ecology.

Design/Methods

[0168] 94 PICU patients between 1-3 years of age in need of mechanical ventilation and enteral feeding were rand-
omized to receive a test formula containing probiotics, prebiotics and DHA or a control isocaloric and isoprotein formula.
Patients remained 7 days in the PICU and were further examined at day 14. The primary objective was to evaluate
tolerance measured by progression to caloric target and secondary objectives were to determine the safe use and the
improvement of gut microbiota.

Results

[0169] Overall caloric intake was not different between the two formulations. The median time to reach caloric goal
was 5.1 in the test group and 5.03 in the control group (p=0.67). Regarding safety, patients from both groups recovered
from critical condition and were discharged from PICU within the time frame of the current clinical practice. As supportive
evidence for the safe use of enteral formulas no difference in abdominal distension, vomiting and stool frequency/diar-
rhoea were observed between the two tested products. Moreover, no side effects were observed in either of the groups.
[0170] Bifidobacteria diminished in the control group whereas they augmented in the test group reaching a statistical
significance difference at day 14 (P=0.013). A similar trend was observed for Lactobacilli with levels 0.75 log higher.in
the test group vs. control (NS). The probiotic Lactobacillus paracasei NCC2461 strain used in the study was recovered
from feces in 84% of the cases. Bifidobacterium longum NCC3001 strain the second probiotic strain was recovered in
only 18% of cases. Bacteroides and Enterococci remained unchanged. A progressive decline in Clostridium perfingens
during hospitalization was observed in both groups. While Enterobacteria levels remained unchanged in the control
group their levels diminished by 1 log in the test group during the PICU stay.
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Conclusions

[0171] The use of pro-and prebiotic supplemented formula does not change the tolerance of enteral nutrition in the
PICU. Moreover, such formula is safe and promotes a positive balance of the microbiota composition in critically ill children.

Example 3: In vitro Evaluation of a Prebiotic Blend using the Simulator of the Human Intestinal Microbial Ecosystem 
("SHIME").

[0172] In vitro evaluation of two prebiotic blends have been performed in which a simulator of the human gastrointestinal
tract (TWINSHIME model) was used to evaluate the prebiotic activity of a prebiotic blend of the present nutritional
compositions (referred to as "Blend1+") for application as either an oral nutritional supplement ("ONS") or in a tube-
feeding formulation ("TF"). The focus of the evaluation was to assess the impact of partial substitution of FOS and inulin
by AG in an original fiber blend (referred to as "Blend1") on microbial fermentation characteristics in an ONS strategy.
[0173] In vitro approaches to study the gastrointestinal tract and intestinal microbial processes offer an excellent
experimental setup to study possible prebiotic properties of selected food ingredients. The application of well-designed
continuous models allows the in-depth study of the biological activity of selected molecules in the gut under representative
environmental conditions. Furthermore, recent advances in in vitro modeling also allow to combine the study of bacteria-
host interactions, such as mucosal adhesion and interaction with the immune system, with the continuous model, thereby
further increasing both the scientific output and commercial relevance.
[0174] The two prebiotic blends that were used in this study included 30% fat, 20% proteins and 50% carbohydrates.
The blends differed in carbohydrate composition. Blend1 ("SHIME1") contained FOS and inulin in a 70% to 30% ratio.
Blend1+ ("SHIME2") contained 41% FOS, 41% acacia gum, 18% inulin. The products were available in servings containing
3.3 g of fibers. A total amount corresponding to two servings of the blends per day was administered to the respective
SHIME model. The blends were administered to the models as part of the liquid nutritional medium which enters the
stomach compartments three times per day, resulting in the administration of 3 times 2.2 g fiber per day.

Simulator of the Human Intestinal Microbial Ecosystem

[0175] To study potential prebiotic properties of the selected products in detail using an in vitro setup, a continuous
model was used, which allows to culture the complex intestinal microbial ecosystem over a long period and under
representative conditions. Moreover, as previous in vitro and in vivo studies have shown that the evaluation of prebiotic
properties may only be performed after two to three weeks of continuous administration of the compound, the model
should allow to simulate repeated ingestion of the prebiotic. Therefore, the dynamic SHIME simulator of the human
gastrointestinal tract was used to evaluate the efficacy of the prebiotic treatment.
[0176] The reactor setup was adapted from the SHIME, representing the gastrointestinal tract ("GIT") of the adult
human, as described by Molly et al. See, Molly, et al., "Development of a 5-step multichamber reactor as a simulation
of the human intestinal microbial ecosystem," Applied Microbiology and Biotechnology 39: 254-258 (1993). The SHIME
consists of a succession of five reactors simulating the different parts of the human gastrointestinal tract. See, e.g., FIG. 2.
[0177] The first two reactors are of the fill-and-draw principle to simulate different steps in food uptake and digestion,
with peristaltic pumps adding a defined amount of SHIME feed (140 mL 3x/day) and pancreatic and bile liquid (60 mL
3x/day), respectively to the stomach (V1) and duodenum (V2) compartment and emptying the respective reactors after
specified intervals. The last three compartments are continuously stirred reactors with constant volume and pH control.
Retention time and pH of the different vessels are chosen in order to resemble in vivo conditions in the different parts
of the gastrointestinal tract. The overall residence time of the last three vessels, simulating the large intestine, is 72
hours. Upon inoculation with fecal microbiota, these reactors simulate the ascending (V3), transverse (V4) and descend-
ing (V5) colon. Inoculum preparation, retention time, pH, temperature settings and reactor feed composition were pre-
viously described by Possemiers et al. See, Possemiers et al., "PCR-DGGE-based quantification of stability of the
microbial community in a simulator of the human intestinal microbial ecosystem," FAMS Microbiology Ecology 49: 495-507
(2004).
[0178] The SHIME has been extensively used for more than 15 years for both scientific and industrial projects and
has been validated with in vivo parameters. Upon stabilization of the microbial community in the different regions of the
colon, a representative microbial community is established in the three colon compartments, which differs both in com-
position and functionally in the different colon regions.
[0179] For these experiments, a TWINSHIME setup was used by operating two systems in parallel at the same time
(SHIME1 = Blend1; SHIME2 = Blend1+). Identical environmental conditions for both systems were obtained by identical
pH and temperature control and by using two-headed pumps for liquid transfer between the reactors.
[0180] The SHIME experiment consisted of 3 stages. The first stage was a start-up stage. After inoculation of the
colon reactors with an appropriate fecal sample (elder donor with a low concentration of bifidobacteria), a two-week start
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up period allowed the microbial community to differentiate in the different reactors depending on the local environmental
conditions. The second stage was a control period that was the actual start of the experiment, in which standard SHIME
feed was dosed to the model for a period of 14 days. The basal medium was composed as follows: arabinogalactan
(1g/L), pectin (2 g/L), xylan (1 g/L), starch (3 g/L), glucose (0.4 g/L), yeast extract (3 g/L), peptone (1 g/L), mucin (4 g/L),
cysteine (0.5 g/L). Analysis of samples in this period allowed to determine the baseline microbial community composition
and activity in the different reactors, which have been used as control to compare with the results from the prebiotic
treatment. The third and final stage was a treatment period. During this three week period the SHIME reactor was
operated under nominal conditions, but with a modified diet containing a lower amount of starch in the medium compared
to that of the basal period (1 g/L). This allowed to pinpoint the effect of the two products on the top of a diet typical in
elderly (diet containing low nutrients). In parallel, the diet of the SHIME was supplemented with the prebiotic (corre-
sponding to two servings of the blends per day).

