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Abstract. Called “the building blocks of life”, amino acids have long played and important role in human
nutrition and health maintenance. The amino acids have a biological activity and are components in foods
and food additives. The food additives contains a different variety of essential and non-essential amino ac-
ids that play a critical role in metabolizing nutrients, building muscle tissue, and protecting the body against
disease. The fact that one food additive has a plant or animal origin, does not make it safe. Mostly there is
no regulatory analytical control, qualitative and quantitative analysis of the input amino acids in food ad-
ditives, leading to compromise of quality and in some cases to adverse risk. This paper reviews the most
used manufacturing methods for the production of some amino acids and variety of analytical methods for

their characterization.
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Introduction

Amino acids are biologically important organic
compounds that contain amine and carboxylic acid
functional groups, along with a side-chain specific to
each amino acid. Amino acids can be divided to two
types, essential and non-essential. Eight amino acids
have been found necessary and essential. The amino
acids have a biological activity and are components
in foods and food additives. The foods and food ad-
ditives contain a different variety of essential and
non-essential amino acids that play a critical role in
metabolizing nutrients, building muscle tissue, and
protecting the body against disease. Amino acids are
produced by protein hydrolysis, chemical synthesis
or microbiological (biotechnological) methods. The
choice of industrial method depends on the available
technology, costs of raw material, market character-
istics, cost of running fermentation versus synthesis
reactions, and environmental impact of the process
itself. The fact that one food additive has a plant or
animal origin, does not make it safe. Mostly there is no
regulatory analytical control, qualitative and quantita-
tive analysis of the input amino acids in food additives,
leading to compromise of quality and in some cases

to adverse risk. There are various analytical methods
for their characterization, but no evidence of coherent
analytical system, associated with the standardization
of products containing amino acids.

This review focuses on the industrial methods
of amino acids production and regulatory analytical
control of amino acids included in food additives.

Discussion

According to the European Community Direc-
tive of 2002 ( Directive 2002/46/EC) and according
to Bulgarian legislation, issued by the Ministry of
Health 01.08.2005, food additives are defined as sub-
stances that contain concentrated nutrients or other
elements with a nutritional or physiological effect,
alone or in combination, distributed in certain dosage
forms designed to enrich your diet. Dietary supple-
ments contains a number of biologically active sub-
stances, including amino acids. The fact that one food
additive has a plant or animal origin, does not make
it safe. Low consumer's awareness of food additives
in many cases makes this type of product risk. The
food additives are tested for efficiency, which is sup-
ported by scientific evidence, but some of them don't
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declared the qualitative and quantitative composition
of their components. The food additives market is
growing. Control of the food additives often absent.
Registration mode on food additives is relatively lib-
eral. Market monitoring of food additives should be
strengthened because of the high rates of consump-
tion. The users are not always sufficiently informed.
The amino acids have a biological activity and are
components in nutritional supplements. Amino acids
are produced by protein hydrolysis, chemical synthesis
or microbiological (biotechnological) methods. The
choice of industrial method depends on the available
technology, costs of raw material, market characteris-
tics, cost of running fermentation versus synthesis re-
actions, and environmental impact of the process [1].
The manufacture of amino acids has its roots in the
food preparation practices in Japan where Ajinomoto
Co began extracting monosodium glutamate from
acidhydrolyzed wheat gluten or defatted soybean [2].
The original method for amino acid manufacture is
protein hydrolysis (extraction method). Before 1950,
most amino acids were produced by denaturing and
hydrolysis of various protein sources [3]. Glycine
and L-alanine are produced by chemical synthesis.
In the series of chemical reactions known as Strecker
amino acid synthesis, an amino acid is synthesized
from an aldehyde (or ketone). The process includes
condensation of the aldehyde with ammonium chlo-
ride in the presence of potassium cyanide, forming
an a-aminonitrile, which is then hydrolyzed to obtain
the desired amino acid. The original Strecker reac-
tion combines acetaldehyde, ammonia, and hydrogen
cyanide to give alanine after hydrolysis [4]. In the
traditional synthesis of Adolph Strecker from 1850,
racemic a-amino nitriles are formed, but several pro-
tocols employing asymmetric catalysts or auxiliaries
have been developed since [5, 6, 7]. An example
present-day use of the Strecker synthesis is the in-
dustrial chemical synthesis of an L-valine derivative
starting from 3-methyl-2-butanone [8]. According to
Ault [9], chemical synthesis is currently used only for
the production of alanine, glycine, methionine, phe-
nylalanine, threonine, tryptophan and valine. Micro-
biological (biotechnology) methods for the industrial
production of amino acids are of three types: use of
microbial enzymes or immobilized cells (enzymatic
method), semi-fermentation, and direct fermentation.
Enzyme catalysis is well established in the chemical
industry [10]. With the enzymatic method, an amino
acid precursor is converted to the target amino acid
using one or two enzymes. The fermentation meth-
od is being applied to industrial production of most

