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ANIMAL FEED COMPOSITION COMPRISING MUCOSA BYPRODUCT

Background

[0001] In food production, and specifically producing animal products such as milk, beet,
pork, eggs, chicken, fish etc., there is a constant need to improve production efficiency.
Production efficiency, i.e. producing the maximum quantity of animal products while

minimizing the time and/or cost of production for those products, is important in

maintaining a competitive advantage.

[0002] Producers are constantly trying to increase these production efficiencies. One way
of increasing production efficiencies is by altering the feed which ammals are fed. For
example, a feed with certain amounts of nutrients can cause an animal to grow or produce
animal products quickly and/or perform better, whereas a different feed with different
amounts of nutrients may cause an animal to grow or produce animal products on a more

cost effective basis.

[0003] Since feed often comprises the largest portion of total animal production costs,
providing well-balanced rations makes economic sense. When the ration 1s properly
balanced for energy and all other essential food nutrients, the amount of feed consumed will

generally determine an animal’s growth rate and feed efficiency.

[0004] For both economic and environmental reasons, there is continued pressure to make
productive of an increasing percentage of the waste material generated as a result of the
slaughter of animals, such as livestock. A major use of livestock waste or other by-products
is in the production of the blood anti-coagulant heparin. It has been estimated that over 90
wt.% of the heparin currently used as a blood anti-coagulant is obtained from porcine

intestinal mucosa.
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[0006] Mucosa byproducts associated with heparin extraction from mucosal material
typically contain chondroitin sulfate and other mucbpolysaccharides (also sometimes
referred to m the art as glucosaminoglycans' or “MBP”’). The mucopolysaccharides can
include one or more of a number of types of glucosaminoglycans, such as hyaluronic acid,
chondroitin sulfate, dermatin sulfate, keratin sulfate, heparin sulfate and heparin. Some of
these glucosaminoglycans have recently appeared in the human and nutraceutical industries
as treatments for arthritis and other cartilage related challenges. It should be noted that
other sources of glucosaminoglycans include, shellfish and plants, and sources of cartilage
such as trachea, aorta, nasal septa. Currently, the bulk of mucopolysaccharides (less
heparin) produced as a result of the heparin industry are often simply dumped as waste
material into the municipal sewage system and lost at a significant cost or the waste material

is routed back and combined into another byproduct stream (e.g., peptone product).

Summary

[0007] The present feed compositions may include compositions utilizing mucosa
byproducts derived from mucosal material such as digested gut material. Such mucosa
byproducts are typically derived from the residues from extraction processes employed to
isolate heparin from such materials. The mucosa byproducts utilized in the present feed
compositions commonly contain substantial amounts of mucopolysaccharides and nucleic
acid materials. The amount of protein and/or amino acid(s) present in the mucosa
byproducts employed in the present animal feeds is commonly quite low, e.g., no more than
about 5 to 10 wt.%. Due to the amount of nucleic acid material present, the mucosa
byproducts can typically contain up to about 50 wt.% crude protein. Since this latter value
is based on a measurement of the total amount of nitrogen in a material, the presence ot
other nitrogen-containing compounds (e.g., nucleic acids, ammonium salts and/or
clucosaminoglycans) can result in crude protein value that is substantially higher than the
actual amount of proteinaceous material in a sample. As used hereim, the term
“proteinaceous material” refers to the total amount of amino acid(s), protein and/or other
polypeptides present in agiven sample. The amount of crude protein in a sample can be
determined by the Kjeldahl method described in American Organization of Analytical
Chemists. AOAC Official Method 976.05 Protein (crude) in “Animal Feed. Automated
Kjeldahl Method,” AOAC 16" Ed., volume 1, chapter 4 subchapter 2, method 05. The
mucosa byproducts may be blended with and/or incorporated intoo carrier products, such as

soy hulls, soy flour, vegetable fiber, and the like before being mixed with other ingredients
-
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to form the preéent animal feeds. The inclusion of mucosa byproducts in an animal feed
can improve the weight gain and/or feed efficiency, particularly when ted to newly weaned

or intestinally challenged animals.

[0008] The animal feeds described herein may be advantageous used as feed for a wide
variety of animals. For example, such feeds may include pet foods which are used to feed
smaller domesticated animals such as dogs and cats. The feeds may also be designed for

use with larger animals, such as horses, dairy cattle and/or swine.

[0009] As used herein, the term “mucosal material” refers to material derived from animal
tissue having endothelial and/or mucosal components. Typical examples of such materials
include livestock by-products, including gastrointestinal, tracheal or bronchial tissues,
and/or other offal tissues. The process water of livestock or meat processing establishments
may also be employed. A particularly suitable source of mucosa raw material is pork
intestines. Particularly suitable examples of mucosal material for use producing mucosa
byproducts include the mucosa tissue is derived from intestines, e.g., porcine hash guts
and/or porcine intestinal mucosa. Additional sources of suitable raw material imnclude, for
example, intestinal skin, adventitia, trachea, lung and/or liver of animals such as pigs, cattle

and/or sheep.