Results

[0181] A number of microbial parameters have monitored throughout the entire experiment including, for example,
short-chain fatty acids, ammonium, lactate analysis, gas analysis, intestinal pH and sample collection.

Short-Chain Fatty Acids ("SCFA’s")

[0182] SCFA are the typical end products of mainly saccharolytic fermentation by the intestinal bacteria and SCFA
profiles consist mainly of acetate, propionate and butyrate with small amounts of other acids such as isobutyric, valeric,
isovaleric and caproic acid. Whereas acetate can be absorbed from the gut and used as energy substrate by the host,
butyrate acts as main energy substrate for the gut epithelium and has proven protective effects against inflammation
and colon cancer. Propionate finally, has similar local activity in the gut as compared to butyrate, yet is also transported
to the liver where it was shown to have positive cholesterol-lowering effects and effects on glycemic control. For this
reason, butyrate and propionate are considered more health-beneficial for the host as compared to acetate and modu-
lation of the microbial fermentation profiles in the gut towards increased butyrate and/or propionate production is con-
sidered beneficial.
[0183] With respect to SCFA’s, samples were collected 3x/week from all colon compartments to analyze the concen-
tration of acetic acid, propionic acid, isobutyric acid, butyric acid, isovaleric acid, valeric acid, isocaproic acid and caproic
acid. In FIGS. 3A-F, the data are presented as total SCFA, acetate, propionate and butyrate production per experiment
week of the TWINSHIME experiment. As mentioned above, prebiotic properties are evaluated by a relative increase of
propionate and/or butyrate in the total SCFA production. The data are also summarized per experimental period and
per colon compartment in Tables 5 and 6.
[0184] As acetate ("A"), propionate ("P") and butyrate ("B") are the major SCFA produced by intestinal bacteria, the
data may also be expressed as an A/P/B ratio. To do this, the production of each fatty acid is presented as the ratio of
the concentration of each individual fatty acid to the sum of the concentrations of the three fatty acids. In this experiment,
prebiotic effects of a treatment, as determined by a relative increase of propionate and/or butyrate production, were
evaluated by an increase of P and/or B and a decrease of A in the A/P/B ratio. The A/P/B ratios are presented, per
experiment week, in FIGS. 4A-F.
[0185] Based on the considerations made above, both products gave clear indications of prebiotic activity. Both treat-
ments induced an increase in the total SCFA concentration in all the colon vessels, which indicates that both products
are well fermented in the GIT. Moreover, both products induced a higher concentration of propionate and butyrate and
were able to move the ratio Acetate-Butyrate-Propionate towards a healthier composition. When evaluating statistical
differences in SCFA production between control and treatment, clear changes typically only start from the second week
of treatment. This was also observed in this experiment and relates to the adaptation period the bacteria need to adapt
to the new nutritional environment. This leads to gradual changes in the SCFA profiles during the first week of treatment
(high standard deviation) and results often in a lack of statistical significance when comparing the average of the SCFA
concentrations of the first treatment week with those of the control period. Upon adaptation to the fiber blends (starting
from week 2 of the treatment period), clear significant differences were observed in SCFA profiles.
[0186] In FIGS. 5A-E, a comparison between the two SHIME systems is presented, allowing to compare the prebiotic
potential of the original and adapted fiber blend. The comparison was performed separately for each week of the exper-
iment. Within each week, the concentrations of total SCFA, acetate, propionate and butyrate in each colon compartment
were compared by means one-way ANOVA, and individual means were compared using the Tukey’s test.
[0187] Based on the two SHIME runs, it was found that no statistical differences in SCFA production were observed
in any of the colon compartments during the control period ("ctr") indicating that the starting point for the two different
treatments was similar. It was also found that no statistically significant differences were noted on the effect of the two
products during the first week of the treatment period ("tr"). This is believed to be related to the adaptation period for the
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gut microbiota to adapt their metabolism to the administered test compounds. Further, starting from the second week
of treatment statistical differences occurred. This indicates that both products had a distinct fermentation profile resulting
in specific SCFA production profiles.
[0188] The instant experiment also demonstrates that partial replacement of FOS and inulin by acacia gum induced
differences in bacterial fermentation profiles. First, the butyrogenic effect of Blend1 was higher than Blend1+ while Blend1+

showed a higher propionate concentration (even if not always supported by statistics). Second, these findings show that
although both blends had a very positive effect in terms of SCFA production, the specific fermentation profile depended
on the specific composition of the blends.

Ammonium

[0189] As ammonium production is mainly the result of protein degradation and is associated with direct and indirect
health detrimental effects, a reduction in ammonium production would therefore be considered as beneficial. During this
experiment, samples were collected 3 time per week from all colon compartments. The analysis of ammonium concen-
trations in the different colon regions throughout the course of the experiment is presented in FIGS. 6A and 6B. As is
clearly indicated, both products induced a decrease in ammonium production during the treatment period.
[0190] Additionally, ammonium concentrations in the SHIME may also be seen as a marker for limited substrate
availability for the bacteria during the treatment period. If certain bacteria cannot use the administered products as
efficiently as they can utilize starch as energy source, these bacteria may shift to a more proteolytic metabolism, resulting
in increased ammonium concentrations. The observed decrease in ammonium concentrations is, therefore, also a sign
of a high fermentability of both blends.
[0191] Finally, no statistical differences were observed between the two SHIME runs, indicating that partial replacement
of FOS and inulin by acacia gum did not affect the decrease in ammonium production, and that Blend1+ was also well
fermented, resulting in increased saccharolytic fermentation in the colon.

Lactate Analysis

[0192] The human intestine harbors both lactate-producing and lactate-utilizing bacteria. Lactate is produced by lactic
acid bacteria and decreases the pH of the environment acting also as an antimicrobial agent. It can also be rapidly
converted to acetate, butyrate, and propionate by other microorganisms. For purposes of the instant study, samples
were collected 3 times per week from all colon compartments. The analysis of lactate concentrations in the different
colon regions throughout the course of the experiment is presented in FIGS. 7A and 7B.
[0193] Administration of both blends significantly increased remaining lactate concentrations in the ascending colon.
Comparison of both SHIME runs shows that partial replacement of inulin and FOS decreases remaining lactate con-
centrations. This may relate to a more rapid and intense fermentation of inulin and FOS in the ascending colon as
compared to acacia gum. The higher lactate concentrations in SHIME 1 are also consistent with the higher butyrate
concentrations as lactate is an important precursor of butyrate.

