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DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure relates generally to methods of feeding milk replacers to calves, and more
particularly to feeding calves milk replacers with high protein levels, at least a portion of which is a non-milk
protein.

BACKGROUND

[0002] Livestock animals are a commodity and are raised to produce food products including milk and
meat. The time it takes livestock to mature, particularly to gain weight, is important when assessing whether
the animal is ready to produce milk or is ready for market. A number of feeding systems have been used to
enhance weight gain of livestock beginning at a young age, and may include feeding techniques prior to
and after weaning. Such techniques may involve providing milk replacers to the animals that generally
mimic the milk produced from the post-partum parent animal in terms of protein, fat and carbohydrate
content. The milk replacer may be supplemented with vitamins, minerals, medication and other
compositions that may benefit the young animals. This may, for example, reduce the age of freshening or
the onset of lactation of a dairy cow, thereby reducing the cost of milk production. Increased weight gain of
livestock from an early age may also reduce the cost of beef production.

[0003] A concern for producers is whether livestock animals are receiving adequate nutrients. When the
livestock animals refuse feed, intake is decreased, which may be problematic from both the standpoint of
the health of the animal and to the cost of milk or meat production. Differences in feed intake by animals
impact rate of weight gain and ultimately body size. Smaller animals are more difficult to adequately
manage due to their specific housing, dietary and husbandry needs.

[0004] Although various feeding systems have been practiced to enhance weight gain, these feeding
systems, have not optimized methods for increasing the rate and uniformity of weight gain by the livestock
animals from a young age. Accordingly, producers are in need of new approaches to feeding young
livestock animals as well as other young animals that enhance weight gain rates and/or increase feed
efficiency.

[0005] CN 101 049 116 A discloses a two phase milk substitute for calves prepared from vegetative
protein, whey powder, water-soluble fat, digestion assistant, minerals and vitamins and a method for
feeding calves.

[0006] CN 101 911 981 A discloses a lamb milk replacer prepared from vegetative protein, whey powder,
water-soluble fat, digestion assistant, minerals and vitamins and a method for feeding calves.

[0007] Hills S R et al.;: "Effects of Milk Replacer Composition on Growth, Body Composition, and Nutrient
Excretion in Preweaned Holstein Heifers", Journal of Dairy Science, vol. 91, no. 8, 1 August 2009, pages
3145-3155, discloses a milk substitute for calves and a method for feeding a milk substitute to calves.

[0008] Anonymous: "Jersey Blend - Cow's match - Calf growth formula, 1 January 2004, discloses a milk
substitute for calves.
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[0009] US 6 541 047 B1 discloses a milk replacer and dry food compositions for young animals.

[0010] Mitsuru Kamiya et al.: "Effects of feeding level of milk replacer on body growth, plasma metabolite
and insulin concentrations, and visceral organ growth of suckling calves", Animal Science Journal, vol. 80,
no. 6, 1 December 2009, pages 662-668, discloses a milk substitute for calves and a method for feeding a
milk substitute to calves.

[0011] Touchette et al.. J. Dairy Sci., vol. 86, 2003, pages 2622-2628, discloses a method for feeding a milk
substitute to calves.

SUMMARY

[0012] According to one implementation, a method of feeding a calf involves providing at least 1.8 pounds
(0.816 kg) of a milk replacer by dry weight per calf per day beginning from birth for at least twenty-one
days. The milk replacer includes at least about 25 percent protein by dry weight, and at least about 1
percent of the protein by dry weight is a non-milk protein. The non-milk protein is free of egg and egg
protein. After ingesting the milk replacer for twenty-one days, the calf experiences improved performance.

[0013] Implementations may further involve providing the calf a starter feed on an ad libitum basis, and
after ingesting the milk replacer, the animal may exhibit improved performance through an increased rate
of starter feed intake. In addition or alternatively, improved performance is through exhibiting an increased
milk replacer intake, an increased feed-to-gain ratio, and/or an increased rate of weight gain. According to
certain implementations, the non-milk protein comprises from about 1 percent to about 65 percent of the
protein by dry weight, and such non-milk protein comprises one or more of hydrolyzed soy protein
modified, soy protein concentrate, soy protein isolate, wheat protein, potato protein, blood plasma, or red
blood cells. A balance of the protein in the milk replacer is protein derived from milk such as all-milk protein.

[0014] According to another implementation, a method of feeding calves involves providing at least 1.8
pounds (0.816 kg) of a milk replacer by dry weight per calf per day beginning from birth for at least twenty-
one days, where the milk replacer includes at least about 25 percent protein by dry weight and where at
least about 1 percent of the protein by dry weight is a non-milk protein, which is egg protein or egg. The
non-milk protein may additionally include one or more of hydrolyzed soy protein modified, wheat protein,
potato protein, blood plasma or red blood cells. The non-milk protein may additionally include one or more
of soy protein concentrate or soy protein isolate. At twenty-one days from birth, the calf may experience
improved performance in response to the calf ingesting the milk replacer as described. Non-milk protein
may account for from about 1 percent to about 65 percent of the protein by dry weight, and a balance of
the protein in the milk replacer may be protein derived from milk.

[0015] There is also disclosed, a daily ration of milk replacer for calves including at least 1.8 pounds (0.816
kg) by dry weight of a milk replacer per animal per day, where the milk replacer includes at least 25 percent
protein by dry weight and at least 1 percent of the protein by dry weight is a non-milk protein including one
or more of hydrolyzed soy protein modified, wheat protein, potato protein, egg protein, blood plasma, red
blood cells or egg. The non-milk protein may additionally include one or more of soy protein concentrate or
soy protein isolate. Non-milk protein may account for from about 1 percent to about 65 percent of the
protein by dry weight. A balance of the protein in the milk replacer may be protein derived from milk.

DETAILED DESCRIPTION
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Overview

[0016] Methods of feeding high protein milk replacers containing non-milk protein are applicable to calves.
High protein milk replacers may also be referred to as full potential milk replacers, and contain at least 25
percent protein by dry weight, which is provided by a combination of non-milk proteins and milk proteins.
These proteins have been found to be complementary to each other in full potential settings, e.g., when
offered at enhanced feeding rates of 1.6 pounds (0.726 kg) per day or higher, because they have the effect
of optimizing calf performance when fed in combination at enhanced feeding rates.

