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Abstract

Some of the general problems known in the analysis of tryptophan (both in its free form, alone or together with its
metabolites, as well as in hydrolyzates of peptides or proteins, alone or together with all other amino acids) are described.
This review includes an exhaustive literature overview using the author’s experience with the preparation of derivatives and
with various conditions arising from the analytical procedure itself. The special requirements of various tryptophan
containing matrices (biological tissues or fluids, food and feed stuffs, etc.) are also taken into account. For the sake of
completeness, in addition to the most common HPLC techniques, GC and spectrophotometry (in selected cases very
important procedures), are also discussed.
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1. Introduction

The accurate and reliable analysis of tryptophan
was, is and will be one of the most relevant and
challenging task for analytical chemist, for two main
reasons: (1) because of its importance in numerous
aspects [1], (being nutritionally essential for many
animals and for man and taking part in a number of
biological functions), simultaneously and (2) because
of methodological difficulties to maintain tryptophan
in its intact form in protein hydrolyzates. (It is
tremendously sensitive to redox interactions, par-
ticularly in strong acidic media needed for protein
hydrolysis).

This last phenomenon proved to be the object of
the overwhelming part of all those paramount efforts
[2-84] which have been put into the field of
tryptophan quantitation in this century; performed in
order to find the optimum solution for its maximum
recovery and selective determination. After an
exhaustive general literature overview, based on the
Chemical Abstracts, it became clear (i) that scientists
are still looking for satisfactory alternatives and (ii)
the increasing amount of newly developed analytical
procedures are mainly chromatographic ones, repre-
senting —in the peak period of method development,
in 1991— 73% of the total: in accordance with the
boom of high-performance liquid chromatography
(HPLC). This distribution proved to be characteristic
to methods published not only for quantitation of
tryptophan in free form, including its metabolites.
but also for those of proteins and peptides, together
with the corresponding hydrolysis procedures.

Thus, based on the above detailed tendency, this
paper aims to be a compilation with particular
attention to the development of liquid chromato-
graphic methods.

2. Free tryptophan and its metabolites
2.1. Gas chromatography

It is very well known that prior to gas chromato-
graphic (GC) analyses amino acids should be present
in impurity- and water-free condition in order of
their acylation and esterification [3]. In addition, the
quantitative acylation of amino- and indolyl groups

of tryptophan gave rise to special attention and
proved to be critical —depending on the composition
of acylation solution (solvent/acid anhydride ratio),
temperature and time conditions. A single product
could not be obtained. The ratio of the partly
(monoacyl-) and fully (diacyl) acylated group con-
taining derivatives, in favor of the fully acylated one,
can be considerably (not quantitatively) influenced
by the coelution of the acid anhydride with the
derivatized sample. Due to the latter difficulties only
few researchers have utilized the advantages of the
very high sensitivity and selectivity of GC. The free
tryptophan content of 20-100 mg crude extracts
obtained from various plant samples, subsequently to
solid-phase extraction and HPLC separation have
been unambiguously identified and determined as
their molecular ions, i.e., N-acetyl (ml/z=M"=260)
and N-diacetyl (m/z=M"=302) tryptophan methyl
ester derivatives [4].

2.2. High-performance liquid chromatography

2.2.1. Tryptophan

HPLC without derivatization [5-14] offers in
quantitation of tryptophan [5-7] (i) particularly
comfortable (previously only deproteinization had
been carried out) and (ii) relatively selective con-
ditions (both UV and fluorescence detection can be
applied).

The tryptophan content of blood samples [5,6] was
measured using isocratic elution, (column: 25 cmX
4.6 mm), by UV detection, within 6 min, in the range
of 0.1-100 wmol [5], while miniaturized conditions
(column: 8.3 ¢cmX4.6 mm, 3 pm) provided con-
siderably lower detection limit: 5 pmol using UV
detection and 1 pmol applying fluorescence detection
[6]. In order to determine the L-tryptophan content of
tablets and capsules, (in comparison to the official
AOAC microbiological method), its phenylisothio-
cyanate derivative was measured by HPLC [7].
Results revealed that out of the warm (solution
autoclaved for 30 min, at 121-123°C, 15 p.s.i; 1
p.s.i.=6894.76 Pa) and cold (15 min sonication, at
ambient temperature) microbiological procedures (if
any), the cold is to be followed as the warm leads to
4-8% tryptophan losses; HPLC provides the advan-
tages of using a smaller test portion and having a
shorter analysis time.
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2.2.2. Tryptophan together with its metabolites

Tryptophan being an essential amino acid whose
metabolism involves several pathways, its quantita-
tion by HPLC with its numerous metabolites [8—-10],
or with tyrosine [11] only and/or with 5-hydroxy-
tryptamine [12] only, proved to be of primary
importance [8—12].

