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(57) Abstract: Methods and compositions improve amino and fatty acids
availability, for example by achieving better blood enrichment in limiting
amino acids, such as arginine and lysine, and essential fatty acids, such as
linoleic acid. A higher fat digestibility was observed when rendered meat
meal in pet food was replaced with a fresh or frozen meat slurry. A slurry
can be made by subjecting fresh or frozen meat to size reduction, cooking
with direct steam injection to increase the moisture of the meat, and
emulsification of the steam-injected meat; and the slurry can be added to
a dry blend comprising one or more of meat meals, grains, vegetable pro-
teins, fiber, vitamins, minerals or fats in a preconditioner. The mixture
formed by adding the slurry to the dry blend can be extrusion-cooked, cut
into pieces, and dried to form a dry pet food kibbles.
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METHODS AND COMPOSITIONS USING FRESH
OR FROZEN MEAT TO IMPROVE FOOD
EFFICIENCY IN ANIMALS SUCH AS DOGS

Field of the Invention
[0001] The present disclosure relates generally to pet food products and methods for
making pet food products. More specifically, the present disclosure relates to methods and

compositions that improve availability of amino acids and fatty acids.

Background of the Invention

[0002] Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

[0003] Dietary protein is required to provide essential amino acids and nitrogen for the
synthesis of non-essential amino acids, endogenous proteins, other nitrogenous compounds,
and also to provide energy. An adapted level of high quality protein is essential for canine
health: strengthening muscles and helping to maintain lean body mass, for healthy skin and
coat, to support the immune system, and all vital organ function.

[0004] During gestation and lactation, a female dog’s nutrient and energy requirements
are greatly increased. In fact, during lactation, energy requirements are higher than at any
other time in the female dog’s life. Lactation is a time when weight loss is usual and when
female dogs can lose several points of body condition score. To meet the increased nutrient
and energy requirements, a high quality diet is advised.

[0005] Animal meats and animal by-products such as raw lamb, ground beef, or chicken
meal are sources of proteins commonly used by pet food manufacturers because of their high
digestibility and palatability. In the pet food industry, dry or dried ingredients are normally
used for production of dry pet foods by extrusion processing. Raw animal meat, bone, and
by-products are rendered by a blending, heating and drying process in order to make a dry

protein-rich meal.
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[0006] Compared to these rendered meals, addition of raw animal by-products to a pet
food recipe adds complexity and costs in terms of processability. For example, poultry by-
products meal is provided as a dried material by a supplier and can be directly incorporated
into a dry mix that is extruded to form the pet food. In contrast, cooking raw chicken carcass
is time- and space-consuming for pet food manufacturers. Therefore, the production of a pet
food with a raw animal protein source is more expensive than without such an ingredient, and
thus commercial pet food is typically based on rendered meals as the protein source.

[0006a] It is an object of the present invention to overcome or ameliorate at least one of
the disadvantages of the prior art, or to provide a useful alternative.

[0006Db] Unless the context clearly requires otherwise, throughout the description and
the claims, the words “comprise”, “comprising”, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of
“including, but not limited to”.

[0006¢] Although the invention will be described with reference to specific examples it
will be appreciated by those skilled in the art that the invention may be embodied in many

other forms.

Summary of the Invention

[0006d] According to a first aspect of the present invention there is provided a method
of producing a dry pet food composition, the method comprising:

forming a meat slurry from fresh or frozen meat comprising chicken;

adding the meat slurry to a dry blend of ingredients to form a mixture in which the meat slurry
is 14 wt% to 30 wt% of the mixture;

subjecting the mixture to extrusion cooking to form an extrudate; and

processing the extrudate to form the pet food composition,

wherein the processing of the extrudate comprises cutting the extrudate into pieces, each of
the pieces having a moisture content, the processing further comprising drying the pieces and
the drying of the pieces reduces the moisture content of each of the pieces to 6 wt.% to 9 wt.%

moisture content,
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wherein the pet food composition comprises 18 wt% to 30 wt% protein and 10 wt% to 20
wt% fat,

the protein in the pet food composition is fully provided by the meat slurry and an additional
protein source selected from the group consisting of a vegetable protein, a meat meal, and

mixtures thereof.

[0006e¢] According to a second aspect of the present invention there is provided
a method of improving bioavailability of at least one of an essential fatty acid or an
essential amino acid relative to an initial dry pet food formulation comprising a meat
meal that provides at least a portion of a protein content of the initial dry pet food
formulation, the method comprising:

adjusting the initial dry pet food formulation to replace at least a portion of the
meat meal with meat provided by meat that is not meat meal, wherein the meat that is
not meat meal is a meat slurry from fresh or frozen meat comprising chicken, wherein
the meat slurry is 14 wt% to 30 wt% of the adjusted dry pet food formulation, wherein
the adjusted dry pet food formulation comprises 18 wt% to 30 wt% protein and 10
wt% to 20 wt% fat; and

producing a kibble according to the adjusted dry pet food formulation, the
kibble produced by extrusion, wherein processing the extrudate comprises cutting the
extrudate into pieces, each of the pieces having a moisture content, the processing
further comprising drying the pieces and the drying of the pieces reduces the moisture
content of each of the pieces to 6 wt.% to 9 wt.% moisture content,

the protein in the pet food formulation is fully provided by the meat slurry and an additional

protein source selected from the group consisting of a vegetable protein, a meat meal, and

mixtures thereof.

[0007] The present disclosure relates to methods and compositions for improving amino
and fatty acids availability that result in better blood enrichment in limiting amino acids, such
as arginine and lysine, and essential fatty acids, such as linoleic acid. The present inventors

unexpectedly observed a higher fat digestibility when rendered meat meal in pet food was
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replaced with a fresh or frozen meat slurry. To the best knowledge of the inventors, this
effect has not been documented in previous publications. Better growth rates of puppies and
better weight maintenance of adults were observed when rendered meat meal in the food was
replaced with up to 20% fresh or frozen meat slurry.

[0008] As detailed in the experimental evidence set forth herein, the present inventors
were able to measure the following health benefits during feeding trials: (i) a trend for a better
weight maintenance during very cold temperature exposure in dogs fed with a product
containing 20% meat slurry or a product containing 14% meat slurry, relative to dogs fed with
a product having the same total protein but not containing a meat slurry; (ii) better weight
maintenance in gestating and lactating female dogs fed with a puppy diet containing 14%
meat slurry vs. a puppy diet having the same total protein but containing no meat slurry; (iii)
better growth rate in lactating puppies of the female dogs fed the 14% meat slurry diet vs. the
diet having the same total protein but without meat slurry therein; (iv) higher milk protein
content in female dogs fed the 14% meat slurry diet vs. the diet having the same total protein
but without meat slurry therein; (v) higher milk enrichment in essential and non-essential
amino acids in female dogs fed the 14% meat slurry therein; and (vi) higher diet efficiency in
promoting a high quality milk as demonstrated by higher levels of essential amino acids vs.
diet essential amino acids content in the 14% meat slurry diet. Without being bound by
theory, the present inventors believe these effects are due to a better availability of essential
amino acids and essential fatty acids in diets formulated with a meat slurry.

[0009] Accordingly, in a general embodiment, a method of producing a food composition
is provided. The method comprises: forming a meat slurry from fresh or frozen meat; adding
the meat slurry to a dry blend of ingredients to form a mixture in which the meat slurry is
about 14% to about 30% of the mixture; subjecting the mixture to extrusion cooking to form
an extrudate; and processing the extrudate to form the food composition.

[0010] In an embodiment, the forming of the meat slurry comprises subjecting the fresh or
frozen meat to size reduction and cooking the size-reduced fresh or frozen meat with direct
steam injection at a temperature of about 71 °C or less. The forming of the meat slurry can
comprise emulsifying the steam-injected meat.

[0011] In an embodiment, the mixture comprises about 18% to about 30% protein.
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[0012] In an embodiment, the dry blend comprises a whole grain.

[0013] In an embodiment, the dry blend comprises a fiber.

[0014] In an embodiment, the meat slurry is added to the dry blend of ingredients in a
preconditioner, and the mixture is fed from the preconditioner to an extruder that performs the
extrusion cooking. The extrusion cooking can be performed in the extruder at a temperature
of 105 to 130 °C at a pressure of 250 to 500 psi for a time period less than 40 seconds.

[0015] In an embodiment, the processing of the extrudate comprises cutting the extrudate
into pieces and drying the pieces. The drying of the pieces can reduce a moisture content of
the pieces to about 6% to about 9% moisture. The processing of the extrudate comprises
coating the dried pieces with at least one of an animal fat or an animal digest.

[0016] In another embodiment, the present disclosure provides a dry pet food
composition. The composition comprises about 14% to about 30% of meat that is not meat
meal.

[0017] In an embodiment, the dry pet food composition has a protein content of about
18% to about 30%. The protein content can be fully provided by the meat slurry and a protein
source selected from the group consisting of a vegetable protein, a meat meal, and
combinations thereof.

