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1
COMPOSITIONS AND METHODS FOR THE
TREATMENT OF DIETARY DEFICIENCIES
FIELD OF THE INVENTION
The present invention relates to the treatment of
dietary deﬁciencies of animals, especially ruminants,

2
to subsequent regions of the gastrointestinal track; dietary protein passing from the reticulorumen is then
thought to be hydrolyzed to peptides and eventually to
amino acids which can be readily absorbed from the
intestines of the animal.
Products of dietary protein degradation in the

and relates more particularly to compositions capable of

reticulorumen were thought to be essentially utilized by
microorganisms to synthesize new proteins for their

absorption into the blood stream through the stomach

cellular structures and metabolic functions; this degra-

and their use in supplying nutrients and treating dietary 10 dation is believed to primarily result in the formation of
deﬁciencies or other maladies. .
ammonia, with some peptides and amino acids also
BACKGROUND OF THE INVENTION
Vast sums of money are spent annually to provide
high protein feeds to agricultural animals. The productivity and growth of all animals, including humans but
particularly agricultural animals, is dependent upon

being formed for further degradation. Peptides resulting
from microbial protein hydrclysis in the reticulorumen
were assumed by the prior art to be either utilized by
bacteria, or degraded further to ammonia and keto

acids.

tein, carbohydrates, and minerals. Synthesis of proteins

It has also been widely believed that ammonia is the
only nitrogen-containing product of protein degradation absorbed from the stomach. Ammonia utilization in

necessary for high productivity and growth requires

animals is minimal, absorbed ammonia being excreted as

their ability to ingest sufﬁcient nutrients, such as pro-

that animals absorb sufﬁcient amounts of peptides and
urea.
amino acids into their blood streams. Of the twenty
Recent evidence suggests that large quantities of
three amino acids found in the proteins of most animals,
peptides are also formed in the reticulorumen, and that
only thirteen of these can usually be synthesized in
certain peptides are utilized by bacteria residing in the
nutritionally adequate amounts by biochemical pro- 25
reticulorumen; other peptides formed in the reticulorucesses in the body from other substances in the diet. The
men are thought to pass through the omasum and the
ten other amino acids which can not be synthesized in
abomasum into the small intestine where further digessufﬁcient quantities must therefore be ingested by the
tion and/or absorption occurs. The prior art concluded
animal. (Generally, proteins are polymers formed from
from this that amino acids needed by ruminant animals
at least 100 amino acid residues, and peptides are oligo—
for protein synthesis were derived from dietary protein
mers comprised of from two to ten amino acids joined

through amide linkages; dipeptides, tripeptides, and
tetrapeptides are formed by condensation of two, three,
and four amino acids, respectively.)
Therefore, it is common practice to supplement the

diet of animals with nutritional sources containing espe-

which had passed from the reticulorumen without degradation and from microbially generated proteins, all of
which were believed to be digested in and absorbed
from the small intestine and not from any part of the
stomach.

Since the supply of microbially generated protein
cially those amino acids which can not be synthesized,
passing to the intestinal tract is limited by the rate at
or to supplement the diet with sources which can be
which microorganisms replicate in the reticulorumen,
broken down by the body to form such amino acids;
otherwise, the productivity and growth of the animals 4O most efforts for increasing protein uptake by ruminant
may be limited in proportion to the amino acid deﬁ-

animals have attempted to increase the amount of unde—

ciency. Obviously, however, merely increasing the
available quantities of the limiting amino acids ingested
by an animal does not ensure that the amino acids will
ultimately be absorbed and synthesized into protein.
45

graded protein reaching the small intestine; generally,

For example, when food is consumed by ruminants,

this involved feeding animals proteins which are naturally resistant to microbial degradation, or feeding animals proteins which were treated with compounds,
such as formaldehyde or tannin, to decrease degradation in the reticulorumen.
Wu et al., in US. Pat. No. 4,595,584, herein incorporated by reference, state that the natural nutritional

such as sheep and cattle, it enters a complex stomach
composed of four compartments, the rumen, the reticulum, the omasum, and the abomasum; the reticulum and
the rumen are referred to a the reticulorumen. Accord- 50 balance of ruminant animals was primarily a function of
the microbial composition and population, and that the
ing to D. C. Church, food entering the reticulorumen is
rate of meat, wool, ﬂesh, or milk production could be
degraded by large populations of bacteria, protozoa,

