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fermentable fibers which repartitions nitrogen and increases col onic
bl ood flow in conpanion animals 5 such as dogs and cats to pronote

I ntestinal health, and - i nproves clinigal signs in aninmals suffering
fromrenal . disease. Renal failure is one of the nbst conmon
causes of death in- dogs. " In animals which suffer fromrenal disease,
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to adnincsease during the course of renal failure because damage to

the kidney of the animal makes the kidney inadequate to filter

15 waste products. Because inadequate filtration of waste
-products is the fundamental ‘basis of renal disease, BUN and
creatinine are considered the primary indicators of renal
disease. . '

Many dogs suffer from poor health due to renal

20 insufficiency. It is desirable to reduce the stress placed on
the kidneys of dogs with this condition. One factor that
contributes to such stress is nitrogen-containing metabolites
in the blood. Nitrogen in the blood is primarily removed by the
kidneys. Weakened kidneys can be overworked attempting to

25 remove nitrogen from the biood, resulting in renal failure.
Therefore, a need exists for a method of reducing the amount
of nitrogen in the blood of dogs without using the kidneys.

- In extreme cases, medical devices such as dialysis

machines can be used to remove nitrogen in the blood. However,

30 in the case of dogs this approach is usually cost prohibitive.
Also, most cases of renal insufficiency are less extreme,
therefore, less invasive techniques are desirable.
Particularly desirable are low cost techniques that are easy to
administer.
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-2- 0984348 research has been done in the area of nitro
repartitlonlng Thi s involves using bodily nmethods of waste reanaI

ot her than the kidneys to elimnate nitrogen fromthe bl ood. Younes et
al ., FASEB J. 8: A186 (1994) (Abstract) have2s experinented with using a
fermentabl e fiber-containing diet to i ncrease urea disposal in the rat
cecum However, those experinments were linted to the rat which has a
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trlglycerldqzlgﬂgldurlné ren fgéaég th ggkous scientific research has
indicated that 1ower1ng dietary intake of phosphorus is
beneficial to lessening the progression of renal disease.

20 . However, prior commercial pet food formulations have been
unable to provide low levels of dietary phosphorus and still
meet all of the amino acid requirements of the canine because
the phosphorus component of such diets is primarily derived
from ingredients high in protein. Thus, lowering the

25 phosphorus content of the diet required a lowering of the
protein components in the diet to levels which were
insufficient to supply the amino acid requirements of the
animal.

Carbon dioxide levels are an indicator of the level of
30~metabolic buffering (acid-base balance) that occurs in an
animal. Metabolic acidosis becomes a problem for an animal
suffering from renal disease, and high carbon dioxide levels
are indicators of a lack of buffering.' Another parameter which
is important in animals suffering from renal disease is the

35 blood triglyceride level. It is important in the animal
suffering from renal disease as the triglyceride level is often
greater than in normal animals. It would be desirable to be
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control these additional paraneters in the renal patient through diet.
Current dietary therapies to reduce neasured BUN, creatinine, and
phosphorus | evels include decreasing the awunt 5 of dietary protein to

| evel s where ami no acids are present in i nsufficient quantities.
Decreasing the level of dietary protein decreases BUN since urea is
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1ncreas1ng blood flow to the colon of an animal to enhance and

promote intestinal health. There-also remains a need in this-
art for a pet food dietary composition which provides improved

20 métabolic buffering and which lowers triglyceride levels in the
renal patient. _

‘The present invention meets those needs by providing a pet
food composition which improves several important clinical
inéicators in the renal patient and includes adequate protein,

25 has low phosphorus levels, improves metabolic buffering, and
lowers blood triglycefide levels in the animal. The pet food
composition of the present invention also repartitions nitrogen
in the animal by increasing nitrogen excretion via the colon.
The pet food composition of the present invention also

30 increases blood flow to the colon, increasing'the amount of
nitrogen excreted. Feeding an animal a diet comprising the
composition fesults in health benefits by reducing the strain
on the kidneys of the animal and improving clinical indicators
while providing improved metabolic buffering, and lowering

35 blood triglyceride levels. 1In addition, the increased colonic
blood flow promotes a healthy gut by keeping the colonic
tissues infused.



on the k| Bﬁ%&&gédthe ani mal and inproving clinical indicatgggusesodd! €

provi di ng nmet abol ic buffering, and |lowering 35 blood triglyceride
l evel s. I'n addition, the increased colonic bl ood fl ow pronotes a heal t hy
gut by keeping the colonic tlssues i nf used. - WD 98/ 43493

PCT/ US98/ 03072 -4- -4- In
accordance with one aspect of the present invention, a pet food
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metabollc fuel suc as, for example, glucose, to intestinal

cells. Also by maintaining the animal on the diet, the pet
20 food composition of the present invention also acts to reduce
BUN and creatinine levels in the animal.

Typically, the composition comprises from about 10 to
abouﬁ 32% crude protein, from about 8 to about 20% fat, from
about 3 to about 25% total dietary fiber, and the fermentable

25 fibers. Preferably, the pet food composition contains from 2
to 9 weight percent of supplemental total dietary fiber of
fermentable fibers. More preferably, the pet food composition
contains from 3 to 7 weight percent of supplemental total
dietary fiber of fermentable fibers. Most preferably, the pet

30 food composition contains from 4 to 7 weight percent of
supplemental total dietary fiber of fermentable fibers.

Preferably, the fermentable fibers have an organic matter
disappearance of 20 to 50 percent. More preferably, the
fermentable fibers have an organic matter disappearance of 30

35 to 40 percent. .

' The fermentable fibers are preferably selected from the
group consisting of beet pulp, gum arabic, gum talha (a form of
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The low-phosphorus embodiment of the pet food composition

20 comprises from about 10 to aboﬁt 32% crude protein, from about
8 to about 20% fat, and from about 3 to about 25% total dietary
fiber, with the percentage of phosphorus being less than about
0.25%, all percentages by weight. In order to maintain this
loﬁ phosphorus content while still providing an adequate amount

25 of amino acids, a combination of low phosphorus-containing
protein sources are utilized. Preferred low phosphorus sources
‘of protein for the composition include soy protein isolate and
corn gluten meal. Optionally, the composition further includes
L-lysine and L-tryptophan as amino acid supplements.

