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Abstract
The goal of this study was to modify three steps method for measuring protection rate
of amino acids which has smaller size than nylon bag pores. To prepare the protected amino
acids by the Schiff base method, each of the essential amino acids (methionine and lysine)
in the aqueous solvent were brought to isoelectric pH and then reacted with the same molar
ratio of aldehydes the reaction was refluxed for 30 minutes to 6 days (depending on the type
of aldehyde used). The three-step in vitro method was used to estimate rumen insoluble
protein in the rumen. In the manufacture of protected amino acid ligands, compounds with
methionine amino acid had higher efficiency than lysine compounds and also
glutaraldehyde ligands showed higher production efficiency compared to benzaldehydes.
The glutaraldehyde lysine ligand showed the lowest release after 2 h of incubation in the
rumen medium. At time 4 the methionine benzaldehyde ligand had the lowest release.
Benzaldehyde had the lowest release at time 6 and 8. According to the results of this table,
Lysine benzaldehyde had better resistance to different phases and methionine benzaldehyde
had the lowest release rate compared to the other ligands. Based on this study, it can be
concluded that the use of chemical methods to protect amino acids can be applied.

DOI: 10.33899/ijvs.2020.126756.1371, ©2021, College of Veterinary Medicine, University of Mosul.
This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).

presence of microorganisms in the rumen, despite being
useful for synthesis many amino acids and vitamins and
other rules like assisting in the digestion of fiber, can have a
negative effect on using essential amino acids, and especially
in high-yielding animals that may need more essential amino
acids (2).
One way to balance animal diet is to add these amino
acids a protected form against rumen degradation but
degradable in post-rumen. Previous researches have shown
that it is possible to protect amino acids against rumen
microbial digestion by physical protecting methods. Schwab
showed that several methods have been evaluated to protect
amino acids from ruminal degradation. Protection of amino
acids is usually done by mechanical and physical methods
(2,3). The first method is pH sensitive encapsulation and has
been used to encapsulate lysine and methionine (4). These
polymers are resistant in rumen pH but breakdown when

Introduction
Ruminants, like other animals, need essential amino
acids (EAA) to provide their needs for protein. Failure to
provide EAA can reduce the performance of the animal and
may even affect the health. knowing amino acid metabolism
in rumen is important because ruminants need both rumen
amino acids (microbial protein) and amino acids derived
from food to meet their needs. Only a small fraction of the
protein consumed by the animals pass through the rumen the
rest of that is either broken down into microbial protein, or
after hydrolysis, deamination occurs and its amino acids
breakdown to ammonia and carbon skeleton. Therefore,
supplying free essential amino acids for ruminants by adding
to the diet is not successful. Because researches have shown
the presence of microorganisms in the rumen will degrade
amino acid sources such as lysine and methionine (1). The
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exposed to abomasal pH. Some of these products may be
ineffective when used with mixed diet or corn silage.
Depending on the ruminal pH, efficacy of these products has
limited in feeding diets with low ruminal pH (such as high
concentrated diets). Since the rumen pH is between 5.5 and
7 and there is a significant difference between the pH of the
rumen and post rumen parts of intestinal track which is
between 2 and 3. The pH-sensitive polymer coats are used
based on this pH difference. However, despite the high cost,
making such capsule has its disadvantages. For example, any
type of rumen-resistant coating may be damaged during
chewing, feed processing, and rumination. If this damage
happens during mixing and processing of the diet, it will
breakdown the amino acid in the rumen (5).
The second way for protecting amino acids is
Encapsulation with Neutral Lipid. Researchers of South
Dakota conducted several studies using fatty acid capsules
58% and methionine 30% and observed variable results in
improving milk production (5). They concluded that
encapsulation of methionine improves its availability. New
Products have now been developed by including calcium
salts containing fatty acids. The potential problem with this
method is that the amino acid can be overprotected, therefore
complexes that are extremely neutral in the rumen can be
indigestible in the small intestine, so there is a constant
competition between good rumen protection and
bioavailability. This method is a simple procedure, but the
results are unsatisfactory, probably due to the low
biodegradability the protected amino acids in the small
intestine (6,7).
Production of amino acid analogs and their derivatives is
the other solution for protecting amino acids. Methionine
hydroxy analogue (MHA) is the most important protected
form of methionine studied. St Pierre et al. (8) reported that
more than 70% of the initial concentration of MHA and only
15% of diethyl methionine remained after 12 h of incubation
with rumen bacteria. Alimith, a liquid form of rumen MHA,
was similar to methionine-resistant solid hydroxy analogues
(6). In the early 1970s, it was hypothesized that amino acid
derivatives (a free amino acid with a chemical blocking
group added to the alpha-amine group or changed to an acyl
group) or analogs, such as the substitution of the alpha-amine
group with Non-nitrogen group may alter resistance to
rumen degradation and absorbed in the small intestine. Many
evidences point to increased bacterial protein synthesis,
increased number of protozoa, increased fiber digestion,
increased rumen fat synthesis, milk production, milk fat
percentage, in lactating using MHA. Increases in milk
production and milk fat percentage occurred mostly in early
lactation cows and in herds using high percentages of
concentration feed (9). But Results of using this product in
other studies were variable. Therefore, manufacturing
protected commercial amino acids with good quality is
difficult. Researchers who have been researching this have
been aware of this problem for years. It is well known; recent