and fungi which reside there. See “Digestive Physiol-

increased if sources of growth limiting essential amino

acids, and/or medicaments were protected from alterogy and Nutrition of Ruminants,” Vol. 1, O.S.U. Book
Store Inc. of Corvallis, Oreg., herein incorporated by 55 ation by microorganisms residing in the rumen; the
reference. The microbial degradation activity in the
protected compounds are then thought to become availreticulorumen is extensive, especially in the case of
able for direct absorption by the animal later in the
carbohydrates and proteins. However, Church believed
gastrointestinal track. Therefore, Wu et al. formed pelthat only certain products of microbial degradation in
lets for oral administration which had a core material
the reticulorumen, such as volatile fatty acids and am- 60 containing necessary nutrients or medicaments, and the
monia, are actually absorbed from the reticulorumen,
cores . were coated, e.g. with an enteric coating, to
while undegraded food residues and microorganisms
pass from the reticulorumen to subsequent sections of

protect them while in the rumen; the coating was de-

signed to dissolve in the acidic conditions of the abomathe gastrointestinal track, where more digestion and
sum so that the core material could be broken down into
absorption occurs.
65 a form which the organisms were capable of utilizing.
It has also generally been accepted that dietary proDespite the widely held belief that amino acid and
tein is either degraded by microorganisms in the
peptide absorption only occurs further along in the
reticulorumen, or it is passed through the reticulorumen
gastrointestinal track than the stomach, it has been as-

5,167,957

3

4

certained experimentally that certain peptides are not

true protein would release its nutritional components at

only absorbed into the blood stream through the lining

far more signiﬁcant levels compared to what might be
contributed by the peptides, it is hardly surprising that
the possible presence of peptides in the feed was ig-

of ruminant stomachs, but some peptides are apparently
absorbed more efﬁciently through the stomach lining. It
is believed this absorption is primarily carried out
through the lining of the reticulorumen and omasum,
rather than the abomasum, because of the large absorp-

nored, and not even measured in typical analyses of

tive area in the former compartments. This indicates

whatever starting amount of peptide might have natu-

that prior art attempts to protect protein and medica-

rally been present, and even less reason to emphasize

ment containing feeds from degradation in the stomach
may actually be counterproductive. Since any peptides
in such coated feeds which are capable of being ab-

the selection of peptides characterized by residues of

sorbed through the stomach lining are prevented from
doing so, feeds protected from microbial degradation
may result in reduced utilization of dietary proteins.

Further, due to the increased quantity of amino acids in
the small intestine resulting from coated feeds, competi-

dietary compositions. Under such circumstances, there

was no reason for modifying the normal diet to augment

especially valuable or essential amino acids. Further,
there was no incentive to take peculiar advantage of the
simple structure of lower oligomeric peptides to synthesize special peptides having enhanced levels of such
amino acids. However, in this manner the present invention overcomes speciﬁc dietary deﬁciencies in particular animals on the one hand, while on the other, the

tion for absorption is increased and the efﬁciency of
diet for normal animals can be tailored to optimize the
amino acid absorption may be substantially decreased.
function of the animal in producing meat, milk, offOptimal dietary protein formulations for high pro- 20 spring, etc. cl SUMMARY OF THE INVENTION
ducing . ruminants, such as beef cattle and lactating
Once the fundamental phenomena of the invention
dairy cattle, have not been realized using protected
feeds; this is evident from the substantial amounts of
waste products from dietary protein excreted in the

are comprehended, the formulation of suitable feed

compositions will be immediately obvious to those
knowledgeable in the ﬁeld so that detailed discussion

urine and feces of animals fed prior art feeds, which 25 becomes unnecessary; suitable compositions contain
indicates that optimal mixtures of protein and amino
acids are not being presented for digestion and utilization.
It is believed that methionine and lysine are the prin-