Major tryptophan metabolites of kynurenine and
of indole pathways have been determined by UV and
fluorescence detections, simultaneously [8,9]: first
[8] from 50-500 nl, later [9] from 100 pl direct
plasma injections; Performing a special, automated
precolumn deproteinization, within 40 min, 17 me-
tabolites, present in human serum and/or plasma,
were measured in pmol ranges: twelve of them by
fluorescence and five by UV detection. Using a
multiple ion detection system [10] (UV diode array
detector connected on line with fluorescence one)
which provided simultaneously UV spectra in the
190-450 nm range and fluorescence spectra setting
two different excitation (280 and 340 nm) and
emission (340 and 440 nm) wavelengths, 13 metabo-
lites have been evaluated in 23 min. In spite of the
fact that practical utilization was not given the
procedure is worthy of mention being relatively fast
and probably suitable for the analysis of real sam-
ples. Tryptophan and tyrosine content of 250 ul
blood [11], from perchloric acid deproteinized plas-
ma, were quantitated by fluorescence detection.

Hydroxytryptamine and tryptophan [12] were de-
termined in a 450 wl whole blood sample within 10
min, (column: 15 cmX4.6 mm) applying fluores-
cence detection. The method was utilized in the
differentiation of healthy control subjects and de-
pressed patients of major mental disorders.

3. Tryptophan in intact proteins:
spectrophotometry

3.1. Derivative spectrophotometry without chemical
derivatization

The characteristic absorbances of aromatic amino
acids, in the low UV region, have been utilized in
their quantitation applying second derivative spec-
tometry [13-16]. The ability to determine tryptophan
by second derivative absorption became possible

from the relatively small overlap between the nega-
tive tryptophan bands at 290.5 nm and the positive
tyrosyl peak at 289.5 nm. An early approach [13] is
based on the mutual interference between the second
derivative bands of the two major aromatic chromo-
phores (tyrosine, tryptophan), at neutral pH. This
interference has been evaluated in terms of the ratio
between two peak-to-peak (tyrosine/tryptophan) dis-
tances observed in the second derivative spectrum.
The ratio values proved to be well related for both
model compound mixtures and proteins of known
composition. According to an improved second
derivative method {14] tryptophan, tyrosine and
phenylalanine were measured by their second deriva-
tive absorbance values by means of the vertical
distance from baseline to the derivative curve at a
wavelength specifically assigned to each aromatic
amino acid (tryptophan: 290 nm, tyrosine: 283 nm,
phenylalanine: 258 and 264 nm). Recently [15,16] a
substantially new principle has been reported for the
quantitation of tryptophan and tyrosine in intact
proteins based on their fourth derivative UV absorp-
tion spectra. Spectra evaluations obtained in 0.1 M
sodium hydroxide solution or in supernatants of
protein  extracts provided excellent results.
Tryptophan [15] and tyrosine [16] content both of
standard proteins and those of protein containing
matrices proved to be in accordance with literature
data. Measured [16] and earlier published (in paren-
theses) tryptophan contents (tryptophan, g/100 g
protein) for casein, wheat, barley and soy bean
meals, in order of listing proved to be 1.38 (1.36,
1.31), 1.20 (1.14, 1.12, 1.20), 1.27 (1.12, 1.27, 1.49)
and 1.66 (1.14-1.71) g tryptophan/100 g protein.