30 ~ Preferred percentages (by weight) of the protein and amino
acid components of the composition are: from about 5 to about
15% soy protein isolate, from about 0.5 to about 2.5% corn
gluten meal, from about 0.01 to about 0.22% L-lysine, and from
about 0.01 to about 0.22% L-tryptophan. A preferred weight

35 ratio of soy protein isolate to corn gluten meal to L-
tryptophan to L-lysine ig 420:46.5:5:1.
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Fig. 1 shows the oxidation of [1-'*C] butyrate by canine
intestinal cells; and . B
20 Fig. 2 shows the oxidation of [U-*C] glucose by canine
intestinal cells. .
The present invention uses a pet food composition
containing fermentable fibers to remove nitrogen from the blood
. of pet animals, to enhance blood flow to colonic tissues, and
25 to enhance metabolic fuel availability to intestinal cells.
The composition also, when fed to a companion animal such as a
dog or cat, results in an improvement in several clinical signs
associated with renal disease. This is accompliéhed by adding
Eibers having a certain range of fermentability to an animal 's
30 diet. These fibers are a preferred nutritional source for
bacteria in the colon, providing an increase in the quantity of
bacteria in the colon. These bacteria also require nitrogen to
.reproduce. That nitrogen is derived from urea drawn into the
intestinal lumen from the portal blood. Once it is inside the
35 intestinal lumen, the nitrogen from urea and carbon skeletons
from the fibers are synthesized into bacterial protein and

consequently excreted in the feces.
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the A& gatide evlclmias, for example, butyrates which are utilized by
enterocytes (cells in the small intestine) and colonocytes
(cells in the large intestine). Thus, the present invention
provides,both a direct fuel source to exogenous cell tissues in
the small intestine and colon as well as an indirect fuel

20 source (via increased colonic¢ blood flow) to endogenous cell
tissues. _ '

- Incorporation of fermentable fiber into the diet may also
have several other beneficial effects. These include.reducing
colonic histopathologies, increasing the weight of colonic

25 tissue or epithelial cell proliferation, and beneficially -
altering the intestinal microbiota. Short chain fatty acids
(SCFAs) produced by'fermentation of carbohydrates are '
associated with the trophic effects on colonic tissue and
inhibition of potentially pathogenic intestinal microbiota.

30 The present invention uses a pet food composition
containing fermentable fibers which display certain organic
matter disappearance percentages. The fermentable fibers used
in the present invention have an organic matter disappearance
(OMD) of from about 15 to 60 percent when fermented by fecal

35 bacteria in vitro for a 24 hour period. That is, from about 15
to 60 percent of the total organic matter originally present is
fermented and converted by the fecal bacteria. The organic
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20 350 mmol SCFA/kg of diet.

Millimoles of SCFAs per 1000 metabolizable energy
kilocalories are calculated by first calculating the total
Calories of metabolizable energy (ME) in a given diet
composition per kilogram of the composition. The number of

25 grams per 1000 kcal ME may be derived from the first
calculation. Then the grams, and thus millimoles, of the
fermentable fiber components of the composition may be

" calculated. ' _

The fermentable fiber of the present invention may be any

30 fiber source which intestinal bacteria present in the animal
can ferment to produce significant quantities of SCFAs.,
"Significant quantities"™ of SCFAs, for purposes of this
invention, are amounts over 0.5 mmol of total SCFAs/gram of
substrate in a 24 hour period. Preferred fibers include beet

35 pulp, gum arabic (including gum talha), psyllium, rice bran,
carob bean gum, citrus pulp, pectin, fructooligosaccharides,

mannanoligosaccharides and mixtures of these fibers. More
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whi ch dietary fiber" is defined as the residue of plant food which is

resistant to hydrolysis by animal digestive enzymes. The main
compénents of total dietary fiber are cellulose, hemicellulose,
pectiﬁ, lignin and gumé (as opposed to "crude fiber", which

20 only contains some forms of cellulose and lignin).
"Supplemental total dietary fiber" is that dietary fiber which
is added to a food product above and beyond any dietary fiber
naturally present in other components of the food product.
Also, a “flber source" is considered such when it consists

25 predominantly of fiber.

Other clinical indicators which are important to the renal
patient are levels of phosphorus, carbon dioxide, and
triglycerides in the blood. Abnormally high levels of
phosphorus often manifests itself during renal disease. One

30 embodiment of the present invention provides a low-phosphorus
content pet food composition containing from about 10 to about
32% crude protein, from about 8 to about 20% fat, and from
about 3 to about 25% total dietary fiber, with the percentage
of phosphorus being less than about 0.25%, all percentages by

35 weight. Low phosphorus levels slow the progression of renal
disease and manage hyperphosphatemia through diet. 1In order to
maintain this low phosphorus content while still providing an



20 onI y contains sone forns of cellul ose and | I gnin). "S

t ot al dleﬁﬂ?§ f3482r is that dietary fiber which S addege?éggﬁﬁ@zg
product above- and beyond any dietary fiber naturally present in other
conponents of the food product. Al so, a "fiber source" is considered
such when it consists 25 predom nantly of -flioker. O her clinical

I ndi cators which are inportant to the renal - patient are |levels of
phosphorus, _carbon di oxi de, and, triglycerides in the blood. Abnormally
hi gh | evel2feguate amapRbr o amiap Asddsedns thesdifetdum mpmieimdt b cafe.

One 30 emm» @msgﬁoms Eéﬁﬁ&ﬂhlh@VE)Eb't@inP%@ﬁ'z@%% A rleOWHARaSRNPr us

cont ent p%; %$n§85|th ontalnln from_about 10 to aboqut 32% crude
protein, r’%ﬁ# oP3BERRCTHS, FRrcefd Of BRPte iy fiar Fha awResdiien
t ot al m<ﬁanAﬁd@esoywprbtéhﬁ mebaanbagﬁd coth gh@&nﬂphw%JbEHMbdéxétéhan

o oar esS i PEE ERLAECRIGE SRR bronsiel SREGHRR BALP R A tath.