L-amino acids. This method utilizes the phenom-
enon that microorganisms convert nutrients to vari-
ous vital components they need. 10 to 30 types of
enzymes are involved in the process of fermentation,
and various amino acids are produced as a result of
these reactions [11]. The first report on the introduc-
tion of fermentation in the industrial production of
amino acids was that of Kinoshita et al. in 1957 [12].
They highlighted the discovery of Corynebacterium
glutamicum: a soil bacteria with the unique ability to
produce considerable amounts of L-glutamine from
sugar and ammonia. A few years later, a homoser-
ineauxotrophic mutant of C. glutamicum produced a
large amount of L-lysine by fermentation [13, 14, 15,
16]. Other amino acids produced by Corynebacteria
include L-valine, L-isoleucine, L-threonine, L-aspar-
tic acid and L-alanine [17, 18, 19, 20, 21]. The amino
acids L-phenylalanine, L-threoine and L-cysteine can
be obtained by fermentation with E. Coli [22, 23, 24].

Mostly there is no regulatory analytical control,
qualitative and quantitative analysis of the input ami-
no acids in food additives, leading to compromise
of quality and in some cases to adverse risk. There
are various analytical methods for their characteri-
zation, but no evidence of coherent analytical sys-
tem, associated with the standardization of products
containing amino acids.

Analytical methods for
amino acids:

The components in biological fluids - amino ac-
ids, peptides, and proteins must be isolated and puri-
fied to allow their evaluation, and standardizing. The
separation is achieved by various methods based on
differences in aggregate charge, molecular size, solu-
bility, affinity for specific substances and others prop-
erties. In clinical practice, these methods are used for
diagnosis of diseases and for the preparative purifica-
tion and preparation of other organic products.

Electrophoresis is a method for separating charged
molecules, or larger particles, based mainly on dif-
ferences in the cumulative charge. The direction of
movement of one of the poles of an external elec-
tric field is determined by the sign of the combined
charge of the molecules. The speed is determined by
the ratio of charge/molecular weight. Furthermore,
the separation depends on the intensity of the field
and the shape of the molecules in the mixture and the
structure of the carrier gel (agar, agarose, cellulose
acetate, polyacrylamide gel, paper, or other). Upon
selection of the various experimental conditions
electrophoresis methods are successfully applied for
separation of mixtures of amino acids.

determination of
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Capillary electrophoresis is a method for analysis
and diagnosis due to the high speed of the separation
(a few minutes) and therefore, it takes a very small
amount of the test substances. When this method is
carried out in open capillary electrophoresis. Around
the negatively charged walls of the capillary flow of
cations move to the cathode, dragging with her split-
ing molecules, regardless of their charge. Positively
charged molecule, move with this flow quickly fol-
lowed by neutral and negative -charged molecules.

