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1. SUMMARY

Today to determine the amino acid composition of foods, the most commonly used
technics are the ion exchange column chromatography (IEC) with post-column
derivatization with ninhydrin and the high-performance liquid chromatography (HPLC)
with pre-column derivatization. Both technics are excellent in their own right, either
for solving special tasks or for determining all amino acids in a protein. However,
the methods require special purpose instruments (IEC) or special equipment (HPLC),
which are expensive and require highly qualified analysts to operate, which cannot
be afforded by smaller laboratories and in-process inspection units. The methods
we propose, after proper sample preparation, can be implemented with a UV-VIS
spectrophotometer capable to measure the aromatic amino acids and the coloured
amino acid derivatives in the range of 200-800 nm.

In this paper, we give a report on the photometric methods developed for the
determination of total amino acids with ninhydrin, determination of aromatic amino
acids, measurement of the combined amount of tyrosine and tryptophan, separate
determination of tyrosine, tryptophan and phenylalanine. We plan to quantify the
most suitable of the mentioned methods and make them applicable to food testing
laboratories. Since the indole group of tryptophan is virtually completely degraded
during the 6 M hydrochloric acid hydrolysis used in the hydrolysis of proteins, this
publication protein hydrolysis methods that are suitable for determining the tryptophan
content of foods is described.

2. Introduction to living organisms in proteins, as the major source

of amino acids in heterotrophic organisms comes
Amino acids are organic compounds whose mole- from the breakdown of dietary proteins. In living or-
cules contain both carboxyl and amino groups. In ganisms, during digestion, the proteins are broken
nature they occur in relatively small amounts as free down into 20 types of amino acids, some of which
compounds, but they have outstanding importance are essential for the body (phenylalanine, isoleucine,
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leucine, lysine, methionine, threonine, tryptophan,
valine). The essential amino acid that occurs in the
smallest amount in the diet compared to the needs
of the body is the limiting amino acid [4,5, 8,20, 49].

The amino acid composition of foods in most labo-
ratories is determined by ion exchange column chro-
matography (IEC) or an automatic amino acid analy-
ser based on it [7, 9,16, 20, 28] or high performance
liquid chromatography (HPLC) [9, 20]. However,
obtaining and operating the necessary equipment is
very expensive, which a smaller laboratory cannot af-
ford. Therefore, the aim of our studies is to develop
photometric methods that can be used to measure
amino acids easily without the use of highly sophis-
ticated analytical instruments. Using the reported
methods below, it may be possible to determine
some essential amino acids in laboratories without
expensive analytical instruments.

3. Hydrolysis of proteins

Before determining the amino acid composition of a
protein, the protein must be hydrolyzed to free amino
acids. An internationally accepted method of protein
hydrolysis was developed by Moore and Stein [35],
which weighs 20-200 mg of food and feed sample,
depending on the protein content of the sample, and
hydrolyses with 6 M hydrochloric acid at 110+1 °C
for 24 hours. Under these conditions, tryptophan
(Trp) is partially degrading in 40-60% but completely
degraded in the presence of carbohydrates. That is
the reason why in lot of cases the acidic hydrolysis
methods have been modified. To avoid the degra-
dation of the Trp the researschers added different
soultions to the 6M HCI: Freelender and Haber [12]
added 1,4-butanedithiol, Matsubaraand Sasaki [33]
added 2-4% thioglycolic acid, Gruen and Nichols
[15] 3-(3-indolyl)-propionic acid, and James [26] was
able to partially inhibit Trp degradation by alternating
thioglycolic acid, mercaptopropionic acid, mercap-
tosuccinic acid and oxalic acid. Liu and Chang [30]
with 3 M para-toluenesulfonic acid containing 0.2%
3- (2-aminoethyl) indole (tryptamine), Liu [31] with 4
M methanesulfonic acid, Penke et al. [40] hydrolyzed
the protein with 3 M mercaptoethanesulfonic acid
prior to Trp determination. Csapo et al. [6] hydro-
lysed the protein with 3 M mercaptoethanesulfonic
acid at high temperatures (160,170,180 °C) and for a
short time (30-60 minutes), with the highest Trp yield
compared to all acidic methods, and the result of
hydrolysis was same for the methionine content too.
Perfect success could not be achieved with acidic
methods, therefore according to Liu [31] the Trp con-
tent can only be quantified by alkaline hydrolysis.