Online pH variation in the TWINSHIME

[0194] To make sure that optimal environmental conditions are maintained, the pH in a SHIME system is controlled
by pH controllers in the following ranges: (i) 5.6-5.8 (ascending colon, "AC"), (ii) 6.2-6.4 (transverse colon, "TC"), and
(iii) 6.6-6.8 (decending colong, "DC"). However, upon stabilization of the microbial community in the different reactors
(starting from two weeks after inoculation), the microbial community can auto-regulate itself and acid-base consumption
is normally low. During a treatment however, when bacteria adapt to the test product and produce for instance increased
amounts of SCFA, the environment in the reactors may acidify, which results in additional pH control by means of more
administration of base to the respective reactors. In this context, the degree of acidification during the experiment can
be used as a measure of the intensity of bacterial metabolism of the prebiotic blend.
[0195] The analysis of acid and base consumption in the different colon regions throughout the course of the experiment
is presented in FIG. 8. As shown by FIG. 8, administration of both blends induced acidification of the simulated colon
reactors, indicative of increased SCFA production and of a healthier intestinal environment. However, whereas this
acidification was limited to the ascending colon for Blend1, acidification occurred throughout the entire simulated colon
upon administration of Blend1+. This shows that partial replacement of FOS and inulin by acacia gum changes the
intestinal fermentation profile from a boost fermentation in the proximal colon into a more gradual fermentation in the
complete colon.
[0196] Regarding the pH profile in TC1 and DC1, it was expected to obtain similar pH profiles. No immediate explanation
is available for the observed difference. However, it is believed that the difference may be related to differences in
buffering capacity of the two colon compartments.
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Gas production and pH variation in batch experiments

[0197] The evaluation of total gas production is an important aspect related to potential tolerance issues for the two
blends of this study. However, online total gas production measurements are difficult in continuous models of the gut,
due to continuous in- and outflow of gasses. For this reason, the evaluation of the total gas production and the meas-
urement of changes in CO2 concentration have been conducted in batch setups. With respect to gas analysis, an
additional batch test was conducted to measure estimate the total gas production and the gas phase composition under
simulated colonic conditions.
[0198] The typical short-term screening assay (FIG. 9), consists of the sequential incubation (in triplicate) of a repre-
sentative dose of the selected compound under simulated conditions for (i) the stomach (pH 2, pepsin), (ii) the small
intestine: addition of pancreatic enzymes and bile salts, and (iii) the large intestine with a representative bacterial inoculum
in basal medium. This bacterial inoculum derived from an already ’in vitro adapted’ microbial community from the as-
cending colon compartment in the SHIME system.
[0199] The experiment was designed in such a way that typical residence times of food products in the gastrointestinal
tract are maintained. The scheme of the sampling is reported FIG. 10. The analysis of total gas production and composition
- according to the scheme reported in FIG. 10 - is presented in FIGS. 11A and 11B.
[0200] Gas production typically follows a Gaussian pattern. Even though it appears that a big jump occurred between
6 and 24 hours, which would be inconsistent with such a pattern, this is only due to the fact that no samples could be
collected between 6 and 24 hours. As the major fraction of the administered fibers are fermented between 6 and 24
hours, a large apparent peak in gas production was observed at 24 hours. Comparison of both SHIME models shows
that Blend1+ fermentation induced a lower gas production as compared to the original Blend1 even if this difference
between the two products after 24 hours is not statistically significant.
[0201] CO2 production (normally between 5 and 30% of the total gas in the gut according to Babb, RR, "Intestinal Gas
(Medical Information)," West J. Med. 127: 362-363 (1977)) confirmed that Blend1+ is fermented in a slower way (fer-
mentation still occurs between 24 and 48 hours). This further confirms previous findings: partial replacement of FOS
and inulin by acacia gum changes the intestinal fermentation profile into a more gradual fermentation.
[0202] As already stated above, the degree of acidification at the end of the experiment is a measure of the intensity
of bacterial metabolism of the potential prebiotic. The pH of medium in the batch incubations was therefore determined
at the beginning and at the end of the experiment to confirm the data obtained with the online measurement (FIG. 12).
The ΔpH in the batch experiment again confirms that Blend1 is fermented faster than Blend1+.

Analysis of the microbial community composition

[0203] Samples were collected once per week from each colon compartments of the TWINSHIME to evaluate the
effect of the treatment on the luminal microbial community composition by means of quantitative polymerase chain
reaction ("qPCR") and to analyze the mucosa-associated microbial community by means of plate counting.

Luminal microbial community composition

[0204] qPCR was used to monitor total bacteria, bifidobacteria, lactobacilli, firmicutes, and bacteroidetes. qPCR is a
molecular technique which is based on the amplification of specific bacterial sequences (165 rRNA genes), combined
with the quantification of the number of these specific sequences in the microbial ecosystem at different time points. As
this technique is not dependent on the (lack of) culturability of the bacteria, data generated with this method offer a more
reliable overview on quantitative effects on the microbial community, due to the prebiotic treatment.
[0205] Administration of both blends resulted in a clear increase of Lactobacilli in all colon compartments and significant
increase in Bifidobacteria in the ascending and transverse colon. Blend1+ also induced a small, but significant increase
in Bifidobacteria in the descending colon. On top of this, administration of both blends increased the counts of the
dominant bacterial populations (total bacteria and Firmicutes). Blend1+ also induced an increase in Bacteroidetes in the
descending colon.
[0206] Firmicutes and Bacteroidetes are the two most dominant bacterial bacterial phyla in the gut. Bacteroidetes are
considered as very important saccharolytic fermenting bacteria, as a large part of the proteins codified by Bacteroidetes
goes to breaking down polysaccharides and metabolizing their sugars. Some species belonging to this group are also
associated with propionate production. The increased concentration of Bacteroidetes in the descending colon upon
Blend1+ administration is therefore a further confirmation of the more gradual fermentation of acacia gum, leading to
increased saccharolytic fermentation in the distal colon.
[0207] Firmicutes are users of the metabolic intermediates produced by the metabolism of Bacteroidetes. They include
Lactobacilli and Clostridia. The latter are often considered as negative for health as specific clostridia are well-known
pathogens. Yet, among the Clostridia are also several of the most important butyrate producers, a bacterial metabolite
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which is considered as a key health beneficial compound.
[0208] FIGS. 13A-B through FIGS. 17A-B show qPCR data from each bacterial group presented per experimental
week in each colon compartment. All of FIGS. A relate to Blend1, while all of FIGS. B related to Blend1+.
[0209] To compare the effect of the two products on the different bacterial groups we applied a longitudinal statistical
approach that allowed to evaluate the different trends induced by the treatments. A linear spline model, changing the
position of the knot on the second or third week (depending on the extent of delay in the treatment effect - indicated with
a red arrow in FIGS. 18A, 18B, 19A, 19B and 20) was used to fit the data and to analyze the control vs. the treatment
period. The approach is based on the creation of a complex model and the subsequent removal, step by step, of different
predictors. The difference of the maximum likelihood values of two equations compared with the respective Chi Square
provides information regarding whether the removed predictor had a statistical significance or not. In FIGS. 18-20, the
comparison of the data from each colon vessel for the two products are presented in a scatter plot. AC1, TC1 and DC1
always refer to Blend1; AC2, TC2 and DC2 refer to Blend1+. Weeks 1-2 represent a control period, while weeks 3-5
represent a treatment period. Below each figure the statistical interpretation of the trend is discussed.
[0210] As shown by FIGS. 18A and 18B, both blends showed bifidogenic properties. FIG. 18A demonstrates that the
increase in Bifidobacteria induced by Blend1 is statistically higher than Blend1+. It is known from literature that both FOS
and inulin can enhance Bifidobacteria concentrations in the human gut, yet partial replacement by acacia gum still
increased Bifidobacteria, confirming that this replacement has no negative consequences for its prebiotic activity. More-
over, as shown in FIG. 18B, Blend1+ induced a higher increase in Lactobacilli in the ascending colon as compared to
Blend1.
[0211] FIGS. 19A and 19B illustrate that, based on the profiles for total bacteria, a decrease in the 165 rRNA genes
copy number could be observed for Blend1+ in the ascending colon during the first week of treatment. This decrease
mainly correlates with the decrease of the dominant Firmicutes and Bacteroidetes phyla in the same colon compartment.
This could be explained by the fact that acacia gum is more selective and specific to ferment as compared to FOS and
inulin and that the bacteria need a longer time to adapt to Blend1+. Statistically, Blend1 induced also higher Firmicutes
concentrations in the transverse colon.
[0212] As shown in FIG. 20, the amount of Bacteroidetes in the ascending colon of the SHIME treated with Blend1+

is statistically lower than Blend1 during the first week of treatment, as already explained above. In the remaining part of
the colon there are no differences in the effect generated by the two products.