products are still far from ideal protected amino acids.
Clearly, achieving a quality and sustainable product requires
a lot of refinement of current products.
Schiff bases are products containing carbonyl and amine
groups that were first reported by Schiff in 1864 and in the
present study were protected by amino acids. In the last two
decades, Schiff bases as chelating ligands have played a key
role in the coordination chemistry of the intermediate metals
as well as the major group metals. These ligands can easily
form stable complexes with most intermediate metal ions.
These ligands are often derived from direct synthetic
pathways with good efficiency and high purity. The reason
that these ligands are more favored than the other ligands for
the coordination chemistry is related to their electronic
properties and their good solubility in common solvents,
their easy accessibility and their wide structural diversity
(10). According to the above description, the purpose of this
study was to produce protected amino acids against
degradation in the rumen without polymer coatings problems
with higher bioavailability.
Materials and method
Making Schiff base ligands
To prepare the protected amino acids by the Schiff base
method, each of the essential amino acids (methionine and
lysine) in the aqueous solvent were brought to isoelectric pH
and then reacted with the same molar ratio of aldehydes the
reaction was refluxed for 30 minutes to 6 days (depending
on the type of aldehyde used). After that solution had cooled
overnight, the contents were transferred to a funnel. The
obtained sediments were separated and placed in desiccator
for drying. The final product was an ester of amino acids,
which resulted from the reaction of lysine and methionine
with 2 different aldehydes, producing 4 products. All
compounds synthesized in these experiments were identified
by physico-chemical methods, spectroscopy and melting
point detector. Identifying ligands was recorded by magnetic
resonance
spectroscopy
(HNMR)
and
(CNMR)
spectroscopy Avance300MHz in DMSO solvent at 25ºC.
The structure of each ligand was plotted using ChemDrow
software.
Modified 3-step in vitro method
The three-step in vitro method was used to estimate
rumen insoluble protein in the rumen (11) and this method
has been used by NRC 2001 (12) as the reference method.
The reference method uses nylon bags to measure the
amount of released amino acid, but in the present study due
to the smaller size of the particles than pore diameter of the
bags and their rapid passage through the bags as soon as they
were in the liquid phase, the bag was not used. The Schiff
band created between amino acid and aldehyde, free amino
acid and free aldehyde was used as a marker to identify the
amount of released amino acid.
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ligands showed higher production efficiency compared to
benzaldehydes. There was a slight difference between the
experimental and theoretical frequencies, which was related
to the coefficient of vibrational frequencies at the theoretical
level, that were not applied here. The bond length as well as
the bond angle of the ligands were in good agreement with
the experimental and theoretical structure. The molar
conductance of these ligands was measured in ethanol
solvent, the highest molar conductance was observed in the
benzaldehyde methionine ligand 108.88 cm3 / mol and the
lowest amount was in the methionine ligand 67.17 cm3 / mol.
This amount of molar conductance indicates that these
compounds had electrolyte bonds. The combined
spectroscopic results of methionine benzaldehyde, lysine
benzaldehyde confirmed the presence of two isomers in
equilibrium.