I n order G&OmernﬁamafhltnaSlbnmmghesp&eausmusnﬂenmadsI(andldﬂhqr(hodﬂr@
an AMRAAS &¢I %0p tlon?l ¥1n8he c8mp0s1t on fﬁ;ther J“ZW‘&% Iq3072

-10- adequat e anount o aci I'n t a conbi nati1 on "of
| ow phosp & AR hr hEYPEePEAR . samipes a&llésumllcbe@re nepleFsaTe e oan

phonPoru&gﬁnNHIE§ g?o@rné§1ﬂhtor t he conposition f |ncludﬁ Sﬁy prﬁtf|n

i sol ate,and cor ute ese high quality,
protelﬁ source§gﬂ%%?F¥%§nB?ﬁF§P agesgﬁbﬁéWﬁFg tb P& 5&@0@49£ﬁ3nlﬁﬁ§1¢mﬁﬁ9e
Mass, andanﬂdwc¢mpbmqnts bfintheoosmpOptitanal bye :t he feampabidutons ful tdlssut

i ncl udes n pt ci ds re necessary
to an Ig'rﬁ%rra % %fé@g-ﬁ& %él&% 2R0A ?gf)gl}:r gdgpérgcg\gné% (5%/ RYht )~ of
t he prot eiHUIRR dreadb, Eremi abevhpBrldt soosbohe GoR@ssLt-ilymiaes: and riwom
about 5 ! chiauito. 01 1646 aB¥uer 61958 150kheophhAl) ABOW bty Aty 5%

corn gl.uten ne rom about 2% L=Tysi ne,

about b%f%tol%tfbﬁtsw ZE%’EG%FbeBE)ﬁEﬁ tOACSFBf sﬂ%&we@rk €e5 Lt i 0 of soy
protein |s:ryqstaop1mmow gLyygmnareab gaok46.5:6ryptophan to L-lysine is

420: 46. 5: 5: 0Xi e Levels_in a

al so |nduxﬂ%ﬁgp% é?6¥ %a%%gg Fnlﬁnaﬁnﬁﬁﬁpag %2%5%55§§£%%ﬁg58§§es 5o

indicators of disturbances in an animal's acid-base balance.
Metabolic acidosis, a condition where too much acid is present

20 in the blood, often manifests itseif in an animal with renal
disease. Such a condition may be managed by adding potassium
citrate to the diet of the animal to improve metabolic
buffering.

The composition of the present invention also acts to

25 lower blood serum triglycerides in an animal with renal
disease. Lowering the level of blood triglycerides in an
animal with renal disease is important as high triglyceride
levels are often manifested with the disease. By altering the
levels of fats and fatty acids in the animal's diet,

30 triglycerides may be lowered.

The animal is fed a diet comprising from about 10 to about
32% crude protein, from about 8 to about 20% fat, all
_percentages by weight. The diet also includes fermentable
fibers which have an organic matter disappearance of 15 to 60
35 percent when fermented by fecal bacteria for a 24 hour period,
the fibers being present in amounts from about 1 to 11 weight
percent of supplemental total dietary fiber. Because the
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mediators.
In.order that the invention may be more readily
understood, reference is made to the following examples which
20 are intended to illustrate the invention, but not limit the
scope thereof. -

Exgmple 1
An experiment was conducted to determine the effect
that dietary fiber fermentability had on bécterial excretion in

25 the feces and the partitioning of waste nitrogen between the
urine and the feces. Twenty purpose bred female Beagles were
fed nutritionally complete diets that.contained one of four
fiber substrates: cellulose (low fermentability), beet pulp
(moderate fermentability, moderate fermentation rate),

30 fructooligosaccharide (FOS; moderately high fermentability,
rapid fermentation rate) and a blend of gum talha, beet pulp,
and FOS (see Table 1). The nitrogen content of the diet,
urine, and'lyophilized feces was determined and nitrogen
balance calculated (See Tables 2-5). Bacterial nitrogen

35 excretion was determined by analyzing lyophilized feces for
purine concentration. '
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Feeding fernmentable fiber to dogs decreased urinary nitrogen excretion
and increased fecal nitrogen excretion. The i ncreased fecal nitrogen
occurred due to an increased m crobial nitrogen excretion in the feces
that resulted fromfernentable 5 fiber consunption. This experinent
denonstrated that diet i nclusion of fernentable fiber can partition waste
ni t rogen fromthe urine to the feces.
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~13- Table 1 I ngr edi ent
Conposi t iwo sgi34Basal Di et - | ngr edi ent PCT/US98/03072
Percentage on a dry matter
basi s Pre-gel atinized corn starch to 100 5 Poultry
by- product neal 43.5 Poul try fat
12.8 Egg product 2.4 Chi cken liver
“meal 1.0 Brawer's dried yeast
1.0 10 Monosodi um phosphate : 1.0 Cal ci um
car bonat e 0.8 Pot assi um chl ori de
0.6 Vi tam ns Table 1 0.4 Chol i ne
chl ori de Ingredient Comp®sBtildn &ﬁfﬁﬁéﬁiiDiet
0.3  [P==hbihionixn — :
chlori de Ingredient 0.03 Per’dedita OhCq
* * el | ul ose diet: Sol ka Floc 6.0% 20 Beet pu diet: grgi pul p
6. 0% FOS di et : FOS 1. 5% Bmattedi dasis .Beet pul p
6. 0% ) FOS I. 5% Tabt=e
Dry Matt[g yzpdycornpstarehnt o to 100 fets Differin
in Filger S@wl%&y by p%hh@lcO&‘éalBeet Pul p FOS Bhenrd Dry Matte
I nt ake d 258 227 95 225 Lny Wertt-er
Di gest i Jtazy fat 84 85 87 g2.8 "
Egg product 2.4
Chicken liver meal 1.0
Brewer's dried yeast 1.0
10 § Monosodium phosphate 1.0
Calcium carbonate 0.8
Potassium chloride 0.6
Vitamins 0.4
Choline chloride 0.3
15 || Minerals 0.3
IlDL Methionine 0.1 “
nSodlum chloride 0.03 "
I[Flber source * "
* Cellulose diet: Solka Floc 6.0% .
20 Beet pulp diet: Beet pulp 6.0%
FOS diet: FOS 1.5%
Blend diet: Beet pulp 6.0%, Gum talha 2.0%, FOS 1.5%
Table 2
Dry Matter Intake and Digestibility of
25 Diets Differing in Fiber Source
Cellulose Beet Pulp FOS Blend
Dry Matter Intake g/d 258 224 195 225
Dry Matter
Digestibility % 84 85 87 82

Intake was numerically lower and digestibility higher for
30 the FOS diet. '