Mucosa-associated microbial community

[0213] Specific bacteria-host interactions and modifications in this process due to a given treatment are now considered
as one of the most important factors determining health effects of prebiotic fibers. The human intestinal tract harbors a
large and complex community of microbes which is involved in maintaining human health by for instance preventing
colonization by pathogens and by producing important nutrients. Microorganisms are not randomly distributed throughout
the intestine and those adhering to the gut wall play an important role as they instruct mucosal immune responses and
occupy a niche at the expense of potentially harmful colonizers (pathogens). As this interaction is very difficult to study
in vivo due to problems with accessibility and complexity, ProDigest and LabMET (UGent) recently developed an inno-
vative in vitro toolbox to evaluate whether a prebiotic has the capacity to enhance the adhesion of health promoting
bacteria to the gut wall. This assay includes the investigation of the attachment of the intestinal microbial community
from specific colon regions using samples taken from the SHIME reactor at different time points and the quantification
of different bacterial groups within the attached community (total anaerobes, Clostridia, Bifidobacteria, Lactobacilli, and
fecal coliforms). Data is then processed to calculate the so-called Adhesion Related Prebiotic Index (AR-PI) (see, Van
den Abbeele et al., "In vitro model to study the modulation of the mucin-adhered bacterial community," Appl. Microbiol.
Biotechnol. (2009)) according to the following formula: 

[0214] Table 7 shows the AR-PI calculated taking into account the average values from the control and treatment period.
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[0215] In this specific case, it is not possible to apply a particular statistic because the measurements were single
measurements and these values were compared within the same formula. It is believed that a variation of the index 61
is biologically not significant. Considering Table 7, Blend1 (which is rapidly fermented) had an immediate effect on the
AR-PI in the AC and no effect in the last two colon compartments. On the contrary, Blend1+ exerted an effect all along
the colon.
[0216] In Table 8, the AR-PI is presented separately for each week of the treatment by comparing the single weeks
of treatment with the average of the control period. For each value, additional information is also provided to explain the
changes in the AR-PI in relation to the observed variation in the investigated bacterial groups.

[0217] A general consideration: within the formula Clostridium spp. are considered as negative bacteria. However, as
discussed above, among Clostridia there arc several bacteria involved in SCFA metabolism. Therefore, the suggestion
is to interpret the value of the AR-PI also in terms of which bacterial groups are enhanced and not only if the value is
positive or negative.
[0218] Several conclusions may be drawn from the information represented in Table 8. First, it is clear that Blend1 is
mainly fermented in the proximal colon and exerts an effect on the AR-PI in the ascending colon. During the second
and third week bacteria start to adapt to the product. Also, in the transverse colon the bacteria are positively affected
by Blend1 but it takes the full treatment period to observe this effect. Blend1 did not induce any change in the distal colon.
Blend1+ is probably a more balanced and less easy fermentable formulation. For this reason it exerts an effect all over
the colon. The numbers are always negative and this is mainly correlated to an increase of Clostridia and a parallel
decrease in Bifidobacteria.
[0219] All these analyses were performed using plate counts for the specific groups. As we also analyzed the luminal
content by plate counts as part of the adhesion experiment, these data are also available. Hence, a secondary outcome
of the analyses is also the quantification of the luminal content of Clostridia and Coliforms. These data are reported in
Table 9.

AR-PI-TREAT

AC TC DC

SHIME 1 8.7 -0.4 -0.7

SHIME 2 -2.7 -7.5 -2.1

AR-PI-TREAT

AC TC DC

Tr1 Tr2 Tr3 Tr1 Tr2 Tr3 Tr1 Tr2 Tr3

SHIME 1 28.19 8.67 1.96 -4.99 -0.68 11.08 -0.46 0.38 -1.07

SHIME 2 -2.43 -0.02 -0.22 -27.49 -7.35 -6.06 -2.12 0.21 -1.40
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[0220] Overall, Blend1 induced an increase of both Clostridia and Coliforms in the proximal colon during the first week
of treatment (except for Coliforms in the AC) but at the end of the treatment period the values are comparable or lower
to those of the control period. The descending colon was not affected (this is in accordance with the fact that Blend1 is
mainly fermented in the first part of the colon). Blend1+ induced a general decrease in Clostridia and Coliforms at the
end of the treatment except for Clostridia in the ascending colon.

Conclusions

[0221] Both blends were well fermented, resulting in decreased production of the toxic ammonium. Partial replacement
of FOS and inulin by AG (Blend1+) changes the intestinal fermentation from a boost fermentation in the proximal colon
into a gradual fermentation in the complete colon, as shown by acidification of all colon parts and more gradual gas
production. Replacement of FOS and inulin by AG induced differences in SCFA production. The butyrogenic effect of
Blend1 was higher. Blend1+ induced higher propionate concentrations. Both blends showed bifidogenic properties. Partial
replacement of FOS and inulin by acacia gum has no negative consequences for its prebiotic activity. Moreover, Blend1+

induced a higher increase in Lactobacilli in the ascending colon as compared to Blend1. AG is more selective and specific
to ferment as compared to FOS and inulin.
[0222] According to the scientific literature, inulin-type prebiotics, which include FOS, OF, and inulin, resist enzymatic
digestion in the upper gastrointestinal tract with the result that they reach the colon virtually intact and undergo bacterial
fermentation. These products are mainly bifidogenic but, according to some reports, also Lactobacilli growth can be
stimulated. The effects they have on other gut organisms are less consistent. From a physiological point of view, these
dietary fibers are fermented to a large extent by a wide variety of anaerobic bacteria (mainly Bifidobacteria and bacter-
oidetes) in the proximal colon, which results in an increase in bacterial biomass, an increase in fecal mass, a change in
intracolonic pH, and production of SCFAs (mainly acetate, butyrate and propionate). AG, on the other hand, also reaches
the colon intact and has mainly been correlated with increased number of Bifidobacteria and Lactobacilli and with a
higher propionate production.

Microbial community activity

[0223] A few conclusions from the instant study regarding microbial community activity are summarized below.
[0224] Both products are well fermented and gave clear indications of prebiotic activity.
[0225] Administration of both blends induced acidification of the simulated colon reactors, which is indicative of in-
creased SCFA production and of a healthier intestinal environment.
[0226] Partial replacement of FOS and inulin by acacia gum changes the intestinal fermentation profile from a boost
fermentation in the proximal colon into a more gradual fermentation in the complete colon, as shown by (i) acidification
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of all colon compartments in case of Blend1+ administration, which was also confirmed in the batch experiment, (ii) lower
and more gradual gas production in case of Blend1+ administration (batch experiment), and (iii) higher lactate concen-
trations in the ascending colon upon Blend1 administration.
[0227] Partial replacement of FOS and inulin by acacia gum induced differences in bacterial SCFA production. The
butyrogenic effect of Blend1 was higher than Blend1+ while Blend1+ showed a higher propionate concentration (even if
not always supported by statistics). This shows that although both blends had a very positive effect in terms of SCFA
production (butyrate and propionate are considered health beneficial), the specific fermentation profile depended on the
specific composition of the blends.
[0228] The good fermentation of the two products as well as the higher saccharolytic metabolism is also confirmed
by a decreased ammonium production during the treatment period without statistical differences between the products.