Chromatographic methods are widely applied to
identify and quantify amino acids, taking account of
their chemical properties and select the appropriate
chromatographic conditions. In chromatographic
techniques, substances are allocated between static
and mobile phase. Separation depends on the rela-
tive ability of compounds to bind more strongly
with one or the other phase. Thin layer chromatog-
raphy (TLC) - except for purposes of a qualitative
analysis may be used in semi-quantitative analysis
of the amino acids. This analytical approach used
to determine the amino acid components with rel-
evant conditions. Quantitative TLC methods can be
classified into the following groups:

- Semi-quantitative TLC spot of the test substance
is compared with a series of standards, it is nec-
essary intensity of the spot of the test substance
into a space between or coincide therewith.

- Quantitative determination (usually spectropho-
tometrically) of a component after elution of the
stain from the resulting chromatogram.

- Direct measurement of the spots directly on the
resulting chromatographic plate.

Densitometry - a method for quantitative thin-
layer chromatographic determination based on irra-
diation of the stain from the TLC-plate wave with a
certain intensity and the Law of the Bouguer-Lam-
bert-Beer is measured decrease in light intensity,
which is proportional to the concentration of a sub-
stance or measured: intensity of reflected light (re-
mission) or the intensity of fluorescence. The HPLC
method is, wherein the separation of the substances
is carried out in a system consisting of a stationary
phase (sorbent) and a liquid mobile phase (eluent).
HPLC is a modern method of analysis, characterized
by a high rate of separation, using a small volume
analytical sample reproducibility and accuracy of
analytical results, high sensitivity. It is possible the
separation of complex mixtures of substances (10 or
more components) in low concentrations and chemi-
cal properties close within the 15 -20min. It is widely
used for separation and analysis of volatile and dif-

ficult thermo labile substances. By means of HPLC
assay is carried out on amino acids in the formulation
of nutritional supplements.

In ion exchange chromatography the amino acids,
peptides and proteins are separated on the basis of
the difference-coupled. This is one of the most used
modern methods of separation, proof and determina-
tion of amino acids in protein hydrolysates. In it the
hydrolyzate is passed through a column containing
ion exchange resin with charged groups that bind op-
positely charged amino acids. By creating a gradient
of pH and salt concentration of the eluent, the individ-
ual amino acids are eluted gradually from the column
and separated. Nowadays the ion exchange chroma-
tography is applied in special high pressure apparatus
providing an extremely high-resolution, and repro-
ducibility of the results. Upon reverse phase HPLC
technique the resin contains hydrophobic groups to
bind hydrophobic molecules and slow. In this case,
the elution of the column becomes solvents. As a
higher percentage of the organic solvent, the faster
the non-polar components are extracted. The whole
procedure in the amino acid analyzer (elution, col-
lecting separate fractions, analysis of each fraction,
recording and printing of results) is fully automated.

A high performance liquid chromatography
method for the determination of 20 amino acids
(AAs), wusing 1,2,5,6-dibenzocarbazole-9-ethyl
chloroformate as a novel fluorescent labeling rea-
gent, has been developed and applied for the analy-
sis of amino acids. The simultaneous separation of
20 AA derivatives was achieved on a Hypersil BDS
C(18) column with gradient elution. And the identi-
fication of amino acids derivatives was carried out
by on-line electrospray ionization mass spectrom-
etry in positive ion mode. The amino acids deriva-
tives were detected with excitation and emission at
300 nm and 395 nm, respectively [25].

There is a report of use of LC-MS/MS method for
analysing the free amino acid composition. Reliable
and reproducible techniques for identification and
quantification of amino acids usually require deri-
vatization. However, techniques such as LC-MS/MS
may perhaps sideline the derivatization with signifi-
cant accuracy. The analysis revealed a higher concen-
tration of essential amino acids especially Threonine
and Tryptophan than non essential amino acids [26].