Intake was nunerlgally | ower and digestibility higher. for ng%ggs&§$h*yen.
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-14- Table 3 - Nitrogen
Excretion and Digestibility of Diets Differing in Source
of Fi ber Cel lul o0se Beet Pulp FOS Bl end Ni trogen intake
g/ d* 13.1 12.8 10.1 .1 5 Fecal nitrogen out put
g/d 1.6 1.8 1.7° 2.0 Urinary nitrogen
out put g/d 7.7 6.0 4.2 6.7 Ni trogen
bal ance g/d 3.8 5.0 Tébh1le 3 3.4 10 N trogen
digestibility % .. 87 g6 86 83 - Feca

ni trogen % of ni t rBYEFCYSR (B¥egetion ang PigestibilbiLy of 22 2

23.0 Ur i nary ni trOgenbl%tESlefEEeﬂ'llhgogﬁnS@&%E:ét e¢ Fiber82.8 76.9
77.8 | e
tended to ﬂeflect the nuneri cal céyﬂmh%k%n %%egbgg{éf_

i nt ake. Fdcat MrTTogen pUT|WaS_greatest ror—th

diets, 20 |l ge atetake aedt yllose 1¥nd | edst  fid. 8FOS .. ;

ni trogeg Qu %gggﬁlcally 1omer for degs fed Beefl Pul p, Bl end, anf
FOS dle?s %f?%%gen af ance was ¢reater forPBeet Pulp and FOS}diets

conpar ed t $4@ and Blend diets1.-6 Nitrogén&digéstili-dtylwas 2.0
great est f §b$i9%8§§nd'et 25 internegiate for the FOS and|Beet Pulp
diets and} or Blend diet. Fecal nitrogenjexpressedjas a
per cent agd Bg{¥agen ex bd wad -greater fé-%helBleddZietl, F@ Hie
and Nltrogen balance g/d4 3.8 5.0 4.7 + 3.4
10 } Nitrogen
digestibility % 87 86 86 83
Fecal nitrogen % of
Ilnitrogen excreted 17.2 23.1 ' 22.2 23.0

Urinary nitrogen % -
15 }| of nitrogen excreted 82.8 76.9 77.8 77.0

* g/d = grams per day

Nitrogen intake tended to reflect the numerical
differences observed in dry matter intake. Fecal nitrogen
output was greatest for the Blend and Beet Pulp diets,

20 intermediate for Cellulose and least for FOS diet. Urinary
nitrogen output was numerically lower for dogs fed Beet Pulp,
Blend, and FOS diets. Nitrogen balance was greater for Beet
Pulp and FOS diets compared to Cellulose and Blend diets.
Nitrogen digestibility was greatest for the Cellulose diet,

25 intermediate for the FOS and Beet Pulp diets and lowest for the
Blend diet. Fecal nitrogen expressed as a percentage of
nitrogen excreted was greater for the Blend diet, FOS diet and
Beet Pulp diets, as compared to the Cellulose diet. Urinary-
nitrogen output as a percentage of nitrogen intake was

30 numerically greater with the Cellulose diet.




Beef Pul p diets,

as conpared to the Cellul ose diet.

Uinary

ni trogen

output as a percentage of nitrogen intake was 30 nunerically greater with

the Cel lwbssasgizet . WO 98/ 43493 PCT/US98/03072
PCT/U898/03072 -15-

Tabl e 4 M crobial N trogen, and Bicinchoninic Acid (BCA)
True Protein in Feces of Dogs Fed Diets Differing in
Source of Fi ber Cel l ul ose Beet Pul p

Blend 5 Mcrobial nitrogen g/d 0. 315- 0.51 0. 38 0.54
BCA true protein g/d 0.95 1. 26 0. 67 1.48 % BCA
true protein 9.5 11.2 8.9 11.8

FCS

M crobial nitrogen output was greatefabder4pl end and Beet Pul p diets and
| owest for FOS and Cel lul ose diets. Qutput 10 of bicinchoninic acid (BCA)
true protein wa re t Bl end, inter dlatﬁ for t Pul p and

Cel | ul ose di et sihg’rﬁ? 511 rqqﬁn,t tﬂenq:(%“a‘r ORI ¢ r%‘é"‘s as a

per cent age of

f ecakrudlPratednedneFetes BﬁeDolepednmlﬂtend diets as

gggfgrgd O CE||UIOEFO§§quOW (%é;§§$%)e co Th througH t he
ioylc a er of dogs Cellulose | Beet Pulp TIH?ﬁ!!..W
0600 5 | MR28Yocbial nilf3Bgen g/4d2100 o.390g 0.51 0.38 O .
BCA true protein g/d 0.95 1.26 0.67
% BCA truq_gfptein. __ .9.5 11.2 8.9

Microbial nitrogen output was greatest for Blend and
Beet Pulp diets and lowest for FOS and Cellulose diets. Output
of bicinchoninic acid (BCA) true protein was greatest for
Blend, intermediate for Beet Pulp and Cellulose diets, and
least for the FOS diet.
fecal DM was greater for Beet Pulp and Blend diets as compared .
to Cellulose and FOS diets.

10

BCA true protein as a"percentage of

15 Table 5
Blood Flow (ml/min/100g of colon) through the
colic artery of dogs
Time X "
| (ml/min/ ‘
0600 1200 1630 2100 100g
colon)
Cellulose 12.3 14.8 10.7 12.0 12.5
Beet Pulp 13.9 14.1 12.7 12.2 13.2
20 FOS 22.6 15.0 11.7 12.4 15.4
Blend 17.6 | 14.8 13.9 13.4 14.9
The average blood flow to the colon was greatest with the
FOS and Blend diets, intermediate with the Beet Pulp diet, and
lowest with the Cellulose diet;
25 Example 2

An in vitro experiment was conducted to determine the
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PCT/ US98/ 03072 - 16- -

fermentabjlity of. fjprous sufstrates b cal of l_or a. Feces from
Lhr oo | ot AR L0 OF cHoARS SRR BV A9t SRR e

anaer obi cFedes of tam athfedsfemd bs Begkish Peinmnteddm uskday sland t hen

t he conce S r y m ned.