Microbial community composition

[0229] A few conclusions from the instant study regarding microbial community composition are summarized below.
qPCR was used as culture-independent technique to monitor total bacteria, Bifidobacteria, Lactobacilli, Firmicutes and
Bacteroidetes.
[0230] Both blends showed bifidogenic properties. The increase in Bifidobacteria induced by Blend1 is statistically
higher than Blend1+, yet partial replacement by acacia gum still increased Bifidobacteria, confirming that this replacement
has no negative consequences for its prebiotic activity. Moreover, Blend1+ induced a higher increase in Lactobacilli in
the ascending colon as compared to Blend1.
[0231] A decrease in total bacteria could be observed for Blend1+ in the ascending colon during the first week of
treatment. This decrease mainly correlates with the decrease of the dominant Firmicutes and Bacteroidetes phyla in the
same colon compartment. This could be explained by the fact that acacia gum is more selective and specific to ferment
as compared to FOS and inulin and that the bacteria need a longer time to adapt to Blend1+.
[0232] Further, a prolonged treatment with both blends induced a decrease of Clostridia and Coliforms at the end of
the treatment (Blend1+ > Blend1).

Mucosa-associated microbial community

[0233] Blend1 is mainly fermented in the proximal colon and exerts an immediate effect on the AR-PI in the ascending
colon. During the second and third week bacteria start to adapt to the product. Bacteria in the transverse colon were
also affected but it takes the full treatment period to observe this effect. No effects were seen in the descending colon.
Therefore, Blend1+ is probably a more balanced and less easy fermentable formulation. For this reason it exerts an
effect all over the colon.
[0234] In general, it can be seen that both blends exhibit prebiotic activity. Partial replacement of FOS and inulin by
AG did not decrease the potential of Blend1+, as shown by the increased production of the health beneficial SCFA
propionate and butyrate, intestinal acidification and stimulation of both Lactobacilli and Bifidobacteria. In contrast, Blend1+

acidified more gradually and throughout the complete simulated colon.

Claims

1. A nutritional composition for administration to an individual, comprising:

a soluble fibre comprising a fructo-oligosaccharide (FOS) in an amount of 35 to 44% by weight; a polysaccharide,
wherein the polysaccharide is acacia gum ("AG") and is not partially hydrolysed guar gum (PHGG) and is present
in an amount of 38% to about 50% by weight; and inulin in an amount of 12 to 24% by weight;
wherein the FOS and polysaccharide are present in a weight ratio of 62:38 to 38:62; and the FOS and inulin
are present in a weight ratio of 82:18 to 58:42.

2. The nutritional composition of Claim 1, wherein the FOS and polysaccharide are present in a weight ratio of 55:45
to 45:55, or wherein the FOS and inulin are present in a weight ratio of 76:24 to 64:36.

3. The nutritional composition of Claim 1, wherein the polysaccharide is an arabinogalactan and the FOS is present
in an amount between 1.5-5.5 g/L, the arabinogalactan is present in an amount of 2.5-5.5 g/L and inulin is present
in an amount of 5-2.5 g/L.

4. The nutritional composition of Claim 3, further comprising up to 10 g/L of PHGG.
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5. The nutritional composition Claim 1, further comprising at least one insoluble fiber in an amount effective to enhance
digestive function in the individual, wherein the at least one insoluble fiber is a soy fiber, an outer pea fiber or a
combination thereof.

6. The nutritional composition of Claim 5, wherein the soluble fiber and insoluble fiber are present in a ratio of between
1.5:1 and 1:1.5, and the FOS and AG are present in a total amount of between 2.5-3.5 g/L, the inulin is present in
an amount of between 1.25-1.75 g/L, and the soy fiber and the outer pea fiber are each present in an amount of
between 3.25-4.25 g/L.

7. The nutritional composition of Claim 6, wherein the soluble fiber and insoluble fiber are present in a ratio of 1.25:1
to 1:1.25, respectively.

8. The nutritional composition of Claim 1 further comprising at least one of:

antioxidants, fish oils, DHA, EPA, vitamins, minerals, phytonutrients, protein, fat, probiotics, and combinations
thereof.

9. A nutritional composition according to any one of Claims 1 to 8 for use in promoting gut microbiota balance and health.

10. The nutritional composition as claimed in Claim 9 wherein said promoting gut microbiota balance and health is
improving patient tolerance to various medical treatments that lead to gastrointestinal tract disorders, such treatments
including radiotherapy, chemotherapy, gastrointestinal surgery, anesthesia, the administration of antibiotics, anal-
gesic drugs, or treatments for diarrhea.

11. The nutritional composition as claimed in Claim 9 wherein said promoting gut microbiota balance and health is
conferring systemic benefits, such as better catch-up growth, to children.

12. The nutritional composition as claimed in Claim 9 wherein said promoting gut microbiota balance and health is
reducing hospitalization time for patients while enabling such patients to achieve acceptable nutrition levels and
feeding goals with greater tolerance of such formulations to thus increased compliance with feeding requirements,
and decreased complications.

13. The nutritional composition as claimed in Claim 12 wherein said decreased complications are selected from a group
consisting of diarrhea, constipation, gastroesophageal reflux, regurgitation, vomiting, and combinations thereof.

14. The nutritional composition as claimed in Claim 9 wherein said promoting gut microbiota balance and health is
stimulating an individual’s immune system.

15. The nutritional composition of Claim 14, wherein said stimulated immune system comprises:

i) improved GALT function or
ii) increased sIgA levels and provides balanced Th1/Th2.

16. The nutritional composition as claimed in Claim 9 wherein said promoting gut microbiota balance and health is
improving organ transplant tolerance, or said nutritional composition imparts specific colonizations that provide
unique upregulation.

17. The nutritional composition of Claim 16, wherein said upregulation leads to:

i) decreased inflammatory cytokine that leads to decreased lean body mass or,
ii) decreased insulin release through GLP-1 and GLP-2 or,
iii) decreased Th1/Th2 imbalance.

18. The nutritional composition as claimed in Claim 9 wherein said promoting gut microbiota balance and health is:

i) improving bone growth or preventing bone degradation in a patient in need of same, to enhance bone motility
and function to improve bone growth or prevent bone degradation, or
ii) is increasing absorption of vitamins, minerals, nutrients and combinations thereof, in an individual’s intestine



EP 2 498 626 B1

31

5

10

15

20

25

30

35

40

45

50

55

and colon, or
iii) modulating hormones produced by the gastrointestinal tract or regulated by the gastrointestinal tract, wherein
modulating hormones is at least one of: inflammatory hormones are decreased in the individual; feeling of well
being of the individual is increased; serotonin is increased which leads to improved sleep patterns in the individual;
improved sleep quality for the individual; normalization of appetite; decrease in depression; improved cognition,
decreased Th1/Th2 imbalance which leads to a decreased incidence of asthma; a decrease in otitis media, or
iv) increasing butyrate production in a patient’s colon, the method comprising administering an effective amount
of the nutritional composition according to any one of Claims 1 to 8 to the patient to increase butyrate production
compared to formulations that do not contain AG to produce cell proliferation in the colon and to lower colon
pH to inhibit the growth of pathogenic bacteria, or
v) a sustained shift over time in microbiota balance favoring beneficial bacteria such as bifidobacteria, lactobacilli
or bifidobacteria and lactobacilli, or
vi) sustained fermentation, Small Chain Fatty Acid production, a shift in saccharolytic fermentation from as-
cending colon to descending colon leading to sustained carbohydarate fermentation in the descending colon
and reduced protein fermentation or combinations thereof, throughout the colon.