[0018] In an embodiment, the meat that is not meat meal is provided by making the dry
pet food composition with a process comprising subjecting fresh or frozen meat to size
reduction, cooking the size-reduced fresh or frozen meat with direct steam injection,
emulsifying the steam-injected meat to form a slurry, and adding the slurry to one or more
other ingredients.

[0019] In another embodiment, the present disclosure provides a method of improving
bioavailability of at least one of an essential fatty acid or an essential amino acid relative to an
initial dry pet food formulation comprising a meat meal that provides at least a portion of a
protein content of the initial dry pet food formulation. The method comprises: adjusting the
initial dry pet food formulation to replace at least a portion of the meat meal with meat
provided by meat that is not meat meal, the adjusted dry pet food formulation has a protein
content that is about equal to the protein content of the initial dry pet food formulation; and

producing a kibble according to the adjusted dry pet food formulation.
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[0020] In an embodiment, the initial dry pet food formulation comprises non-meat
ingredients, and the adjusted dry pet food formulation has the same amount of the non-meat
ingredients relative to the initial dry pet food formulation.

[0021] In another embodiment, the present disclosure provides a method of improving
growth of a dog during the two years following birth. The method comprises administering to
the mother of the dog, while the mother is pregnant with the dog, a dry food composition
comprising about 14% to about 30% of meat that is not meat meal.

[0022] In another embodiment, the present disclosure provides a method of improving
growth of a puppy. The method comprises administering essential amino acids and essential
fatty acids to the puppy by administering to the lactating mother of the puppy a dry food
composition comprising about 14% to about 30% of meat that is not meat meal.

[0023] In another embodiment, the present disclosure provides a method of improving
weight maintenance of a pregnant and/or lactating dog. The method comprises administering
to the pregnant or lactating dog a dry food composition comprising about 14% to about 30%
of meat that is not meat meal.

[0024] An advantage of the present disclosure is to provide pet food formulated with an
ingredient that fully sustains availability of amino acids for protein synthesis

[0025] An advantage of the present disclosure is to provide pet food formulated with an
ingredient that brings high quality protein and high level of essential fatty acids.

[0026] Yet another advantage of the present disclosure is to provide pet food formulated
with an ingredient that is proven to be highly digestible.

[0027] Another advantage of the present disclosure is to provide pet food formulated with
an ingredient that helps prevent weight loss in a challenging environment.

[0028] Another advantage of the present disclosure is to provide pet food formulated with
an ingredient that is proven to deliver superior nutrition for long term health impact.

[0029] Another advantage of the present disclosure is to provide pet food formulated with
an ingredient that helps maintain body condition in dogs living in kennels.

[0030] Another advantage of the present disclosure is to provide pet food formulated with
an ingredient that helps maintain body weight in healthy adult dogs.
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[0031] Another advantage of the present disclosure is to provide pet food formulated with
an ingredient that provides key nutritional benefits being a high quality protein and fat source.
[0032] An advantage of the present disclosure is to provide pet food formulated with an
ingredient that is an improved source of essential amino acids and essential fatty acids to grow
strong puppies.

[0033] Another advantage of the present disclosure is to provide a pet food product that
helps grow a strong and healthy litter.

[0034] Yet another advantage of the present disclosure is to provide a high quality animal
protein source for a strong and healthy growth.

[0035] Still another advantage of the present disclosure is to improve availability of
essential nutrients in pet food.

[0036] Another advantage of the present disclosure is to help maintain a healthy body
weight in a gestating/lactating female dog.

[0037] Yet another advantage of the present disclosure is to provide a pet food that
contains all the nutrients needed by a gestating/lactating female dog to grow strong puppies.
[0038] Still another advantage of the present disclosure is to provide a pet food that
contains all the nutrients needed by a puppy to become a strong adult.

[0039] Yet another advantage of the present disclosure is to provide a pet food that
achieves a high availability of essential amino acids in a lactating female dog’s milk.

[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
[0040a] A preferred embodiment of the invention will now be described, by way of

example only, with reference to the accompanying drawings in which:
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[0041] FIG. 1A is a graph showing the plasmatic concentration of lysine over time from
the study in Example 1.

[0042] FIG. 1B is a graph showing the plasmatic concentration of arginine over time
from the study in Example 1.

[0043] FIG. 2 is a graph showing the fatty acid profile from the three diets investigated in
the study in Example 2.

[0044] FIG. 3 is a graph showing the amino acid profile from the three diets investigated
in the study in Example 2.

[0045] FIG. 4 is a graph showing the digestibilities of the three diets investigated in the
study in Example 2.

[0046] FIG. 5 is a graph showing the apparent absorbed linoleic acid from the three diets
investigated in the study in Example 2.

[0047] FIG. 6 is a graph showing the lysine enrichment from the three diets investigated
in the study in Example 2.

[0048] FIG. 7 is a graph showing the arginine enrichment from the three diets
investigated in the study in Example 2.

[0049] FIG. 8 is a graph showing the body weight lost during extreme weather conditions
by dogs fed with the three diets investigated in the study in Example 2.

[0050] FIG. 9 is a graph showing the product digestibility of the two diets investigated in
the study in Example 3.

[0051] FIGS. 10A and 10B are graphs showing the body weight evolution of mothers
during the late gestation and lactation periods with the two diets investigated in the study in
Example 3.

[0052] FIG. 11 is photographs showing the body weight evolution during the late
gestation and lactation periods of a border collie mother fed with Diet A investigated in the
study in Example 3.

[0053] FIGS. 12A and 12B are graphs showing the puppies’ growth during lactation with
the two diets investigated in the study in Example 3.

[0054] FIG. 13 is a graph showing the puppies’ food efficiency during lactation with the
two diets investigated in the study in Example 3.

Ta
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[0055] FIGS. 14A and 14B are graphs showing the French Bulldog puppies’ growth
during lactation with the two diets investigated in the study in Example 3.

[0056] FIGS. 15A-15C and 16 are graphs showing the milk quality, as rated by breeders,
of the lactating female dogs fed with the two diets investigated in the study in Example 3.
[0057] FIG. 17 is a graph showing the milk protein content of the lactating female dogs
fed with the two diets investigated in the study in Example 3.

[0058] FIG. 18 is a graph showing the milk protein content of the lactating female
Bulldogs fed with the two diets investigated in the study in Example 3, along with published
data regarding Beagles.

[0059] FIG. 19 is a graph showing the amino acid profile in milk from dogs fed Diets A
and B.

[0060] FIGS. 20A, 20B and 20C are graphs showing the correlation between amino acid
enrichment in milk vs. dietary amino acid level in dogs fed Diets A and B at Early, Mid and

Late lactation periods.

Detailed Description of the Invention

[0061] 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 “a slurry” or “the slurry” includes two or more slurries. The term
“and/or” used in the context of “X and/or Y” should be interpreted as “X,” or “Y,” or “X and
Y.” Similarly, the recitation “at least one of X or Y” should be interpreted as “X,” or “Y,” or
“X and Y.” Where used herein, the term “example,” particularly when followed by a listing
of terms, is merely exemplary and illustrative, and should not be deemed to be exclusive or
comprehensive.

[0062] As used herein, “about” is understood to refer to numbers in a range of numerals,

for example the range of -10% to +10% of the referenced number, preferably within -5% to

+5% of the referenced number, more preferably within -1% to +1% of the referenced number,
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most preferably within -0.1% to +0.1% of the referenced number. Furthermore, all numerical
ranges herein should be understood to include all integers, whole or fractions, within the
range. Moreover, these numerical ranges should be construed as providing support for a
claim directed to any number or subset of numbers in that range. For example, a disclosure of
a range from 1 to 10 should be construed as supporting a range of from 1 to 8, from 3 to 7,
from 1 to 9, from 3.6 to 4.6, from 3.5 t0 9.9, and so forth.

[0063] All percentages expressed herein are by weight of the total weight of the
composition unless expressed otherwise. When reference is made to the pH, values
correspond to pH measured at 25 °C with standard equipment.

[0064]  The terms “food,” “food product” and “food composition” mean a product or
composition that is intended for ingestion by an animal, including a human, and provides at
least one nutrient to the animal. The term “pet food” means any food composition intended to
be consumed by a pet. The term “pet” means any animal which could benefit from or enjoy
the compositions provided by the present disclosure. For example, the pet can be an avian,
bovine, canine, equine, feline, hicrine, lupine, murine, ovine, or porcine animal, but the pet
can be any suitable animal. The term “companion animal” means a dog or a cat. Maturation
of juvenile dogs occurs at different rates for different species, but the term “puppy” as used
herein means a dog in the first two years following birth, preferably the 18 months following
birth, more preferably the one year following birth.