Statistical Analysis
Data were analyzed as a one-way ANOVA using GLM
procedure of SAS 9.1. Amino acid treatments were
considered the only sources of variation. In the first step, the
amino acids were reacted with aldehyde groups by reflux
method and then the molecular weights of each ligand were
measured using melting point device (Thermos 9300) and
mass spectroscopy. Manufactured product efficiency was
also obtained by the amount of product produced divided by
theoretical calculations of the actual product quantity. The
structure of each ligand was plotted using ChemDrow
software, the results of which are presented in figure 1.

Measurement of release of ligands produced by a threestep method
In this step, the release rate of conserved amino acids in
each of the ruminal, abdominal and intestinal phases was
artificially evaluated using a modified three-step method, the
results are shown in table 1.
Time 0-8 refers to the rumen phase, 10 to 9 abomasal
phases and 34 was intestinal phases. The purpose of this part
of the experiment was to estimate the rate of releasing amino
acid in different pHs. In fact, the goal for these products was
to be constant in the rumen phase and released in the postrumen phase, i.e., the abdomen and the intestine, which
changes depending on the pH of the environment. According
to table 1 there is a significant difference between the ligands
at all times. The glutaraldehyde lysine ligand showed the
lowest release after 2 h of incubation in the rumen medium.
At time 4 the methionine benzaldehyde ligand had the lowest
release. Benzaldehyde had the lowest release at time 6 and 8.
According to the results of this table, Lysin benzaldehyde
had better resistance to different phases and methionine
benzaldehyde had the lowest release rate compared to the
other ligands.

Figure 1: Chemical analysis of the ligands products.
Results
In the manufacture of protected amino acid ligands,
compounds with methionine amino acid had higher
efficiency than lysine compounds and also Glutaraldehyde
Table 1: Three step test of protected amino acids release

Methionine
Lysin
methionine
Lysin
SEM
benzaldehyde
glutaraldehyde
glutaraldehyde
benzaldehyde
b
b
a
a
2
8.55
7.52
12.67
11.7
0.69
4
13.78b
15.75b
19.25a
19.5a
3.10
6
17.48b
19.25b
21.75a
23.12a
2.02
8
19.56b
25.42ab
24.15a
39.04a
3.15
9
64.53b
67.24b
64.53b
70.15a
1.10
10
70.99d
78.52c
75.65b
84.16a
1.40
34
75.42b
80.04 c
77.17bc
92.02ab
1.55
The same letters mean non -significant differences, the different letters mean significant differences (P<0.05).
Time
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P value
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
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determine amino acid release. Because in some cases nylon
bags cannot use for commercial protected amino acids that
their particle size is smaller than the bag pore diameter.