[0010] The term “mucosa byproducts” 1s used herein to refer to materials derived by
removal of a substantial portion of proteinaceous materials from mucosal material. Mucosa
byproducts commonly include nucleic acid material and one or more mucopolysaccharides,
e.g., chondroitin A, chondroitin sulfate, dermatin sulfate, heparin sulfate, heparin or
mixtures of mucopolysaccharides which include these compounds. Typically, the mucosa
byproducts include at least about 10 wt.% nucleic acid material; at least about 20 wt.%
mucopolysaccharides; and no more than about 10 wt.% proteinaceous material. More
suitably, the mucosa byproducts include at least about 15 wt.% nucleic acid material and,
more preferably at least about 20 wt.% nucleic acid material. Mucosa byproducts, which
include at least about 25 wt.% nucleic acid material; at least about 30 wt.%
mucopolysaccharides; and no more than about 5 wt.% proteinaceous material, are

particularly suitable for use in the present animal feeds..

[0011] Asreferred to herein, the term “nucleic acid material” includes nucleic acids,

nucleotides, nucleosides, and/or nucleic acid-derived bases. Examples of suitable
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nucleotides include adenylic acid, guanylic acid, cytidylic acid, thymidylic acid,
uridylic acid, inosinic acid, and/or the salts thereof. Examples of suitable
nucleosides include guanosine, deoxyguanosine, adenosine, deoxyadenosine,
cytidine, deoxycytidine, thymidine, deoxythymidine, uridine, deoxyuridine, inosine
and/or deoxyinosine. Examples of suitable bases of the structural components of
nucleic acids include salts of guanine, cytosine, thymine and uracil and/or adenine,
e.g., hydrochloride salts of one or more of these purine and pyrimidine bases. The
present animal feeds include nucleic acid material, which may commonly contain
the nucleotides, the nucleosides and/or the purine and pyrimidine bases of the
structural component of nucleic acids. Mixtures of purine and pyrimidine bases,
e.g., mixtures of AMP, GMP, UMP and CMP may be obtained by hydrolyzing
ribonucleic acid (e.g., from a yeast) with 5'-phosphodiesterases into 5'-nucleotides.
To obtain a mixture of IMP, GMP, UMP and CMP, the mixture of AMP, GMP, UMP

and CMP may be treated with one or more deaminases.

According to one aspect of the present invention, there is provided
an animal feed comprising 0.1 to 2.5 wt.% based on total feed weight of a mucosa
byproduct; wherein the mucosa byproduct includes based on total byproduct
weight at least about 10 to 80 wt.% nucleic acid material; 20 to 90 wt.%

mucopolysaccharides; and no more than about 10 wt.% proteinaceous material.

According to another aspect of the present invention, there is
provided a method of making an animal feed as described herein comprising the
steps of: (a) making a mucosa byproduct as described herein comprising the steps

of: (i) digesting animal mucosal material to form a mucosal digest; and

(i) removing a protein-enriched stream from the mucosal digest to provide a
polyanionic-enriched stream, which includes mucopolysaccharides and nucleic
acid material, so as to provide the mucosa byproduct; and (b) mixing the mucosa

byproduct with one or more animal feed ingredients other than the mucosa

byproduct to form the animal feed.



CA 02489662 2010-10-27

74179-5

Detailed Description -

|0012] The present application provides animal feeds which may include
mucopolysaccharides and a somewhat elevated level of nucleic acid material in addition to
the nutrient profile which i1s commonly present in such a feed. For example, the ammal feed
may include a mucosa byproduct produced by a process which includes digesting animal
mucosal material to form a mucosal digest; separating the mucosal digest to provide a
protein-enriched stream (1.€., a process stream enriched 1n proteinaceous material) and a
polyanionic-enriched stream (in this mstance, the “mucosal byproduct), which includes
mucopolysaccharides and nucleic acid material. Mucosal byproducts suitable for use in the
present animal feeds can commonly include about 10-40 wt.% nucleic acid material and up
to about 80 wt.% mucopolysaccharides. More desireably, such mucosal byproducts include
at least about 20 wt.% mucopolysaccharides. The present feed may include about 0.1 to 2.0
wt.% of the mucosa byproduct: Such feeds may commonly include about 100 ppm to 5000
ppm mucopolysaccharide(s), such as chondrottin material. These feeds also typically
include about 150 to 4,000 ppm nucleic acid material. As used herein, the term
“chondroitin matenal” refers to any compounds which include a chondroitin moiety and
may also mnclude other functional groups such as sulfate groups. For example, the
chondroitin material in a given sample may include chondroitin and/or chondroitin sulfate.

The mucosa byproduct commonly includes about 50 wt.% chondroitin material. The

- 43 -
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present feeds advantageously may include about 100 ppm to 2500 ppm
mucopolysaccharides, such as chondroitin material. For certain applications, feeds which
include about 100 ppm to 600 ppm chondroitin material may be particularly useful. For
other applications, feeds which include about 1,000 ppm to 3,000 ppm

mucopolysaccharides and about 2,000 ppm to 4,000 nucleic acid material may be desirable.

[0013] In one embodiment, the present animal feed may have a nutrient profile which

~ includes crude protein, fat, fiber, lactose, mucopolysaccharides and nucleic acid material.
For example, such an animal feed may include about 18 to 30 wt.% crude protein; about 1
to 6 wt.% fat; about 2 to 6 wt.% fiber; about 5 to 30 wt.% lactose; at least about 0.1 wt.%
mucopolysaccharides; and about 0.05 to 0.6 wt.% nucleic acid material (more commonly
about 0.1 to 0.5 wt.% nucleic acid material). Feeds of this type may be suitable for use in
effectively feeding young pigs and can be particularly suitable for feeding weaning piglets.
When used to feed weaning piglets, the present feeds commonly include about 0.2 to 0.4
wt.% nucleic acid material and about 0.1 to 0.3 wt.% mucopolysaccharides (e.g., a mixture

which includes heparin and chondroitin sulfate).

