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In this experiment, essential amino acid (Methionine) and two chemical compound,
were used to make ligands that produce pH-sensitive amino acids that are stable in the rumen
and absorbable in the post rumen part of the digestive tract. The treatments were made with
heat and steer, reflux and ultrasound reaction at different times, temperatures and solvents to
make new bonds and pH-sensitive amino acid ligands.During the first 8 hours of incubation
(rumen phase) 55.42% of RPMet1 was released, during the 2 hours (abomasum phase) 91.00% of
the compound had been released and during the final hours up to 35h (intestine phase) 93.21%
had been released and 6.79% of this product was stable. About the RPMet2 figure shown that
in first 8 hours of incubation (rumen phase) 49.25% of RPMet1 was released, in next 2 hours
(abomasum phase) 87.93% of the compound was released and in the final hours up to 35h
(intestine phase) 94.05% was released and 5.95% of this product was stable. Result shows that
this chemical method increased retention time in rumen and the bond is reversible in lower
pHs,similar to the abomasum.
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It is well known that ruminants need
bioavailable essential amino acids to perform as
well as domesticated livestock**. For this goal,
if ruminants, like dairy cows, have not met their
minimum requirements for essential amino acids
such as lysine and methionine, they will not
produce milk at optimum yield and generally, their
health may be negatively impacted. Providing
essential amino acids for ruminants is not simple.
For example, bacteria in the rumen are known
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to routinely degrade amino acid, like lysine and
methionine. This is done by bacteria in order
torumen metabolize the amino acids and thus “rob”
the animal of the benefit of the amino acid. By the
time the metabolized by-product passes from the
rumen into the intestine, the amino acid is gone.
Therefore, the challenge is to develop products
which will allow amino acids to be stable in the
rumen environment, but still capable of absorption
when they pass from the rumen into the intestine.
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In other words, the essential amino acids, such as
lysine and methionine, need to be bioavailable only
in the intestine, and remain stable, and therefore,
not metabolized in the rumen.

Previously, feed developers have used
fats, minerals, carbohydrates, and binders to
protect amino acids from rumen degradation.
This technology involves a simple coating of the
material in hopes that the coated amino acid is
stable in the rumen. Recently, Rhone Poulenc (a
French chemical and pharmaceutical company)
has provided a pH-sensitive polymer coating.
The theory of a pH-sensitive coating polymer for
making the amino acid revolves around the pH
difference between the rumen and the abomasum
of ruminants. The rumen pH is usually 5.5 to 7.0,
and the Abomasum pH is 2 to 3. Polymer-coated
of essential amino acids (EAA) is a method of
accomplishing this by profiting the AA in the rumen
environment, but is soluble at lower pH’s of the
post ruminal environment (pH 2 to 3), therefore it
could be undegraded in the rumen, but be available
in the intestine.

Technologies which have been used
in the past, like coatings, and the more recently
developed pH-sensitive polymers for coating, have
had some limited success and some problems. The
primary problem with these products is that they
may become abraded during human handling and
chewing by the animal. If the coat damages, amino
acids will become available to rumen microbes
and utilized by them, and therefore wasted and
not available to the animal. Likewise, if animals
abrade the coating with chewing, then it becomes
available for rumen microbes to metabolize, and
also wasted. Additionally, fat-protected or coated
essential amino acids rely upon the fat resistance to
enzymes in the rumen that are capable of digesting
the protective fat coat, and, on the other hand, the
ability of digestion by enzymes post-rumenally.
However, if there is not a proper balance between
resistance to attack in the rumen and ability to be
digested in the intestine, then the potential EAA
benefit for the animal may be decreased. From
the above description, it can be seen that there is
a real and continuing need for the development of
products for delivery of EAAs to ruminant animals
in a form that allows being stable in rumen, but
after delivery to the intestine, highly absorbable and
bioavailable. It was the primary objective of this

study to improve products intestinal availability to
fulfill this need in a safe, effective, efficient manner
at a low cost.

History of rumen-protected AA in ruminant

In the past, Zinpro Corporation discovered
that calcium or magnesium salts of some amino
acids could be used as a bypass rumen product.
This product takes a different approach to the
problem with the specificity of improving the
availability of essential amino acids in ruminants.
Lysine and methionine are essential amino acids
in the diet of dairy cows and other ruminants.
This is because Lysine and methionine cannot be
synthesized by mammals at on adequate rate for
metabolic requirements so they must be supplied
in their ration. Corn base diets are containing little
lysine and lysine must be supplemented for both
maintaining and health of an animal and also to
achieve animal growth economically.