peptides, or peptide derivatives, or peptide precursors
that release peptides within the stomach by gastric action, the peptides being capable of absorption into the
blood stream through the lining of the stomach of aniciple limiting amino acids in ruminant diets, with histi- 30 mals ingesting them to supply particular nutrients to
dine, phenylalanine, and threonine also playing imporruminants and other animals. In a preferred emboditant limiting roles. Adding these amino acids in synment, feed compositions are modiﬁed to incorporate
thetic form to ruminant diets has not been effective as
signiﬁcant amounts of peptides containing one or more
the amine acids are destroyed by the microbial populaamino acid residues in which an animal is deﬁcient. In
tion in the reticulorumen, making them unavailable to
formulating preferred feed compositions, the peptides
the animal. Peptides which contain these amino acids
selected are those which have been determined to be
and which also resist microbial degradation in the
absorbed in substantial amounts through the lining of .
reticulorumen long enough to be absorbed from the
the stomach. Synthetic peptides may be used, or feed
stomach, will result in substantial improvements in anistocks containing proteins and polypeptides which
mal productivity at reduced cost by ensuring that the 40 break down to form peptides which can be absorbed

animals uptake the proper amount of essential amino
acids. A further beneﬁt of peptide absorption through

through the stomach lining may be used.
As an alternative embodiment, the possibility exists

the stomach is a reduction in the metabolic energy exfor complexing peptides capable of absorption into the
penditure required for the absorption of nutrients; since
blood stream through the stomach lining with medicathe energy lost in transporting a single amino acid 45 ments or mineral containing compounds which an aniacross an absorptive membrane is about the same as
mal requires, and feed compositions containing these
transporting a peptide containing multiple amino acid
peptide derivatives are fed to nutrient-deﬁcient animals
residues, peptide absorption would reduce the energy
or animals suffering from an illness for which the medirequired to absorb the amino acid needs of the animal.
cament is effective. In another speciﬁc embodiment,
(Absorbed peptides would subsequently be hydrolyzed 50 compositions are formulated to incorporate peptides or

to their constituent amino acids for use in protein syn-

peptide derivatives that contain proline, phenylalanine,

thesis.)
Thus, there is a need for compositions containing

or glycine, that appear to be preferentially absorbed in
the stomach as well at least one other less readily abpeptides which are capable of absorption from the stomsorbable amino acid or nutrient in which an animal is
ach in order to assure adequate uptake of necessary 55 deﬁcient in order to facilitate the absorption of the latter
amino acids. Further, there is a need for methods of
into the blood stream through the lining of the stomach.

treating dietary deﬁciencies in animals and/or supplying necessary nutrients to animals which does not require coating or other treatment of the nutrients con-

In a preferred process for providing nutrients to ruminants, or for treating dietary deﬁciencies in ruminants, feed compositions are formulated which contain

tained therein to prevent microbial degradation or 6O increased amounts of peptides known to be absorbed
breakdown in the stomach.
into the blood stream through the lining of the stomach.
While normal or conventional dietary compositions
Preferred peptides contain proline, glycine, or phenylfor animals may, and presumably do, contain some
alanine, and have no more than two to four amino acid
amount of peptides, given the conviction of prior workresidues; preferably, the peptides are supplied to aniers that such ingested peptides would be degraded in 65 mals in concentrations greater than can be found in any
the stomach to nutritionally useless by-products or at
conventional feed source. Natural sources containing
the least would not undergo absorption until reaching
sufﬁcient concentrations of desired peptides which can
the intestines, at which point the much larger amount of
be absorbed through the stomach may also be used in a
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preferred method of supplying nutrients and treating
dietary deﬁciencies.

Thus, it is a primary Object of the present invention to
provide feed compositions which contain peptides that
are capable of absorption into the blood stream through
the lining Of the stomach.

It is a further Object of the present invention to provide feed compositions for ruminants which contain
peptides that resist microbial degradation in the
reticulorumen and which are absorbed into the blood
stream from the stomach.
It is yet another Object of the present invention to
provide a method for the treatment of dietary deﬁcien-

TABLE 1
SHEEP FEED COMPOSITION INGREDIENTS”
INGREDIENT
Corn, ground
Orchardgrass Hay
Soybean Meal

Molasses
Deﬂuorinated Rock Phosphate
Limestone

Trace Mineralized Salt
Dry Matter
Crude Protein‘

WEIGHT PERCENT"
50.00
30.00
13.30

5.00
0.42
0.78

0.50
91.06
13.92

“All animals received intramuscular injections of vitamin A, $00.00 IU; vitamin D.
75.0001U; vitamin E. 3.7 IU/kg body weight; and selenium. 55 rig/kg body weight.