[0014] Another embodiment of the present animal feed 1ncludes a mucosa byproduct,
which includes at least about 15 wt.% nucleic acid material; at least about 20 wt.%
mucopolysaccharides; and no more than about 10 wt.% protein. In an even more desirable
example, the mucosal byproduct used to form an animal feed mcludes at least about 20
wt.% nucleic acid material; at least about 20 wt.% mucopolysaccharides; and no more than
about 5 wt.% proteinaceous material. In an even more suitable formulation, the present
animal feed may include a mucosa byproduct which includes at least about 25 wt.% nucleic

acid material (e.g., about 25 to 40 wt.% nucleic acid material).

[0015] Methods of enhancing the utilization of feed by animals are also provided herein.

-~ Such methods may include enhancing the utilization of feed 1n an animal by feeding the
animal a feed, which includes a mucosa byproduct. The mucosa byproduct can be produced
by a process which includes digesting animal mucosal material to form a mucosal digest;
separating the mucosal digest to provide a polyanionic-enriched stream, which mcludes
mucopolysaccharides and nucleic acid material, and a protein-enriched stream. In other
embodiments, the methods may include feeding an animal a feed composition including a
mucosa byproduct; where the mucosa byproduct includes at least about 10 wt.% nucleic

acid material; at least about 20 wt.% mucopolysaccharides; and no more than about 10 wt.%

5.
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proteinaceous material. In certain embodiments, the methods may include feeding the
animal a feed which includes about 18 to 50 wt.% crude protein; about 1 to 6 wt.% fat; at
least about 0.01 wt.% mucopolysaccharides; and about 0.01 to 0.6 wt.% nucleic acid
material. In many instances, the feed preferably includes about 18 to 30 wt.% crude

protein. Such feeds may also include about 5 to 30 wt.% and, more desirably, about 5 to 20

wt.% lactose.

[0016] Mucosa byproducts are commonly derived from products from the slaughter of
animals. For example, mucosa product may be obtained by treating via hydrolysis of
porcine hash gut, intestinal mucosa, and/or any animal tissue having an endothelial or
mucosal component to provide a crude hydrozylate material. The crude hydrozylate
generally contains mucopolysaccharides, nucleic acid material, and peptones. The
hydrozylate is often processed, €. g.. by passage through an appropriate ion exchange resin,
to separate heparin and other polyanionic materials from peptones. This may be carried out
by passing the crude hydrozylate through a column filled with the 10on exchange resin. The
heparin and other anionic materials are bound to the column and may be released by
flushing the column with salt solutions. After release of the bulk of the bound heparin, the
column may be flushed with a solution having a higher salt concentration to provide a post-
column flush material. Such post-column flush material 1s also referred to herein as
“mucosa byproducts”. During processing, prior to digestion the raw mucosal material may
be subjected to an initial ultrafiltration or reverse osmosis operation to reduce the water and

salt content of the starting material.

[0017] Scheme 1 below provides a schematic diagram of a typical process used to 1solate

heparin and/or other mucopolysaccharides from mucosal material.
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Scheme 1
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[0018] In the process depicted in Scheme 1, an aqueous solution containing mucosa
material, e.g., from the livestock offal, is commonly chemically (acid or alkaline) or
enzymatically digested to produce material which includes peptones (also referred to in the

7-
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art as protein hydrolysates). Once concentrated and dried the protein hydrolysates are
commonly referred to as porcine soluble products. These products have been used as
sources of amino acids, seasoning agents, and palatability enhancers and in nutrition, among

other thiﬁ o8,

[0019] After digestion, the protein hydrolysates are typically further processed as shown
in Scheme 1 to remove much of the nucleic acid material and mucopolysaccharides which
may be present. For example, the digested animal solution may be depleted of “mmpurities’,
including heparin: and certain other anionic and polyanionic impurities, by selective sorption
onto an anion exchange resin. The resin is then generally flushed to release bound heparin
and residual bound material is recovered by subsequent washing of the resin (e.g., with a
higher salt content solution). In some instances, the recovered residual bound material may
be further treated to recover other specific mucopolysaccharides, such as chondroitin sulfate
or dermatin sulfate. This may be accomplished by selective sorption onto an anion
exchange resin, usually accomplished via passage of the recovered residual bound material
through one or more additional ion exchange columns (as shown in Scheme 1). The
mucosal byproducts employed in the present feed compositions may include the recovered
residue from the heparin column and/or recovered residue from one or more other resin

sorption processes used to isolate other mucopolysaccharides.

[llustrative Embodiments

[0020] The present animal feed may include a mucosa byproduct produced by a process
which includes digesting animal mucosal material to form a mucosal digest. The mucosal
digest may then be separated to provide (1) a polyanionic-enriched stream, which includes
mucopolysaccharides and nucleic acid material, and (2) a protein-enriched stream. The
process used to produce the mucosa byproduct may also include separating the polyanionic-
enriched stream to provide (1) a residue stream, which includes mucopolysaccharides and
nucleic acid material, and (2) a heparin-enriched stream. For example, this may be carried
out by passing polyanionic-enriched stream through a cationic exchange resin and
subsequently flushing the resin with a gradient of salt solutions to flush bound materials off
the resin. Typically, a heparin-enriched stream is flushed off the resin by salt solutions
having a lower salt concentration and the remaining residue is flushed off the resin by
higher salt concentrations. In some instances, the residue stream may be further processed

to provide an mucopolysaccharides-depleted residue stream, which includes nucleic acid

_8-




CA 02489662 2004-12-16
WO 2004/000035 PCT/US2003/019324

material and lower levels of mucopolysaccharides and an mucopolysaccharides-enriched
stream, which includes mucopolysaccharides such as chondroitin sulfate, dermatin sulfate

or a mixture thereof.