Barium hydroxide hydrolysis of proteins was first
used by Homer [21] to determine Trp content. Jor-
pes [27] hydrolyzed the protein with 5 M NaOH and
recovered Trp in 78-98%. Holyler [24] hydrolyzed the
protein with sodium hydroxide and found that both
free and peptide-bound Trp are partially degraded

during basic hydrolysis. According to Shizuko-Isole
[45] and Dreeze [11], hydrolysis under a nitrogen at-
mosphere can prevent the decomposition of free Trp.

According to Warner [48], sodium hydroxide hydroly-
sis is slower than barium hydroxide, and sodium is
much more difficult to remove from the system than
barium. Using barium hydroxide as the hydrolyzing
agent, Dreeze [11] found that the hydrolysis is fast-
er and Trp does not degrade even in the presence
of starch. Miller [34] removed barium in the form of
barium sulphate from the solution, with minimal Trp
adsorption of the precipitate. The protein was hydro-
lyzed with 4 M sodium hydroxide and then the alkali
was neutralized with hydrochloric acid, after which
the hydrolyzate was chromatographed directly ac-
cording to Dévényi et al. [10].

Noltmann et al. [37], barium hydroxide hydroly-
sis seems to be the most expedient in determining
tryptophan content, since here the hydrolysis takes
place relatively quickly and the barium can be re-
moved much more easily than sodium. Removal of
barium in sulphate form appears to be more expedi-
ent because the precipitation of barium with sodium
sulphate from a neutral solution does not cause tryp-
tophan adsorption.

4. Determination ofthe amino acid composition of
a proteins using photometric methods

4.1. Determination of total amount of amino acids
by colour reaction in ninhydrine (ninhydrine posi-
tive compounds)

The ninhydrin (2,2-dihydroxyindane-1,3-dione) con-
verts amino acids to aldehyde, carbon dioxide, and
ammonia in the pH range of 4 to 8, is excellent for
determining the total amino acid content of a hydro-
lyzed sample. Ammonia reacts with the excess of nin-
hydrin to form an intense blue and purple compound,
hydrindantine, with a-amino acids, with a maximum
light absorption of 570 nm, where the amount of ami-
no acids can be determined. Imino acids, proline, and
hydroxyproline form a yellow compound with ninhy-
drin under similar conditions, with a light absorption
maximum at 440 nm [43,50]. The reaction measures
all other ninhydrin-positive compounds in the sample
in addition to amino acids, but since their amount in
food is negligible, the reaction is suitable for measur-
ing all amino acids with approximate accuracy.

4.2. Determination of aromatic amino acids
tyrosine, phenylalanine, tryptophane) by
spectrophotometry in ultraviolet range

Of the protein-forming amino acids, only three aro-
matic amino acids (tyrosine, phenylalanine, trypto-
phan) have absorption maximum in the ultraviolet
range at 280 nm. The amount of the three amino
acids, after appropriate sample preparation, can be
measured without derivatization. Its advantage is that
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it is quick and easy, as it is not necessary to subject
the proteins to a chemical reaction for the measure-
ment. Thus, the combined amount of the three amino
acids can be determined by this method if the pro-
tein concentration of the solutions is between 20 and
3000 pg/ml [25,44, 46]. However, it is very important
to select the right solvent, as many solvents have sig-
nificant UV absorption in the light absorption band of
aromatic amino acids.