[0065] A “dry” food composition has less than 10% moisture and/or a water activity less
than 0.65, preferably both. “Kibbles” are pieces of dry pet food which can have a pellet shape
or any other shape. Non-limiting examples of kibbles include particulates; pellets; pieces of
petfood, dehydrated meat, meat analog, vegetables, and combinations thereof; and pet snacks,
such as meat or vegetable jerky, rawhide, and biscuits. The present disclosure is not limited
to a specific form of the kibbles.

[0066] As used herein, “meat meal” is meat that has been dried and ground to form
substantially uniform-sized particles. For example, the Association of American Feed Control
Officials (AAFCO) defines “meat meal” as the rendered product from mammal tissues,
ekélﬁsi;}e 6f ény adcieci blood, hair, hoof, hdrn, hid:eitrimmings, maﬂufé, stomach and rumen
contents except in such amounts as may occur unavoidably in good processing practices, and

shall not contain extraneous materials not provided for by this definition.
8
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[0067] The compositions disclosed herein may lack any element that is not specifically
disclosed herein. Thus, a disclosure of an embodiment using the term “comprising” includes
a disclosure of embodiments “consisting essentially of” and “consisting of”” the components
identified. Similarly, the methods disclosed herein may lack any step that is not specifically
disclosed herein. Thus, a disclosure of an embodiment using the term “comprising” includes
a disclosure of embodiments “consisting essentially of” and “consisting of” the steps
identified. Any embodiment disclosed herein can be combined with any other embodiment
disclosed herein.

[0068] In an aspect of the present disclosure, a food composition comprises up to about
30% meat that is not meat meal. Preferably, the food composition is a dry food composition.
The food composition can be a pet food, for example a food composition formulated for dogs.
In an embodiment, the amount of the meat that is not meat meal is from about 14% to about
30% of the food composition, for example about 16%. The food composition preferably has a
protein content of about 18% to about 30%, preferably about 25% to about 30%, for example
about 25%. In an embodiment, the food composition has a fat content of about 10% to about
20%, preferably about 15% to about 17%. The food composition preferably has an ash
content of about 6% to about 8%.

[0069]  The food composition preferably is made by a process that comprises producing a
slurry of fresh or frozen meat. For example, fresh or frozen meat can be subjected to size
reduction, cooking with direct steam injection to increase the moisture of the meat, and
emulsification to form the slurry. Non-limiting examples of suitable meats include chicken,
beef, pork, lamb, turkey, rabbit, duck, goose, and fish such as salmon, tuna, mackerel, cod,
pollock, halibut, sole and haddock. The fresh or frozen meat can be a single type of meat or a
combination of two or more types of meat.

[0070]  The direct steam injection preferably increases the moisture of the meat by adding
5 to 15 kg of hot water/steam per 100 kg of meat. In an embodiment, the temperature of the
slurry is about 71 °C, although in some embodiments lower temperatures can be used.
Preferably the resultant slurry has a viscosity that does not prevent the slurry from being
pumpéd through injectors into a pre-conditioner that hydrates and mixes the materials before

extrusion.
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[0071] A specific non-limiting example of slurry preparation is provided hereafter.
Frozen meat blocks can be sent to a pre-breaker in order to start size reduction of frozen
blocks to chunks generally from 5 cm to 15 cm in size. These meat chunks can be conveyed to
a grinder for size reduction to pieces of 6 mm or 8 mm on their longest side. If fresh meat is
used additionally or alternatively to the frozen meat, the fresh meat can be added to the
grinder directly. The ground meat can be cooked by direct steam injection to a temperature of
about 71°C for 5 — 15 seconds to form a slurry, preferably under constant agitation through
heating and any subsequent holding. The slurry can undergo a final size reduction and an
emulsification while the slurry temperature is maintained at about 71 °C or less using a
standard emulsifier. The final size reduction and the emulsification can allow pumping and
injecting into a pre-conditioner prior to extrusion-cooking.

[0072] To produce the food composition, the slurry can be added to a blend of dry
ingredients. In an embodiment, the slurry is added to at least a portion of the blend of dry
ingredients in the preconditioner, and the mixture is fed from the preconditioner to the
extruder.

[0073] The amount of the slurry can be determined based on the desired amount in the
final food composition, preferably about 14% to about 29% in the food composition. The
concentrations of the ingredients in the mixture formed by adding the slurry to the dry blend
can be substantially the same as the concentrations in the final composition (other than water
content), although typically the concentrations will be slightly less in the final composition
due to moisture addition in the preconditioner, a portion of which remains in the final
composition. Moreover, the amount of the slurry added into a product formula is preferably
105% — 115% of the desired amount of meat from the slurry, due to the hot water/steam
added during cooking the meat. Hence, for a formula requiring 14% chicken when 10 kg
water is added to 100 kg chicken to bring the temperature up to about 71 °C, an amount of
about 15.4% of the chicken slurry should be added.

[0074]  The dry blend can contain one or more of meat meals, grains, vegetable proteins,
fiber, vitamins, minerals and fats. Non-limiting examples of meat meals suitable for the
éompositibné disclosed herein include beef meal, poﬁltfy meal, pork meal, turkey meal, fish
meal and combinations thereof. To maintain the desired level of total protein in the product,

an increase in the slurry level is accompanied by a decrease in the amount of any animal meal
10
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present. In an embodiment, the amount of the slurry is greater than the amount of any meat
meal, although other embodiments have an amount of meat meal that is greater than the
amount of the slurry.

[0075] Non-limiting examples of suitable grains include corn, rice, wheat, barley, oats,
soy, sorghum, millet, triticale, rye and mixtures thereof, preferably in whole grain form. In an
embodiment, an amount of grain is used so that the final food composition comprises 20-55%
of the grain.

[0076]  Non-limiting examples of suitable vegetable proteins include wheat protein (e.g.,
whole grain wheat or wheat gluten such as vital wheat gluten), corn protein (e.g., ground corn
or corn gluten), soy protein (e.g., soybean meal, soy concentrate, or soy isolate), rice protein
(e.g., ground rice or rice gluten), cottonseed, peanut meal, pea protein, and combinations
thereof. Some materials are both a vegetable protein and a grain. In an embodiment, an
amount of vegetable protein is used so that the final food composition comprises 5-20% of the
vegetable protein.

[0077] Soluble fibers and/or insoluble fibers may be utilized. Non-limiting examples of
suitable fiber sources include chicory, cellulose, beet pulp (from sugar beet), gum arabic, gum
talha, psyllium, rice bran, carob bean gum, citrus pulp, pectin, fructooligosaccharide, short
chain oligofructose, mannanoligofructose, soy fiber, arabinogalactan, galactooligosaccharide,
arabinoxylan, and mixtures thereof. In an embodiment, an amount of fiber is used so that the
final food composition comprises 1-10% of the fiber.

[0078]  The fiber source can be a fermentable fiber. Fermentable fiber has previously
been described to provide a benefit to the immune system of a companion animal.
Fermentable fiber or other compositions known to skilled artisans that provide a prebiotic to
enhance the growth of probiotics within the intestine may be incorporated into the dry pet
food.

[0079] Non-limiting examples of suitable fats include animal fats and vegetable fats.
Preferably the fat source is an animal fat source, such as tallow or grease. Vegetable oils,
such as corn oil, sunflower oil, safflower oil, rape seed oil, soy bean oil, olive oil and other
oils rich in monounsaturated and polyunsaturated fatty acids, can be used additionally or
alternatively. In some embodiments, a source of omega-3 fatty acids is included, such as one

or more of fish oil, krill oil, flaxseed oil, walnut oil, or algal oil.
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[0080] Non-limiting examples of suitable vitamins include vitamin A, any of the B
vitamins, vitamin C, vitamin D, vitamin E, and vitamin K, including various salts, esters, or
other derivatives of the foregoing. Non-limiting examples of suitable minerals include
calcium, phosphorous, potassium, sodium, iron, chloride, boron, copper, zinc, magnesium,
manganese, iodine, selenium, and the like.

[0081] The dry blend can include other additional components such as one or more of a
preservative, a colorant or a palatant. Non-limiting examples of suitable preservatives include
potassium sorbate, sorbic acid, sodium methyl para-hydroxybenzoate, calcium propionate,
propionic acid, and combinations thereof. Non-limiting examples of suitable colorants
include FD&C colors, such as blue no. 1, blue no. 2, green no. 3, red no. 3, red no. 40, yellow
no. 5, yellow no. 6, and the like; natural colors, such as roasted malt flour, caramel coloring,
annatto, chlorophyllin, cochineal, betanin, turmeric, saffron, paprika, lycopene, elderberry
juice, pandan, butterfly pea and the like; titanium dioxide; and any suitable food colorant
known to the skilled artisan. Non-limiting examples of suitable palatants include yeast,
tallow, rendered animal meals (e.g., poultry, beef, lamb, and pork), flavor extracts or blends
(e.g., grilled beef), animal digests, and the like.