The resul s&g%ie‘ggh%%rgg 69%%79&%{3; “?"’f:(‘ahgfa]tO:%Lt'Etlsh0\;\%/@1 %#‘%ﬁ%&% q'?é% oc (a

cel | ul osefermenfied efons2s chawns | and \them-the moneanteatiionsef n@RYs cant

quant i 5y QhoFARabRl HPc OF OSLiLRs Wwhihd eqd ACtii s, Waghd fl%sm%s are shown
fermentabl e fiber. Fibers th| the co e of thelé) fﬂjent i nventi on,

such as ghtn P26 - xahbRatR R 2bi 1951 %€l ha, and
car ob beasmoywroeuceas naslsentﬁa]qmrnmm ﬂsrrméntabﬁCﬁﬁﬁt,h lat eimeeidyrat £1 ¢antt hat

pr oduced |hﬁf‘c§ t he
hi ghest q%%nl%@?y? 4;%%5%&% %gﬁglgs‘g%lﬂnps%r‘f an Se%?r%%u%?ﬁ e for
15 col onokgrmentable flber Flbers within the scapg)|ef ghe present

Short‘1@1aiﬁvgﬁi:ié‘nAC‘sQé‘hpégdg'ﬁﬁdei‘aﬁQQ i&@@ﬁaﬁaﬁ&rﬁr Idum arabic, beé¥
vari ous flbf substrates in oub gerlo
P, gum talha, an caro e produced moderate quantitieés of
SCFAs, intermediate to that produced by the Solka Floc and
lactulose. Also, beet pulp produced the highest quantity of
butyrate, which is an important energy substrate for

15 colonocytes.

Table 6

Short-Chain Fatty Acids produced by dog fecal bacteria
on various fiber substrates in a 24 hour period

Short-Chain Fatty Acid (mmol/g organic matter) “
Fiber

20 Substrate Acetate Propionate | Butyrate Total SCFA
Solka Floc 0.09 0.05 0.00 0.14
Oat Fiber 0.19 0.14 - 0.03 0.35
Gum Karaya D.61 0.01 0.02 0.64
Xanthan Gum 0.80 0.10 0.05 0.95

25 Gufn Arabic 0.62 0.47 0.40 1.49
Beet Pulp 2.03 0.80 0.70 3.01
Gum Talha 0.71 0.97 ~ 0.60 2.28
Carocb Bean 2.10 1.44 0.65 4.19
Locust -Bean 2.60 2.70 0.52 5.81

30 Fos! 2.86 2.52 .0.30 5.67
Pectin 4.54 1.76 0.54 6.84




Shoft-Chain Fatty Acid (mml/g organic matter) Fi ber

Acet at e Pr opi onat e Butyrate Tot al SCFA 20 Substrate Sol ka
Floc . wo93/4883 0.05 0. 00 0.14 PET/UBSN3072

0.19 0.14 0.03 . 0.35 Gunt Kar aya © . 0.61

0.01 0.02 0. 64 Xant han Gum 0. 80 0.10

0. 05 0.95 25 - “Gum Arabic 0.62 0. 47 0. 40

1.49 - Beet Pulp 2.03 0. 80 - 0.70 3.01

Gum Tal ha 0.71 0.97 -170. 60 2.28 Car ob Bean
2.10 1.44 0. 65 4.19 Locust Bean 2.60

2.70 . 0.52 5.81 30 FOS[ err] 2. 86 2.52

0.30 |_cBafayn Pectlin 3 o7 4249 L7841 236 |
6. 84 VI~ JOT HOF I - -

PCT/U8984bSDa2tulose | 3.a7 4.52 0 135 8 (Jar Guj
3. 07 — 0.41 . 20 Cactur 0se. g o EX | 3
4.52 1 err] Fruct ool i gosacchari des anpl e

5 InFr éﬁ?é@ﬁ%ﬁsﬁ%§%%§%ﬂ€Fb Eonducted to determ ne the per cent age
of organic matter di sappearance (QOVD) of fibrous substrates when exposed
to dog a 1éegal microflora. Three femal e English Pointers provi-ded
t he fe% sanp es for the dog anaerobic mcroflora. Feces from one

f emal e>and t wolPraY&t4® %%Eﬁ?%@ﬁ?%SWE¢¥eu@@ahm$Q¢m£¢rﬁﬁﬁﬁxmn@©u¢he of the
cat percentage of organic matter disappearance (OMD) of fibrous

substrates when exposed to dog and cat fecal microflora. Three
female English Pointers provided the fecal samples for the dog
anaerobic microflora. Feces from one female and two male
10 shorthairs were used as the inoculum source of the cat

anaerobic microflora. The amount of organic matter was
determined for various substrates. . Then, these substrates were
fermented for 24 hours and the amounﬁ of organic matter
remaining was determined. The results, . given as the percentage

© 15 of OMD, are shown in Table 7. The data shows that Solka Floc '
(a cellulose source) had the smallest percentage of OMD while
citrus pectin had the highest. Fibers within the scope of the
present invention, such as beet pulp, citrus pulp, carob bean,
and gum talha had intermediate OMD percentages.

20 ' Table 7
The Organic Matter Disappearance (%) of various substrates
after being subjected to Dog and Cat Fecal Microflora for 24

hours
Substrate Dog Microflora | Cat Microflora
25 Solka Floc 4.3 1.2
Gum Karaya 18.5 27.9 i
Xanthan Gum 28.0 21.1 "
_Gum Arabic 24.6 28.5
Beet Pulp ' 38.2 35.0
30 - Gum Talha - 36.3 35.3
Citrus Pulp | 44.3 -




anaerobic microflora. The anount of organic matter was de er&%@ﬁgﬁfor

various WMOIBMMIBs. Then, these substrates were ferment € ours
and the amobunt of organic matter remai ni ng was determ ned. The results,
given as the percentage 15 of OVD, are shown in Table 7. The data shows

t hat Sol ka Fl oc (a cellul ose source) had the small est percentage of OVD
whi | e citrus pectin had the highest. Fibers within the scope of the
present invention, such as beet pulp, ci&®ds pul p, carob bean, and gum
tal ha had internedi ate OVD percentages. - 20

Table 7 ; ' B4 9 '

after befng subjeetdsd BearPD@mand Cat Fecal M crgaf lgora forf 24 ahogirs
Substrat [ “DOg Mcroiftora Caj Mcroitora 25 SOl Ka FT o
4.3 Iponst Bean Gumq”nigﬁj%, 61.7 1972.2

27.9 XD &farfum 28 G 24,3
Gum Ar abfT 27476 - 2875

38. 2 i ectin 84.9 .