19. The nutritional composition of Claim 18, wherein increasing absorption of vitamins, minerals, nutrients assists in
muscle growth or prevents muscle mass depletion or improves muscle mass recovery after illness or injury.

20. The nutritional composition of Claim 18, wherein said butyrate production leads to at least one of: anti-inflammatory
benefits that help protect the patient’s gut barrier; better mineral absorption, normalization of gastrointestinal transit
time, decrease in diarrhea.

21. The nutritional composition of claim 18, wherein a sustained shift over time in microbiota balance reduces pathogens,
in particular Clostridia.

22. The nutritional composition of claim 21, wherein clostridia is reduced in the distal colon.

23. The nutritional composition of claim 18, wherein by sustained fermentation, Small Chain Fatty Acid production, a
shift in saccharolytic fermentation from ascending colon to descending colon:

i) there is better nutrient reabsorption, water reabsorption, or electrolyte reabsorption, or combinations thereof, or
ii) there is improved gut regularity, improved constipation, improved diarrhea, improved irritable bowel syndrome,
improved Crohn’s disease, improved ulcerative colitis or combinations thereof, or
iii) production of important short chain fatty acids, butyrate, proprionate, or combinations thereof, or
iv) there is a reduced pH, a preferred substrate for colonocytes, better nutrient presentation to the colonocytes,
throughout the entire length of the colon.

Patentansprüche

1. Nahrungszusammensetzung zur Verabreichung an eine Person, aufweisend: einen löslichen Ballaststoff mit einem
Fructo-Oligosaccharid (FOS) in einer Menge von 35 bis 44 Gew.-%; ein Polysaccharid, wobei das Polysaccharid
Gummi arabicum ("AG") ist und nicht teilweise hydrolysiertes Guarkernmehl (PHGG) ist und in einer Menge von 38
bis ca. 50 Gew.-% vorhanden ist; und Inulin in einer Menge von 12 bis 24 Gew.-%;
wobei das FOS und das Polysaccharid in einem Gewichtsverhältnis von 62:38 bis 38:62 vorhanden sind, und das
FOS und Inulin in einem Gewichtsverhältnis von 82:18 bis 58:42 vorhanden sind.

2. Nahrungszusammensetzung nach Anspruch 1, wobei das FOS und das Polysaccharid in einem Gewichtsverhältnis
von 55:45 bis 45:55 vorhanden sind, oder wobei das FOS und Inulin in einem Gewichtsverhältnis von 76:24 bis
64:36 vorhanden sind.

3. Nahrungszusammensetzung nach Anspruch 1, wobei das Polysaccharid ein Arabinogalactan ist und das FOS in
einer Menge zwischen 1,5-5,5 g/L, das Arabinogalactan in einer Menge von 2,5-5,5 g/L und Inulin in einer Menge
von 0,5-2,5 g/L vorhanden ist.

4. Nahrungszusammensetzung nach Anspruch 3, weiterhin aufweisend bis zu 10 g/L PHGG.
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5. Nahrungszusammensetzung nach Anspruch 1, weiterhin aufweisend mindestens einen unlöslichen Ballaststoff in
einer Menge, die wirksam ist, um die Verdauungsfunktion bei der Person zu verbessern, wobei der mindestens eine
unlösliche Ballaststoff Sojafaser, eine äußere Erbsenfaser oder eine Kombination daraus ist.

6. Nahrungszusammensetzung nach Anspruch 5, wobei der lösliche Ballaststoff und der unlösliche Ballaststoff in
einem Verhältnis zwischen 1,5:1 und 1:1,5 und das FOS und AG in einer Gesamtmenge zwischen 2,5-3,5 g/L
vorhanden ist, Inulin in einer Menge zwischen 1,25-1,75 g/L und die Sojafaser und die äußere Erbsenfaser jeweils
in einer Menge zwischen 3,25-4,25 g/L vorhanden sind.

7. Nahrungszusammensetzung nach Anspruch 6, wobei der lösliche Ballaststoff und der unlösliche Ballaststoff in
einem Verhältnis von 1,25:1 bis 1:1,25 vorhanden sind.

8. Nahrungszusammensetzung nach Anspruch 1, weiterhin aufweisend mindestens eines der folgenden: Antioxidan-
tien, Fischöle, DHA, EPA, Vitamine, Mineralien, Phytonährstoffe, Protein, Fett, Probiotika und Kombinationen daraus.

9. Nahrungszusammensetzung nach einem der Ansprüche 1 bis 8 zur Verwendung bei der Förderung des Gleichge-
wichts der Darmmikrobiota und der Gesundheit.

10. Nahrungszusammensetzung nach Anspruch 9, wobei die Förderung des Gleichgewichts der Darmmikrobiota und
der Gesundheit die Toleranz des Patienten gegenüber verschiedenen medizinischen Behandlungen verbessert,
die zu Störungen des Magen-Darm-Traktes führen, wobei diese Behandlungen die Strahlentherapie, Chemothera-
pie, Magen-Darm-Chirurgie, Anästhesie, die Verabreichung von Antibiotika, Analgetika oder Behandlungen gegen
Diarrhö umfassen.

11. Nahrungszusammensetzung nach Anspruch 9, wobei die Förderung des Gleichgewichts der Darmmikrobiota und
der Gesundheit systemischen Nutzen bietet, wie z.B. ein besseres Aufholwachstum bei Kindern.

12. Nahrungszusammensetzung nach Anspruch 9, wobei die Förderung des Gleichgewichts der Darmmikrobiota und
der Gesundheit die Dauer des Krankenhausaufenthaltes für Patienten reduziert, während die Patienten in die Lage
versetzt werden, ein akzeptables Ernährungsniveau und Ernährungsziele mit einer höheren Toleranz dieser Ernäh-
rungsrezepturen gegenüber einer somit verstärkten Einhaltung von Ernährungsanforderungen, und geringere Kom-
plikationen, zu erreichen.

13. Nahrungszusammensetzung nach Anspruch 12, wobei die geringeren Komplikationen aus einer Gruppe ausgewählt
sind, die Diarrhö, Konstipation, gastroösophagealen Reflux, Regurgitation, Erbrechen und Kombinationen daraus
aufweist.

14. Nahrungszusammensetzung nach Anspruch 9, wobei die Förderung des Gleichgewichts der Darmmikrobiota und
der Gesundheit das Immunsystem einer Person stimuliert.

15. Nahrungszusammensetzung nach Anspruch 14, wobei das stimulierte Immunsystem folgendes aufweist:

i) eine verbesserte GALT-Funktion oder
ii) erhöhte sIgA-Werte und liefert ausgeglichene Th1/Th2.