3.2. Spectrophotometric determinations subsequent
to chemical derivatizations with aldehydes

Many spectrophotometric methods of tryptophan
quantitation are based on the interaction of the indole
ring with aldehydes [17-29]. The reaction of p-
dimethylaminobenzaldehyde (DABA) in sulphuric
acid media [17-20] has been exhaustively examined
and widely utilized in its determination also in
hydrolyzates [19,20]. A simplified version of the
DABA method using 10 M hydrochloric acid instead
of sulphuric acid was reported for free tryptophan
[21]. Practical utilizations have been published [22~
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24] based on the reaction between acetic acid/ferric
chloride and tryptophan residues of proteins, in
solutions of concentrated sulphuric acid, resulting in
the formation of glyoxylic acid. The tryptophan
content of y-globulins and casein [22], as well as
those of numerous cereal grains [23] and potatoes
[24] have been quantitated by measuring the ab-
sorbances of the resulting violet solution at 545 nm
in all cases [22-24].

The most promising tryptophan/aldehyde reaction
performed with the intact protein matrix proved to be
the acid ninhydrin method, because of its selectivity,
general applicability and outstanding reproducibility.
Earlier works [25-27] proposed long lasting (16-20
h) incubation of intact proteins and insufficient
reaction time for the quantitative interaction of
tryptophan (residue) with the ninhydrin reagent.
Recently [28,29], an exhaustive kinetic study was
performed (with tryptophan, tyrosine and lysozyme)
in order to obtain optimum analytical conditions
providing: (i) stoichiometric reaction both with free
tryptophan and tryptophan residues of proteins (in-
cluding also protein containing matrices, such as
feed- and food stuffs), (ii) quantitative elimination of
the disturbing effect of tyrosine. Applying optimum
analytical conditions {35 °C, 90 min, 1% ninhydrin
prepared with a solution containing HCI (37%) and
formic acid (82-92%) in a volume ratio of 2:3].
Optimum conditions allowed the direct interaction of
samples, using the same molar absorptivity values
for free and peptide linked tryptophan. The practical
utilization of the improved procedure was shown by
the tryptophan quantitation of numerous standard
proteins (lysozyme, human and bovine serum al-
bumin, casein, a-chymotrypsin, trypsin) and protein
matrices (soy bean, wheat, maize, barley, rye, sun
flower, fish and meat meals).

4. Tryptophan in protein hydi'olyzates

Those efforts which aim to determine tryptophan
in hydrolyzates should be divided into two basically
different groups. Aiming at the quantitation of
tryptophan only, the use of various alkalies [NaOH,
KOH, LiOH, Ba(OH),] have been investigated and
proposed. In order to determine tryptophan together
with all other amino acids, hydrolyses by enzymes,

by organic acids and also by HCl with different,
tryptophan protecting additives/inhibitors have been
suggested. In general, the cumbersome, time con-
suming and tedious hydrolyses procedures proved
worthwhile only in those cases where hydrolyses
were followed by one of the selective chromato-
graphic techniques. Tryptophan monitoring in hy-
drolyzates by any of the colour reactions, followed
by spectrophotometry can be regarded as an un-
necessary luxury. Consequently, special problems in
chromatography of tryptophan alone and together
with all other amino acids —subsequent to their
various hydrolysis techniques— being the most
relevant topic, will be given in detail, applying ion-
exchange chromatography (IEC), (carried out with
amino acid analyzators), some GC and mainly
HPLC.

4.1. Chromatography of tryptophan

This field of research, including inter-laboratory
comparative studies, covers optimatization tests con-
cerning simultaneously the quality and quantity of
alkalies, the temperature and time of hydrolyses and
the conditions of chromatographic elution and
quantitation procedures.

4.1.1. lon-exchange chromatography

The selective identification and quantitation of
tryptophan in alkaline hydrolyzates started in the
early seventies by means of IEC [30-33]. At that
time, taking into account the relatively large amount
of sample required for IEC analyses, (elutions have
been performed with 10-1000 pg amino acids),
sodium hydroxide providing 85-95% tryptophan
recovery [30-32] (4.2 M, at 110 °C, 22 h [30] and 20
h [31,32]), was preferred to barium hydroxide [33]
(4.2 M, 110°C, 16 h). The reason was that elimina-
tion of excess barium hydroxide needed an extra
precipitation step, in form of BaSO,, or BaCO,,
resulting in additional 4-10% loss of tryptophan,
prior to its elution by IEC. The elution procedure
only, by IEC, carried out at 52 °C, in all four cited
cases, needed on short columns (7X0.9 c¢cm), as an
optimum achievement, 30 min [33], while others,
remaining on the safe side, for the sake of better
resolution, used 90 min [31,32] and 120 min [30]
elution times (regeneration not included).
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4.1.2. High-performance liquid chromatography