[0017] Those studying full potential milk replacers in full potential settings commonly look to conventional
milk replacers fed in conventional settings to predict animal performance. These conventional milk
replacers generally contain less than 25 percent protein by dry weight and are fed in conventional settings,
e.g., at a rate of up to about 1.5 pounds (0.680 kg) per head/day on a dry weight basis. Most conventional
milk replacers contain all-milk proteins that are typically derived from cow's milk. Some conventional milk
replacers contain non-milk proteins from other sources. These non-milk proteins have been used in animal
milk replacers for decades as a means to reduce cost of products. Both animal and plant alternative
proteins, referred to as non-milk proteins, have been used in this application. However, it has long been
known that non-milk proteins fail to support equal performance to those proteins contained in mother's milk.
Many trials with calf milk replacers have been conducted with these alternative proteins and demonstrate
poorer animal performance including poorer health. This reduction in performance occurs immediately
when infant animals are fed diets containing meaningful inclusions of non-milk proteins. These infant
animals simply do not have the digestive infrastructure to effectively utilize non-milk proteins during the first
three weeks of life. While the enzymes required to utilize these proteins increase rapidly thereafter, the lag
caused during the first three weeks of life generally is not overcome by subsequent performance.
Performance totals recorded at weaning (typically six to eight weeks of life) reflect the poorer performance
occurring during the first three weeks of life.

[0018] Research information is available to suggest that non-milk proteins can be used at low inclusions
(less than 5 percent of the formula) without an apparent impact on total performance. Touchette, et al., J.
Dairy Sci., 86, 2622 - 2628 (2003). However, observations are misleading. The lack of a performance
reduction noted in trial occurs due to the dilution of the non-milk proteins with a great percentage of milk
proteins and/or the general poor performance of animals (low nutrient requirement). Also, many times the
early performance (first three weeks of life) is not presented. Therefore, animals would have had the
opportunity to compensate during the latter phase of milk replacer feeding (after the enzyme systems have
matured).

[0019] The situational assessment above is the experience of the milk replacer industry since its inception
in the early 1950s. During this period, most milk replacers were fed to provide 1.5 pounds (0.680 kg) of
powder or less, daily (milk replacer powder is hydrated in water just prior to feeding). At this low feeding
rate of milk replacer powder, non-milk proteins when included at meaningful inclusions reduce early and
generally total calf performance.

[0020] Approximately 15 years ago, a new milk replacer approach was developed. This approach
leverages the improved efficiency of calves but requires the feeding of more powder containing a higher
protein level. These milk replacers are fed at rates providing over 1.5 pounds (0.680 kg) of powder, daily.
Additionally, the milk replacer powder contains 25 percent protein or higher. Research with this approach
(referred to as full potential, accelerated and/or intensified programs) has generally been completed with
all-milk proteins. However, it has been discovered that when non-milk protein is included in full potential
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milk replacers, early and total calf performance is not diminished but instead performance is maintained or
even improved.

[0021] As discussed, comparatively, calves fed conventional milk replacers containing proteins from other
sources generally underperform compared to calves fed milk replacers containing all-milk proteins. The
calves offered the milk replacer containing the alternative protein may not consume the amount offered,
and even when the animal consumes the total amount offered, the animal's performance falls short of that
of its counterpart ingesting the all-milk protein milk replacer. For conventionally fed calves, as the level of
non-milk protein increases, this results in an almost linear decrease in animal performance. Observing
reduced animal performance has led producers away from feeding milk replacers containing alternative
protein sources. This is particularly true in the full potential setting, where the calf is expected to ingest milk
replacer at an enhanced feeding rate and is expected to experience increased growth (e.g., weight, body
length, hip height). Consequently, the protein used in formulating the milk replacers has been all-milk
protein due to the observed drawbacks of feeding calves alternative proteins. However, it has been
discovered that the hindrance of the immature enzyme system can be circumvented by feeding the calves
a mixture of complementary non-milk and milk proteins in milk replacers containing at least 25 percent
protein by dry weight, generally at a rate of at least 1.8 pounds (0.816 kg) per head per day or more.

Milk Replacers Containing Non-Milk Proteins

[0022] The milk replacers of the present disclosure may be referred to as full potential milk replacers.
These milk replacers generally contain elevated levels of protein and sometimes fat compared to
conventional milk replacers. The full potential milk replacers may include protein from about 25 to about 31
percent of the total weight of the milk replacer on a dry weight basis. According to the present disclosure, at
least a portion of the protein is from a non-milk protein source, with the balance of the protein derived from
milk. The combination of non-milk proteins and milk proteins has been found to provide a complementary
effect, particularly when delivered in a full potential format, as these proteins together optimize
performance of calves.

[0023] Non-milk protein sources may provide at least about 1 percent of the protein by dry weight. In some
implementations, non-milk protein sources may provide up to about 65 percent of the protein by dry weight.
Accordingly, non-milk proteins may be present in a range from 1 to 65 percent of the protein by dry weight,
or in a range bounded by any two integer values between 1 and 65 percent, such as 1 to 50, 1 {0 40, 1 to
30, 1to 20, 1 to 10, 6 to 40, 9 to 18, and 17 to 20 percent of the protein by dry weight. Further, these
proteins may be provided as a portion of the total protein at any integer value between 1 and 65 percent,
such as atabout 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20, 25, 30, 35, 40, 45, 50,
55, 60, or 65 percent of the protein by dry weight.

[0024] Non-milk protein sources may include hydrolyzed soy protein modified, soy protein concentrate, soy
protein isolate, wheat protein, potato protein, egg protein, blood plasma, red blood cells, egg and
combinations of any of these. Hydrolyzed soy protein modified is a soy-based protein produced with a
reducing agent to cause hydrolysis of a portion of the soy protein into its constituent amino acids.
Processing techniques result in a reduced antigenicity of hydrolyzed soy protein modified, which results in
this protein source being more digestible in animals compared to some other soy-based protein sources
such as soy flour. U.S. Reissue Patent RE43929 entitled "Method of Processing Soy Protein," and having a
common inventor, describes methods of processing soy protein to produce hydrolyzed soy protein
modified. Soy protein concentrate is prepared from dehulled soybean seeds by removing most of the oil
and water soluble non-protein constituents. Soy protein concentrate generally contains at least about 70
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percent protein on a dry weight basis. Soy protein isolate is the major proteinaceous fraction of soybeans
prepared from dehulled soybeans by removing the majority of non-protein components. Generally, soy
protein isolate contains at least about 90 percent protein on a dry weight basis. Potato protein is generally
concentrated to 70 protein or greater. Egg protein is typically a concentrated protein formed of dried or
liquid-containing egg yolk and/or albumin (egg whites). Blood plasma is generally a concentrated source of
protein obtained by removing the red and white blood cells from fresh whole blood. The resulting plasma is
typically about 78 percent protein on a dry weight basis. Red blood cells are generally derived from bovine
or porcine blood and contain at least about 85 percent protein on a dry weight basis. Non-milk proteins may
be free of non-quality protein sources such as soy flour. Accordingly, in some implementations, the non-
milk proteins of the present disclosure may be referred to as quality proteins. In addition or alternatively, the
full potential milk replacers of the present disclosure may be free of any of the non-milk proteins described
herein.