16. Nahrungszusammensetzung nach Anspruch 9, wobei die Förderung des Gleichgewichts der Darmmikrobiota und
der Gesundheit die Organtransplantationstoleranz verbessert oder die Nahrungszusammensetzung spezifische
Kolonisationen vermittelt, die ein einmaliges Hochregulieren bewirken.

17. Nahrungszusammensetzung nach Anspruch 16, wobei das Hochregulieren zu folgendem führt:

i) vermindertem inflammatorischem Cytokin, das zu verringerter fettfreier Körpermasse führt, oder
ii) verminderter Insulinausschüttung durch GLP-1 und GLP-2 oder
iii) vermindertem Th1/Th2-Ungleichgewicht.

18. Nahrungszusammensetzung nach Anspruch 9, wobei die Förderung des Gleichgewichts der Darmmikrobiota und
der Gesundheit folgendes bewirkt:
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i) die Verbesserung des Knochenwachstums oder Verhinderung des Knochenabbaus bei einem Patienten mit
diesem Erfordernis, um die Knochenmotilität und - funktion zu steigern, um das Knochenwachstum zu verbes-
sern oder den Knochenabbau zu verhindern, oder
ii) die Steigerung der Aufnahme von Vitaminen, Mineralien, Nährstoffen und Kombinationen daraus im Dünn-
darm und Dickdarm einer Person, oder
iii) die Modulierung von Hormonen, die im Magen-Darm-Trakt erzeugt oder durch den Magen-Darm-Trakt re-
guliert werden, wobei die Modulierung von Hormonen mindestens eines der folgenden bewirkt: Entzündungs-
hormone werden bei der Person verringert; das Wohlbefinden der Person nimmt zu; Serotonin wird erhöht, was
zu einem verbesserten Schlafverhalten bei der Person, zu verbesserter Schlafqualität für die Person, zur Nor-
malisierung des Appetits, zu einem Rückgang von Depressionen führt; verbesserte Wahrnehmung, verringertes
Th1/Th2 Ungleichgewicht, was zu einem verminderten Auftreten von Asthma oder einem Rückgang von Mit-
telohrentzündungen führt, oder
iv) die Erhöhung der Butyratproduktion im Dickdarm eines Patienten, wobei das Verfahren die Verabreichung
einer wirksamen Menge der Nahrungszusammensetzung nach einem der Ansprüche 1 bis 8 an den Patienten
aufweist, um die Butyratproduktion gegenüber Rezepturen zu erhöhen, die kein AG enthalten, um Zellprolife-
ration im Dickdarm zu produzieren und den Dickdarm-pH-Wert zu senken, um das Wachstum von pathogenen
Bakterien zu hemmen, oder
v) eine nachhaltige Verschiebung im Mikrobiota-Gleichgewicht im Laufe der Zeit, die nützliche Bakterien wie
Bifidobakterien, Laktobazillen oder Bifidobakterien und Laktobazillen begünstigt, oder
vi) eine nachhaltige Fermentation, eine Produktion kurzkettiger Fettsäuren, eine Verschiebung in der saccha-
rolytischen Fermentation vom aufsteigenden zum absteigenden Dickdarm, was zu nachhaltiger Fermentation
von Kohlenhydraten in dem absteigenden Dickdarm und reduzierter Proteinfermentation, oder Kombinationen
daraus, durch den Dickdarm führt.

19. Nahrungszusammensetzung nach Anspruch 18, wobei die Steigerung der Aufnahme von Vitaminen, Mineralien,
Nährstoffen das Muskelwachstum unterstützt oder den Abbau von Muskelmasse verhindert oder die Regeneration
von Muskelmasse nach Krankheit oder Verletzung verbessert.

20. Nahrungszusammensetzung nach Anspruch 18, wobei die Butyratproduktion mindestens zu einem der folgendem
führt: entzündungshemmenden Eigenschaften, die dazu beitragen, die Darmbarriere des Patienten zu schützen;
besserer Mineralienaufnahme, Normalisierung der Magen-Darm -Transitzeit, Rückgang von Diarrhö.

21. Nahrungszusammensetzung nach Anspruch 18, wobei eine nachhaltige Verschiebung im Mikrobiota-Gleichgewicht
im Laufe der Zeit Pathogene vermindert, insbesondere Clostridien.

22. Nahrungszusammensetzung nach Anspruch 21, wobei Clostridien im distalen Dickdarm vermindert werden.

23. Nahrungszusammensetzung nach Anspruch 18, wobei durch nachhaltige Fermentation, Produktion kurzkettiger
Fettsäuren, Verschiebung in der saccharolytischen Fermentation vom aufsteigenden zum absteigenden Dickdarm:

i) eine bessere Nährstoffresorption, Wasserresorption oder Elektrolytresorption oder Kombinationen daraus,
oder
ii) eine verbesserte Darmregularität, sich bessernde Konstipation, sich bessernde Diarrhö, sich besserndes
Reizdarmsyndrom, sich bessernder Morbus Crohn, sich bessernde Colitis ulcerosa oder Kombinationen daraus,
oder
iii) die Produktion von wichtigen kurzkettigen Fettsäuren, Butyrat, Proprionat oder Kombinationen daraus, oder
iv) ein reduzierter pH-Wert, ein bevorzugtes Substrat für die Colonocyten, eine bessere Nährstoffpräsentation
für die Colonocyten durch die gesamte Länge des Dickdarms vorhanden ist.

Revendications

1. Composition nutritionnelle pour une administration à un individu, comprenant :

une fibre soluble comprenant un fructo-oligosaccharide (FOS) dans une quantité de 35 à 44% en poids ; un
polysaccharide, le polysaccharide étant de la gomme d’acacia ("AG") et n’étant pas de la gomme de guar
partiellement hydrolysée (PHGG) et étant présent dans une quantité de 38% à environ 50% en poids ; et de
l’inuline dans une quantité de 12 à 24% en poids ;
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dans laquelle le FOS et le polysaccharide sont présents dans un rapport de poids de 62:38 à 38:62 ; et le FOS
et l’inuline sont présents dans un rapport de poids de 82:18 à 58:42.

2. Composition nutritionnelle selon la revendication 1, dans laquelle le FOS et le polysaccharide sont présents dans
un rapport de poids de 55:45 à 45:55, ou dans laquelle le FOS et l’inuline sont présents dans un rapport de poids
de 76:24 à 64:36.

3. Composition nutritionnelle selon la revendication 1, dans laquelle le polysaccharide est un arabinogalactane et le
FOS est présent dans une quantité comprise entre 1,5-5,5 g/L, l’arabinogalactane est présent dans une quantité
de 2,5-5,5 g/L et l’inuline est présente dans une quantité de 0,5-2,5 g/L.

4. Composition nutritionnelle selon la revendication 3, comprenant en outre jusqu’à 10 g/L de PHGG.

5. Composition nutritionnelle selon la revendication 1, comprenant en outre au moins une fibre insoluble dans une
quantité efficace pour améliorer la fonction digestive chez l’individu, dans laquelle ladite au moins une fibre insoluble
est une fibre de soja, une fibre de pois externe ou une combinaison de ceux-ci.