[0082] A non-limiting example of a method of using the slurry to produce a food
composition follows hereafter. A dry pet food using a slurry of a meat that is one or more of
chicken, turkey, beef, lamb or salmon can be made by adding about 14% to about 30% of the
meat slurry, for example about 16% of the meat slurry, to a ground dry blend. The ground dry
blend can comprise about 10% to about 30% of poultry meal and/or meal from another
animal, for example about 20% of the animal meal; about 20% to about 55% of a whole grain
mixture comprising corn, wheat and milled rice, for example about 46% of the whole grain
mixture; about 5% to about 35% of a vegetable protein mixture comprising soy, corn gluten,
and wheat gluten, for example about 10% of the vegetable protein mixture; about 1% to about
15% of a fiber mixture comprising chicory, cellulose and beet pulp, for example about 6% of
the fiber mixture; about 0.5% to about 2.0% of vitamins and minerals, for example about
1.0% of the vitamins and minerals; and about 0.1% to about 3.0% of fish oil, for example
about 1.0% of the fish oil.

[0083]  The meat slurry can be added to the dry blend in a preconditioner with continuous

agitation and brought up to a temperature of 80 — 85 °C with steam injection. The
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preconditioned mix can be fed to an extruder-cooker and processed at a temperature of 105 —
130 °C and a pressure of 250 — 500 psi for a time period less than 40 seconds to form shaped
expanded ropes. The ropes can be cut to suitably sized pieces. The pieces can be dried to 6 —
9% moisture to form kibbles, and the kibbles can be coated with about 8% of animal fat and
digest.

[0084] In another aspect of the present disclosure, a method of providing nutrition to a pet
is provided. The pet can be a companion animal, preferably a dog, more preferably a
pregnant and/or lactating female dog. The method comprises administering any of the
embodiments of the pet food product disclosed herein. In a preferred embodiment, the pet
food product is administered to a pregnant and/or lactating dog daily during the pregnancy
and/or daily during the lactation period to improve the growth of the puppy and to support

weight maintenance of the mother.

[0085] EXAMPLES
[0086] The following non-limiting examples are illustrative of the concept of using fresh

or frozen meat to improve availability of amino acids and fatty acids.

[0087) EXAMPLE 1

[0088] A wide investigation of the protein quality of the ingredients chicken carcass (CC)
and poultry by-products meal (PBPM) was made. CC and PBPM were (i) analyzed for
chemical composition; (ii) analyzed for in vitro protein digestibility; and (iii) included in dog
diets and evaluated for postprandial amino acid (AA) plasmatic appearance and apparent total
tract digestibility. Based on the latter outcomes, the ileal AA digestibility was estimated and
related to the postprandial AA plasmatic appearance. Experimental ingredients came from the
same batch for all experiments.

[0089] Chemical Characterization

[0090] CC and PBPM were analyzed for moisture, crude protein (CP), crude fat, crude
fiber, ash, and gross energy (GE). Measurements of methionine sulfone, methionine
sulfoxide, and cysteic acid were conducted on the Eiperimental diets and ingredients by ion-

exchange chromatography and colorimetric detection after post-column derivatisation with
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ninhydrin reagent following the European Union regulation. In addition, the non-reactive

lysine of CC, PBPM, CC diet, and PBPM diet was estimated.

[0091] Collagen in the experimental ingredients and experimental diets was analyzed

using a method with sulphuric acid and potassium hydroxide. The CC diet and the PBPM

diet for dogs were analyzed for moisture, CP, crude fat, crude fiber, ash, and gross energy
(GE). Essential Amino Acids (EAA) were analyzed as well. Moreover, CC and PBPM were

evaluated for in vitro protein digestibility using the Lareal/Boisen method.

[0092] Table 1: Ingredient composition of the experimental dog diets

Animal Protein source CC Diet PBPM Diet
Ingredients (%)
Chicken Carcass 28.13 -
Poultry by-products - 6.42
Fat pork premier jus 2.00 5.00
Corn grain common 72.03 73.50
Gluten corn meal 11.60 11.50
Chicken digest 2.00 2.00
Minerals 5.10 5.71
Vitamins 0.34 0.35
Antioxidants 0.0016 0.0040
[0093] Table 2: Chemical composition of the experimental dog diets
Animal Protein source CC Diet PBPM Diet
Dry Matter 91.9 91.6
Ingredients (% of dry matter)
Crude protein 18.87 18.03
Fat 11.2 9.2
Carbohydrate (NFE) 53.23 55.67
Crude fiber 1.7 2.1
Ash 6.9 6.6
Collagen (% of CP) 12.2 10.0
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ME, Kcal/g 3.45 3.35
ME, KJ/g 14.44 14.00
Protein (% of ME) 17.6 17.3
Fat (% of ME) 253 214
Essential Amino Acids

Arginine 0.87 0.87
Cysteine 0.31 0.32
Histidine 0.43 0.43
Isoleucine 0.68 0.72
Leucine 2.28 2.38
Lysine 0.64 0.63
Methionine 0.33 0.32
Phenylalanine 0.98 1.02
Threonine 0.66 0.66
Tryptophan 0.12 0.12
Valine 0.82 0.86
Non-Essential Amino Acids
Alanine 1.47 1.48
Aspartic Acid 1.25 1.26
Glutamic Acid 3.41 3.51
Glycine 1.10 1.00
Proline 1.58 1.56
Serine 0.92 0.93
Total Essential AA (TEAA) 8.12 8.33
Total Non-Essential AA (TNEAA) 9.73 9.74
Total AA (TAA) 17.85 18.07

100941  Table 3: Chemical compesition of chicken-carcass and-poultry by-products meal

Animal Protein Source

CC

PBPM
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Dry Matter 39.4 94.0
Ingredients (% of dry matter)

Crude protein 38.68 69.38
Fat 4721 14.38
Crude fiber 2.79 1.5
Ash 14.97 14.3
Collagen (% of CP) 39.4 29.7
ME, Kcal/g 49.30 84.03
ME, KJ/g 206.4 351.80
Essential Amino Acids
Arginine 1.01 4.44
Cysteine 0.13 0.64
Histidine 0.32 1.25
Isoleucine 0.48 241
Leucine 0.95 435
Lysine 0.93 3.96
Methionine 0.24 1.23
Phenylalanine 0.53 247
Threonine 0.53 2.52
Tryptophan 0.11 0.61
Valine 0.62 2.83
Non-Essential Amino Acids
Alanine 1.08 429
Aspartic Acid 1.15 5.16
Glutamic Acid 1.80 7.67
Glycine 1.72 5.97
Proline 1.13 4.32
Serine 0.57 - 2.75
Total Essential AA (TEAA) 6.19 28.60
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Total Non-Essential AA (TNEAA) 745 30.16
Total AA (TAA) 13.64 58.76

[0095] Dog Assay
[0096] Sixteen dogs were used for the study with various breeds, gender and sterilized

status: 7 Beagles, 2 Cairns Terriers, 2 Dachshunds, 4 Fox Terriers, and 1 Mini Schnauzer.
Dogs (aged 4.92 + 2.92 years; 9.0 + 2.3 kg body weight) were individually housed in indoor
kennels with continual free access to a large external court. Room temperature in the facility
was maintained between 18 and 24 °C with a 12-h light/ 12-h dark cycle. All dogs were fed
the diets to maintain body weight throughout the experiment. Diets were given in one single
portion at 09.00. Dogs had continuous access to water.

[0097] The diets were formulated to meet or exceed the minimum requirements for adult
dogs established by The European Pet Food Industry Federation (FEDIAF). The ingredient
composition of the two diets is reported above in Table 1. Values are presented on a dry
matter (DM) basis. Diets differed in the composition by the sole source of animal protein.
CC and PBPM were respectively the sole source of animal protein of the CC diet and the
PBPM diet. CC and PBPM contribution in CP was formulated to be identical, about 25%, in
both diets. Approximately 73% of the protein was provided by corn grain and gluten corn
meal. Diets were formulated to contain a similar proportion, on a DM basis, of CP, fat, crude
fiber, carbohydrate (nitrogen-free extract, NFE), and ash (Table 2). CC was stored frozen
before grinding and cooking for 12min at 70/80°C. The product resulting from that process,
called the slurry, was then incorporated into the extruder with the other ingredients. Diets
were extruded through an extruder, dried for about 20/25 min at 110°C to a target of 8% DM,
and then kibbled.

[0098]  Dog health and behavior was monitored every day by the colony veterinarians, an
animal behaviorist and/or the caretaker staff. If needed, medical treatments were
administered. All dogs were considered healthy based on results of physical examination and
clinical laboratory tests.

[0099]  The study was conducted for 26 days in a crossover design. During the first
period, the first group of 8 dogs was fed the CC diet while the other group of 8 dogs was fed
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the PBPM diet. During the second period, the first group of dogs was allowed the PBPM diet
when the second group the CC diet. Per period, dogs were allowed a 7-day adaptation period
after which a 6-day total fecal collection was conducted for determination of nutrient
digestibilities. Food consumption was measured daily. When collected, wet feces were
stored at -20°C until the completion of the 7-d collection period and weighed at the end that
period. Diet and fecal samples were analyzed for moisture, CP, crude fat, crude fiber, ash,
and gross energy (GE). Total tract nutrient digestibilities were calculated as: [nutrient intake
(total g/7 d) - nutrient output (total g/7 d)}/nutrient intake (total g/7 d).