[0025] Milk-derived protein sources are generally referred to as milk proteins and may include whey, whey
products such as whey protein concentrate and delactosed whey, casein, skim milk, sodium caseinate and
calcium caseinate.

[0026] The combination of non-milk protein and milk protein in the milk replacers of the present disclosure
is also referred to as complementary proteins. This is because it has been found that formulating milk
replacers, and daily rations of milk replacers, that contain at least 25 percent protein by dry weight with a
combination of these proteins has a complementary effect in that the performance of the calf is optimized
when ingesting such milk replacer.

[0027] Fat in the milk replacers of the present disclosure may be provided at levels from about 10 to about
22 percent by dry weight of the milk replacer, with about 20 percent fat by dry weight preferred. Fat is
generally added as a dry fat powder where protein is used to encapsulate the fat droplet. Fat used in milk
replacers may be of animal or of vegetable origin.

Methods of Feeding Milk Replacers Containing Non-Milk Protein in Full Potential Settings

[0028] It is disclosed herein that potential milk replacers containing non-milk proteins may be fed in full
potential settings at a rate of at least about 1.6 pounds (0.726 kg) up to about 3.0 pounds (1.36 kg) per
head per day. Generally, animals are offered a fixed amount of milk replacer per day, which may form all or
a portion of the calf's daily feed ration. Other components of the feed ration may include starter feed. In
addition, the milk replacer in the feed ration may be offered twice per day, and may generally be divided
into equal parts. In the first week of life, calves in a full potential setting may be offered about 1.6 pounds
(0.726 kg) or more (e.g., up to about 1.9 pounds (0.862 kg)) of milk replacer per head per day on a dry
weight basis. From the second week of life onward, such animals in a full potential setting may be offered
the same amount (about 1.6 pounds (0.726 kg)) of milk replacer or may be offered up to 3.0 pounds (1.36
kg) of milk replacer per head per day on a dry weight basis. Thereafter, the amount of milk replacer offered
to the calf may be maintained or the level may decrease, for example, depending on the onset of weaning.
However, implementations are not limited to feeding calves at these enhanced feeding rates and some
calves may benefit from ingesting a mixture of complementary non-milk and milk proteins in milk replacers
containing at least 25 percent protein by dry weight when fed at traditional feeding rates of 1.5 pounds
(0.680 kg) per head per day or less.

[0029] In addition to milk replacer, starter feed may be offered to the calves on an ad libitum basis. Starter
feeds, such as calf starter feeds, may include a mixture of one or more of corn, soybean meal, wheat
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middlings, oats, molasses, fat, ground cotton seed hulls, distillers grains, calcium carbonate, salt, and
macronutrients and micronutrients. The starter feed may contain about 45 to 50 percent coarse ingredients
such as corn, soy and oats; about 16-22 percent protein; about 2 to 3 percent fat; about 5 to 6 percent fiber
(determined on a NIR basis); about 7 percent acid detergent fiber; about 6 percent molasses; and the
balance including a mixture of other nutrients.

[0030] Methods of feeding milk replacers containing protein, of which as little as 1 percent and as much as
65 percent is composed of non-milk protein, in full potential settings may optimize performance through
improved performance or at least through not negatively impacting animal performance in the first three
weeks of life compared to calves fed all-milk protein in milk replacers containing the same level of protein at
the same feeding rate.

[0031] Typically, calves ingest milk replacer during the first six to eight weeks of life and sometimes up to
twelve weeks of life. In some implementations of the present disclosure, the calf ingests the milk replacer in
a full potential setting for at least three consecutive weeks beginning at a young age. The calf may begin
ingesting the milk replacer at or close to birth such as within a few days from birth, e.g., 1-5 days from birth.
Thus, calves may be offered milk replacer from about birth (e.g., about 1-5 days from birth) for at least
twenty-one consecutive days according to methods of the present disclosure.

[0032] With respect to improved performance, calves ingesting the complementary proteins in milk
replacers containing at least 25 percent protein by weight at an enhanced feeding rate for at least twenty-
one days from about birth have been shown to have equal or improved performance compared to the
calves fed milk replacers with the same amount of protein and at the same feeding rate but with all of the
protein in the form of milk protein. This improved performance is shown generally through improved growth
of the calf along with no reduction in calf health. Such improved performance may involve reduced feed
refusal where the animal ingests more of the total amount of offered milk replacer. This improvement is
surprising because diminished acceptance is commonly found when traditional milk replacers contain non-
milk proteins. However, because the milk replacers of the present disclosure are formulated to circumvent
the immature enzyme system of the calf, ingestion of the milk replacer results in improved growth of the
animal, which leads to increased hunger, resulting reduced feed refusal by the animal. In addition or
alternatively, improved performance may be exhibited by increased consumption of starter feed. In this
case, the calves may grow faster and gain more weight by ingesting the milk replacers of the present
disclosure, and consequently, may be more hungry and thus may ingest more starter feed, thereby
experiencing more efficient growth compared to the same animal ingesting all-milk protein milk replacer
under the same feeding conditions. Additionally or alternatively, improved performance may be observed
through an increased rate of weight gain and/or an improved feed-to-gain ratio.

[0033] The discovery that non-milk proteins perform differently in calves in full potential settings compared
to conventional settings is surprising because, as discussed, calves fed milk replacers containing non-milk
proteins at conventional feeding levels and rates (e.g., up to 22 percent protein and at rates of up to 1.5
pounds (0.680 kg) per head per day) actually decrease performance compared to animals fed milk
replacers containing all-milk proteins. The Examples below are illustrative of this surprising effect. While the
Examples illustrate various aspects of the invention, they do not limit the broad aspects of the
implementations of the present disclosure.