[0021] The mucosa byproducts employed in the present animal feeds typically include
heparin, chondroitin sulfate, dermatin sulfate or a mixture thereof together with a substantial
amount of nucleic acid material. The mucosa byproducts may also contain relatively low
amounts of other components such a hydrolyzed protein, ash. Due to the nature of the
processing employed, the fat content of the mucosa byproducts is generally quite low, e.g.,
no more than about 1 or 2 wt.%. In some instances, the mucosa byproduct has a
mucopolysaccharide/nucleic acid material weight ratio of at least about 1.0, 1.e., the mucosa
byproduct includes a larger amount (on a weight basis) of mucopolysaccharides than

nucleic acid material.

[0022] The present feed may be derived from animal mucosal material which mcludes
livestock by-products including gastrointestinal tissue, tracheal tissue, bronchial tissue or a
mixture thereof. A particularly suitable source of the animal mucosal material used to

produce the mucosa byproducts is porcine hash guts.

[0023] Another embodiment present animal feed may have a nutrient profile which
includes crude protein, fat, fiber, lactose, mucopolysaccharides and nucleic acid material.
For example, such an animal feed may include about 18 to 30 wt.% crude protein; about 1
to 6 wt.% fat; about 5 to 30 wt.% lactose; at least about 0.1 wt.% mucopolysaccharides; and
about 0.05 to 0.6 wt.% nucleic acid material. Such animal feeds more commonly include
about 0.1 to 0.6 wt.% nucleic acid material and, more desirably, about 0.2 to 0.5 wt.%
nucleic acid material. Mucosa byproducts suitable for use in producing the present teed
typically include about 10 to 40 wt.% nucleic acid material; about 20 to 45 wt.%
mucopolysaccharides; and no more than about 10 wt.% crude protein. The mucosa
byproduct commonly has an ash content of about 15 to 30 wt.%. The mucosa byproduct 1s
suitably incorporated into the feed such that it makes up about 0.1 to 2.5 wt.% of the total
weight of the feed. In some instances the feed more desirably includes about 0.2 to 1.5
wt.% of the mucosa byproduct. Where the feed is designed to be used with young pigs,
feeds which include about 0.2 to 0.5 wt.% nucleic acid material, may be particularly

desirable. More preferably, such feeds include about 0.2 to 0.4 wt.% nucleic acid material.

0.
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The nucleic acid material can include nucleic acids, nucleotides, nucleosides, nucleic acid-

derived bases or a mixture thereof.

[0024] In yet another embodiment, the present animal feed may have a nutrient profile
which includes crude protein, fat, lactose, mucopolysaccharides and nucleic acid material.
For example, such an animal feed may include about 18 to 30 wt.% crude protein; about 1
to 6 wt.% fat: about 5 to 30 wt.% lactose; at least about 0.1 wt.% mucopolysaccharides; and
about 0.1 to 0.6 wt.% nucleic acid material. Feeds of this type may be suitable for use in
effectively feeding young pigs and can be particularly effective for use with yoﬁnger pigs.
Such feeds may be designed to include substantial levels of other components, e.g., about
100 to 300 ppm Cu and/or about 1,000 to 4,000 ppm Zn. The present animal feeds
commonly include nucleic acid material which has a purine/pyrimidine ratio of about 1.0

but in some instances the nucleic acid material may have a purine/pyrimidine ratio of about

1.5 or greater.

Examples

[0025] The following examples are presented to illustrate the present invention and to

assist one of ordinary skill in making and using the same. The examples are not intended 1n

any way to otherwise limit the scope of the invention.

Example 1 - Nutrient Analysis

[0026] Three batches of spray dried mucoa byproducts (“MBP”) were analyzed by HPLC

(High Performance Liquid Chromatography) as well as for moisture content, crude protein
content and crude ash content. The results of the analysis are presented in Table 1 below

together with the composition for a typical batch of mucosa byproduct suitable for use in the

present animal feeds.

-10-
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Table 1.
Approximate Nutrient Composition of Mucosa Byproducts.

Nutrient/characteristic MBP 1B

Appearance Off white to tan | Off white to tan | Off white to tan | Off white to
colored, Powder | colored, Powder | colored, Powder I tan powder
Moisture, wt.% | Wl_"ifs_w{% ] - | 8-25 wt.%
Crude Protein (wt.%) IW“% wt% | - | 20-50 wt.%
Crude Fat (wt.%) 00wi% | 0.16 wi% - | <0.25 wt.%
Crude Ash (wt.%) 240wt% | 23.7wt% 1 20-45 wt.%
Heparin (wt.%) - - 14wt% 3.8 wt.% 5-30 wt.%
Chondroitin A (wt.%) T 8 Twt% | 17wt% 5-20 wt.%

15 wt.% <0.1wt% | 0-20 wt.%

|

Dermatin (wt.%)

Heparin SO4 (wt.%) -~ | Detected Detected | Detected
Total Heparin + I - | 318 wt% [ 25.8wt% | 10-40 wt.%
Chondroitin A -+

Dermatin (wt.%) | |

Nucleic Acids (wt.%) 15.9 wt.% 10-40 wt.%
— T
Protein (wt.%) = 1.6 wt.% >4 wt.% 0-10 wt.%

Example 2 - Initial Dose Response Trial with Mucosa byproducts (MBP).