[00100] Dogs from the digestibility test were used during a day for blood sampling during
the pre- and postprandial periods. 12 dogs among the 16 dogs per diet were chosen for their
ability to eat in a short period of time. The AA absorption test occurred once per dog during
the fecal collection of each period. Blood samples (3 mL) were collected through the cephalic
catheter into two 2.5-mL syringes using a 1” x 20 g needle. Immediately prior to collecting
the 3-mL blood samples, 0.5 mL of blood was collected and discarded to remove residual
anticoagulant in the catheter. Blood was collected 0.5 h before feeding (time 0), and at 1, 2,
3, 5, and 8 h after feeding time. Following collection, blood was immediately transferred into
a 5-mL Na-heparin tube. A 1.0 mL volume of heparinized saline (10 U heparin/mL saline)
was given after each collection to flush the catheter. After the 8 h sample the catheter was
removed and the 24 h sample was collected by venipuncture of the jugular vein. In total, per
period, 24.5 mL of blood was collected, which is below the GIRCOR (Interprofessional
Group on Reflection and Communication on Research) recommendations. Blood was
centrifuged at 4,000 x g for 5 min at room temperature in a clinical centrifuge. The
supernatant fraction obtained was removed and then stored at -80°C until amino acids
analysis. Plasma AA concentrations were performed with Biochrom amino acid analysers
using classical ion-exchange liquid chromatography with post-column Ninhydrin

derivatisation and photometric detection. Area under the curve (AUC) was calculated for 24

hours using trapezoidal rule: AUC = j: Fix)dx.
[00101]  Variables were tested for normality and appeared to adhere to a normal
distribution. A paired f-test was used to test the significance of the apparent total tract

digestibilities. Differences were considered significantly different when the test had a p-value
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less than 0.05. Statistical tests were all two-tailed. Areas under the curve were analyzed by
analysis of variance. The results are presented as mean + SD.

[00102] Results

[00103] CC and PBPM were analyzed for in vitro protein digestibility and collagen
content. Assays on dogs were conducted on produced diets to obtain information in the
relative quality of the CC and the PBPM. Finally, diets were fed to dogs in order to obtain
apparent total tract nutrient digestibility including single amino acid digestibility data. These
ileal estimated AA digestibilities were compared to the postprandial plasmatic enrichment in
EAAs in order to have a qualitative comparison between both diets in terms of AA
absorption. These in vivo data together with analytical characterization of both ingredients
and diets should permit to conclude on the quality of the protein sources and give a good
estimation of their EAA availability in dogs.

[00104] Chemical Characterization: Chemical compositions of the experimental
ingredients are shown above in Table 3. Non-reactive lysine proportions were similar among
the experimental ingredients and experimental diets with values varying between 14.8 and
18% (Table 4). Only PBPM had an amount of cysteic and methionine sulfoxide higher than
analytical detection threshold (50 mg/kg) with 133 and 105 mg/kg respectively. Moreover, a
greater non-reactive lysine was determined for the PBPM and the diet PBPM.

[00105] Table 4: Non-reactive lysine, cysteic acid, methionine sulfone, methionine

sulfoxide of the experimental ingredients and diets

Non-reactive Cysteic acid Methionine Methionine
lysine (% of (mg/kg) sulfone (mg/kg) sulfoxide
total lysine) (mg/kg)

CcC 16.7 <50 <50 <50
PBPM 18.0 133 <50 105
CC diet 14.8 <50 <50 <50
PBPM diet 16.0 <50 <50 <50

[00106] In vitro Protein Digestibility: The analysis of the experimental ingredients showed
a greater ileal in vitro protein digestibility for the CC by 4.1% (Table 5).
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[00107] Table 5: In vitro protein digestibility of the experimental ingredients

In vitro protein digestibility (%)
CcC 93.1
PBPM 89.0

[00108] Apparent total tract digestibility: In the dog assay, no differences were observed
in apparent total tract digestibility for dry matter (DM), organic matter (OM), Ash, and gross
energy (GE). Apparent total tract digestibility was significantly different in CP (p-value =
0.037) and in fat (p-value = 0.001) between the two experimental diets with higher values for
CC group vs. PBPM group (Table 6).

[00109] No difference was seen between both diets for the apparent total tract digestibility
of the amino acids. However, it was a trend that leucine (p-value = 0.085) and glycine (p-
value = 0.070) plasma concentrations were different between the two groups of dogs.

[00110] Corrected amino acids digestibilities were calculated (Table 7).

[00111] AA absorption test: All dog EEAs, except cysteine, were measured for kinetic of
amino acid absorption. Most profiles were identical after both diets with a quick rise after the
meal and a slow progressive return to baseline level in post-absorptive state. Lysine was the
only amino acid that decreased post-prandially below baseline level. FIGS. 1A and 1B are
graphs showing plasmatic concentration of lysine and arginine over time, respectively.
Values are mean+SD for 12 dogs.

[00112] Time had a significant effect on plasma amino acid concentration for all AA and
for the ratio Lys/TEAA. For a time period, when a significant difference was shown between
the two diets, the p-value corresponding was noticed.

[00113] Table 6: Apparent total tract proximates and amino acids digestibilities of the
experimental diets (%)

CC diet PBPM diet p-value

DM 8496+142 | 8496+1.6 0.999

oM 89.00+1.13 | 88.61+1.28 0.532

20



WO 2016/151440

PCT/IB2016/051516

Cp 88.14+1.68 | 86.10+1.85 0.037
Fat 96.59 +0.97 | 94.35%1.07 0.001
Ash 3521+5.44 | 37.97+6.56 0.377
GE 89.25+1.12 | 88.42+1.23 0.182
Corrected CP ileal | 84.06 £3.43 | 79.91+3.77 0.037
digestibility’
[00114] Table 7: Area under the curve of the amino acid and associated p-value
TN e
(mean + SEM) (p-value)
Arg cC 511+£23 0.012 0.987 0.845
PBPM 468 +23
His CC 358+ 8 0.891 0.416 0.774
PBPM 357+ 12
Ile CcC 161+ 6 0.132 0.902 0.576
PBPM 173+9
Leu CcC 552+21 0.028 0.908 0.759
PBPM 597 +30
Lys CcC 37119 0.159 0.628 0.044
PBPM 347 +£22
Met CcC 203 +9 0.300 0.944 0.556

1 Corrected CP-leal digestibility using the equation developed by Hendrik, et al. (2012)
Corrected Ilaal CP/AA digestibility = Wmm”ﬂ{:’;@% — 45869

2 Analysis of variance, with AUC as the dependent variable and diet, group and the interaction diet*group as the independent variables.
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PBPM 209+ 13

Phe CC 243+ 7 0.564 0.721 0.817

PBPM 247+11

Thr CC 284 + 11 0.617 0.815 0.469

PBPM 284+ 14

Trp CcC 261 +24 0.279 0.001 0.095

PBPM 275+23

Tyr cC 284+ 11 0.975 0.687 0.031

PBPM 284 + 14

Val CcC 399+ 13 0.170 0.695 0.585

PBPM 416 £ 19

TEAAs CcC 3634+ 94 0.699 0.590 0.803

PBPM 3662 + 142

Ratio

34+ 0. . . .
Lys/TEAAs CC 234+0.14 0.538 0.384 0.904

[00115] The area under the curve had a significant effect on the absorption of arginine and
leucine. Group and diet had a significant interaction effect on lysine, tyrosine and the ratio of
Lys/TEEAs.

[00116] Discussion

[00117] Chemical characterization

[00118] The source of raw materials (heads, feet, entrails) is the major factor affecting CC
and PBPM quality. Hydroxyproline is the main component of collagen that is characteristic
to be not sensitive to trypsin hydrolysis, preventing the unfolding of the protein and
decreasing accessibility of other enzymes. In the study, 12.2% of the CP fraction was
collagen for the CC diet against 10.0% for the PBPM diet. However, CC in vitro digestibility
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was 4.1% higher than PBPM with an in vitro CP digestibility of 93.1% vs. 89.0%. Therefore,
collagen may not be an accurate factor to measure the quality of a protein source.

[00119] Experimental ingredients differed in amount of oxidized sulfur amino acid.
Oxidized amino acids are of importance to estimate protein quality; for example, methionine
sulfone and cysteic acid cannot be utilized by the weanling rat, but methionine sulfoxide can
be partially utilized. PBPM had a greater cysteic acid and methionine sulfoxide level, which
may be explained by the high temperature using in the rendering process. However, that
difference was not measured in the diets because cysteic acid, methionine sulfone, and
methionine sulfoxide were all below 50 mg/kg.