Examples

[0034] Examples 1-6 below are illustrative of the effects of feeding calves milk replacers in conventional
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settings and in enhanced settings. Specifically, Examples 1-2 illustrate methods of feeding calves non-milk
proteins in conventional settings (e.g., with milk replacers containing 22 percent protein by dry weight and
fed at rates of up to 1.5 pounds (0.680 kg) per head per day), and the deleterious effects of such feeding
methods; and Examples 3-6 illustrate methods of feeding calves non-milk proteins in enhanced feed
settings, and the equal performance or improved performance of such feeding methods compared to
feeding milk replacers containing all-milk proteins in the same enhanced feed settings.

[0035] Example 1. This example demonstrates the decreased performance of non-milk proteins fed to
calves in milk replacers in conventional feed settings.

Materials and Methods:

[0036] Egg protein was fed at conventional rates (at 1.5 pounds (0.680 kg) daily) and was selected for its
biological value, which is in excess of 93, meaning egg is a high quality non-milk protein that is considered
ideal to show diminished performance of milk replacers fed conventionally. Spray dried egg ("Egg") was
either included as such or further processed ("FP Egg") with ethanol, heat and pressure in the hope to
improve calf performance. Wheat isolate was also examined in this Example. An all-milk protein positive
control was employed where egg or wheat protein replaced a specified percentage of the milk protein. All
other nutritional parameters we equalized as not to impact the results of this trial. All of the milk replacer
products in Example 1 were formulated to 22 percent protein, 20 percent fat basis and fed at 1.5 pounds
(0.680 kg) per head per day. This amount of milk replacer powder is fed in two meals (0.75 pounds (0.340
kg)) daily after mixing into hot water (15 percent solution). The same 20 percent protein calf starter feed
was offered to all calves. 90 five-day old (+/- 2 days) bull calves from multiple sources were co-mingled and
allotted on a body weight and serum protein (Ig) level to five treatments (18 calves per treatment). Animal
performance, feed consumption and health parameters were collected weekly and summarized for this 42
day trial.

[0037] Results: The results of Example 1 are provided in Table 1 below.

Table 1 - Study of All-Milk Protein Control vs. Non-Milk Protein Milk Replacers in Traditional
Settings
Treatment All-Milk 25% CP§ 25% CP FP{12.5% CP FP 36% CP SE
Egg Egg Eggi Wheat Isolate
Initial Ig 2.75 2.65 2.75 2.63 2.59 0.24
Initial
weight, Ibsi 98.2(44.5); 97.4(44.2)] 98.1 (44.5) 99.2(45.0) 97.9(44.4);§ .28(0.13)
(kgs).
Weight wk 115.1
3 (52.2)c{100.6(45.6)a§107.0(48.5)b{ 109.5(49.7)b} 109.7(49.8)b§ 1.91(0.87)
Weight wk
6 143.9(65.3)c{120.2(54.5)a§132.0(59.9)b§139.4(63.2)bc§136.1(61.7)bc{ 2.87(1.30)
Avg. Period Gain, Ibs (kgs).
Week; 1.10(0.50)b;} -4.40(2.00)aj -3.54(1.61)ay -3.70(1.68)aj -3.84(1.74)a{1.21(0.55)
1
Week; 2.69(1.22)bj -0.71(0.32)aj 3.04(1.38)by 0.89(0.40)abj 1.79(0.81)ab{0.99(0.45)
2
Week{ 13.11(5.9)b} 8.32(3.77)aj 9.33(4.23)aj 13.15(5.96)b} 13.85(6.28)b{0.97(0.44)
3
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Ava. Period Gain. Ibs (kgs).

g

ta
ain

45.69(20.72)c122.87(10.37)a}33.89(15.37)b{40.24(18.25)bc{38.25(17.35)b{2.41(1.09)

0

Total Milk Replacer Consumption, Ibs (kgs). (DM Basis)
55.30(25.08)b{50.93(23.10)a{53.22(24.14)ab {52.40(23.77)ab;52.92(24.00)ab} 1.03(0.47)
Total Dry Feed Consumption, Ibs (kgs). (DM Basis)
30.25(13.72)b§21.73(9.86)a24.31(11.03)ab {32.05(14.54)b {29.23(13.26)ab{ 2.92(1.32)

Average Feed Gain

1.92a 3.81b 2.40a 2.12a 2.24a 0.23
Total Diarrhea Days*
Total 4 wk 2.75a 3.18a 4 81ab 3.13a 5.65b 0.78
Total Respiratory Days*

0.19a 1.41ab 0.56a 0.38a 2.24b 0.49

Means in the same row not followed by a common letter differ (P<.05) using LSD procedure.
*Diarrhea or Respiratory Day - Sum of days that calves required treatments for one of these
two health issues.

[0038] Summary: As shown in Table 1, weeks one, two and three gains favored the control fed calves.
Cumulative two week total gains for the calves were 3.78, -5.05, -.50, -2.89 and -2.02 pounds (1.71, -2.29,
-0.23, -1.31 and -0.92 kg, respectively) respectively, for the control and four non-milk protein containing
milk replacers. Cumulative three week gains were 16.89, 3.30, 8.83, 10.22 and 11.84 pounds (7.66, 1.50,
4.01, 4.64 and 5.37 kg, respectively), respectively. From this early gain data, calves fed non-milk protein-
containing diets had difficulty utilizing these protein sources. Total gain in this trial was significantly
improved (P<0.05) for the control fed calves compared with all but the treatment containing the lowest
inclusion of egg protein (12.5 % CP FP Egg). Generally, the all milk-protein fed control group consumed
more milk replacer and starter feed. In addition, control animals were generally more efficient, experienced
fewer total diarrhea and total respiratory illness days.

[0039] Conclusion: Example 1 illustrates the negative performance and health impacts of feeding quality,
animal- and plant-based proteins to infant calves.

[0040] Example 2: This second trial further depicts the negative impact of inclusion of non-milk protein in
conventional fed milk replacers to infant calves.