Discussion
In the new NRC 2001 (12) model, the intestinal
digestibility of RUP sources is considered to be different
depending on the protein source, but this model does not
consider the amino acids differences. There is limited
information about the differences in intestinal digestion of
different amino acids as they are difficult to estimate in
ruminant animals. There are in vivo methods for measuring
RUP-AA intestinal digestion (13), but in vitro methods can
also be used to estimate RUP-AA intestinal digestibility of
food sources. The most common method used for this
purpose is the three-step method of Calsamiglia and Stern
(14), although RUP-AA digestibility was not measured in
this method. The three steps mentioned in this procedure
include: 1) ruminal incubation, 2) digestion in pepsin, and 3)
digestion in pancreatin. Gargalo et al. (15) also modified the
three-step method to measure RUP-AA digestibility. In this
method, RUP sources are poured into nylon bags and placed
in digestive enzymes that provide the measurement of
residual undigested material. They then measure the amount
of amino acid remaining in the bag, and RUP-AA
digestibility can be expressed as the percentage of amino
acid disappearance of each bag. Other researchers used
different markers to estimate the amount of amino acid
digestibility by in vivo and in vitro methods (16). The method
of measuring amino acid released in the present study was
changed due to the difference in the products with other
commercially available amino acids. The present study, due
to the small size of the particles and their rapid passage
through the bag as soon as they were in the liquid phase, the
bag was not used and the Schiff band created between amino
acid and aldehyde, free amino acid and free aldehyde was
used as a marker to identify the amount of released amino
acids. In fact, the goal for these products was being constant
in the rumen phase and released in the post-rumen phase, i.e.,
the abdomen and the intestine, which changes depending on
the pH of the environment. According to Table 2 there is a
significant difference between the ligands at all times. The
glutaraldehyde lysine ligand showed the lowest release after
2 hours of incubation in the rumen medium. At time 4 the
methionine benzaldehyde ligand had the lowest release.
Benzaldehyde had the lowest release at time 6 and 8.
According to the results of this table, Lysin benzaldehyde
had better resistance to different phases and methionine
benzaldehyde had the lowest release rate compared to the
other ligands. The stability of commercially protected lysine
(AjiPro®-L) was more than 90% in the ruminal phase, and
in the post-ruminal phase incubated for 30 hours the rate of
lysine release was 20% (17).
Based on this phase of the research, it was concluded that
using three-step buffer-based method had the advantages like
no need for a cannulated cow and therefore easy to perform,
although the solutions required are somewhat expensive. On
the other hand, it requires less labor and can also be used to

Conclusion
Based on this study, it can be concluded that the use of
chemical methods for protecting amino acids can be applied.
In most of the previous studies three step method was used
by in situ and in vitro parts but in recent study three step
method was modified and had some benefits. In vitro results
showed that the lowest release in post-ruminal phases was
related to methionine and glutaraldehyde lysine treatments,
therefore they could be used as rumen protected amino acids.
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 1فرع علوم الحيوان ،كلية الزراعة ،جامعة مشهد ،مشهد ،إيران 2 ،فرع علوم
الحيوان ،كلية الزراعة ،جامعة مسسبي ،الواليات المتحدة االمريكية

الخالصة
هدفت الدراسة الحالية الى تحوير طريقة الخطوات الثالث لقياس
معدل الحماية لالحماض األمينية صغيرة الحجم (والتي بامكانها المرور
من ثقوب غشاء النايلون) .ولتحضير األحماض األمينية المحمية بطريقة
قاعدة شيف ،فإن كال الحامضين األمينيين المثيونين والاليسين وهما من
األحماض األمينية األساسية ،تم ضبط  pHلهما في المحلول المائي الى
نقطة التعادل .بعد ذلك تم اجراء تفاعل هذان الحامضان األمينيان مع
األلديهايدات وبأوزان موالرية متساوية .واعتمادا ً على نوع األلديهايد
المستخدم ،أستمر التفاعل العكسي لمدة  30دقيقة الى  6أيام .طريقة
الخطوات الثالث المستعملة خارج الجسم ،استخدمت لقياس بروتينات
الكرش غير الذائبة ،أما تصنيع لجينات الحامض األميني المحمي ،فإن
المركبات المتفاعلة مع الحامض األميني المثيونين أظهرت كفاءة انتاج
عالية أكثر من مركبات الاليسين ،كما أن لجينات الكلوتارالديهايد كان لها
كفاءة انتاج أعلى من البنزالديهايدات .فيما يخص لجين الكلوتارالديهايد
الاليسين أظهرت أقل فترة تحرر وهي  2ساعة بعد الحضن في وسط
خاص بالكرش ،وفي الوقت  4ساعة وجد أقل فترة تحرر للجين
البنزالديهايدات المثيونين .البنزالديهايدات كان اقل وقت تحرر لها في
األوقات  6و  8ساعة ،أما البنزالديهايدات الاليسين فكان لها افضل
مقاومة لألطوار المختلفة ،بينما البنزالديهايدات المثيونين كان لها أقل
معدل تحرر مقارنة مع اللجينات األخرى .نستنتج من هذه الدرسة بامكانية
استخدام الطرق الكيميائية في حماية األحماض األمينية.
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