[00120] Non-reactive lysine determinations were made on the experimental diet to see
whether the protein source may differ in term of quality; reactive lysine is important for
accurate determination of lysine digestibility in moist and dry cat foods. Results found that
both ingredients have about the same proportion of non-reactive lysine, which reveals that the
rendering process which produces meal may not be as strong as expected. PBPM are ground
and heated for about 30 to 40 minutes to a temperature of 120 to 140°C. The products are
then dried and ground again into fine particles to make the PBPM. The process is therefore
strong in terms of temperature and duration, which may induce more easily the reaction of the
g-amino group of lysine by the Maillard reaction. However, the low percentage of reducing
sugar contained in the protein source incorporated may have limited this reaction.

[00121] The CC process is first a cooking step of the CC frozen for about 80°C for only 12
min. Then, the meat slurry is ground at 70°C to be included into the extruder. Therefore,
although the temperature and the time needed for the CC process is lower than the PBPM
process, the CC diet did not contain a lower non-reactive lysine content.

[00122] Dog Assay

[00123] Digestibility results were determined between the two groups of 8 different dogs
from the first period.

[00124] Apparent total tract proximates digestibility: Diets were formulated to target a
percentage of CP and fat of 18% and 9% respectively. On DM basis, both experimental diets
had an identical amount of crude protein and were also isoenergetic. As ftargeted,
experimental ingredients contributed to 25% of the overall crude proteins. To reach this

proportion, CP content was around 18% in both diets, which is close to the minimum amount
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recommended by FEDIAF. The low proportion of dietary protein may have contributed to
show limiting amino acids.
[00125] Apparent digestibilities of CP and fat of the CC diet were significantly higher than
the PBP meal.
[00126] For net uptake, an example was made with a dog eating 1000 Kcal a day and
weighing 15 kg. The calculations was made as shown in Table 9, following the below
formula:
Average uptake (g of CP) = (Dietary amount of CP)*(GE)*(net CP intake to eat 1000
Kcal)*(Corrected ileal N digestibility)

(Average uptake)
(Metabolic weight of a 15 kg dog)

Uptake of CP by metabolic weight =

CP available after removal of the mean oxidation = Uptake of CP by metabolic weight —

Mean oxidation

[00127] Table 8: Net uptake calculation

CP
available

after

removal

Uptake of of min

] net CP avg. Metabolic CP by body

Dietary GE intake to | Corrected ileal | uptake weight of a | metabolic protein

. amount . -
Diet eat 1000 | N digestibility 15 kg dog weight oxidation
of CP (% | (Kcal/

DM) kg) Kcal %) (g of (kg (Humbert

(g of CP) CP) BWY7) | (gCPkg 2001)

Bw"o,75)

(393¢g

CP/kg

BWAO,75

per day)

CC
diet 18.87 | 3.48 | 54.22 84.07 45.59 7.62 5.98 2.05
Pgiz 1\4 18.03 | 3.36 | 53.66 79.92 | 4288 | 7.62 563 | 170
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[00128] Humbert et al. (2001) reported a value of 3.93 g/kg BW™®7 per day for body
protein oxidation. Both diets exceeded this basal protein oxidation, with 5.98 and 5.63 g/kg
BW'975 for CC and PBPM diets respectively. However, the CC diet provided 20% more
protein above this minimum requirement vs. the PBPM diet (2.05 vs. 1.7 ghkg BW™7
respectively). The difference may be small, knowing that both diets already meet minimum
requirement, but may represent a nutritional advantage on a longer term for lean body mass
maintenance, especially in animals with higher needs per metabolic body weight like growing
animals, pregnant/lactating female dogs, or working dogs.

[00129] Amino acid absorption test: The AA levels were strongly affected by the
postprandial sampling time. All amino acids concentration increased postprandially with a
peak between 3 and 5 hours after the meal. The postprandial kinetics of amino acid
absorption showed a marked increase in the vast majority of essential amino acids during the
2-3 first hours during the postprandial state, reflecting the good protein digestibility observed
in both diets.

[00130] However, for lysine, no increase above baseline was observed indicating that
lysine was the most limiting amino acid in the diet (FIG. 1A). This observation is not
surprising as both diets were formulated close to the minimum recommended allowance
advised by FEDIAF. Lysine is very sensitive to thermal processes which reduce its
availability by the formation of non-available Maillard compounds. This result reinforces the
fact that protein quality is key to ensure that lysine requirements are met at lower protein
intakes. Even if not significant, there was a tendency for a higher area under the curve in the
CC diet indicating that lysine was less limiting than in the PBPM diet.

[00131] Another amino acid known as “limiting” in the literature showed significant
differences between the two diets: arginine enrichment was significantly higher with the CC
diet vs. PBPM diet (FIG. 1B). Dogs fed the CC diet showed higher plasma arginine values
overtime that were significant 1 hour and 2 hours after the meal ingestion, indicating a better
availability of arginine in the CC diet. The overall AUC for arginine was also significantly
higher in CC vs. PBPM diet. This finding is of particular interest as arginine is considered as
a key amino acid in urea cycle and protein synthesis pathways. Arginine is an intermediate
component of the urea cycle and is known as an allosteric activator of the urea

desintoxification. Also, arginine is well known as an anabolic amino acid by its secretagogue
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action on hormones like insulin and growth hormone. This better arginine status together
with better lysine ileal digestibility could lead to a higher capacity for protein synthesis during
the postprandial state.

[00132] Conclusion

[00133] Overall, the results of the analysis and the trials conducted in the study were able
to give a better estimation of the relative dietary protein quality of both experimental diets.
As the apparent total tract CP digestibility of CC diet revealed to be significantly higher than
the PBPM diet, protein quality of CC may be better than the PBPM. The higher in vitro
protein digestibility of the CC may indicate a higher ileal digestibility and therefore may
explain the observed difference in total tract CP digestibility.

[00134] The amino acid absorption test showed that lysine was the first limiting amino acid
and revealed a trend for a higher area under the curve for lysine in dogs fed the CC diet. This
difference was even more sizable for arginine, another key limiting amino acid in protein
metabolism and synthesis. Arginine was more available with CC diet as shown by a
significantly higher plasma status.

[00135] Therefore, in conclusion, dietary CC proteins may have a higher bioavailability
than dietary PBPM proteins.

[00136] EXAMPLE 2

[00137] Based on the results of the study in Example 1, a second study was conducted to
verify if the differences in digestibilities and blood enrichments could also be observed
between products with higher fat and protein contents (25% protein, 15% fat for 100 grams of
final product).

[00138] Three diets were produced with different amount of real meat in their recipe. The
first diet contained 20% of real meat, the second diet contained 14% of real meat (14% being
the minimal amount of real meat in the recipe that allows the claim of “rich in real meat”),
and the third diet contained no real meat. The three diets contained meat meal as a source of

animal protein. The diets were formulated to meet or cxceed the minimum requirements for

adult dogs established by FEDIAF. The diets were formulated to contain the same
proportion, on a dry matter (DM) basis, of crude protein (CP), fat, crude fiber, carbohydrates
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(CHO), and ash. The only difference between the three diets was the amount of real meat in

the source of animal protein.

[00139] Table 1: Composition of the three diets

Diet 1 2 3

% of real meat 20% 14% 0%
Primary ingredient chicken poultry meal poultry meal
Dry matter (%) 92.5 92.4 92.2
Moisture (%) 7.5 7.6 7.8
Protein (%) 253 252 25.2
Protein from real meat in 3.9 2.5 0.0

100 g of product (%)

Contribution of real meat to 15.5 10.1 0.0
total protein (%)

Fat (%) 14.9 14.9 15.0
Ash (%) 7.5 7.4 72
Crude fiber (%) 2.1 2.1 2.1
Carbohydrates (%) 42.7 42.9 42.7
[00140] Twelve dogs were used for the study with various breeds, gender and sterilized

status. Dogs were individually housed in indoor kennels with continual free access to a large
external court. Diets were given in one single portion at 9:00. Dogs had continuous access to
water. All dogs were considered healthy based on results of physical examination and clinical
laboratory tests.

[00141]
breed distribution. The study was a cross-over study of 30 days divided in three periods of

The twelve dogs were split into three groups of four dogs with similar age and

ten days, thus at the end of the study, each dog has tested each of the three diets.

[00142] Table 2: Cross-over study design

| Group ~ Period1 ~ Period 2 Period 3
Group 1 Diet 1 Diet 2 Diet 3
Group 2 Diet 2 Diet 3 Diet 1
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Group 3 Diet 3 Diet 1 Diet 2

[00143] The 10 day period was divided into two parts; the first four days being the
adaptation part when only daily food consumption and fecal consistency were assessed, and
the six remaining days being the test part during which besides the assessment of daily food
consumption and fecal consistency, feces were collected, weighed and stored at -20°C.
Amino acid blood enrichment following meal was also assessed.

[00144] Diets were analyzed for complete AA and fatty acid profiles. Diet and feces were
analyzed for moisture, CP, crude fat, crude fiber, ash, and GE.