[0041] Materials and Methods: In this trial, seventy-two calves (sourced as in the first trial) were fed one of
four treatments. The control was an all-milk protein product containing 22 percent protein and 20 percent
fat. The second treatment was also formulated to provide equal protein / fat as the control but replaced 50
percent of the milk protein with that from a hydrolyzed soy protein modified ("HSPM"). Believing that a
higher protein non-milk protein-containing milk replacer product might support better performance, the final
two treatments were formulated to contain 25 percent protein. The third treatment (25 protein;20 fat) had
soy isolate replacing 37.5 percent of the milk protein. The fourth treatment had 37.5 percent of the milk
protein replaced by HSPM and another 2 percentage units of the protein replaced by plasma. All products
were hydrated to a 15 percent solution prior to feeding (fed in two meals of 0.75 pounds (0.340 kg) daily
after mixing into hot water). The same 20 percent calf starter was fed to all calves. Animal performance,
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feed consumption and health parameters were collected weekly and summarized for this 42 day trial.

[0042] Results: The results of Example 2 are provided in Table 2 below.
Table 2 - Study of All-Milk Protein Control vs. Non-Milk Protein Milk Replacers in Traditional

Settings
Treatment 22:20 All Milki 22:20 50 % CP 25:2037.5%§ 25:2037.5% SE
HSPM CP si CP HSPM,
2.0% Plasma

Initial 1g 3.50 3.56 3.50 3.61 0.30
Initial weight,
Ibs (kgs). 96.9(44.0) 97.7(44.3) 96.8(43.9) 96.9(44.0); 1.23(0.56)
Weight wk 3 108.3(49.1) 104.5(47 .4) 104.9(47.6) 104.8(47.5); 2.17(0.98)
Weight wk 6 140.4(63.7) 132.5(60.1) 136.0(61.7) 134.6(61.1)} 3.27(1.48)
Avg. Weekly Gain, Ibs (kgs).
Week 1 0.09(0.04)b -2.94(1.33)a 0.02(0.01)bj -0.79(0.35)ab§ 0.87(0.39)
Week 2 2.46(1.12)b 1.28(0.58)ab -0.38(0.17)ai 0.91(0.41)abj 0.92(0.42)
Week 3 8.78(3.98) 8.51(3.86) 8.38(3.80) 7.78(3.53)§ 0.75(0.34)
Week 6 10.83(4.91) 9.17(4.16) 11.07(5.02) 10.02(4.54)} 1.08(0.49)
Total Gain 43.44(19.70)b} 34.87(15.82)ai 39.11(17.74)ab{37.71(17.10)ab} 2.89(1.31)
Total Milk Replacer Consumption, Ibs (kgs). (DM Basis)

51.32(23.28) 49.45(22.43) 50.28(22.81)] 49.25(22.34)§ 1.30(0.59)
Total Dry Feed Consumption, Ibs (kgs). (DM Basis)

36.54(16.57) 31.74(14.40) 29.84(13.54)] 33.04(14.99);§ 2.90(1.32)
Average Feed 2.13ab 2.52b 2.09a 2.37ab 0.14
to Gain
Total 1.00 2.19 1.44 1.89 0.52
Respiratory
Days*

Means in the same row not followed by a common letter differ (P<.05) using LSD procedure.
*Respiratory Day - Sum of days that calves required treatments for this health issue.

[0043] Summary: As was the case in the previous trial, calves fed non-milk protein gained less weight than
did controls. Cumulative two week gains for the control group and those assigned to the three non-milk
protein treatments were: 2.55, -1.66, -0.36 and .28 pounds (1.16, -0.75, -0.16 and 0.13 kg, respectively),
respectively. Three week gains for these treatments were: 11.33, 6.85, 8.02 and 7.90 pounds (5.14, 3.11,
3.64 and 7.90 kg, respectively). Again total gain for the trial, favored the all-milk control group. These
animals gained 8.99, 4.33 and 5.73 pounds (4.08, 1.96 and 2.60 kg, respectively) more weight than the
respective non-milk protein containing treatments. Total milk replacer intake, dry feed intake, feed efficiency
and respiratory scores all tended to favor the all milk protein control fed animals.

[0044] Conclusion: Examples 1 and 2 demonstrate the poor response of feeding calves different non-milk
proteins in conventionally fed milk replacers. Interestingly, these protein sources are considered quality
proteins when employed in feeds for older animals. However, as shown in these examples, these protein
sources result in poor performance when provided in diets for infant animals due to the enzymatic systems
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required to effectively utilize these proteins not having been developed.

[0045] Example 3. According to the present disclosure, it has been discovered that by increasing the
feeding rate and protein level of milk replacers containing non-milk protein, the hindrance of the immature
enzyme system can be circumvented. In Example 3, two trials were conducted to examine the benefits of a
blended protein product containing the complementary proteins of non-milk and all-milk proteins.

[0046] Materials and Methods: Forty calves were employed in each of these trials to evaluate an all-milk
control or a blended non-milk protein milk replacer with soy isolate replacing 35 and blood plasma replacing
15 percent of the milk protein, respectively. These 42 day trials were summarized together (forty calves
were assigned to both treatments). Milk replacers contained 29 - 30 percent protein and 20 percent fat. In
this trial, a 22 percent protein calf starter was fed to all calves. Calves were sourced as in the previous
Examples but were fed an increased level of milk replacer powder in this trial. Calves received 1.8 pounds
(0.816 kg) of powder during the first week on trial and 2.5 pounds (1.13 kg) of powder during weeks 2
through 6. During the final week of the trial, calves were again offered 1.8 pounds (0.816 kg) of milk
replacer powder to promote increased starter intake. Milk replacers were hydrated prior to feeding to a 17
percent solution (fed in two meals daily after mixing into hot water).

[0047] Results: The results of Example 3 are provided in Table 3 below.