Simple, rapid and economical method for routine
determination of 24 amino acids is the following
one. No sample clean-up is required and total run
time including column re-equilibration is less than
40min. Following automated in-loop automated
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pre-column derivatisation with an o-phthaldialde-
hyde, N-acetyl-l-cysteine reagent, compounds were
separated on a 3mmx25cm C(18) column using a bi-
nary mobile phase. The method was validated in the
range 0.25-10mg/l; repeatability was less than 3%
RSD and the intermediate precision ranged from 2
to 7% RSD. The method was shown to be linear by
the 'lack of fit' test and the accuracy was between 97
and 101%. The LLOQ varied between 10ug/1 for as-
partic and glutamic acids, ethanolamine and GABA,
and 100pg/1 for tyrosine, phenylalanine, putrescine
and cadaverine [27].

A rapid and comprehensive analytical method for
D- and L-enantiomers of proteinogenic amino acids
was developed using ultra-high performance liquid
chromatography (UHPLC) equipped with a circular
dichroism (CD) detector. Pre-column derivatization
reagents were examined for enhanced sensitivity
and selectivity for UV and CD detection: 4-fluoro-
7-nitro-2,1,3-benzoxadiazole (NBD-F) was selected.
The method, using a CD detector, does not require
separation of optical isomers on a column to calcu-
late the enantio ratio (%D) using the g-factor value
and produces a simple chromatogram in comparison
to other reported methods. Using this advantage,
combined with UHPLC technology, analysis time for
the derivatized proteinogenic amino acids was within
5.5 min. The UV detection limit was 4.9-23 pmol/
injection and the CD detection limit was 11-64 pmol/
injection. The method was applied to the analysis of
D- and L-amino acids [28].

A simple, rapid microwave digestion procedure
for protein hydrolysis preceding the determination of
amino acids in yeast using gas chromatography—mass
spectrometry (GC-MS) is described. Protein hydrol-
ysis was performed in a focused microwave using 4
M methanesulfonic acid (MAS). Amino acids were
derivatized with methyl chlorofomate (MCF) and ex-
tracted into chloroform prior to GC-MS analysis. The
microwave parameters, including power, temperature
and heating time, were optimized. It was found that
temperature and heating time were the most influen-
tial factors. A total of 17 amino acids were determined
with use of standard addition calibration. Limits of de-
tection and quantitation (LODs/LOQs) of the amino
acids measured were in the sub-nmol range, suitable
for monitoring of amino acids [29].

Another method to derivatize and analyze amino
acids have developed and optimized, using hexafluo-
roacetone as the derivatizing agent. The temperature,
duration of the derivative transfer to the analyser, and
chromatographic separation parameters have been

optimized. The work presented in this rationale has
established that hexafluoroacetone, in addition to its
intrinsic qualities, such as the production of light-
weight derivatives (no racemization) and great resist-
ance to the drastic operating conditions, has indeed
facilitated simple and fast derivatization that appears
to be suitable for analysis. By using hexafluoroace-
tone as the derivatizing agent, we successfully identi-
fied, 21 amino acids including 12 of the 20 proteinic
amino acids without stirring or extraction steps. Ten
of these derivatized amino acids were enantioselec-
tively separated. The precision and accuracy meas-
urements for the D/L ratio showed that the proposed
method was also suitable for the determination of
both enantioselective forms of most of the tested
amino acids [30].

A sensitive and rapid analytical method has been
proposed for the first time for the simultaneous deter-
mination of twenty amino acids using solid-phase mi-
croextraction (SPME). The protein samples were hy-
drolyzed by 6M HCI under microwave radiation for
120 min. Then the amino acids were derivatized by
ethyl chloroformate (ECF) and the ethoxy carbonyl
ethyl esters of amino acids formed were extracted us-
ing SPME by direct immersion. Finally the extracted
analytes on the SPME fiber were desorbed at 260°C
and analyzed by gas chromatography-mass spec-
trometer (GC-MS) in electron ionization mode. Fac-
tors which affect the SPME efficiency were screened
by Plackett-Burmann design; most significant factors
were optimized with response surface methodology.
The optimum conditions for SPME are as follows:
pH of 1.7, ionic strength of 733 mg, extraction time of
30 min and fiber of divinyl benzene/carboxen/poly-
dimethylsiloxane (DVB/CAR/PDMS). The method
can find wide applications in the routine analysis of
amino acids in food additives.(31)