Total tract nutrient digestibilities were calculated as:

[nutrient intake (total g/7 d) - nutrient output (total g/7 d)]/nutrient intake (total g/7 d)

Net uptake for linoleic fatty acid was calculated as:

[daily food intake (total g/7 d)*concentration of fatty acid in diet (%)*digestibility of fatty
acid (%)*contribution of linoleic fatty acid to total fatty acid profile (%)]

[00145] Blood samples (5 mL) were collected through the cephalic catheter into two 2.5-
mL syringes using a 1” x 20 g needle. Immediately prior to collecting the 5 mL blood
samples, 0.5 mL of blood was collected and discarded to remove residual anticoagulant in the
catheter. Blood was collected 0.5 hour before meal was given and at 1, 2, 3, 5 h after meal
was eaten. Following collection, half of the blood was immediately transferred into a 5-mL
Na-heparin tube the other half was transferred to a 3-mL dry tube. In total, per period, 20 mL
(2.35% of total blood volume) of blood was collected, which is below the GIRCOR
recommendations.

[00146] Blood was centrifuged at 3,000 x g for 10 min at room temperature in a clinical
centrifuge. The plasma and the serum obtained respectively from the Na-heparin tubes and
the dry tubes were extracted and then stored at -80°C analysis.

[00147] AA concentrations (Lysine, Leucine, Methionine, Arginine, Glutamine) were
performed on plasma samples with Biochrom amino acid analysers using classical ion-
exchange liquid chromatography with post-column Ninhydrin derivatisation and photometric
detection. Areas under the curve for each amino acid and diet were calculated using

trapezoidal rule and were adjusted with the basal value.
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[00148] Paired T-tests were performed for crude protein, CHO, fat, ash, GE digestibilities
between each diet. Analysis of Variance (ANOVA) was performed for insulinemia and AA
concentration to test the effect of time, diet, period, group and interaction between diet and
group. For each amino acid, areas under the curve were compared using paired T-test.
[00149] Results and discussion

[00150] Diet analysis: Diets were formulated to contain the same proportion of crude
protein and fat, however they were formulated with different amount of real meat (20%, 14%
or 0%) leading to a difference in fatty acid profile between the three diets (FIG. 2).
Increasing the concentration of real meat in the kibbles leads to a higher contribution of
PUFAs to total fatty acid profile to the expense of SFAs. If the contribution of linoleic and
stearic fatty acids to the total fatty acid profile are totaled, the same result for the three diets is
found. This clearly proves that rendering process converts linoleic acid into its main
hydrogenated form: stearic fatty acid.

[00151] As shown in FIG. 3, there was a very high similarity for amino acid profiles
between each diet. This finding can be explained by the contribution of real meat to total
protein content in the three diets respectively 15.5, 10.6 and 0%.

[00152] As shown in FIG. 4, high digestibilities of CP, Fat, CHO and GE were observed
for the three diets, proving the high quality of the three diets. No significant difference was
observed between each of the three diets concerning digestibility for CP. However, a trend of
increased CP digestibility was observed with an increase of the amount of real meat in the
diet. This increase was even higher when using the equation of Hendricks predicting ileal
digestibility.

[00153] No significant difference was observed between each of the three diets concerning
digestibility for fat. In this study, the increase of saturated fatty acids (stearic fatty acid) in the
diet without real meat did not affect negatively fat digestibility, likely due to the low
difference of fatty acid profiles between the three diets. No significant difference was
observed between each of the three diets concerning digestibility for CHO, ash and GE.
[00154] As shown in FIG. 5, net uptake for linoleic fatty acids was significantly higher in
diets made with real meat compared to the diet without real meat. This result is logical since

diets made with real meat show higher concentration of linoleic fatty acid.
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[00155] For the three diets, amino acids concentrations showed marked increases during
postprandial period, confirming the good protein digestibility observed. Nevertheless, no
effect of diets on blood concentration for the different amino acids was observed.

[00156] The comparison of the results from the first study (Example 1) using diets
containing 18% of protein and the ones of this study using diets containing 25% of protein
brought valuable results on the benefits of increasing protein content in the diet. Indeed, as
shown in the graphs in FIGS. 6 and 7, very different patterns of enrichment between diets
from the two studies can be observed. Dogs fed with the diets with 25% of protein showed
higher blood enrichment in methionine, lysine and arginine confirming that a higher protein
uptake leads to a higher AA absorption. However, blood enrichment in AA was not directly
correlated to the level of AA supply. Indeed, in dogs fed diets with the diets with 18% of
protein, curves show only slight increases for arginine and methionine and a decrease for
lysine whereas in dogs fed diets with 25% of protein, curves show strong increases. This
finding can be explained by the fact that the AA supply is lower in dogs fed with the diets
with 18% of protein compared to dogs fed with diets with 25% of protein while the demand
for these indispensable amino acids in post-prandial period might be of the same amplitude.
Therefore, in the case of the diets with 18% of protein, this demand for protein synthesis that
draws on amino acid pool is either barely compensated by the supply in the case of
methionine and arginine or not compensated by the supply in the case of lysine.

[00157] The period in which the second study was conducted coincided with a period of
extreme cold weather in the area in which the study was conducted. Due to these extreme
weather conditions, the dogs had difficulty in maintaining body weight. A better body weight
maintenance was observed in the dogs fed the 14% and 20% chicken compared to 0% chicken
(FIG. 8).

[00158] Conclusion

[00159] The observations relating to a higher digestibility for protein and fat in kibbles
made with real meat from the first study (Example 1) were not as significant in this study; this
is probably due to the lower contribution of real meat to the total fat and protein contents.
" However, this study showed that the use of real meat allows higher uptake of linoleic fatty
acid promoting potentially health benefits.
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[00160] The comparison of the results from the two first studies show that the increase of
protein content in kibbles allows to compensate widely the demand in the amino acid for
protein synthesis in post prandial period, thus feeding dogs with kibbles containing 25% of
protein may ensure a higher protein synthesis in postprandial period and a better maintenance

of muscle mass in long-term.

[00161] EXAMPLE 3

[00162] Results of the first two studies (Examples 1 and 2) gave insights to an increase of
overall protein and fat qualities along with an increase of real meat content in the kibbles.
This increase of quality leads to higher digestibilities and higher utilization of amino acids for
protein synthesis in postprandial period.

[00163] The aim of the third study was to assess if the higher digestibilities of protein and
fat and linoleic fatty acid content of diet made with real meat could provide health benefits
during two very high demanding periods: gestation and lactation period in female dogs.
[00164] The study was performed on gestating and lactating female dogs in breeders using
two diets; one diet containing real meat as a source of animal protein, the other diet containing
only meat meal as a source of animal protein. Health parameters measuring indirectly the
quality of the diet were used.

[00165] Two diets were produced in the study, with different amount of real meat in their
recipe. The first diet (Diet A) contained 14% of real meat for 100 g of product, the second
diet (Diet B) contained no real meat.

[00166] Table 1: Composition of Diets

Diet 1 2

% of real meat 14% 0%
Primary ingredient poultry meal poultry meal
Dry matter (%) 92.0 92.0
Moisture (%0) 8.0 8.0
Protein (%) 29.0 29.0
Protein from real meat in 25 0.0

100 g of product (%)
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Contribution of real meat to 8.7 0.0
total protein (%)

Fat (%) 17.0 17.0
Ash (%) 6.9 6.9
Crude fiber (%) 1.7 1.7
Carbohydrates (%) 375 375

[00167] Diets were formulated to meet or exceed the minimum requirements for gestation,
lactation and growth periods established by FEDIAF guidelines. Diets were formulated to
contain the same amounts, on a DM basis, of CP, fat, crude fiber, carbohydrates (CHO), and
ash.

[00168] Twelve female dogs were included in the study with various breeds (French
Bulldog, Carlin, English Bulldog, Labrador, Fox Terrier). The female dogs used in the study
came from breeders. They were more than one year of age and were in their second heat
period.

[00169] The test design was based on a protocol of The Association of American Feed
Control Officials (AAFCO) to prove a gestation/lactation claim. The twelve female dogs
were split into two groups with similar age and breed distribution; each group was fed with
one of the two diets from the fifth week of gestation to the end of the first month of lactation
for a total duration of two months. The diet was the sole source of food during the whole test.
[00170] Diets were analyzed for complete AA and fatty acid profiles using oxidative
hydrolysis and an amino-acid analyzer, respectively.

[00171] Breeders were asked to follow on a daily basis the food consumption of their
female dogs, and food ration was calculated to fulfill energy needs. Breeders were asked to
follow on a weekly basis the evolution of body weight and fecal consistency of their female
dogs, to do so they were given a four point scale. After parturition, breeders were asked to
follow on a weekly basis the evolution of body weight of the puppies in the litter.