”As fed basis.

cies which involves modifying the dietary intake of 15 ‘Dry matter basis.
animals to incorporate increased levels of peptides or
peptide derivatives providing essential nutrients for
Peptide and amino acid ﬂuxes across the stomach
lining were calculated as the products of blood ﬂows
absorption in the stomach of such animals and into the
through the tissue and the arteriovenous changes in the
20 concentrations of the nutrients. The negative values in
DESCRIPTION OF THE DRAWINGS
FIG. 1 represent an output of the nutrients into the
venous blood draining the tissue, and indicate absorpFIG. 1 is a chart Of the mean flux in micromoles per
tion.
Note that free amino acids do not appear to be
minute (UM/MIN) of free amino acids and peptide
absorbed to any signiﬁcant degree through the stomach,
amino acids across the stomach of sheep.
FIG. 2 is a chart of the mean ﬂux in micromoles per 25 but surprisingly large amounts of peptide amino acids

blood stream thereof.

minute (UM/MIN) of free amino acids and peptide

are absorbed through the stomach into blood draining

amino acids across the intestines of sheep.

the stomach region.

In order to determine the amounts of peptides and
DETAILED DESCRIPTION OF THE
INVENTION

amino acids absorbed respectively from the stomach
3O and the intestines, the peptide and amino acid content of
arterial blood plasma was compared to the peptide and
It has been discovered that peptides, particularly
amino acid content of venous blood plasma; venous
oligomeric peptides containing two to about four amino
blood from the portal vein (which drains both stomach
acid residues, can be absorbed from the stomach region
and intestinal regions of the gastrointestinal track) and
of ruminants, such as beef cattle, dairy cattle, and sheep,
35 blood from the mesenteric vein (which drains only the
into the blood stream of the animals. This knowledge
intestinal region) were collected, and analyzed. Differcan be applied to increase the uptake of speciﬁc nutriences in the composition of the portal vein blood plasma
ents by manipulating the diet of animals, such as but not
and the mesenteric vein blood plasma reﬂect the comlimited to ruminants, to incorporate high level of seposition of blood plasma draining the stomach region.
lected peptides containing speciﬁc amino acid residues
Amino acids analyzed for were alanine (ala), arginine
4O
capable of achieving more efﬁcient animal growth and
(arg), asparagine (asn), aspartic acid (asp), cysteine
production.
(cys), glutamic acid (glu), glutamine (gln), glycine (gly),
histidine (his), isoleucine (ile), leucine (leu), lysine (lys),

ABSORPTION OF PEPTIDES THROUGH THE
RETICULORUMEN OF RUMINANTS

methionine (met), phenylalanine (phe), proline (pro),

from the intestinal region of the gastrointestinal track of

most of the peptides in the blood plasma of calves had

45 serine (ser), threonine (thr), tryptophan (UP), tyrosine
(tyr), and valine (val).
Studies of ruminants were undertaken to determine
uptake of peptides and amino acids through the lining of
Blood samples to be analyzed were ﬁrst treated to
the stomach. From these studies came the discovery
remove protein and large polypeptides from the blood
plasma by passing the plasma through ﬁlters which
that peptides, preferably peptides containing four amino
acids or less, are absorbed through the lining of the 50 excluded molecules having a molecular weight greater
than ten thousand daltons; this molecular weight cut off
stomach, which is contrary to the widely held belief
point was chosen because earlier work showed that
that digestion products of proteins are only absorbed
molecular weights of ﬁve hundred daltons or less. Aliruminants and other animals.
55 quots of the ﬁltrates were then analyzed for their free
The discovery of this phenomenon was based upon
amino acid content. Additional aliquots of the ﬁltrates
measurements of the free amino acid and peptide amino
were treated with HCl to hydrolyze the peptide bonds,
acid ﬂux across the stomachs of sheep and cattle. By
and the hydrolyzed solutions were analyzed for their