In the light of the above (Section 4.1.1), a
considerably faster chromatographic technique of
higher sensitivity, (elutions have been carried out in
the ng, pg ranges), opened a new chapter for
tryptophan analysis alone, in alkaline protein hydrol-
yzates, for both practical and scientific reasons. The
increased availability of chromatographic informa-
tion also gave rise to review of optimatization [34-
41] and of comparison [42-49] of hydrolysis tech-
niques in connection with chromatography.

Lithium hydroxide (4 M, 110-120°C, 22-26 h)
(34] has been recommended for the quantitation of
tryptophan in numerous foods and feed-stuff hydrol-
yzates, obtained by direct injections, with linear
responses, by fluorescence detection, in the 0.2-100
ng range. Tryptophan was eluted with 5 min re-
tention time, with water—methanol (2:1, v/v),
acidified with phosphoric acid to pH 3 (recovery of
the method was not reported).

Sodium hydroxide was proposed (4.2 M, 110 °C,
16 h, in autoclave) [35], for hydrolysis of feed stuffs
in the presence of lactose (applied as protecting
agent against tryptophan losses). In calculation of
tryptophan values, in order to correct losses, o-
methyltryptophan was applied as internal standard.
Recovery data were not given.

The revaluation of barium hydroxide digestions
[36-41] was associated with the development of
HPLC, in particular by fluorescence detection. In the
possession of this very sensitive and selective tech-
nique —due to the possibility of direct injections of
diluted hydrolyzates— barium ion elimination
became unnecessary. Consequently, the main dis-
advantage, the additional tryptophan loss due to its
adsorption on barium precipitates no longer counted.
The poor solubility of barium hydroxide still re-
mained a problem. Exhaustive basic studies [36,37]
performed by barium hydroxide hydrolyses, without
any previous pretreatment, clarified important
characteristics. Investigating the peak purity parame-
ters by diode array detection [36] of tryptophan,
(obtained from feedstuffs, rich in UV absorbing
constituents), it could be stated, that no UV interfer-
ing substance was coeluted with tryptophan [~1.66
M Ba(OH),, 125°C, 16 h, injected after neutraliza-
tion directly]. The advantages of HPLC with fluores-
cence detection has been repeatedly shown, low

detection levels (20-2000 ng) and short analysis
time (5 sample/h). In the hydrolysates of 14 differ-
ent feed stuffs 99.7+1%, i.e., quantitative tryptophan
recoveries were reported, indicating that neither
losses nor incomplete liberation occurred at the
stated conditions (based on additive hydrolysis of
lysozyme) [37]. The statement of quantitative
tryptophan recovery has been later on modified by
others [42,43]. Several simplifications [38—40], such
as, decreasing the injection volume [38], the hy-
drolysis time [39,40] (16, 8, 4 h) increasing the
hydrolysis temperature [39,40] (110, 125, 140 °C) at
various barium hydroxide concentrations (2.7 M
[39,40] and 3.3 M [41]), simultaneously were added.
The use of internal standards (5-methyltryptophan
[38], or both, a-methyl- and 5-methyltryptophan
[40]) was ultimately introduced. Comparisons, based
on intra- [42,43,47,49] and inter- [44-46,48] labora-
tory studies revealed that: (i) 100% tryptophan
recovery cannot be obtained by any of the alkaline
hydrolysis procedures [42-49]; (ii) while performing
IEC [42], subsequent to the hydrolysis (4-8 h), best
results (5% losses) have been obtained by 4 M
LiOH, in the presence of 5% SnCl,. In separation
and quantitation by HPLC, subsequent to sodium
hydroxide hydrolyses, although the same internal
standard (S-methyltryptophan) was used, contradic-
tory experiences have been reported: according to
earlier studies [43] NaOH and LiOH provided simi-
lar tryptophan recoveries, (between 88.1% and
98.5%), while recently published data reported also
by the same authors [46,49] revealed the outstanding
necessity of oxygen elimination. Without applying
autoclave purging, comparison of 1.3 M Ba(OH),
(125°C, 16 h) and 4 M LiOH (110 °C, 24 h) proved
they were as alkalies of identical value [46]: ensuring
82.7-85.2% recovery, without correction. Later on,
using Ba(OH),, allowing the quantitative oxygen
elimination before hydrolysis, by autoclave purging
at 100 °C, peak tryptophan recoveries were reported
(96.1-102.4%) [47].