For the first time, Broderick et al', fed an
encapsulated Methionine (Met) to early-lactation
Holstein cows in different amounts that provided
0,5, 15, or 45 g/d of Met. The basal diet contained
15.3% CP, and the animals had ad libitum access
to urea-treated corn silage and 8 to 11.5 kg/d of
a mix concentration (including ground shelled
corn, ground oats, soybean meal, urea, minerals,
and vitamins), and 2.1 kg/d of legume-grass
hay. There was no effect of this supplemented
Met on feed intake, milk yield or percentages
of milk component. Cow’s average milk was
26 kg per day. Based on increased plasma Met
concentrations and plasma Met: Val ratios, it was
clear that at least some Met from the supplement
was being absorbed. Williams et a/? also observed
no production benefits of feeding 12 g/d of Met
from the same encapsulated Met supplement when
cows were fed a basal ration with 60: 40 corn silage
and concentrate (corn, oats, dehydrate alfalfa, bran,
molasses, urea, minerals, and vitamins) contained
13 to 14% CP. Averaged fat-corrected milk
(FCM) production was 18.1 kg/d. In contrast with
Broderick et al', Williams et al* did not observe any
increase in plasma concentrations of Met. Although
there was no evidence that Met was limiting in
either experiments. Broderick et al' reported
changes of AA concentrations in plasma could be
evidence that Met may be the most limiting AA
in lactating ruminants. Numerous studies have
reported Met and Lys as two most limiting amino
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acids in lactating dairy cows when fed corn-based
rations®. Other studies were conducted after the
publication of NRC? and confirmed that Met
and Lys have been implicated as limiting AA in
many different feeding conditions**¢7#%1%, Other
research has shown that Histidine could be the
first limited AA in dairy cows fed high-forage
grass or silage based rations with barley and oats
supplemented'"'2.
Rumen-Protected AA

Interest to develop new rumen-protected
amino acids started in the early 1960’s when it was
observed that Met is the first limiting amino acid in
sheep and some evidence indicated it could be first
limiting AA in lactating dairy cows. Early products
included Met supplements such as those produced
by Sibbald et al"*. The Met product of Delmar
Company had a core of 20% dl-Met and this core
wrapped in a continuous film of tristearin. Although
it was shown this product wasn’t effective', it also
showed a limited intestinal digestibility. It was
suggested that Met released from this product was
not effective and it needs to be improved, possibly
by replacing some of the coating ingredients
with CaCO,. The resulting product was named
Ketionin and contained 30% dI-Met (US Patent
No. 3,959,493). Daugaard' concluded that 80%
of this product could escape ruminal degradation
and another 20% was lost in feces. Arambel et al.
15 reported similar findings when the Met product
was fed to growing heifers: 72% escaped ruminal
degradation and 19% was wasted in the feces.
These encapsulated Met products resulted with
increased in plasma Met when they were fed to
ruminants'®. These details about the history of
rumen-protected amino acids are provided to
highlight that it has been understood that producing
products with both excellent protections from
rumen degradation and high release in the intestinal
environment has been difficult to accomplish.
Therefore, considerable effort was made to find
alternative methods for encapsulation by producing
analogs (for example Met hydroxy analog) and its
derivatives (such as isopropyldl- Met, fert-butyl-dl-
Met, N-stearoyl-dl-Met) of Met. However, because
of minimal success, attention was focused again on
encapsulation methods.

Therefore, knowing these problems with
AA products, this study objective was to create and

evaluate a technology to produce protected Met, by
forming compounds which are essentially immune
to attack by microbes in the rumen but still can be
digested and absorbed through the intestine wall
to allow a highly bioavailable form of essential
amino acids that are immune from rumen organism
attack. The structure of these prepared compounds
is centered on the amin of the essential amino acids.
Chemical methods to produce rumen-protected
EAA

According to literature most of the
methods that are used for protecting amino acids
are physical methods. Although these products are
not completely acceptable as their coated layers are
still sensitive and could be damaged by chewing
and physical or heat treatments that have been used
in diet proportion. On the other hand, most of the
chemical methods could also be used for protecting
amino acids as they do not have any physical layers
so won’t be damage by feed processing, therefore
more work is needed to understand bioavailability
of these products.

MATERIALS AND METHODS

Step 1- synthesis of rumen-protected Met

During to this experiment, essential amino
acids and two chemical compound were used to
make ligands that produce pH-sensitive amino
acids. For achieving this goal Met was bonded
with chemically with two chemical ingredients
that makes RPM1 (rumen protected Met number
1) and RPM2 (rumen protected Met number
2).These two products are stable in the rumen
and absorbable in the post rumen portion of the
digestive tract. This part of the study was done
in the chemistry faculty of Ferdowsi University
of Mashhad. The treatments were produced with
refluxing and ultrasound reactions at different
times, temperatures and solvents to make new
bonds and pH-sensitive amino acid ligands. The
products in each method were dried and weighed.
The melting point, mass spectrometric and physico-
chemical characterization were determined.
Step 2- in vitro experiments

In the following stages, the products
from step 1 were tested by modified three-step
methods to determine the rate pH-sensitive amino
acids were released in different pHs, composed of
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buffer solutions with enzymes and developed as a
standardized method to evaluate rumen-protected
Met products.