“free amino acid" is meant those amino acids absorbed
total amino acid content. The difference between the
directly into the blood stream, while “peptide amino
total amino acid content and the free amino acid content

acid" refers to amino acids recovered from peptides
absorbed into the blood stream, and subsequently hy—
drolyzed to their constituent amino acids. With refer-

yielded the peptide amino acid content of the blood
plasma (although this did not provide sufﬁcient information to determine the composition of speciﬁc pep-

ence to FIG. 1, the mean ﬂuxes in micromoles per min—
tides in the plasma).
ute (UM/MIN) of free amino acids and peptide amino 65
Observations were made of free amino acids and
acids across the stomach of sheep are presented. All of
peptide amino acids in venous blood draining the intestithe sheep studied were fed the composition having the
nal region. These Observations also enable testing Of the
ingredients listed below in Table 1.
current wide spread belief that amino acids (i.e. free
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amino acids) are absorbed from the small intestine, but
not from the stomach. With reference to FIG. 2, the

8

mean flux in micromoles per . minute (UM/MIN) of

FORMULATION OF PREFERRED
COMPOSITIONS

free amino acids and peptide amino acids across the
intestines of sheep are presented on a considerably enlarged scale in comparison to FIG. 1. Note that both
free amino acids and peptide amino acids were observed

It is also known that the bonds between certain amino
acids are more resistant to enzymatic hydrolysis than
others. For example, the bonds between glycine, proline, or phenylalanine with other amino acids appear

in the blood plasma draining the intestine, but minimal

more resistant to hydrolysis in the reticulorumen than

absorption of free amino acids were observed across the

other peptide bonds, thereby favoring absorption of

10 peptides containing residues of such amino acids in the
lining of the stomach.
stomach. Thus, in a preferred embodiment, proline,
Since FIG. 1 shows little absorption of free amino
acids through the stomach, while FIG. 2 demonstrates

substantial absorption of amino acids in the intestine, the
prior art theory of virtually exclusive intestinal amino
acid absorption appears to be conﬁrmed. A comparison

glycine, or phenylalanine are attached to amino acids
which an animal requires for a healthy diet, or which an
animal is deﬁcient in and the peptides are fed directly or

are incorporated into a feed composition. It is believed

of the mean ﬂuxes of peptide amino acids across the

that the preferred peptides are more likely to survive

stomach of sheep versus the mean ﬂuxes of peptide

the microbial environment of the reticulorumen, al-

though other peptides which do not contain glycine,
phenylalanine, or proline will also be effective, provided sufﬁcient amounts are fed to compensate for any
stomach is several times the amount of peptides that are
degradation in the stomach.
absorbed from the intestine.
Preliminary studies indicate that peptides formed of
A preferred method for determining the identity and
between two and four amino acid residues are absorbed
amounts of peptide amino acids absorbed through the
to a greater extent through the stomach of ruminants
stomach involves a six step process (although there is no 25 than
peptides containing greater amounts of amino acid
requirement that the steps be performed in any given
residues. Thus, it is preferred that the peptides and peporder). In the ﬁrst step, the concentration of free amino
tide derivatives used to supply nutrients, treat dietary
acids in a portal vein blood plasma sample is subtracted
deﬁciencies, or provide medicaments to the blood
from the concentration of amino acids in a portal vein
stream of animals by absorption through the stomach
blood plasma sample which has been treated to hydro- 30 will contain
between two and four amino acid residues.
lyze peptides contained therein. This provides the porIt is also envisioned that proteins can be included in
tal vein peptide concentration.
the diet which degrade in gastric conditions to form
In the second step, the mesenteric vein peptide . conpeptides that can be absorbed through the lining of the
centration is determined by subtracting the free amino
stomach, and hence act as precursors for the desired
acid concentration in a mesenteric vein blood plasma
peptides. Thus, the present invention also extends not
sample from the amino acid concentration in a hydroonly to feed compositions containing natural or synlyzed mesenteric vein blood plasma sample.
thetic sources of peptides which can be absorbed
The third step involves determination of the arterial
through the stomach, but also to feed compositions
peptide concentration by subtracting the free amino
containing natural or synthetic sources of proteins or
acid concentration in an arterial blood plasma sample
peptides which degrade in the stomach to release those
from the total amino acid concentration in an arterial
peptides which can be absorbed through the stomach.
blood plasma sample which has been hydrolyzed.
In an alternative embodiment, peptide derivatives can
be formed by binding chelated minerals, antibiotics, or
Step four involves subtracting the arterial peptide
medicaments to peptides; it is envisioned that these
concentration from the mesenteric peptide concentration to obtain the intestinal peptide concentration. The 45 peptide derivatives will also be capable of absorption
through the lining of the stomach for providing nutriﬂux of peptides across the intestinal lining can then be
ents, or treating dietary deﬁciencies or illnesses.
determined by multiplying the intestinal peptide conAnother embodiment of the present invention incentration by blood flow.
cludes selective fermentation of proteins with particular
In a ﬁfth step, arterial peptide concentration is submicroorganisms to produce speciﬁc peptides. Alternatracted from the portal vein peptide concentration to
tively, one may use naturally occurring or genetically
yield the total peptide concentration. The total peptide
engineered . bacteria to produce speciﬁc peptides. Such
flux from the entire gastrointestinal system is then deterbacteria or their products could be harvested and incormined by multiplying the total peptide concentration by
porated into the diet of animals to overcome dietary
the blood ﬂow.
55 deﬁciencies.
The intestinal peptide ﬂux is then subtracted from the