Inter laboratory studies [44,45,48] presented less
promising results. In a comprehensive work [44]
applying partly IEC, partly HPLC, using hydrolyses
uniformly by 4.2 M NaOH, within and between
laboratories analyzing the same samples, quite the
same variabilities have been reported. Reproducibili-
ties, within and between laboratories, proved to be
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3.87-16.1% and 3.87-16.5%, relative standard de-
viation (RSD) percentages). These low and identical
reproducibilities could be explained by the many
steps containing procedures covering subjective er-
rors. Regarding the data of 14 laboratories [45], as a
function of the matrix analyzed, they varied between
3.87 and 26.4% (RSD). The overall reproducibility,
which means the average of averages obtained in 23
laboratories [48], proved to be 86.5+5.6%.

4.2. Chromatography of tryptophan together with
all amino acids present in protein hydrolyzates
obtained by different ways

4.2.1. By enzyme, such as pronase

Neglecting the earlier efforts [1,2], relying on a
recently presented work only [50], pronase digestion
provided excellent characteristics. Enzymatic diges-
tions have been accomplished in less than 6 h under
mild conditions (pH 8.5, 50 °C). Spectacular HPLC
conditions were shown: injection-to-injection times
of 8 min, including elution of tryptophan and 5-
methyltryptophan (internal standard). Quantitation
based both on UV (diode array proven) and fluores-
cence spectra could be carried out without disturbing
interferences.

4.2.2. By acids in the presence of additives/
inhibitors

(i) The additives or inhibitors are the collective
designation of all those compounds which decrease
or inhibit tryptophan decomposition under peptide/
protein hydrolyses in acidic media. It is known for a
long time [51] that when oxygen is removed by
evacuation, the rate of tryptophan decomposition
decreases dramatically. These results show that
oxygen concentration, during acidic hydrolyses, is
the main contributor to the destruction. Performing
hydrolysis in sealed tubes under vacuum or nitrogen,
traces of oxygen in the medium can contribute to the
destruction. Under these presumably ‘“‘oxygen free”
conditions, addition of thioglycolic acid [51] or
phenylmethanethiol [52] or any others detailed in
Sections 4.2.2.1 and 4.2.2.2 decrease the occurrence
of free radical chain reactions responsible for
tryptophan decomposition. All additives/inhibitors,
including also tryptamine, probably act as free

radical scavengers during hydrolysis procedures,
preventing tryptophan degradation by any residual
oxygen in the hydrolysis tube. (ii) As to the mecha-
nism of tryptophan’s destruction it was shown
[51,53-56] that most of the essential amino acids do
not affect the stability of tryptophan during hydro-
chloric acid hydrolysis with the exception of cystine.
In the presence of traces of oxygen tryptophan reacts
with cystine resulting in the 2,3-dihydro-2-oxo-
tryptophan, cysteine and cystine [51,52]. In the
course of this transformation, arising from cystine
oxidation, bis(2-amino-2-carboxy-ethyl) trisulfide,
sulfenic/sulfinic acids have been identified, which
proved to be responsible for tryptophan losses [54].
It has been also shown that oxidized chlorine deriva-
tives [55] and carbohydrates [56] may also contribute
to the degradation of tryptophan.

By sulphur containing organic acids +additives
(methanesulfonic  acid +tryptamine, p-toluenesul-
fonic acid+tryptamine/tioglycolic acid, mercap-
toethanesulfonic acid without additive)