4.3. Determination of the total amount of tyrosine
and tryptophan

During the xantoprotein reaction, concentrated nitric
acid reacts with the aromatic nucleus that forms the
side chain of the amino acid, resulting in a yellow
product that can be quantified photometrically. The
aromatic ring of phenylalanine does not react with
nitric acid, so only the combined amount of tyros-
ine and tryptophan can be determined by this reac-
tion. Hassan [17] used 16 M nitric acid, 5 M sodium
hydroxide, and ethyl alcohol to determine the amount
of tyrosine and tryptophan. The absorbance of the
solutions was studied at 360 and 430 nm.

4.4. Determination of tyrosine content by pho-
tometry

The Millon test is specific for tyrosine as it is the only
amino acid that contains a phenyl side chain. During
the reaction, the phenyl group of tyrosine first reacts
with nitric acid and then forms a brick red colour re-
action with a complex with mercury ions. The colour
intensity of the resulting product can be measured
spectrophotometrically at a wavelength of 500 nm,
and the amount of tyrosine can be calculated from
the absorbance. However, the assay is specific for
tyrosine only if the sample does not contain a com-
pound with other phenolic groups [32, 41].

Grau [14] used a modified Millon reaction to deter-
mine the tyrosine content of the protein. The amount
of tyrosine in the sample was determined using mer-
cury sulphate reagent and sodium nitrite, and the
absorbance of the resulting red solution was exa-
mined at a wavelength of 475 nm. No colour reaction
was observed when the method was attempted to
determine the amount of phenylalanine, histidine, or
tryptophan.

4.5. Determination of tryptophan content by pho-
tometry

Free or peptide-bound tryptophan forms a coloured
product with para-toluene-sulfonic acid, para-dime-
thyl-amino-benzaldehyde and N-bromo-succinimide,
which are the reagents that form the basis of the
photometric determination of tryptophan, in which
the colour obtained in the quantitative determination
compared to a standard colour of a well-known con-
centration, which usually consists of free tryptophan.
Spies and Chambers [47] determined the Trp con-
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tent of the samples in 19 M sulfuric acid medium with
para-dimethyl-amino-benzaldehyde (DAB). The ab-
sorbance of the solutions was studied in the 580-620
nm wavelength range. The Trp content of the meat
was determined was also determined with para-di-
methyl-amino-benzaldehyde (DAB) in 9.5 M sulfuric
acid, in which the colourless condensation product
was oxidized by sodium nitrite to a blue compound,
the absorbance of which was studied at 590 nm by
Rékasiné et al. [42]. Hydrolysis of the test protein
simplifies the situation, as Trp goes into solution and
its colour can be determined in a similar way.

Among the photometric methods, the determination
of N-bromosuccinimide is not widespread in prac-
tice, and the same can be said for the colour reac-
tion with glacial acetic acid (lll) chloride reagent. In
the latter case, the Trp content of cereal grains was
determined by photometry at 545 nm of the resulting
red solution [38]. The para-dimethyl-amino-benzal-
dehyde method, on the other hand, has been used
by several to determine the Trp content of both un-
hydrolyzed protein and hydrolysate. An interesting
method for the photometric determination of Trp is
reported by Basha and Roberts [3], who oxidized
Trp with sodium nitrite and then reacted the oxidized
product with N-1(naphthyl)-ethylene-diamino-dihy-
drochloride and then obtained the purple-pink mate-
rial was photometrized at 550 nm.

The indole group of tryptophan shows light absorp-
tion in the ultraviolet range, which can also be used
to determine its amount. For soluble proteins, UV ab-
sorbance is measured at 280-288 nm. Ultraviolet ab-
sorbance is also suitable for measuring the absorb-
ance of a protein in solution by any method, as well
as the absorbance of a hydrolyzate.