35.3 Ctrus Pulp 4473 - WD
98/ 43493 PCT/ US98/ 03072 B
-18- Car ob Bean Gum 49. 8 47. 8
LocustS BExanale 4 61.7 72.2 Guar Gum
;gg An iffvdtro experinedt WasP@ehdhcted to determine &hed

fermentability of selected fiber sources by dog fecal
microflora. Inocula came from dogs adapted to either a non-
fermentable fiber-containing diet (Solka Floc, a cellulose

10 source) or a fermentable fiber-containing diet (citrus pulp)
within the scope of the present invention.

Feces from three English Pointers adapted to each diet
were used as a source of microflora to evaluate short-chain
fatty acid (SCFA) production from carob bean, citrus pulp, and

15 citrus pectin substrates. The substrates were fermented for 6
and 12 hours. The results are shown in Tables 8 and 9. The

data indicates that acetate and total SCFA production was
gignificantly greater after 6 and 12 hours of fermentation from
dogs consuming the citrus pulp-containing diet, and may

20 indicate that cellulose (Solka Floc) causes a depression in
microbial activity.




5 Exanple 4 An in vitro experinment was conducted to determ ne the
fermentability of selected fiber sources by dog fecal m crof | or a.

| nocul a Wa98/43493m dogs adapted to either a non- f er mentP4HVES98/03072
fiber-containing diet (Solka Floc, a cellulose 10 source) or a fernmentable
fiber-containing diet (citrus pulp) wi thin the scope of the present

I nventi on. Feces fromthree English Pointers adapted to each diet
were used as a source of microflora to eval uate short-chain fatty acid
(SCFA) production fromcarob bean, citrd®-pulp, and 15 citrus pectin
‘substrates. The substrates were fernented for 6 and 12 hours. The
results are shown in Tables 8 and 9. e data indicates that acetate and
total SCFA production was signifﬁég;QWQgreater after 6 and 12 hours of
f er ment ddedatfer gmoduatdgm clomsbigran ef cxgarst pmigi-teait aifhisad kdi etlocand
ey 20 indi cate Lhatceerhy! Bago( BobkasFLACYar 2438 sandeRLESS! On TN

m crobial activity.

PCT/ US98/ 03072 -19-
Table 8 RCe & GUUCET O ( JITO1 7 YT T or o gart - et ter F—=Soca=FFt
and G tfus Pulp fibers on variogs sulSslkst gdloc Citrus Pulp
Sol ka Fjoc Citrus Pulp  fiber .  fiber . 1
fiber FrcobatT ot e tcubatTon 18
(hours) (hour s) Incubation time
6 12 Carob bean qubstr afgyurs)0- 38
0.47 5 Citrus pulp substrate 059 ' —139
Pectin § ) 4
Carob bean substrate 0.38 _
s kcitrus pulp substrate | 0.59 1.39 1.28 2.00
Pectin substrate 0.54 1.54 1.15 3.02
Table 9
- Total SCFA production (mmol/gram.of organic matter) of Solka :
Floc
10 and Citrus Pulp fibers on various substrates

Solka Floc Citrus Pulp '
fiber . fiber
Incubation time Incubation time
(hours) (hours)
Citrus pulp substrate 0.81 1.88 2.08 2,72
“ Pectin substrate 0.72 2.07 1.51 4.17 “
Example 5

Enterocytes and colonocytes were isolated from the
15 intestines of adult dogs and grown in vitro using procedures
modified from Kight and Fleming, J. Nutr. Biochem. 6:27 (1995)
and Marsman and McBurney, J. Nutr. 125:273 (1995). Metabolic
fuel usage by the cells was determined by measuring production
of O, from radio-labeled substrates. Oxidation rates (nmoles



Tabl e 9 Total SCFA production (rmDI /'gram of organic Sol ka
Floc 10 WO98M3493 5ng Citrus Pulp fibers on various subst rat@lﬁﬁs}oz’%

Sol ka Floc - Citrus Pulp fiber
fiber o | ncubation tine | ncubation tine
(hours) (hours) -20- 6 12

6 12 - Citrus pulp substrate 0.81 1. 88 2.08
2.72 Pectin substrate 0.72 2.07 4. 17

Exanpl e Bubstrate perchovytperang cefldndewt owtivem |fsmrafbd“£3ﬂohutth’@ali@
i ntestineg %Mfdutﬁ ’degsgén@o@reowrsmm ViddP L”-Sttﬂggg Qﬁ?ﬁ‘&%ﬁﬁne (. Hrfnied

from Ki ght and Fl em ng Nutr. Bi ochem Mar sman and
McBur ney WeEe N +5736¢ %985y 96 Melaﬁ'l?olal & = el %a‘@%nb?et he cells was

det er mi nexb]hsncsm;awélagdpnaducmon, 16QfL [renr.JoQ0=a1d 134 r@m_radBOfbabel ed
substrates, QXi déatrtltgnorages (nmol es WO 98/ 43493
PCT/ USS8/TG3V7Y° r - 20- subst rat e per

hour per ng cefigdry showsr fheooxfidaftdon Gf tiu.t-WGl ebutytrstelVpy: the

U ferr o) a Uderr were 13.5
b 6 b A 0o e S tha) S8Eys | bl hTabitE A DOy PR by VOIS 1S
1.0, and Senoayesolcelianine ths: desgpt e@testlne) mG. elltGﬁgm’t?ﬁe

oxi dationtd11d- iﬁrd;@] SRHLYM 3hechY iR wasaitnaffioetanBy mekliam The

oxi da boldgp é& ntatloﬁ with glucose (5mM), glutamine (2.5mM), or RB-
hydroxybutyric acid (BHBA) (5mM). Fig. 2 shows the oxidation
of [U-*C] glucose by the canine intestinal cells. The
oxidation of glucose (5mM) by colonocytes was not decreased by
the addition of 2.5 mM glutamine or 5 mM E-hyroxybutyraﬁe to
15 the media. 1In contrast, the addition of butyrate decreased
glucose oxidation by canine enterocytes.