[0027] Mucosa byproducts were tested as a substitute for porcine digest (a protein
hydrozylate derived from swine hash guts; available as Protein Plus® feed additive
(available from RDE, Inc, Crystal lake, Illinois). A dose response approach with a
negative (no porcine digest) and positive control (with 2.5 wt.% porcine digest) was
conducted. Pigs (n = 144) were weaned at approximately 19 days of age, blocked by
weight and allotted to 6 treatments at the start of phase 1 and phase 2. Phase 1 (first 7

days post weaning) pigs weighed an average of 12.4 & 2.7 Ibs. Phase 2 (day & to 20 post

weaning) pigs weighed 15.3 & 3.1 Ibs.

_11-




CA 02489662 2004-12-16

WO 2004/000035 PCT/US2003/019324

[0028] The diets included mucosa byproduct MBP 1A and were formulated to:

Phase 1. . Phase 2
23.0 wt.% CP 21.0 wt.% CP
4.8 wt.% Fat 2.4 wt.% Fat
1.53 wt.% Lys 1.30 wt.% Lys
0.98 wt.% Ca 0.91 wt.% Ca
0.86 wt.% P 0.79 wt.% P
0.47 wt.% Na 0.3 wt.% Na
126 ppm Cu 250 ppm Cu
2660 ppm Zn 2660 ppm Zn
3375 kcal ME 3200 kcal ME

18.2 wt.% Lactose  11.1 wt.% Lactose

[0029] The Phase 1 results (see Table 2) indicated that inclusion of mucosa
byproducts (“MBP”) in the diet increased gain and improved feed efficiency. Mucosa

byproducts improved gain and feed efficiency equal or greater than 2.5 wt.% porcine

digest at a much lower inclusion rate compared to the negative control treatment.

[0030] The Phase 2 results (see Table 3) showed an increased gain and improved feed

efficiency of mucosa byproducts compared to the both the negative and positive control

freatments.
Table 2.
Pig Performance in Phase 1

Dietary Gain Feed intake Feed
Treatment (Ibs/d) (Ibs/d) Efficiency

egative Control 0.37 0.43 1.21
0.10 wt.% MBP 0.38 0.42 1.18
0.20 wt.% MBP 0.42 0.46 1.17
0.30 wt.% MBP 0.45 0.47 1.12
0.40 wt.% MBP 0.43 0.43 1.06
2.5 wt.% Porcine Digest 0.40 0.43 1.12
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Table 3.
Pig Performance in Phase 2
Dietary Gain Feed intake Feed
Treatment (lbs/d) (Ibs/d) Efficiency
Negative Control 0.85 1.05 1.25
0.10 wt.% MBP 0.85 1.06 1.25
0.20 wt.% MBP 0.88 1.16 1.33
0.30 wt.% MBP 0.88 - 1.09 1.27
0.40 wt.% MBP 0.85 1.05 1.24
2.5 wt.% Porcine Digest 0.85 1.14 1.35

Example 3 - Effect of MBP or Protein Hydrolyzate on Performance

[0031] Mucosa byproducts (MBP) were compared to porcine digest (Protemn Plus®
feed additive) and tested for possible interactions. A dose response experiment of MBP
in diets with and without 2.5 wt.% porcine digest was conducted. Pigs (n = 144) were
weaned at approximately 19 days of age, blocked by weight and allotted to 8 treatments
at the start of phase 1 and treatments were carried over into phase 2. In phase 1, first 7
days post weaning, pigs had an average start weight of 14.3 lbs. In phase 2, day 8 to 20
post weaning, pigs had an average start weight of 17.3 lbs.

[0032] The diets included mucosa byproduct MBP 1B and were formulated to:

Phase 1 Phase 2

23.0 wt.% CP 19.5 wt.% CP
5.1 wt.% Fat 2.7 wt.% Fat
1.54 wt.% Lys 1.30 wt.% Lys
0.98 wt.% Ca 0.92 wt.% Ca
0.85 wt.% P 0.80 wt.% P
0.44 wt.% Na 0.32 wt.% Na
124 ppm Cu 250 ppm Cu
2660 ppm Zn 2650 ppm Zn
3400 kcal ME 3200 kcal ME

17.8 wt.% Lactose 10.8 wt.% Lactose

[0033] Protein Plus™ feed additive inclusion in diets in Phase 1 resulted 1n an
increased average daily gain and average daily feed intake (see Table 4). Feed
efficiency tended to 1mprove with Protein Plus® feed additive addition. Growth
performance of pigs fed different levels of MBP was different between diets with

and without Protein Plus® feed additive. Increasing levels of MBP tended to
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increase average daily gain linearly in diets without Protein Plus® feed additive,
while no effect was seen in diets with Protein Plus® feed additive. MBP diet not
affect average daily feed intake significantly. Feed efficiency tended to improve
linearly with MBP addition regardless of Protein Plus® feed additive inclusion.
However, Improvements in feed efficiency were greater 1in diets without Protein

Plus® feed additive. Interactions between MBP and Protein Plus® feed additive

were not observed.