The amount of tryptophan can be determined using
the Hopkins-Cole test [13], which is based on the
fact that the indole ring of tryptophan reacts with a
mixture of Hopkins-Cole reagent (glyoxylic acid) and
sulfuric acid to give a violet or purple product. The
absorbance of the resulting coloured product was
studied at 545 nm. Koshland et al. [2, 22] used 2-hy-
droxy-5-nitrobenzyl bromide as a special reagent for
the photometric determination of tryptophan content.
The absorbance of the resulting coloured products
was studied between 300 and 410 nm wavelength
range. Horton and Tucker [23] showed that dimethyl-
(2-hydroxy-5-nitrobenzyl) sulfonium salt can be used
for spectrophotometric determination of tryptophan
content in proteins at pH 3. This water-soluble sul-
fonium salt allows a more advantageous determina-
tion than water-insoluble 2-hydroxy-5-nitrobenzyl
bromide.

Mulder and Bakema [36] estimated tryptophan con-
tent by the Brummer method. The method is based
on the formation of a red-violet colour with vanillin
in a strongly acidic solution. The method is only ap-
plicable to protein hydrolysates because other sub-



stances in the sample interfere with colour develop-
ment. In addition to vanillin, sulfuric acid and sodium
sulphide were used to determine tryptophan content.
The absorbance of the solutions was measured at
605 nm.

In summary, the photometric determination of Trp is
best performed by the colour reaction of para-dime-
thyl-amino-benzaldehyde, but if necessary the pho-
tometry of the colour between acetic acid and glyox-
al or n-1 (naphthyl) ethylene-diamino-hydrochloride
and Trp also recommended.

4.6. Determination of phenylalanin using
photometry

The colorimetric determination of the phenylalanine
content of a protein hydrolyzate is based on two
basic principles described by Kapeller-Adler [29]:
eliminating the interference of tyrosine and histidine
and quantitative nitration and reduction of phenyla-
lanine in the violet ammonium salt of diacyl-o-dini-
trobenzoic acid. Photometry was performed in the
wavelength range of 520 and 580 nm.

Albanese [1] further developed the Kapeller-Adler
method, eliminating histidine interference with per-
mutit (synthetic zeolite), and using ammonium sul-
phate and sodium hydroxide instead of concentrated
ammonium hydroxide. This is because ammonium
hydroxide was considered dangerous to the health
of the experimenter person, and daily changes in the
ammonia concentration of the reagent affected the
colour intensity.

According to the research of Hess and Sullivan [19],
the colourimetric determination of phenylalanine re-
quires its nitration, reduction of dinitrophenylalanine
with zinc and hydrochloric acid, and reaction with
2-naphthoquinone-4-sodium sulfonate in a slightly
acidic solution, resulting in a red colour compound.
The absorbance of the solutions was tested at 560
nm. Histidine and tyrosine do not interfere with the
reaction. Pretreatment with potassium permanga-
nate solution prevented tryptophan from being dis-
rupted without affecting the colour formation from
phenylalanine.

To determine the amount of phenylalanine, Grau [14]
dried the flask containing the sample in an oven at
110-120 °C until the sample was completely dryness,
or a thick syrup was obtained. A solution of potas-
sium nitrate in concentrated sulfuric acid was then
added to the sample. The nitration was performed
at 110-120 °C for 30 minutes. After cooling the flask,
hydroxylamine hydrochloride, ammonium sulphate
and sodium hydroxide were used to determine the
amount of phenylalanine. The absorbance of the so-
lutions was studied at 550 nm.

Henry et al. [18] modified the Kapeller-Adler method,
hydrolysis of proteins was performed with picric acid.

Concentrated sulfuric acid solution of potassium ni-
trate, hydroxylamine hydrochloride and concentrated
ammonium hydroxide solution were used for the de-
termination after picric acid hydrolysis. Photometry
was performed in the wavelength range of 550 and
560 nm.