Methanesulfonic acid: Since its first proposal [57]
4 M methanesulfonic acid containing 0.2% 3-(2-
aminoethyl)-indole (henceforth: tryptamine) has been
used also in subsequent papers [59-61]. Since a
competition has been observed between the molecu-
lar breakdown of serine, threonine, tryptophan and
the release of valine, as optimum conditions 115 °C
and 22-72 h were suggested. The quantitation of 18
amino acids, including cysteine and tryptophan, has
been reported by IEC, from lysozyme hydrolyzate:
theoretical values were indicated without reproduci-
bility data [57]. Performing microwave irradiation
[58,59] followed by IEC, the time of hydrolyses
could be dramatically shortened: at 160 °C, 45 min
[58], while at 178 °C and at 186 °C, 4 min [59]
proved to be satisfactory. ~98% tryptophan re-
coveries have been reported in both cases [58,59].
Methanesulfonic acid hydrolysis of cytochrome ¢
[60] was carried out at 115 °C for 22 and 70 h and at
150 °C for 22 h. Results proved that 115 °C for 22 h
should be chosen as the optimum conditions. 16
amino acids, including cysteine and tryptophan have
been quantitated by HPL.C, subsequent to their direct
derivatization in the hydrolyzate by 9-fluorenyl-
methylchloroformate.
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p-Toluenesulfonic acid: The principle of the use
of 3 M p-toluenesulfonic- [61] and 4 M methanesul-
fonic acids [57], both in the presence of 0.2%
tryptamine, have been introduced by the same re-
searchers: they stated that p-toluenesulfonic acid is
inferior to methanesulfonic acid providing lower
tryptophan recovery which proved to be by IEC
between 91 and 98%. This early experience [61] has
been repeatedly tested by microwave irradiation
followed by HPLC after precolumn derivatization
with o-phthalaldehyde [62]. Tryptophan recovery of
model solution, irradiated by 2450 MHz frequency
for 15 min (corresponding temperature was not
given), proved to be 98.6%.

Mercaptoethanesulfonic acid: The advantages of
the use of 3 M mercaptoethanesulfonic acid without
additives [63] has been presented in comparison with
p-toluenesulfonic acid +0.2% tryptamine and with 6
M HCI+4% thioglycolic acid: all three types of
hydrolyses have been followed for 22 and 72 h, at
110£2°C with lysozyme, chymotrypsin and cyto-
chrome c. Data obtained proved that in all cases
tested, maximum tryptophan recovery was obtained
at 110 °C after 22 h by mercaptoethanesulfonic acid:
in order of listing above, tryptophan contents proved
to be 94.5%, 96% and 93%, while hydrochloric acid
with thioglycolic acid provided the lowest recovery,
at 86.5%, 81.5% and 75%, respectively. Later on
difficulties have been reported [64,65] in quantitation
by IEC. Due (i) to the formation of a mixed disulfide
from mercaptoethanesulfonic acid and cysteine [65],
as well as (ii) to the coelution of cysteine with
proline [66]. These difficulties could be solved by
modifying the elution program of IEC [65,66].

By hydrochloric acid +additives (pyridine borane,
thioglycolic acid, B-mercaptoethanol, phenol, trypt-
amine)

In the classical 6 M HCI] hydrolyses the over-
whelming part of tryptophan (70-100% of the total
present in protein) gets destroyed. The reason for that
needs still further explanation. Since HCI is the best
hydrolysing agent from numerous points of view,
researchers tried to prevent tryptophan destruction by
applying HCI+different inhibitors.

1,2-Ethanedithiol [67], in absence of oxygen, was
proposed for preventing destruction of cyst(e)in,

tryptophan and histidine during HCI acid hydrolyses
of lysozyme as model compound. Resulting amino
acids have been measured by GC as their N-
acetylated methyl esters. Correction for losses during
hydrolysis have been done on the base of isotope
dilution assay. Tie recovery of tryptophan was
75.4%.

Pyridine borane [68] reduces tryptophan in the
presence of trifluoroacetic acid to dihydrotryptophan
which appeared as a doublet between lysine and
histidine measured by IEC. As to their HPLC
quantitation difficulties have been reported: its
phenylthiocarbamy] derivatives could not be de-
tected, (likely covered by the reagent peaks), while
as dabsyl derivatives the first eluting member of the
doublet coeluted with tyrosine. Thus, this type of
hydrolysis study remained proven by IEC only,
confirmed quite quantitative recoveries of tryptophan
as dihydrotryptophan compared to theoretical values
in the case of twelve standard proteins [68].