Table 3 - Study of All-Milk Protein Control vs. Non-Milk Protein Milk Replacers in Full Potential
Settings
Treatment All Milk 35% CP S1 15% P value SE
Plasma,
Initial 1g 3.17 3.33 0.58 0.21
Initial Wt., Ibs (kgs). 104.93(47.60) 104.52(47 .41) 0.78(0.35) 1.04(0.47)
Week 3 Wt., Ibs
(kgs). 127.79(57.96) 128.86(58.45) 0.74(0.34) 2.29(1.04)
Week 7 Wt., Ibs
(kgs). 181.91(82.51) 184.00(83.46) 0.68(0.31) 3.55(1.61)
Avg. Gain, Ibs (kgs).
Week 1 2.79(1.27) 2.48(1.12) 0.84(0.38) 1.08(0.49)
2 9.85(4.47) 10.17(4.61) 0.85(0.39) 1.19(0.54)
3 10.40(4.72) 11.81(5.36) 0.41(0.19) 1.21(0.55)
Total Gain (42 days) 77.38(35.10) 79.75(36.17) 0.60(0.27) 3.18(1.44)
Total Milk Replacer Consumption, Ibs (kgs). (DM Basis)
93.57(42.44) 99.41(45.09) 0.06(0.03) 2.11(0.96)
Total Dry Feed Consumption, Ibs (kgs). (DM Basis)
43.72(19.83) 43.25(19.62) 0.90(0.41) 2.52(1.14)
%aqe Feed to 1.84 183 0.83 0.05
Total Diarrhea Days* 4.97 4.40 0.55 0.67
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Total Dry Feed Consumption. Ibs (kgs). (DM Basis)
TotaIBesmratorv 360
Days

*Diarrhea or Respiratory Day - Sum of days that calves required treatments for one of these
two health issues.

2.25 0.17 0.68

[0048] Summary: As shown in Table 3, the results of Example 3 point to the improved utility of soy isolate
and plasma in milk replacer containing high levels of protein when fed at an elevated rate. Gain during the
first 3 weeks was elevated for calves fed the non-milk protein blend compared to the all-milk control (24.46
pounds (11.09 kg) for the treatment group vs. 23.04 pounds (10.45 kg) for the control group) even though
50 percent of the milk protein was replaced with non-milk protein. In addition, the non-milk protein-fed
animals had numerically more gain during the whole trial. All other performance and health data were
similar between treatments.

[0049] Conclusion: Based on the results of Example 3 and other Examples of the present disclosure, non-
milk proteins can be included in milk replacers without causing a performance lag by providing non-milk
proteins in full potential settings (e.g., at elevated protein levels and enhanced feeding rates). As the cost of
milk proteins increases, the use of non-milk proteins represents a meaningful saving to the dairy producer.

[0050] Example 4: In another trial, three non-milk protein-containing milk replacers were compared to an all
milk protein control product.

[0051] Materials and Methods: All-milk protein milk replacers contained 26 percent protein and 20 percent
fat. Ninety-six infant calves were sourced as described in Example 1. Twenty-four animals were assigned
to: 1) the all-milk protein control; 2) a non-milk protein with 19 percent of the milk protein replaced by
HSPM; 3) a non-milk protein with 19 percent of the milk protein replaced by a HSPM / soy isolate / plasma
(Blend) or 4) a milk replacer with 38 percent of the milk protein replaced by the non-milk protein Blend used
in treatment 3. Calves received 1.8 pounds (0.816 kg) of powder during the first week and 2.5 pounds
(1.13 kg) of powder during weeks 2 through 6. During the final week of the trial, calves were again offered
1.8 pounds (0.816 kg) of milk replacer powder to promote increased starter intake. Milk replacers were
hydrated prior to feeding to a 17 percent solution (fed in two meals daily after mixing into hot water). A 22
percent protein calf starter was fed to all calves.

[0052] Results: The results of Example 4 are provided in Table 4 below.

Table 4 - Study of All-Milk Protein Control vs. Non-Milk Protein Milk Replacers in Full Potential
Settings
Treatment All Milk§ 19% CP HSPM 19%CP{ 38% CP Blend SE
Blend

Initial Ig 4.00 3.95 410 4.26 0.24
Initial weight,
Ibs (kgs). 98.5(44.7) 98.5(44.7)] 98.1(44.5) 99.0(44.9) 1.01(0.46)
Weight wk 1 105.1(47.7) 104.8(47.5)] 104.9(47.6) 103.4(46.9) 1.46(0.66)
Weight wk 2 118.0(53.5) 118.4(53.7)} 120.4(54.6) 117.2(53.2) 2.02(0.92)
Weight wk 3 130.0(59.0) 131.3(59.6)] 132.6(60.1) 128.8(58.4) 2.11(0.96)
Weight wk 7 179.1(81.2) 187.5(85.0)] 184.2(83.6) 180.4(81.8) 3.97(1.80)
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Avg. Gain, Ibs (kgs).
Week 1 6.59(2.99) 6.31(2.86)} 6.78(3.08) 4.46(2.02) 1.14(0.52)
Week 2 12.95(5.87) 13.56(6.15)] 15.54(7.05) 13.78(6.25) 1.15(0.52)
Week 3 11.97(5.43) 12.87(5.84)] 12.18(5.52) 11.55(5.24) 0.81(0.37)
Week 7 9.77(4.43) 12.84(5.82)] 11.33(5.14) 11.25(5.10) 1.22(0.55)
Total Gain 80.7(36.6) 89.0(40.4); 86.1(39.1) 81.4(36.9) 3.76(1.71)
Total Milk Replacer Consumption, Ibs (kgs). (DM Basis)
104.6(47 .4) 102.7(46.6)] 104.8(47.5) 102.6(46.5) 1.42(0.64)

Total Dry Feed Consumption, Ibs (kgs). (DM Basis)

30.41(13.79) 40.45(18.35){31.79(14.42) 32.71(14.84) 3.62(1.64)
Average 1.70 1.64 1.61 1.68 0.04
Feed to Gain
Total
Diarrhea 5.62ab 4.29a 4.90ab 6.32b 0.70
Days*
Total
Respiratory 4.86 3.90 4.05 2.37 0.98
Days*
Means in the same row not followed by a common letter differ (P<.05) using LSD procedure.
*Diarrhea or Respiratory Day - Sum of days that calves required treatments for one of these
two health issues.

[0053] Summary: Gains by calves fed these treatments during the first three weeks were again similar. As
mentioned, during this period of time, a lag is typically noted for non-milk protein fed via conventional
practice. Total three week gains for these four treatments were 31.51, 32.74, 34.50 and 29.79 pounds
(14.29, 14.85, 15.65 and 13.51 kg, respectively), respectively. Total gains resulting from the 42 day trial
numerically favored calves fed the non-milk protein treatments. Dry feed intake and feed-to-gain ratio also
trended to favor calves fed the non-milk protein containing milk replacers. Calf health data was not different
between the all milk protein and non-milk protein treatments.