[0033] Numerically, The beneficial effect of MBP 1inclusion in non-Protein Plus®
feed additive containing diets seemed to plateau at the .4 wt.% MBP level.. Addition
of MBP to a Protein Plus® feed additive containing diet seemed to improve feed

efficiency numerically, however, a low level of MBP (.2 wt.%) gave the best result.

Table 4.

Pig Performance in Phase 1

Dietary Feed intake
‘Treatment (Ibs/d)
0 wt.% MBP, 0 wt.% PP 0.36 0.44 1.37
2 wt.% MBP, 0 wt.% PP 0.39 0.44 1.21
4 wt.% MBP, 0 wt.% PP 0.43 0.48 1.17
6 wt.% MBP, 0 wt.% PP 0.43 0.47 1.13
0 wt.% MBP, 2.5 wt.% PP 0.48 0.49 1.18
2 wt.% MBP, 2.5 wt.% PP 0.49 0.52 1.09
4 wt.% MBP, 2.5 wt.% PP 0.42 0.50 1.14
.6 wt.% MBP, 2.5 wt.% PP 0.46 0.50 1.13

[0034] In Phase 2, diets containing Protein Plus® feed additive resulted in a
decreased average daily gain and average daily feed intake, while feed efficiency
was not significantly affected (see Table 5). Inclusion of MBP did not result in
significant changes in average daily gain, average daily feed intake, and feed
efficiency. Numeric results showed a decrease in average daily gain and average
daily feed intake in diets containing Protein Plus® feed additive. No interactions
were observed between MBP and the Protein Plus® feed additive. Also the
response to MBP was reduced when diets also contained the Protein Plus® feed

additive.
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Table 3.
Pig Performance in Phase 2
Dietary Gain Feed intake Feed
Treatment (Ibs/d) (Ibs/d) Efficiency

.0 wt.% MBP, 0 wt.% PP 0.99 1.27 1.30
2 wt.% MBP, 0 wt.% PP 1.02 1.26 1.24
4 wt.% MBP, 0 wt.% PP 0.96 1.21 1.33
6 wt.% MBP, 0 wt.% PP 0.98 1.28 1.32
0 wt.% MBP, 2.5 wt.% PP 0.93 1.21 1.31
2 wt.% MBP, 2.5 wt.% PP 0.87 1.18 1.36
4 wt.% MBP, 2.5 wt.% PP 0.85 1.15 1.36
.6 wt.% MBP, 2.5 wt.% PP 0.87 1.15 1.34

[0035] Adding Protein Plus® feed additive improved growth responses in phase 1
and reduced growth responses in phase 2 of the nursery. However, 1t is believed that
the response is not reflective of the commercial situation; rather, the animals 1n these

trials were under minimal stress and therefore, the decreased response was observed.

[0036] The use of increased levels of MBP improved average daily gain and feed
efficiency linearly, while feed intake was not affected. The average daily gain
response seemed to plateau at 0.4 wt.% MBP inclusion, while feed efficiency
appeared to maintain a linear response. Phase 1 showed the largest magnitude of
response while the response in phase 2 was more marginal. The larger response 1n
Phase 1 could be due to a higher need on the part of the pigs at this development
stage for nucleotides to regenerate the intestinal villi. The vill1 generally degenerate
due to reduced feed intake after weaning. During Phase 2, the intestinal epithelium

of the pigs is generally considered to be regenerated, and the need for nucleotides

would be expected to be reduced.

Example 4. Comparison MBP with Synthetic Nucleotides

[0037] The objective of the study was to compare the effect of mucosa byproducts
(MBP) versus a synthetic source of nucleotides (NTs). Therefore the mucosa
byproducts were tested individually and in combination. The nucleic acid content was
tested with synthetic nucleic acids (“NTs” is a 50:50 mixture of IMP + GMP; available
commercially from Ajinimoto) and purified chondroitin sulfates (“CS”; Nutraceuticals
Group of Cargill, Minneapolis, MN). In addition to a negative control, two additional
treatments were included. One examined the additivity of added synthetic nucleotides

and chondroitin sulfate. The final treatment included the MBP stream from the initial
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trial (described in Example 1 as MBP 1B) as a positive control. The level of MBP was
selected to provide a similar level of added nucleotices and chondroitin sulfate as that

found 1n the combined treatment.

[0039] Pigs (n= 144) were weaned at approximately 19 days of age, blocked by
welght and allotted to 8 treatments at the start of phase 1 and phase 2. In phase 1, first 7
days post weaning, pigs had an average start weight of 13.2 Ibs. In phase 2, day 8 to 20
post weaning, pigs had an average start weight ot 15.8 Ibs.

[0040] Diets were formulated to:

Phase 1 Phase 2

23.6 wt.% CP 20.2 wt.% CP
5.5 wt.% Fat 2.7 wt.% Fat
1.56 wt.% Lys 1.31 wt.% Lys
0.99 wt.% Ca 0.90 wt.% Ca
0.86 wt.% P 0.78 wt.% P
0.53 wt.% Na 0.37 wt.% Na
124 ppm Cu 250 ppm Cu
2650 ppm Zn 2650 ppm Zn
3400 kcal ME 3200 kcal ME