[00172] Main parameters assessed were: (a) BW evolution (female dogs and puppies), (b)

food intake (female dogs), (c) food efficiency on puppies’ growth during lactation, and (d)
milk composition (protein, AAs).
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[00173] Table 1: Diet analysis

Diet A (14% slurry) Diet B (0% slurry)
Moisture 7.4 7.4
Protein 30.3 30.2
Fat 16.9 16.6
Linoleic Acid 2.4 2.1

[00174] As shown in FIG. 9, no significant differences were observed in product
digestibility between diets.

[00175] Animals: 5 female dogs completed the trial (2 French Bulldogs, 1 Border Collie, 1
Labrador, 1 Bearded Tchec dog). The litter size of the Diet A group was 11 puppies (French
Bulldog: 7 puppies, Border Collie: 4 puppies). The litter size of the diet B group was 14
puppies (French Bulldog: 4 puppies, Labrador: 9 puppies, Tchec Bearded Dog: 1 puppy).
[00176] The mothers’ body weight (BW) evolution during late gestation is shown in FIGS.
10A and 10B. The Tchec Bearded dog was not included in the treatment of data as the litter
size was considered too low (1 puppy) and not enough “challenging” in terms of body weight
maintenance considering breed size (large dog). Female dogs fed with Diet A tended to better
cope with late gestation and lactation periods in terms of weight maintenance (e.g., FIG. 11).
[00177] As shown in FIGS. 12A and 12B, the puppies’ growth rate during lactation was
higher on Diet A. As shown in FIG. 13, Diet A was more efficient to promote weight gain,
especially during the late lactation period, when the puppies’ body weight gain was
normalized with mother’s food intake.

[00178] Diet A was more efficient at promoting growth in puppies during lactation. There
was also a trend for better weight maintenance of the pregnant/lactating female dogs fed Diet
A. This result can be due to higher level of essential fatty acids coming from the slurry, but
availability of amino acids probably played a role too.

[00179] These results need to be considered cautiously given the limited number of female

dogs involved and the variety of breeds and body weight. However, when considering only

th;two FrrrernchrBullac;gisr from the same bréedér, the same differences were observed (FIGS.
14A and 14B).

33




WO 2016/151440 PCT/IB2016/051516

[00180] Sensory analysis of the milk from the lactating female dogs was done by breeders
using three parameters: translucidity, quantity, and overall quality (FIGS. 15A-15C and 16).
Milk quality was better rated by breeders for lactating female dogs fed with Diet A.

[00181] To determine the milk protein content in the lactating female dogs, milk was
sampled by breeders at three different periods (first week, middle and late lactation). As
shown in FIG. 17, there was higher protein content in lactating female dogs receiving Diet A.
[00182] When focusing only on the two French Bulldogs from the same breeding house, a
clear difference in milk protein content was observed. As shown in FIG. 18, the lactating
female French Bulldog on Diet A produced milk with a high level of protein while the
lactating female French Bulldog on Diet B produced a milk with a protein content in-line with
published data in which ten lactating Beagle dogs produced a milk protein range of 6.7 —
9.6% throughout lactation. This higher protein content in French Bulldogs receiving Diet A
could explain the higher growth rate of the puppies.

[00183] As shown in FIG. 19, the average milk amino acids profile in female dogs fed
with Diet A was significantly different from the profile in female dogs fed with Diet B,
several amino acids being in higher levels in female dogs fed with 14% slurry. Correlation
between amino acid pattern in milk vs. diet is an indirect sign of diet amino acids availability.
As shown in FIGS. 20A-20C, the correlation between milk and Diet A was high (0.94 to
0.96) at the different lactation periods, indicating a high availability of the amino acids
coming from the diet. For similar dietary amino acid profile, Diet A was more efficient than
Diet B to promote a high quality milk as demonstrated by the higher milk amino acid content
for a same dietary amino acid content. These correlations confirm the results from the first
study (Example 1) showing a higher quality of protein in slurry compared to poultry meal and
a better availability of amino acids.

[00184] Conclusion

[00185] This third study confirmed that dog food formulated with meat slurry has a better
nutritional performance than a diet formulated without slurry. During a challenging long term
feeding trial, the slurry-based diet showed promoted good performance in terms of milk
production quantity and quality, body weight maintenance in the lactating female dog, and
good growth rate of suckling puppies. These effects are most probably due to a high

availability of both linoleic acid and essential amino acids.
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[00186] It should be understood that various changes and modifications to the presently
preferred embodiments described herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing from the spirit and scope of the
present subject matter and without diminishing its intended advantages. It is therefore

intended that such changes and modifications be covered by the appended claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

L.

A method of producing a dry pet food composition, the method comprising:

forming a meat slurry from fresh or frozen meat comprising chicken;

adding the meat slurry to a dry blend of ingredients to form a mixture in which
the meat slurry is 14 wt% to 30 wt% of the mixture;

subjecting the mixture to extrusion cooking to form an extrudate; and

processing the extrudate to form the pet food composition,

wherein the processing of the extrudate comprises cutting the extrudate into
pieces, each of the pieces having a moisture content, the processing further comprising
drying the pieces and the drying of the pieces reduces the moisture content of each of
the pieces to 6 wt.% to 9 wt.% moisture content,

wherein the pet food composition comprises 18 wt% to 30 wt% protein and 10
wt% to 20 wt% fat,

the protein in the pet food composition is fully provided by the meat slurry and
an additional protein source selected from the group consisting of a vegetable protein,

a meat meal, and mixtures thereof,

The method of Claim 1, wherein the forming of the meat slurry comprises subjecting
the fresh or frozen meat to size reduction and cooking the size-reduced fresh or frozen

meat with direct steam injection at a temperature of about 71 °C or less.

The method of Claim 2, wherein the forming of the meat slurry comprises emulsifying

the steam-injected meat.

The method of Claim 1, wherein the pet food composition has an ash content of 6 wt%

to 8 wt%.

The method of Claim 1, wherein the dry blend comprises a whole grain.

The method of Claim 1, wherein the dry blend comprises a fiber.
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10.

1.

12.

13.

14.

15.

The method of Claim 1, wherein the meat slurry is added to the dry blend of
ingredients in a preconditioner, and the mixture is fed from the preconditioner to an

extruder that performs the extrusion cooking.

The method of Claim 7, wherein the extrusion cooking is performed in the extruder at
a temperature of 105 to 130 °C at a pressure of 1724 to 3447 kPa (250 to 500 psi) for a

time period less than 40 seconds.

The method of Claim 1, wherein the dried pieces have a water activity of less than

0.65.

The method of Claim 1, wherein the drying of the pieces comprises subjecting the

pieces to a temperature of about 110 °C for a time period of 20 to 25 minutes.

The method of Claim 1, wherein the processing of the extrudate comprises coating the

dried pieces with at least one of an animal fat or an animal digest.

The method of Claim 1, wherein the additional protein sources consists of meat meal

and corn protein.

The method of Claim 9, wherein the fresh or frozen meat is 14 wt% to 30 wt% of the

pet food composition.

The method of Claim 1, wherein the pet food composition cosnsts of (i) a dry food
composition, the dry food composition is the dried pieces for which the moisture
content of each of the pieces is 6 wt% to 9 wt% moisture, and (ii) optionally a coating

on the dried pieces, the coating is at least one of an animal fat or an animal digest.

The method of Claim 1, wherein the fresh or frozen meat is chicken carcass that is the
sole source of animal protein in the pet food composition, and the pet food

composition further comprises vegetable protein that is 5 wt% to 20 wt% of the pet
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16.

17.

18.

food composition, and the pet food composition further comprises a grain, vitamins

and minerals.

A method of improving bioavailability of at least one of an essential fatty acid or an
essential amino acid relative to an initial dry pet food formulation comprising a meat
meal that provides at least a portion of a protein content of the initial dry pet food
formulation, the method comprising:

adjusting the initial dry pet food formulation to replace at least a portion of the
meat meal with meat provided by meat that is not meat meal, wherein the meat that is
not meat meal is a meat slurry from fresh or frozen meat comprising chicken, wherein
the meat slurry is 14 wt% to 30 wt% of the adjusted dry pet food formulation, wherein
the adjusted dry pet food formulation comprises 18 wt% to 30 wt% protein and 10
wt% to 20 wt% fat; and

producing a kibble according to the adjusted dry pet food formulation, the
kibble produced by extrusion, wherein processing the extrudate comprises cutting the
extrudate into pieces, each of the pieces having a moisture content, the processing
further comprising drying the pieces and the drying of the pieces reduces the moisture
content of each of the pieces to 6 wt.% to 9 wt.% moisture content,

the protein in the pet food formulation is fully provided by the meat slurry and
an additional protein source selected from the group consisting of a vegetable protein,

a meat meal, and mixtures thereof,

The method of Claim 16, wherein the initial dry pet food formulation comprises non-
meat ingredients, and the adjusted dry pet food formulation has the same amount of

the non-meat ingredients relative to the initial dry pet food formulation.

The method of claim 16 wherein the essential fatty acid is linoleic acid or the essential

amino acid is arginine or lysine.
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