[0054] Conclusion: In this trial, the non-milk protein sources differed from those used in Example 3. Again,
no diminishment in performance or health was noted because of the protein content and feeding rate of the
milk replacer. As mentioned in the previous example, use of HSPM or the blended non-milk protein would
represent meaningful savings to producers.

[0055] Example 5: To better define the breadth of this approach, a two-treatment trial was conducted.

[0056] Materials and Methods: In this Example, forty-eight calves were sourced as described in Example 1

and allotted to two treatments. Milk replacer treatments included an all-milk protein control and one with 50
percent of the milk protein replaced with soy isolate. Calves consumed an average of 1.9 pounds (0.862
kg) of powder per day of two 25 percent protein: 20 percent fat milk replacers. To avoid confounding milk
replacer protein merit with that of protein provided by starter feed, only milk replacer was fed during this
shorter 28 day trial. Milk replacers were hydrated prior to feeding to a 15 percent solution (fed in two meals
daily after mixing into hot water).
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Table 5 - Study of All-Milk Protein Control vs. Non-Milk Protein Milk Replacers in Full Potential
Settings

Treatment All Milky 50% CP Soy Isolate SE
Initial 1g 2.38 2.21 0.28
Initial Wt., Ibs (kgs). 98.93(44.87) 98.77(44.80) 1.40(0.64)
Week 1 Wt., Ibs (kgs). 99.86(45.30) 99.71(45.23) 1.87(0.85)
Week 2 Wt., Ibs (kgs). 104.33(47.32) 105.10(47.67) 2.49(1.13)
Week 3 Wt., Ibs (kgs). 116.44(52.82) 117.18(53.15) 2.81(1.27)
Week 4 Wt., Ibs (kgs). 131.17(59.50) 131.41(59.61) 3.10(1.41)
Avg. Gain, Ibs (kgs).
Week 1 0.94(0.43) 0.94(0.43) 0.95(0.43)
Week 2 4.47(2.03) 5.39(2.44) 0.99(0.45)
Week 3 12.11(5.49) 12.08(5.48) 0.77(0.35)
Week 4 14.74(6.69) 14.24(6.46) 0.72(0.33)
Total Gain 32.25(14.63) 32.64(14.81) 2.16(0.98)
Total Milk Replacer Consumption, Ibs (kgs). (DM Basis)

52.09(23.63) 54.36(24.66) 1.34(0.61)
Average Feed to Gain 1.73 1.75 0.12
Total Diarrhea Days* 6.19 5.36 1.06
Total Respiratory Days* 1.25 1.86 0.56
NS, Means not different (P> 0.05).
*Diarrhea or Respiratory Day - Sum of days that calves required treatments for one of these
two health issues.

[0058] Summary: Weekly gains and total gain favored calves fed this source of non-milk protein. This result
would not have been expected if this non-milk protein source or others would have been fed conventionally.
Also, milk replacer intake, feed-to-gain ratio, and health parameters were similar in this study. Further, the
results of Example 5 show that even when the calf ingests milk replacer at about 1.9 pounds (0.862 kg) per
head per day for four weeks, animal's performance is not negatively affected by the ingestion of the milk
replacer formulated with complementary proteins, and in fact, favored the calves ingesting the test product
versus the control product.

[0059] Conclusion: This trial suggests that a milk replacer protein level as low as 25 percent fed to an
average powder intake of 1.9 pounds (0.862 kg) per calf daily, is sufficient to eliminate the non-milk protein

drag seen with conventionally fed milk replacers.

[0060] Example 6: In another trial, two non-milk protein-containing milk replacers were compared to an all-
milk protein control product.

[0061] Materials and Methods: All-milk protein milk replacers contained 28 percent protein and 10 percent
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fat. Sixty-three infant calves were sourced as described in previous examples. The animals were assigned
to: 1) the all-milk protein control; 2) a non-milk protein with 9 percent of the milk protein replaced by HSPM,;
3) a non-milk protein with 18 percent of the milk protein replaced by HSPM. Calves received 1.8 pounds
(0.816 kg) of powder during the first week and 2.5 confirm pounds (1.13 kg) of powder during weeks 2
through 6. Milk replacers were hydrated prior to feeding to a 17 percent solution (fed in two meals daily
after mixing into hot water). A 22 percent protein calf starter was fed to all calves.

[0062] Results: The results of Example 6 are provided in Table 6 below.

Table 6 - Study of All-Milk Protein Control vs. Non-Milk Protein Milk Replacers in Full Potential
Settings
Treatment All Milki 9 % CP HSPMj 18% CP HSPM P if<.2 SE
Initial Ig 410 432 4.05 0.20
Initial weight,
los (kgs).g 96.3(43.7) 96.7(43.9) 96.6(43.8) 0.90(0.41)
Weight wk 1 101.1(45.9) 103.4(46.9) 103.5(46.9) 1.04(0.47)
Weight wk 2 115.1(52.2) 118.1(53.6) 117.5(53.3) 1.55(0.70)
Weight wk 3 128.0(58.1) 131.2(59.5) 129.9(58.9) 1.84(0.83)
Weight wk 7 181.2(82.19) 189.1(85.8) 188.8(85.6) 0.18(0.08) 3.35(1.52)
Avg. Gain,
lbs (kgs).
Week 1 4.77(2.16) 6.70(3.04) 6.90(3.13) 0.93(0.42)
Week 2 13.95(6.33) 14.73(6.68) 14.04(6.37) 1.12(0.51)
Week 3 12.95(5.87) 13.05(5.92) 11.76(5.33) 0.87(0.39)
Week 7 12.15(5.51)a; 14.68(6.66)ab 16.03(7.27)b 0.04(0.02) 1.07(0.49)
Total Gain 84.9(38.5) 92.4(41.9) 92.3(41.9) 3.41(1.55)
Total Milk Replacer Consumption, Ibs (kgs). (DM Basis)
103.9(47.13)ai 106.0(48.1)ab 107.0(48.5)b 0.03(0.01) 0.8(0.4)
Total Dry Feed Consumption, Ibs (kgs). (DMBasis)
44.35(20.12) 54.84(24.88){ 48.65(22.07) .18(0.08) 3.97(1.80)
Average
Feed o Gain 1.78 1.76 1.69 0.04
Total
Diarrhea 6.90b 6.23ab 4.95a 0.05 0.55
Days*
Total
Respiratory 2.25 2.18 2.00 0.6
Days*
Means in the same row not followed by a common letter differ (P<.05) using LSD procedure.
*Diarrhea or Respiratory Day - Sum of days that calves required treatments for one of these
two health issues.