The ruminal phase was prepared by
Modified McDougal’s buffer containing lipase
(from porcine pancreas), pH was adjusted to 6.8
and Met samples were incubated for 8 hours in this
phase.
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The second phase was Abomasal during
which Hydrochloride buffer containing pepsin (pH
2.0) and samples were incubated for 2 hours. The
last part was the duodenal phase which included
phosphate buffer containing pancreatin and gall
powder (pH~7.9). Samples incubated for 24
hours. At each time point (0, 2, 4, 6, 8,9, 11 and
35h) aliquot samples of solution were taken and
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Fig. 2. Mass spectroscopy of RPMet1
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Table 1. Chemical and physical properties of two Met compound

Comp. Wave- Melting Physical Molecular Molecular Yield Elemental
no length point state formula weight Analysis

Range C H N O S
mbnz 210-230 243 Whitesolid C H NO,S 237.08 91.61 60.73 637 590 13.48 13.51
gm 200-230 197  Paleyellow C H,NOS 362.16 77.09 49.70 723 7.73 17.65 17.69
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Fig. 3. Mass spectroscopy of RPMet2

read with UV-VIS in 210-230 wavelength (Vis
2100 SPECTROPHOTOMETER). The data were
analyzed with IBM SPSS software and equation
and R-square were given by excel software.

RESULTS AND DISCUSSION

According to table 1, there is two rumen-
protected methionine (RPMet). RPMetl has a
lighter molecular weight but its melting point is
greater. The wavelength range of both RPMets is
nearly similar which is in agreement with Nnenna
et al," estimating amino acid composition of plant
samples with UV-VIS Spectrophotometric method
and they reportedthat S-amino acids (like Cysteine)
had a wavelength range around 204-220 nm. The
yield of RPMetl is 91.61 which is very good and
RPMet2 is 77.09 which is acceptable.

In Figure 1, the regression equation and
R-square of each RPMets. Is illustrated during the
first 8 hours of incubation (rumen phase) 55.42% of
RPMetl was released, in next 2 hours (abomasum
phase) 91.00% of the compound was released and
in the final hours up to 35h intestine phase 93.21%
was released and 6.79% of this product was stable.
For RPMet2 figure shown that in first 8 hours of
incubation (rumen phase) 49.25% of RPMetl
was released, in next 2 hours (abomasum phase)
87.93% of the compound was released and in the
final hours up to 35h (intestine phase) 94.05% was
released and 5.95% of this product was stable.
Assuming the rapidly soluble fractions or protein
fractions can be soluble in the first hour. In one
experiment'® free methionine incubated with rumen
fluid disappeared rapidly. This was evident afterl
hr of incubation and after 4 hours more than 95%
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of Met analog was disappeared. This was indicative
that free methionine was decarboxylated rapidly
or incorporated into bacterial protein and their
finding was in agreement with other research':
2021.22. 23 Blasco'® reported M-analog was more
resistant to degradation in the rumen fluid than free
methionine. In these tests, methionine degradation
was approximately 45% after 4hour rumen
incubation. Most of the chemical protected amino
acids are analogs and derivatives of Met. Amino
acid derivatives are free AA to which a chemical
blocking group has been added to the alpha-amino
group or in the acyl group. Some examples of
these Met derivatives are isopropyl-DL-Met,
butyl-DL-Met, and capryl-caproylic-DL-Met'®.
Escaping ruminal degradation of these products has
a positive relation with chain length. Shorter chain
rather longer chain would escape rapidly which is
in agreement with this experiment as the RPMet2
with shorter chain length had better stability in
the rumen. The isopropyl ester of 2-hydroxy-4-
methylthio butanoic acid (HMB) has been shown
to have a good replacement value for absorbed
Met*. In one another study in early lactation dairy
cows, Koenig et al*® reported that around 50% of
HMB escaped ruminal degradation and became
available for post ruminal absorption. Subsequent
studies use of a dual effluent continuous culture
system and indicated ruminal escape values were
between 22 to 43% for HMB?. Smartamine™
is a commercial Met product that has one of the
best efficacy as a source of Met. In situ studies, of
Smartamine indicate ruminal stability exceeding
90% at 24 hours incubation and intestinal release
values were approximately 90%. The intestinal
result of Smartamine similar with the current study.
According to the results of figure 2 and figure 3,
the mass spectroscopy analyzed compound number
1 and compound number 2 was near to theoretical
mass that obtains with ChemDraw software.

CONCLUSIONS

According to the results, it may be
concluded that chemical technics for protecting
amino acids could be useful and decrease part
of free amino acids in the rumen. Additionally,
the modified three-step in vitro method used had
benefit of not using cannulated cows and also can
be done in normal laboratory environment and it

is less expensive than in vivo and in situ methods.
Although determining the exact response of
animals and evaluating more parameters is needed.
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