From these results, canine enterocytes utilize butyrate
with a greater affinity than glutamine or glucose, while canine
colonocytes appear to utilize glucose and butyrate with equal

20 affinity. The implications of these observed results indicate
that feeding the dog a diet containing a source of fermentable
fibers which break down into short chain fatty acids provides a
source of metabolizable fuel to canine intestinal cells.
Additionally, as canine intestinal cells utilize glucose as a

25 source of fuel, the additional benefit of increased colonic
blood flow resulting from a diet containing fermentable fibers
enhances the availability of this important fuel source to
intestinal cells.

Example 6

30 _An experiment was conducted to determine the effects on.
certain clinical signs in dogs with renal disease. Table 10
below summarizes the percentage of calories derived from each
macronutrient in a conventional pet food diet versus the diet
of the present invention. Table 11 summarizes the results

35 obtained from four adult dogs suffering from renal disease and




col onocytes (cells in the large intestine) and enterocytes (cells in the
smal |- intestine) was not affected by nedi um 10 suppl enentation wth gl ucose
(5MV), gl 9gadaes (2. 5V, .or [err]- hydr oxybutyri c acid I(camwn@mi\/p
Fig. 5 shows the oxidation of [U-[err]C] glucose by the canine -
intestinal cells. The oxi dation of glucose (5nmV) by col onocytes was not
decreased by the addition of 2.5 mM gl L f"lm ne or 5 MM
[err]-hyroxybutyrate to 15 the nmedia. In cOntrast, the addition of butyrate
decr eased gl ucose oxidation by canine enter ocyt es. ' From t hese

results, J&:{Ba&eeeﬂ& ifcamﬁlwalll Bt bl&ﬁgéﬁﬁlnew bRo8pabeakS” c@.fxfadﬂ ty

t han gl ut amng_or ucos cani_ne col onocyt e ear to utilize
gl ucose SHPHAS, a‘?’é V\FthééfﬁgFlﬂ?%f]fei‘fﬁ]ﬁ/ Q%ér‘? nﬁécé?gﬁﬁs consudag
observed s udiét | 6fli ERkepresemd! ifraaditiipbn he dog a diet containing a
source of fernentable fibers which break down into short chain fatty
aci ds provides a source of netabolizable fuel to canine intestinal
cells. Addi tionally, as canine i ntBABLHEalOcells utilize glucose as a 25
sour cegof il % t i ni %‘)&
resul t| n P%#%%nnggglget% (}gcgrﬁl%en% rrlrlreErﬁé l@&%g@grﬁgﬁ%& ﬁglnccgsrm Sut!
avai | abi | Jt%/t%f this inportant fuel source to intestinal cells. -
Exanpl e 6 30 versud\'DEsPestNERE ‘P&%s@@ﬁdlﬁi\&dﬁﬂnﬁeﬁ@f bogst wethf Regka on
certain clinical signs in dogs with renal disease.” Table 10 bel ow
summar i zeS+¥FPPér cent age of calories derived from each macronutrient in
a conventional pet food diet versus the diet of the present invention.
Table 11 4 rizes the resul tai fromf s suffering
from renaﬁ %@lnsiease and tp&%ﬁg/ 4312%% Eéli-béﬁ%ﬁca(ﬁ%g

PCT/ US98/@307ent ional 10.6 38.7 50.821- conpar e
their cligbeahBRbnCr eabieni ne, phosphorus, carbon di oxi de, and
triglycerides :f'evel s hefore and after consum ng the diet of t he 7oresent
i nvent i orthe present 1nvent10n 12.9 7.3ABLE2 %02 - 31.

51.6

As can be seen, the diet of the present invention provides
15 a much greater percentage of calories from . protein and less
from fat than prior diets.



5 Percenta e of Calories From Each Macronutrient in Convent }Bgéjggsslg_ol;}' ets

versus D ¥OG¥4342 present Invention for Dogs Wth Renal

D et Protein Fat Car bohydrate 10 Conventi onal

10. 6 38.7 50. 8 For mul ati on of t he present invention
12.9 - 17.3 29.4 - 31.1 57.7 - 5k2@-~ As can be seen, the
diet of the present invention provides 15 a nuch greater percentage of
calories fromprotein and |ess fromfat than prior diets. WO
98/ 43493 TABLE 11 PCT/ US98/ 03072

-22- Summary of Results rFrotBlioukd Dogs BefordMEBRAYABteRESUl TS
From Four Dogs Before and Afte é% unln Di,et of the '
Present |nvention: cOnsgmlng Diet ofptjie Pregent f8Ventisfysphor us
CJerr] 5 Triglycerides Before a 60. 3 _3.4 5.9
19.0 240.0 Af t er .. D1.8 . 8 3

21.8 99.8 10 Nor nBPNRaf§Eat15108 o.4-"%¥°fph°n2sr-5.8 ‘?9?- 30

31-105 5 Triglycevides consuning the diet of the present invention, dogs
were fed agsigpdasd commeggi gl diely ysed with reng] gatients.;q g _

240.0 |
After 51.8 2.8 5.3 21.8
99.8
10 Normal Range 6-32 0.4-1.1  2.7-5.8 14-30 31-105

® Prior to consuming the diet of the present invention,'dogs
were fed a standard commercial diet used with renal patients.

While certain representative embodiments and details

15 have been shown for purposes of illustrating the inventiom, it
will be apparent to those skilled in the art that various
changes in the methods and apparatus disclosed herein may be
made without departing from the scope of the invention, which
is defined in the appended claims.




Whi I e certain representative enbod'mggsgammlgal‘,l s 15 have been shown for
purposes of illustrating the inve IOhRﬂﬁACﬂ)VMll be apparent ‘to those
skilled WO98M34988 t t hat vari ous met hods XRCI/GEIPAB0OTRUS

di scl osed herein nmay be made without departing from—m%
I nventi on, which I's defined in the appended cl ai ns
,IZ\STE{\IBE?DS/CE%\?K/E [recei véda- by the |nt23mul”mu"lmm|um, on