amino acids across the intestines demonstrates that the
amount of peptides absorbed through the lining of the

total peptide ﬂux in a sixth step to obtain the stomach
peptide ﬂux.

Using the above method, it is possible to determine
the amounts of peptide amino acids absorbed through
the stomach independently of the amounts absorbed
through the intestines. Although the method does not

provide the identity of speciﬁc peptides absorbed, one
of skill in the art can determine the absorption of particular peptides by providing only one peptide or several 65
peptides and/or proteins at a time and monitoring absorption; other analytical techniques may also be used

to determine speciﬁc peptide uptake.

While it will be apparent from the foregoing to one of
skill in the art how to perform the present invention, the

following non-limiting example is provided to facilitate
understanding and utilizing the compositions and methods disclosed above for supplying nutrients, and treating dietary deﬁciencies 'and disease by absorption of
peptides and peptide derivatives through the stomach.

EXAMPLE 1

Methionine deﬁciencies are frequently encountered
with ruminant animals. Since peptides formed of methionine bound to proline, glycine, or phenylalanine are
expected to be more likely to resist microbial enzymatic
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hydrolysis in the reticulorumen than other peptides,
these peptides can be synthesized, and fed directly to a

isoleucine, leucine, asparagine, aspartic acid, glutamic
acid, glutamine, serine, tyrosine, and valine; and
B comprises proline, phenylalanine and glycine.
3. A composition according to claim 1 wherein A is

ruminant animal, or proteins which are degradable in
the reticulorumen to produce peptides containing me-

thionine can be fed to a methionine deﬁcient animal. 5 proline and B is methionine.
Preferably, prolylmethionine (or methionylproline), or

4. A method for the treatment of amino acid deﬁciencies in ruminants comprising the step of:

a methionine-containing peptide having no more than

feeding an effective amount of a composition to a

two to four amino acid residues, is incorporated into the
diet of a ruminant animal suffering from a methionine

ruminant suffering from a deﬁciency of at least one

10
deﬁciency.
In a similar fashion, arginine, histidine, threonine,

amino acid, said composition comprising at least

tryptophan, isoleucine, leucine, valine, lysine, or other
amino acid deﬁciencies can be treated by adding pep-

one peptide, said at least one peptide comprising at
least one amino acid residue of an amino acid
which said ruminant is deﬁcient in, wherein said at

tides containing . these amino acids to the diet. Preferably, the peptides containing these amino acids will con- 15

least one peptide is capable of absorption into the
blood stream of said ruminant through the

tain no more than two to four amino acid residues, and
will preferably also contain glycine, phenylalanine, or
proline.
In these inventions, peptides can and will be incorporated in the diet at concentrations greater than found in

reticulorumen and omasum, wherein the concen-

tration of said amino acid in the blood is increased.
5. A method according to claim 4, wherein:
said peptide further comprises at least one amino acid
residue formed from an amino acid selected from
the group comprised of proline, phenylalanine, and
glycine, and said peptide comprises between two
and four amino acid residues.

any natural source. In an alternative embodiment, preferred compositions contain peptides which are capable
of absorption through the stomach, and which contain