6. Composition nutritionnelle selon la revendication 5, dans laquelle la fibre soluble et la fibre insoluble sont présentes
dans un rapport compris entre 1,5:1 et 1:1,5, et le FOS et la AG sont présents dans une quantité totale comprise
entre 2,5-3,5 g/L, l’inuline est présente dans une quantité comprise entre 1,25-1,75 g/L, et la fibre de soja et la fibre
de pois externe sont chacune présentes dans une quantité comprise entre 3,25-4,25 g/L.

7. Composition nutritionnelle selon la revendication 6, dans laquelle la fibre soluble et la fibre insoluble sont présentes
dans un rapport de 1,25:1 et 1:1,25, respectivement.

8. Composition nutritionnelle selon la revendication 1, comprenant en outre au moins un élément parmi : antioxydants,
huiles de poisson, DHA, EPA, vitamines, minéraux, phytonutriments, protéine, matière grasse, probiotiques, et
combinaisons de ceux-ci.

9. Composition nutritionnelle selon l’une quelconque des revendications 1 à 8 pour une utilisation destinée à favoriser
l’équilibre et la santé du microbiote intestinal.

10. Composition nutritionnelle selon la revendication 9, dans laquelle le fait de favoriser l’équilibre et la santé du micro-
biote intestinal améliore la tolérance du patient à divers traitements médicaux qui conduisent à des troubles du
tractus gastro-intestinal, lesdits traitements comprenant une radiothérapie, une chimiothérapie, une chirurgie gastro-
intestinale, une anesthésie, l’administration d’antibiotiques, médicaments analgésiques, ou traitements pour la diar-
rhée.

11. Composition nutritionnelle selon la revendication 9, dans laquelle le fait de favoriser l’équilibre et la santé du micro-
biote intestinal confère des avantages systémiques, comme une meilleure croissance de rattrapage, à des enfants.

12. Composition nutritionnelle selon la revendication 9, dans laquelle le fait de favoriser l’équilibre et la santé du micro-
biote intestinal réduit le temps d’hospitalisation pour des patients tout en permettant auxdits patients d’atteindre des
niveaux de nutrition acceptables et des objectifs d’alimentation avec une plus grande tolérance de ces formulations
au respect ainsi accru d’exigences d’alimentation, et des complications plus faibles.

13. Composition nutritionnelle selon la revendication 12, dans laquelle lesdites complications plus faibles sont choisies
parmi un groupe constitué par diarrhée, constipation, reflux gastro-oesophagien, régurgitation, vomissement, et
combinaisons de ceux-ci.

14. Composition nutritionnelle selon la revendication 9, dans laquelle le fait de favoriser l’équilibre et la santé du micro-
biote intestinal stimule le système immunitaire d’un individu.

15. Composition nutritionnelle selon la revendication 14, dans laquelle ledit système immunitaire stimulé comprend :

i) une fonction de GALT améliorée ou
ii) des niveaux de sIgA augmentés et fournit un Th1/Th2 équilibré.
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16. Composition nutritionnelle selon la revendication 9, dans laquelle le fait de favoriser l’équilibre et la santé du micro-
biote intestinal améliore la tolérance à une transplantation d’organe, ou ladite composition nutritionnelle confère
des colonisations spécifiques qui fournissent une régulation positive unique.

17. Composition nutritionnelle selon la revendication 16, dans laquelle ladite régulation positive entraîne :

i) une diminution de cytokine inflammatoire qui entraîne une diminution de masse maigre, ou
ii) une diminution de libération d’insuline par GLP-1 et GLP-2, ou
iii) une diminution du déséquilibre Th1/Th2.

18. Composition nutritionnelle selon la revendication 9, dans laquelle le fait de favoriser l’équilibre et la santé du micro-
biote intestinal :

i) améliore la croissance osseuse ou empêche la dégradation osseuse chez un patient qui en a besoin, pour
améliorer la motilité et la fonction de l’os pour améliorer la croissance osseuse ou empêcher la dégradation
osseuse, ou
ii) augmente l’absorption de vitamines, minéraux, nutriments et combinaisons de ceux-ci, dans l’intestin et le
côlon d’un individu, ou
iii) module des hormones produites par le tractus gastro-intestinal ou régulées par le tractus gastro-intestinal,
la modulation des hormones étant au moins un élément parmi : diminution d’hormones inflammatoires chez
l’individu, augmentation du sentiment de bien-être de l’individu, augmentation de sérotonine qui entraîne une
amélioration du profil de sommeil chez l’individu, amélioration de la qualité du sommeil de l’individu, normalisation
de l’appétit, diminution d’une dépression, amélioration de la cognition, diminution du déséquilibre Th1/Th2 qui
entraîne une diminution de l’incidence d’un asthme ou une diminution d’une otite moyenne, ou
iv) augmente la production de butyrate dans le côlon d’un patient, le procédé comprenant l’administration d’une
quantité efficace de la composition nutritionnelle selon l’une quelconque des revendications 1 à 8 au patient
pour augmenter la production de butyrate par rapport à des formulations qui ne contiennent pas de AG pour
produire une prolifération cellulaire dans le côlon et pour abaisser le pH du côlon pour inhiber la croissance de
bactéries pathogènes, ou
v) consiste en un changement durable dans le temps de l’équilibre du microbiote favorisant des bactéries
bénéfiques comme par exemple bifidobactéries, lactobacilles ou bifidobactéries et lactobacilles, ou
vi) consiste en une fermentation durable, une production d’acides gras à chaîne courte, un changement dans
la fermentation saccharolytique du côlon ascendant au côlon descendant entraînant une fermentation durable
de glucides dans le côlon descendant et une fermentation réduite de protéines ou des combinaisons de ceux-
ci, dans tout le côlon.

19. Composition nutritionnelle selon la revendication 18, dans laquelle l’augmentation de l’absorption de vitamines,
minéraux, nutriments aide la croissance musculaire ou empêche la déplétion de masse musculaire ou améliore la
récupération de masse musculaire après une maladie ou une blessure.

20. Composition nutritionnelle selon la revendication 18, dans laquelle ladite production de butyrate entraîne au moins
un élément parmi : des bénéfices anti-inflammatoires qui aident à protéger la barrière intestinale du patient ; une
meilleure absorption de minéraux, une normalisation du temps de transit gastro-intestinal, une diminution de la
diarrhée.

21. Composition nutritionnelle selon la revendication 18, dans laquelle un changement durable dans le temps de l’équi-
libre du microbiote réduit des agents pathogènes, en particulier Clostridia.

22. Composition nutritionnelle selon la revendication 21, dans laquelle les Clostridia sont réduits dans le côlon distal.

23. Composition nutritionnelle selon la revendication 18, dans laquelle une fermentation durable, une production d’acides
gras à chaîne courte, un changement dans la fermentation saccharolytique du côlon ascendant au côlon descendant
entraîne :

i) une meilleure réabsorption de nutriment, réabsorption d’eau, ou réabsorption d’électrolyte, ou des combinai-
sons de ceux-ci, ou
ii) une amélioration de la régularité intestinale, amélioration de la constipation, amélioration de la diarrhée,
amélioration du syndrome de l’intestin irritable, amélioration de la maladie de Crohn, amélioration de la colite
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ulcéreuse ou combinaisons de ceux-ci, ou
iii) une production d’acides gras à chaîne courte importants, butyrate, proprionate, ou combinaisons de ceux-
ci, ou
iv) un pH réduit, un substrat préféré pour colonocytes, une meilleure présentation de nutriment pour les colo-
nocytes, sur toute la longueur du côlon.
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