5 COctober 1998 (05.10.98); original cl*aifrs 1, M2 sanended
original clains 23-25 cancell ed,; CLAIMS remai ni ng cl ai ms
unchanged (3 pages)] 1. pet food, product conprising a copposition
cont ai ni (r:\lg 9’1‘ g?%rﬁ%ﬂ)‘?‘ ep??‘?)‘é&, c?‘&?ﬁlﬁégﬁeﬂt SOFPOSitdan GAREainiggaat
blend ledstedwpuigrmenrakbe hfiberguwhachbhavendn Drganic matter

f t ool igg f n an mat t er
dlrg;pggar a%??i%gég{?é %%*Hb%%%ﬁfﬂev\ﬂéi"Q%angg fg%"k?nq? e%alf g%?%fl a for a
24 hol? PacteFiadfior 13 r4 shower rperiogs esand :Enbmmng Eredent into 11
wei ght p%ﬁ@ﬁﬁt@ffrom avmienent sl 110&é£?ﬁte%§'ﬂéeh'tb%ff s ﬂ&&nentgfetBE

food prodyct of c m 1 wherein said pe conposi t1on contal ns
2 to 9 ' e T'of suppl enent al total dietary fiber of said -
fermentabl e fibers. 3. The pet food product of claim1l wherein said

pet food o 0sli nta s from3.to0 7_we .percen of S |.ement al
15 total 2di et ary fspeot Ofn° ‘f%?n%ﬁ]t SHRED F‘b&'bgreln St eﬂg@@ f ood

pr oduct GpmﬁQ§mﬁIpnMﬂpn&ann§ufrgthfbods weaghpopemcanuxnﬂzsmppleménﬂalo
[ eI 00 cRREACH; HariH AP R said! P eheflEERIRY £lithers of said Terment able

fibers. . The"pet food pro uct 0 al m wherel n said fermentabl e
20 fibers have an organic matter di sappearance of 20 to 50

3. The pet food product of claim 1 wherein said pet food
composition contains from 3 to 7 weight percent of supplemental .
total dietary fiber of said fermentable fibers.

4. The pet food product of claim 1 wherein said pet food
15 composition contains from 4 to 7 weight percent of supplemental
totgl dietary fiber of said fermentable fibers.

5. The pet food product of claim 1 wherein said fermentable
fibers have an organic matter disappearance of 20 to 50
percent.

20 6. The pet food product of claim 1 wherein said fermentable
fibers have an organic matter disappearance of 30 to 40
percent.

7. The pet food product of claim 1 wherein said fermentable

fibers are selected from the group consisting of beet pulp, gum

25 arabic, gum talha, psyllium, rice bran, carob bean gum, citrus
pulp, pectin, fructooligosaccharides, mannanoligosaccharides
and mixtures thereof. .

8. The pet food product of claim 1 wherein said fermentable
fibers are selected from the group consisting of beet pulp, gum

30 arabic and fructooligosaccharides.
This Sheet Has Been Re(ilaced




percent | The pet food product oS shHEETAAS sEERrlei n s 8;5§(p,tzabl e
fibers havwoz%“é”éanr c_matter di sappeaf anceReBfACED to 40 ?edrjré{é% 25 7.

The pet food product of claim1l wherei i 0 of beet pulp to

fruct oo s fromabout 3:1 to 6:1. WO 98/ 43493 '
PCT/ US9 %ﬁl I““l ﬂ“l -24- 27 8. The pet food

pr oduct al mnal wherein the weight ratio of beet pulp to gumto
fructool i gosaccharides is 6:2:1.5 9. The pet food product of claim1l
wherein sa?d coRpespetofiobdhprodast farladoutl olEsmishosptdrfermantable
per cent ageg; s a¥81 BBkt pulp hdd FRdorfieRibauadetagd. claim 1 in which
sai d conposition furt eP grrprr ses fernentable fibers selected fromthe
group consisting of psyllium rice bran, carob bean gum citrus pulp, 10

pectin, rramano'thg%aecmabad@&od@& BEX IdlGs tihananfein sa:t.dlfeiﬁﬁenﬁabléOOd
product of aim1 1n whi %)ri &? ferlrrent abl e fJ ntent of said
conposi t i oft c}ﬁ?’é?dgoppﬁﬁfagb&u end @F et AR PIs Tt of diet.

12. TheSspefrhovdohigdeatcchiardidesm 1 i n which said conposit | on 15- conpri ses

from about 10 to about 32% crude protein, from about 8 to about 20% fat,

and from about 3 to about 25%total dietary
11. The pet food product of claim 1 in which the total

fermentable fiber content of said composition yields from about
100 to about 350 mmol SCFA/kg of diet.

12. The pet food product of claim 1 in which said composition

10 comprises from about 10 to about 32% crude protein, from about
8 to about 20% fat, and from about 3 to about 25% total dietary
fiber, and wherein said composition has less than about 0.25%
phosphorus, all percentages by weight.

13. The pet food product of claim 12 in which said crude
15 protein is supplied from soy protein isolate and corn gluten
meal.

14. The pet food product of claim 12 in which said composition
further includes L-lysine and L-tryptophan.

15. The pet food product of claim 12 in which said composition

20 includes from about 5 to about 15% soy protein isolate, from
about 0.5 to about 2.5% corn gluten meal, from about 0.01 to
about 0.22% L-lysine, and from about 0.01 to about 0.22% L-
tryptophan.

16. The pet food'pro_duct of claim 12 in which the weight ratio
25 of soy protein isolate to corn gluten meal to L-tryptophan to
L-lysine is 420:46.5:5:1.

17. The pet food product of claim 12 further including

potassium citrate.
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fiber. - 13. The pet food product pbf,, m 12 rmwhi ch sald crude
protein is supplied fromsoy protein }so Vvlgluten 20 nea

14. . The W0 9%/43498 pr oduct of claim 12 _L]_JMJL’FI I d cohp05| PCEAIS9S/O002 t her

i ncludes L-lysine and L-tryptophan. 15. 'The pet foodproduct of claim
12 in which said conposition i ncludes from about 5 t

protein isolate, from25 about 0.5 to abo%g 2.5% corn gﬂmmw mﬂm
about 0.01 to about 0.22% L-1ysine, from about 0

L- trypt ophan. 16. The pet food product of claim112 in mhlch t he

wei ght ragio TheOi:e&OfolUde;ﬁldﬂucﬁQ'c% eci@;uﬁom $h UyBEcHBRhe! 2akily Wit ophan

bor) Uss B EaEESn 8a18i8Y ¥’ Far caloridk £n sa4d compositiche igegrRaser
product ®lhan| abaut2 of.4ot:ier i ncl udi ng potassiumcitrate. 18. The pet
food product of claim12 in which the ratio of protein calories to fat
calories in said conposition is greater 5 than about 0.40: 1.
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