6. A method according to claim 5, wherein:

relative quantities of amino acids/amino acid residues
25
which promote the most efﬁcient and effective protein

said peptide further comprises at least one amino acid

synthesis possible. It is envisioned that any naturally

residue formed from an amino acid selected from
the group comprised of: methionine, arginine, thre.

occurring nutrient sources containing peptides, or cononine, tryptophan, histidine, isoleucine, leucine,
taining compounds which can be degraded to form
lysine, and valine.
peptides, in which the peptides are capable of absorp30
7. A method according to claim 4, further comprising
tion by the stomach and contain important amino acids,
the step of:
might be used to perform the present invention, with
producing said peptides by fermenting proteins with
their relative proportions in the diet being adjusted
microorganisms.
upward as necessary to insure an enhanced concentra8. A method according to claim 4, further comprising
tion of the selected peptides in the diet.
the steps of:
Thus, the present invention discloses new composiproducing said peptides by growing bacteria which
tions and methods for providing nutrients, and treating
produce said peptides, said bacteria being selected
dietary deﬁciencies and illnesses in animals, such as but
from the group comprised of naturally occurring
not limited to ruminants. From the above teachings, it is
bacteria and genetically engineered bacteria, har-

apparent that many modiﬁcations and variations of the
vesting said bacteria, and incorporating into said
present pioneer invention are possible. It is therefore to
be understood that the invention may be practiced oth—

erwise than as it is speciﬁcally described.

composition said bacteria, or the products of said

bacteria.
9. A method according to claim 4 wherein said com-

We claim:
position comprises an effective amount of a peptide
1. In a feed composition for providing nutrients to 45 comprising residues of proline and methionine.
ruminants, said composition comprising:
10. A method of modifying the dietary intake of a
an effective amount of peptides sufﬁcient to increase
ruminant to increase the level absorbed by said rumithe amino acid concentration available for metanant of at least one selected amino acid essential to the

bolic utilization in ruminants when a sufﬁcient
dietary requirements of said ruminant which comprises
quantity of said composition is ingested by rumi- 50 the step of:
nants, said peptides being capable of absorption
incorporating into the dietary intake of said ruminant
into the blood stream through the liming of the
at least one peptide or a synthetic precursor of said
reticulorumen and omasum of a ruminant ingesting
at least one peptide which is capable of absorbtion
said composition;
said peptides having the formula AB, wherein A is 55
the N terminal amino acid residue and is selected

from the group comprised of proline and phenylal~

through the reticulorumen and omasum of said
ruminant, said at least one peptide or precursor
being present in an amount sufﬁcient to increase
the absorbed level of said at least one amino acid
above that achieved by the normal dietary intake of
said ruminant.

anine; and
B comprises from one to three amino acid residues,
said residues being the same or different and se- 60
11. A method for the treatment of amino acid deﬁlected from the group comprised of alanine, glyciencies in ruminants comprising the step of:
cine, methionine, arginine, threonine, tryptophan,
feeding an effective amount of a composition to a

histidine, isoleucine, leucine, lysine, asparagine,
aspartic acid, glutamic acid, glutamine, serine, tyrosine, and valine.
65
2. A composition according to claim 1, wherein A is
selected from the group comprised of proline, phenylal-

ruminant suffering from a deﬁciency of at least one
amino acid, said composition being capable of making available at least one peptide in the reticulorumen and omasum of a ruminant, said at least one
peptide comprising at least one amino acid residue

anine, methionine, threonine, tryptophan, histidine,

of an amino acid which said ruminant is deﬁcient
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in, wherein said at least one peptide is capable of
absorption into the bloodstream of said ruminant

lected from the group comprised of proline and
phenylalanine; and
B comprises from one to three amino acid residues,
said residues being the same or different and selected from the group comprised of alanine, glycine, methionine, arginine, threonine, tryptophan,
histidine, isoleucine, leucine, lysine, asparagine,
aspartic acid, glutamic acid, glutamine, serine, tyrosine, and valine.

through the reticulorumen and omasum wherein
the concentration of said amino acid in the blood is

h‘

increased.
12. The method of claim 11, wherein:
said at least one peptide has the formula AB, wherein
A is the N terminal amino acid residue and is se-
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