17.8 wt.% Lactose 10.8 wt.% Lactose

[0041] Growth performance in Phase 1 only showed numerical differences
between treatments. This is consistent with the previous project regarding MBP.
Inclusion of either nucleic acids and MBP improved average daily gain and average
daily feed intake. The treatments with 0.24 wt.% added nucleotides and 0.75 wt.%
MBBP performed equally the same and were the treatments with the best numeric
performance. Oddly, the combined treatment of 0.24 wt.% added nucleotides and
0.07 wt.% chondroitin sulfate preformed the poorest. These numeric results are

consistent in strength and direction with previous projects.
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Table 6.
Pig Performance in Phase 1
Dietary Gain Feed intake Feed
Treatment (Ibs/d) (Ibs/d) Efficiency
Neg Citrl | 0.38 0.46 1.31
0.12% NTs 0.40 0.48 1.56
0.24% NTs 0.42 0.50 1.32
0.36% NTs 0.40 0.47 1.36
0.07% CS 0.36 0.44 1.55
0.14% CS _ 0.38 0.45 1.30
0.24% NTs + 0.07% CS 0.35 0.43 1.44
0.75% MBP 0.42 0.50 1.24
Table 7.
Pig Performance in Phase 2
Dietary Gain Feed 1ntake Feed
Treatment (Ibs/d) (Ibs/d) Efficiency
Neg Citrl 0.83 1.08 1.32
0.12% NTs 0.90 1.17 1.31
0.24% NTs 0.87 1.16 1.35
0.36% NTs 0.82 1.09 1.33
0.07% CS 0.87 1.16 1.33
0.14% CS 0.77 1.05 1.39
0.24% NT's + 0.07% CS 0.80 1.07 1.34
0.75% MBP 0.89 1.18 1.33

[0042] Addition of synthetic nucleotides to diets tended to result in quadratic
responses in average daily gain and average daily feed intake with 0.12 wt.% added
nucleotides supporting the most improved response. Inclusion of 0.36 wt.% added
nucleotides resulted in similar responses as the negative control diet. Feed
efficiency was not affected. The 0.75 wt.% added MBP treatment showed similar
responses to the 0.12 wt.% and 0.24 wt.% added nucleotide treatments. Inclusion of
chondroitin sulfate (“CS”) appeared to result in a linear reduction of feed efficiency,
while no differences were observed in average daily gain and average daily feed

intake.

[0043] A tendency for a room treatment effect was found for feed efficiency (P <
.06). Pigs from the room where pigs grew slower in Phase 1, tended to have a more

improved feed efﬁcienéy due to nucleotide and MBP inclusion than did pi1gs from
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the other rooms. The observed tendency is in agreement with the hypothesis. The
lower feed intake of the pigs from the less performing room in Phase 1 likely caused
a greater degree of villi damage. Once the pigs started eating and the need for villi
regeneration would be expected to increase and the availability of nucleotides could

have increased the nutrient availability for villi regeneration.

[0044] Overall in Phases 1 and 2, the inclusion of synthetic nucleotides resulted
quadratic responses of average daily gain and average daily feed intake. The most
improved responses were seen at 0.24% added synthetic nucleotide. Feed efficiency
was not significantly affected. The response t00.24% added synthetic nucleotide 1s
similar to the 0.75% MBP treatment, suggesting that the nucleic acids may be the

active component in MBP. Addition of CS showed a linear decrease 1n feed

efficiency.
Table 8.
Pig Performance in Phase 1-2
Dietary Gain Feed intake Feed
ﬂ Treatment (Ibs/d) (1bs/d) Efficiency
Neg Cirl 0.67 0.87 1.30
0.12% NTs 0.72 0.93 1.29
0.24% NTs 0.73 0.95 1.31
0.36% NTs 0.67 0.87 1.30
0.07% CS 0.70 0.91 1.31
0.14% CS 0.64 0.86 1.35
0.24% NTs + 0.07% CS 0.64 0.84 1.32
0.75% MBP 0.72 0.94 1.30

[0045] Nucleic acids appear to be the active component in MBP since the addition
of similar levels of synthetic nucleotides matched the performance of the positive
control MBP treatment. Although the observed differences simply represent
potential tendencies, the improvements in performance were consistently in a
positive direction. The magnitude of response has been consistent over a number of
trials. Diets containing CS did not show improvements in average daily gain and

average daily feed intake, while feed efficiency tended to get poorer with increasing

CS levels.

[0046] This experiments reported in this example and Examples 2 and 3 showed
positive results for MBP and synthetic nucleotide inclusions. The maximum

response to synthetic nucleotide and MBP 1s reached at lower mclusion rate for
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phase 2 animals. Newly weaned pigs appear to benefit from a higher concentration
of nucleic acids and/or nucleotides than starter pigs (pigs weighing circa 15 1bs.).
Newly weaned pigs are believed to have a higher level of epithelial cell regeneration
due to the effects of weaning on villi length. Nucleic-acids are believed to be needed
to facilitate cell division and differentiation. Therefore, a p1g with a rapid growing
intestinal tissue would be expected to benefit from a higher nucleic acid mclusion

rate.

Example 5. Feeding Trial Comparing Nucleic Acids From Mucosa Byproducts
To Synthetic Nucleotides

[0047] As demonstrated by the results in Examples 2-4, the growth performance of
young pigs can be improved with increased nucleic acid content in their diet. To
illustrate the effectiveness of natural nucleic acids from mucosa byproducts versus a
mix;cure of synthetic nucleotides (a 50:50 mixture of IMP + GMP; available
commercially from Ajinimoto), the results with mucosal byproducts added at 0.40
wt.% and 0.75 wt.% were summarized together with the results with the addition of
0.40 wt.%. The results of the feeding study are summarized 1n Table 11 below.