Thioglycolic acid [52,54,69-71] was tested at first
[52] in 0.5-6% (v/v) concentration added to 6 M
HCI. Maximum tryptophan yield from lysozyme
(84%) and cytochrome ¢ (86%) were obtained with
29% thioglycolic acid containing HCI, performing
hydrolyses in evacuated tubes for 24 h at 108-
110 °C, measured by IEC. With shortened hydrolysis
time [69] (4 h, 145 °C), applying the first introduced
procedure [52], the method has been extended for the
analysis of various meat proteins by IEC and by
HPLC, simultaneously [69]. Hydrolyses in vapour
phase [70] with 7 M HCI containing 10% trifluoro-
acetic and 20% thioglycolic acids were carried out at
166°C, for 15 min and 30 min. After 15 min
hydrolysis time tryptophan recovery from model
solutions proved to be 86%, while in the case of
myoglobin, papain and lysozyme, 95, 80 and 80%
respectively were obtained. From reducing hydrol-
yzates [71], with 6 M HCl, containing 5%
thioglycolic acid +0.1% phenol, at 118 °C, after 18 h
77, 86 and 82% tryptophan recoveries have been
reported from chymotrypsin, trypsin and «,-macro-
globulin subunit.

B-Mercaptoethanol (0.2%) in 6 M HCI [72], was
used for 24 h, at 110°C in order to determine all
amino acids, including tryptophan in numerous pro-
tein hydrolyzates. Amino acid constituents of several
proteins were quantitated as their phenylthiocar-
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bamyl derivatives by HPLC: tryptophan recoveries
varied between 93 and 102%.

Phenol [73] added in 3% (v/v) to 6 M HCI largely
prevented the destruction of tryptophan during rapid
hydrolyses at 166 °C, for 25 min, or at 145 °C, for 4
h. The largely prevented status indicates at least 80%
recovery.

Hydrochloric acid+tryptamine [74-84]: Exhaus-
tive studies have been performed in order to optimize
the preferred (i) chromatographic procedure, (GC
[74-77] or HPLC [78,79]), (ii) the ratios of trypt-
amine to proteins [76,81], [1:1 (w/w) ratios proved
to be the optimumy], (iii) the shortest hydrolysis time
coupled with the lowest necessary temperature in
liquid phase [76,77] and in vapour phase [81,82,84]
equally, (iv) both by simple heat and by microwave
irradiation [83] as well. Based on hundreds and
hundreds of hydrolyses, followed by GC of the
N,O,(S)trifluoroacetyl n- and isobutyl amino acid
esters [74~77] and, by HPLC of the phenylthiocar-
bamyl amino acid derivatives [78—84], (carried out
with standard proteins and protein matrices, such as
feed and food stuffs), it has been proved that: (i)
Tryptamine protection can be achieved between 80
and 100%. (ii) In liquid phase hydrolyses, followed
by GC, the tryptophan contents of standard proteins
and protein matrices have been recovered equally:
because of the coelution of the lysine and tryptamine
derivatives by GC, prior to derivatization, the cation-
exchange clean up of the hydrolyzates, to eliminate
tryptamine, could not be avoided. (iii) Applying
vapour phase hydrolyses and HPLC, continued by
the quantitation of phenylthiocarbamyl derivatives,
no interferences of tryptamine could be detected
[81,82]: tryptophan recovery of pure proteins and
peptides proved to be =80%. (iv) Concerning micro-
wave digestion [83] its advantages, reported by
others [58,59], were not confirmed because uniform-
ly optimum parameters for all components present in
hydrolyzates were not found and the reproducibility
in the quantitation of amino acids, characterized by
the RSD proved to be higher (=8.0%) than in
previous experiments [78,79] (=5.0%, =5.0%) and
the CEM microwave hydrolysis system works re-
producibly up to 0.689 MPa (100 p.s.i.g.) only,
which means that the hydrolysis time could not be
shortened as reported

5. Conclusion

In summary it can be stated that

(1) Selective chromatographic techniques, prefer-
ably HPLC should be followed for pure proteins
and/or peptides, to measure the amount of free
tryptophan and its metabolites, or to find the quality
and quantity of all amino acids, including
tryptophan, present in hydrolyzates.

(2) The tryptophan quantitation of feed and food-
stuffs, in particular those of high saccharide content,
can be performed most advantageously with intact
proteins: applying the acid-ninhydrin method [4].
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