Concentrations of amino acids were determined
using four independent quantification methods. Or-
thogonal separation schemes (LC, GC, or GC x GC)
and detection systems (triple quadrupole or time-of-
flight mass spectrometry) are shown to demonstrate
excellent consistency among platforms for quantify-
ing 18 amino acids in NIST Standard Reference Ma-
terial (SRM) 1950 using a well-characterized isotope
dilution (ID) quantification method. Certified mass
fraction values for amino acids in NIST SRM 1950
will be established from statistically weighted means
of all experimental results [32].

A single experiment can be performed in order to
determine simultaneously the free amino acid profiles.
The analytes of interest are rapidly extracted from the
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matrix and derivatized by using methyl chloroformate.
This reagent allows the transformation of the analytes
into the corresponding N-methyloxycarbonyl amino
acid methyl esters that can easily be extracted and
sampled for their further identification and quantita-
tion. The measurement of the obtained amino acid de-
rivatives is performed by GC/MS analysis and their
concentrations are calculated by using appropriate in-
ternal standards. The main advantage of the proposed
protocol is the determination at the same time of im-
portant classes of analytes that are of great importance
in food analysis and characterization. The optimized
protocol successfully allowed the determination of
thirteen free amino acids [33].

A simple and rapid method for quantitative anal-
ysis of amino acids, including valine (Val), leucine
(Leu), isoleucine (Ile), methionine (Met) and phe-
nylalanine (Phe), has been developed using GC/MS.
Amino acids were extracted from the sample, and the
extracts were purified using cation-exchange resins.
The isotope dilution method using *H-Val, *H,-Leu,
*H,-Met and *H,-Phe as internal standards was ap-
plied. Following propyl chloroformate derivatiza-
tion, the derivatives were analyzed using fast-GC/
MS. The extraction recoveries using these techniques
ranged from 69.8% to 87.9%, and analysis time for
each sample was approximately 26 min. Calibration
curves at concentrations from 0.0 to 1666.7 pumol/l
for Val, Leu, Ile and Phe and from 0.0 to 333.3 pmol/l
for Met showed good linearity with regression co-
efficients=1. The method detection limits for Val,
Leu, Ile, Met and Phe were 24.2, 16.7, 8.7, 1.5 and
12.9 umol/l, respectively. This method was applied
to blood spot samples obtained from patients with
phenylketonuria (PKU), maple syrup urine disease
(MSUD), hypermethionine and neonatal intrahepatic
cholestasis caused by citrin deficiency (NICCD), and
the analysis results showed that the concentrations of
amino acids that characterize these diseases were in-
creased. These results indicate that this method pro-
vides a simple and rapid procedure for precise deter-
mination of amino acids [34].

There is variety of analytical methods for determi-
nation of amino acids. These methods include HPLC,
GC FID, TLC densitometry (35, 36, 37, 38, 39), but,
there isn’t analytical system associated with the stand-
ardization of food additives containing amino acids.

Conclusion

The amino acids are very important for the vital
functions of the human body. The amino acids are
components a number of food additives. The food

additives market is growing very fast. This results in
an increase of the production of amino acids. There
is variety of methods for amino acids production.
Biotechnology methods are widely established in
the production of proteinogenic amino acids. En-
zyme catalysis will remain the preferred produc-
tion method for nonproteinogenic amino acids and
amino acid derivatives. Both the fermentation and
enzyme-based production methods play a central
role in the production of l-amino acids used as in-
gredients in the pharmaceutical industry and pro-
vide the constant growth of the amino acid market.
The need for analytical control of food supplements
containing amino acids is huge. In the literature
there are describes various analytical techniques for
their qualitative and quantitative analysis. Most pre-
ferred methods are HPLC and GCMS, because of
their range, accuracy and speed. Despite the wide
variety of methods, there isn’t coherent analytical
system associated with the standardization of food
additives containing amino acids.
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