[0063] Summary: Gains by calves fed these treatments during the first three weeks were similar to gains
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experienced by the control group. As mentioned, during this period of time, a lag is typically noted for non-
milk protein fed via conventional practice. Total three week gains for the two treatments were 13.05 and
11.06 pounds (5.92 and 5.02 kg, respectively), respectively. Total gains resulting from the 42 day trial
numerically favored calves fed the HSPM treatments. Dry feed intake and feed-to-gain ratio also trended to
favor calves fed the non-milk protein containing milk replacers. Calf health data was not different between
the all milk protein and non-milk protein treatments.

[0064] Conclusion: In this trial, the non-milk protein sources differed from those used in Examples 3 and 5,
and HSPM was provided at a lower rate in comparison to Example 4. Again, no diminishment in
performance or health was noted because of the protein content and feeding rate of the milk replacer. As
mentioned in the previous example, use of HSPM or the blended non-milk protein would represent
meaningful savings to producers.

Conclusion for Examples 1-6:

[0065] The first two examples present the problem with non-milk protein sources when fed conventionally.
Conventional milk replacer feeding is defined as feeding 1.5 pounds (0.680 kg), daily of milk replacer that
contains less that 25 percent protein. Feeding of all non-milk protein sources when fed via this practice,
result in an early growth lag from which calves cannot generally recover. Also, health and other
performance criteria usually suffer when non-milk protein sources are fed by conventional means.

[0066] The latter four examples present findings that demonstrate the merit to non-milk protein sources
that result by feeding a higher protein milk replacer differently. No non-milk protein performance lag is
noted when a 25 percent protein or greater milk replacer is fed at elevated feeding rates. In fact, several
observations suggest that calf gain may actually be improved by this practice. Feeding increased levels of
milk replacer dramatically improve calf performance by fueling early more efficient gain. Use of non-milk
protein as a significant protein source in milk replacers designed for this purpose, reduces the major
concern of feeding levels of milk replacer. The reduction in cost resulting from use of non-milk protein
makes the approach of feeding at enhanced levels more cost effective and justifiable on-farm.
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-1-
FREMGANGSMADE TIL FODRING AF KALVE MED PROTEINRIGE MALKEERSTATNINGER,
SOM INDEHOLDER IKKE-MALKEPROTEINER
PATENTKRAV
1. Fremgangsmade til fodring af en kalv omfattende:

tilvejebringelse af mindst 0,816 kg (1,8 pund) af en malkeerstatning efter torvagt pr. kalv pr. dag
startende fra omtrent fodselstidspunktet i mindst 21 dage, hvilken melkeerstatning omfatter mindst ca. 25
procent protein efter tervaegt, og hvor mindst ca. 1 procent af proteinet efter torvagt er et ikke-

malkeprotein,
hvor ikke-melkeproteinet er fri for &g og &ggeprotein, og

hvor efter 21 dage efter fodslen kalven oplever forbedret ydeevne som reaktion pa indtagelse af

melkeerstatningen.

2. Fremgangsmade ifolge krav 1, der endvidere omfatter at forsyne kalven med et startfoder pa ad
libitum-basis, og hvor den forbedrede ydeevne omfatter en gget rate af startfoderindtag.

3. Fremgangsmade ifolge krav 1 eller 2, hvor den forbedrede performance omfatter én eller flere af et

oget malkeerstatningsindtag, et oget forhold mellem foderindtag og tilvaekst eller en gget tilvakstrate.

4, Fremgangsmade ifolge krav 1, hvori ikke-malkeproteinet omfatter fra ca. 1 procent til ca. 65

procent af proteinet efter torvagt.

5. Fremgangsmade ifelge krav 1 eller 4, hvor ikke-malkeproteinet omfatter ¢én eller flere af
modificeret, hydrolyseret  sojaprotein,  sojaproteinkoncentrat,  sojaproteinisolat,  hvedeprotein,

kartoffelprotein, blodplasma eller rede blodlegemer.

6. Fremgangsmade ifelge krav 1 eller 4, hvor en balance af proteinet i malkeerstatningen er protein,
der er afledt af malk.
7. Fremgangsmade til fodring af en kalv omfattende:

tilvejebringelse af mindst 0,816 kg (1,8 pund) af en malkeerstatning efter torvagt pr. kalv pr. dag
startende fra omtrent fodselstidspunktet i mindst 21 dage, hvilken melkeerstatning omfatter mindst ca. 25
procent protein efter tervaegt, og hvor mindst ca. 1 procent af proteinet efter torvagt er et ikke-

malkeprotein, hvilket ikke-malkeprotein omfatter et koncentreret &eggeprotein.

8. Fremgangsmade ifolge krav 7, hvor det koncentrerede @ggeprotein er afledt af koncentrerede
xggehvider.

9. Fremgangsmade ifolge krav 8, hvor det koncentrerede &ggeprotein er fri for &ggeblommer.

10. Fremgangsmade ifolge krav 7, hvor det koncentrerede @ggeprotein er afledt af koncentrerede
&ggeblommer.

11. Fremgangsmade ifolge krav 10, hvor det koncentrerede &ggeprotein er fri for aggehvider.

12. Fremgangsmade ifelge et hvilket som helst af krav 7, 8, 9 10, eller 11, hvor ikke-malkeproteinet
endvidere omfatter én eller flere af modificeret, hydrolyseret sojaprotein, sojaproteinkoncentrat,

sojaproteinisolat, hvedeprotein, kartoffelprotein, blodplasma, rede blodlegemer.
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-2-
13. Fremgangsmade ifelge et hvilket som helst af krav 7, 8, 9 10, 11 eller 12, hvor ikke-
malkeproteinet endvidere omfatter én eller flere af sojaproteinkoncentrat eller sojaproteinisolat.
14. Fremgangsmade ifelge et hvilket som helst af krav 7, 8, 9 10, 11, 12 eller 13, hvor ikke-
malkeproteinet omfatter fra ca. 1 procent til ca. 65 procent af proteinet efter torvagt.
15. Fremgangsmade ifolge et hvilket som helst af krav 7, 8, 9 10, 11, 12, 13 eller 14, hvor en balance

af proteinet i m&lkeerstatningen er protein, der er afledt af malk.