Pan and Perlman [39] had made two modifications
to the original Kapeller-Adler method. During the
process, when concentrated ammonium hydroxide
was added to the concentrated sulphuric acid, a
large amount of heat was generated, which caused
the solution bubbled out from the test tubes, causing
significant losses. In their experiments, they solved
the problem by adding a smaller amount of nitrat-
ing reagent. The second modification, to facilitate
the performance of the test, consisted of a reduc-
tion in the time required to evaporate the samples to
dryness. The tubes containing the sample solutions
were immersed in a water bath at 50-70 °C and a
gentle stream of air was passed through the surface
of the liquid. As a result, numerous samples can be
dried simultaneously using a few glass blowers.

5. Conclusions

Prior to the determination of amount of each amino
acid, the protein is hydrolyzed with 6 M hydrochloric
acid, followed by photometric determination of the
amino acids. The Trp content of the protein is de-
graded under these conditions due to the lability of
the indole group, so during the determination of Trp
either special acidic protein hydrolysis methods (3 M
mercapto-ethane-sulfonic acid, 3 M para-toluene-
sulfonic acid, 4 M methane sulfonic acid) are used or
special protective reagents (1,4-butanedithiol, thio-
glycolic acid, 3-(3-indolylpropionic) acid, 3-(2-minoe-
thyl) indole should be used. The other opportunity of
determinating the Trp is the alcalic hydrolysis which
is performed with 4 M sodium-hydroxide or barium-
hydroxide. In case of high protein content, the sodi-
um ion content of the hydrolysate does not interfere
with the determination, and the advantage of the bar-
ium hydroxide determination is that barium is easier
to remove from the hydrolysate than sodium.

The total amino acid content of the hydrolysate can
be determined by the ninhydrin colour reaction at
570 nm, and the amount of proline and hydroxypro-
line can be determined by the absorbance at 440
nm. Aromatic amino acids (tyrosine, phenylalanine,
tryptophan) can be measured together at 280 nm in
the ultraviolet range. At this wavelength, the determi-
nation of the three amino acids is generally not dis-
turbed by other food ingredients.

By the xantoprotein reaction, since the aromatic ring
of phenylalanine does not react with nitric acid, the
combined amount of tyrosine and tryptophan can be
determined at 360 and 430 nm, respectively. Because
tyrosine is the only amino acid that contains a phe-
nyl side chain, the Millon reaction, in which tyrosine
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gives a brick-red colour reaction with nitric acid and
mercury ions, is specific for tyrosine. The absorbance
of the solution was tested at 475 nm, where the pres-
ence of phenylalanine, histidine or tryptophan was
not disturbed.

The tryptophan content of the protein forms a col-
oured compound with para-toluene-sulphonic acid,
para-dimethyl-amino-benzaldehyde, N-bromo-suc-
cinimide, sodium nitrite and N-1 (naphthyl) ethylene-
diamine dihydrochloride and the glacial acetic acid
ferric chloride reagent, which form the basis of the
photometric determination of tryptophan. Among
the methods, the most common method is the para-
dimethyl-amino-benzaldehyde method, which has
been used by several people to determine the trypto-
phan content of various proteins. Derivatization with
a mixture of glyoxylic acid and sulfuric acid (Hop-
kins-Cole test), 2-hydroxy-5-nitrobenzyl bromide
and dimethyl-(2-hydroxy-5-nitrobenzyl) sulfonic acid
was also used, however, these methods have not be-
come widespread in practice.

During the determination of the phenylalanine con-
tent of the protein we have to eliminate the interfer-
ing effect of tyrosine and histidine, which may be
followed by nitration of phenylalanine and derivatisa-
tion with diacyl-o-nitrobenzoic acid, photometrized
at 570 nm. 2-naphthoquinone-4-sodium sulfonate is
also suitable for post-nitration derivatization, which is
not expected to interfere with histidine and tyrosine,
as well as derivatization with hydroxylamine hydro-
chloride, ammonium sulphate and sodium hydroxide.

Overall, therefore, all three amino acids containing
aromatic side chains are known in the literature for a
colour reaction that can be developed into a quanti-
tative assay.
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