The results presented as % gain or loss relative to a corresponding control diet,

which did not contain any added mucosal byproducts or synthetic nucleotides.

Table 11.
Growth Response to Nucleic Acid Inclusion*

Phase 2 Phase 3

I el el 4
Mucosa +19% [ +9% | -18%
byproducts |

Mucosa 75 + 11% +9% | -5% | +7% | +9%
byproducts | L _ - l |

Synthetic 12 + 5% + 4% +19% | +8% | + 8%
Nucleotides

* ADG - average daily gain; ADFI - average daily feed intake;
F/G - feed efficiency.

e Nucleic acids are the main component responsible for the etfect on
animal performance.
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e Mucosa byproducts are ingredients high in nucleic acids. The levels are
significantly higher (50x) than the next highest related commercial
ingredients (yeasts and peptone products).

e Addition of mucosa byproducts and/or synthetic nucleotides generally
improve gain and feed efficiency in a linear fashion (across phase 1 — 2
performance).

e Mucosa byproducts and synthetic nucleotides generally also increase

feed 1intake.

[0048] The invention has been described with reference to various specific and
illustrative embodiments and techniques. However, one skilled in the art will
recognize that that many variations and modifications may be made while remaining

within the spirit and scope of the invention.
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CLAIMS:

1. An animal feed comprising 0.1 to 2.5 wt.% based on total feed

weight of a mucosa byproduct;

wherein the mucosa byproduct includes based on total byproduct

weight at least about 10 to 80 wt.% nucleic acid material;

20 to 90 wt.% mucopolysaccharides;

and no more than about 10 wt.% proteinaceous material.
2. The animal feed of claim 1 further comprising:

about 1 to 6 wt.% fat;

about 2 to 6 wt.% fiber; and

about 5 to 30 wt.% lactose.

3. The animal feed of claim 1, wherein said animal feed includes
about 18 to 30 wt.% crude proteln.

4. The animal feed of claim 1, wherein said animal feed includes

about 0.01 to 0.5 wt.% nucleic acid material.

5. The animal feed of claim 4, wherein said animal feed includes

about 0.1 to 0.5 wt.% nucleic acid material.

6. The animal feed of claim 1, wherein said animal feed includes

about 200 ppm to 5,000 ppm mucopolysaccharides.

7. The animal feed of claim 1, wherein said animal feed includes

about 100 ppm to 2,500 ppm chondroitin material.

8. The animal feed of claim 7, wherein said animal feed includes

about 100 ppm to 600 ppm chondroitin material.

- 21 -



10

15

20

25

CA 02489662 2010-10-27

[4179-5

9. The animal feed of claim 1, wherein said animal feed includes
about 2,000 ppm to 4,000 ppm nucleic acid material and about 1,000 ppm

to 3,000 ppm mucopolysaccharides.

10. The animal feed of claim 1, wherein said animal feed includes
about 200 ppm to 4,000 ppm nucleic acid material and about 100 ppm

to 3,000 ppm mucopolysaccharides.

11. The animal feed of claim 1, wherein the mucosa byproduct includes

no more than about 5 wt.% proteinaceous material.

12. The animal feed of claim 1, wherein the mucosa byproduct includes

about 20 to 80 wt.% nucleic acid material.

13. The animal feed of claim 1, wherein the mucosa byproduct includes

about 5 to 20 wt.% chondroitin matenal.

14. The animal feed of claim 1 wherein the mucosa byproduct includes 0

to 50 wt.% crude protein.

15. The animal feed of claim 14, wherein said animal feed includes O

to 30 wt.% crude protein.

16. The animal feed of claim 14 comprising about 18 to 23 wt.% crude
protein; 0.1 to 0.3 wt.% mucopolysaccharides; and further comprising about 1
to 6 wt.% fat and about 2 to 6 wt.% fiber; and about 6 to 10 wt.% lactose.

17. The animal feed of claim 14 comprising about 18 to 23 wt.% crude
protein and about 0.1 to 0.6 wt.% nucleic acid material; and further comprising
about 1 to 6 wt.% fat and about 2 to 6 wt.% fiber; about 6 to 10 wt.% lactose.

18. The animal feed of ctaim 14 further comprising about 6 to 20 wt.%
lactose.
19. The animal feed of claim 14 wherein the mucosa byproduct includes

no more than about 2 wt.% fat.
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20. The animal feed of claim 14 wherein the mucosa byproduct has a

mucopolysaccharide/nucleic acid material weight ratio greater than 1.0.

21, The animal feed of claim 14 comprising about 18 to 30 wt.% crude
protein.
22. A method of making an animal feed claimed in claim 1 comprising

the steps of:

(a) making a mucosa byproduct as defined in claim 1 comprising the

steps of:
(1) digesting animal mucosal material to form a mucosal digest; and

(i) removing a protein-enriched stream from the mucosal digest to
provide a polyanionic-enriched stream, which includes mucopolysaccharides and

nucleic acid material, so as to provide the mucosa byproduct; and

(b) mixing the mucosa byproduct with one or more animail feed

ingredients other than the mucosa byproduct to form the animal feed.

23. The method of claim 22, wherein the animal mucosal material
comprises livestock gastrointestinal, tracheal or bronchial tissues, or a mixture

thereof.

24 The method of claim 22, wherein the animal mucosal material

comprises porcine hash guts, porcine intestinal mucosa or a mixture thereof.
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