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Tryptophan can be used as an indicator amino acid for the photostability of proteins. The analysis of
tryptophan and its degradation products is hampered by their instability in oxidative or strongly acidic
media, or light. Various methods were employed to quantify tryptophan in wool and other protein
fibres such as silk and human hair. Acid, alkaline and enzymatic methods were used to hydrolyse
protein fibres. The amino acid tryptophan in wool and other protein fibres was determined by a
colorimetric method, by amino acid analysis and by reversed-phase HPLC. The different analytical
methods were compared with regard to their results. The colorimetric method {p-dimethylamino-
benzaldehyde) proved to give reliable results for the tryptophan content in wool and unpigmented
protein fibres. This method can be used also for wool dyed with acid, metal complex or reactive dyes
or for pigmented keratin fibres after correction for a blank sample. Interference between dye and

colorimetric reagent also have to be evaluated.

INTRODUCTION

Tryptophan can be used as an indicator amino acid to detect
oxidative [1-4], especially photooxidative [1], damages in
proteins. This is of interest in evaluating the extent of light
or oxidative damage, for example, during bleaching with
hydrogen peroxide. Tryptophan analysis is important in
food science because it is an essential amino acid and also
because several degradation products of tryptophan are
toxic or said to be carcinogenic (e.g. B-carbolines [5-7]).
Others, like serotonin [6], have neurophysiological or
pharmacological activity. In the presence of carbohydrates,
for example, in milk or milk products which contain the
tryptophan-rich casein, Maillard products can be formed
with tryptophan [6,8,9]. Savige [1] and other authors [10]
describe a large number of tryptophan degradation
products. Direct tryptophan oxidation products such as 5-
hydroxytryptophan or oxindolylalanine can be formed
[1,10-12]. A cleavage of the indol ring occurs and oxidation
products like N-formylkynurenine, kynurenine, hydroxy-
kynurenine [10,13] and others as well as new cyclisation
products, namely, carbolines or hexahydropyrroloindole,
are obtained [1,10,11].

There exists a correlation between irradiation time of
wool and tryptophan loss [14]. The analysis of tryptophan,
however, is hampered by its instability. It is destroyed
completely during conventional amino acid analysis,
according to Spackman et al. [15], by the preceding acid
hydrolysis (5.7 m hydrochloric acid, 24 h, 110 °C). The main
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intermediate in tryptophan degradation occurring in acid
hydrolysis of proteins is B-3-oxindolylalanine [12). There
were efforts to stabilise tryptophan against oxidation
during acid hydrolysis by adding reducing agents such as
thioglycolic acid [16-18] or scavengers like tryptamine [19]
or N-methyltryptophan [3,20]. Weimann recovered 95% of
tryptophan after acid hydrolysis with 5.7 M hydrochloric
acid where 5 vol% thioglycolic acid was present [16].

Proteins can be hydrolysed completely to their amino
acids by acid, alkaline and enzymatic methods [21]. Alkaline
hydrolysis of proteins is mainly used to determine acid
labile amino acids as tryptophan [21-25]. Nielsen et al.
determined tryptophan in milk products by reversed-phase
HPLC after hydrolysis of the proteins with 0.1 m sodium
hydroxide [22,23]. Enzymatic hydrolysis of proteins is used
to determine quantitatively the acid labile amino acids
asparagine, glutamine or isodipeptides e-(y-glutamyl)lysine
and e-(B-aspartyl)lysine [26]. Troeder determined the
tryptophan content of peptides after enzymatic hydrolysis
(Pronase E) [27].

Marmer et al. used pyrolysis gas chromatography to
determine tyrosine and tryptophan in wool [28].

A colorimetric method uses the reaction of tryptophan
with p-dimethy, minobenzaldehyde and the formation of a
blue coloured complex [24,29,30]. Acid, alkaline or enzym-
atic hydrolysis has been used prior to colorimetric analysis
[3,24,25,29,30). Cegarra and Gacén developed a method to
determine tryptophan quantitatively in wool using the
reaction of tryptophan with p-dimethylaminobenzalde-
hyde [30].

In this paper, several methods to determine tryptophan
after acid, alkaline or enzymatic hydrolysis in wool and
other protein fibres are compared.
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EXPERIMENTAL

Materials

Merino wool top (20 um), Lincoln wool carded sliver (44.6
pm), lambswool, a karakul wool carded sliver, several wool
tops of different provenance (German, Hungarian, Dutch,
Australian, Uruguayan, New Zealand crossbred wool top,
etc.) and breeds (merino, crossbred, Texelsheep, black-
headed sheep), Superwash-treated wool (22 pm),
chlorinated wool top, oxidatively bleached and combined
bleached wool top were used after Soxhlet extraction with
methylene chloride (4 h). A plain-weave wool fabric
(about 130 g/m2) and a twill wool fabric (about 265 g/m?)
were also used.

Medium blond human hair, brown human hair, and
dark brown human hair were used after rinsing with a
15% aqueous sodium lauryl sulphate solution (1 g hair per
6 ml lauryl sulphate solution). Several blond, dark and
bleached human hair samples were analysed, too.

Degummed mulberry silk (Bombyx mori) top and tussah
silk (Antherae proyler) top were used.

A white alpaca top (superfine, 26.1 pm), a kid mohair top
(26.4 pm) and an adult mohair top (fine, 38.3 um) were used.

Dyeing of wool with reactive dyes
Merino wool and combined bleached wool were dyed in
an Ahiba Turbocolor (type MC 600) dyeing machine at a
liquor ratio of 60:1. The wool was prewetted for 2 min with
a 0.1% Uniperol O solution. A liquor of 1 g/l ammonium
sulphate, 0.375 g/l Albegal B, pH was adjusted with acetic
acid to 5.3. After heating the liquor to 40 °C, the dye
Lanasol Red 6G (3% o.w.f) was added. The dyebath was
brought to 98 °C and kept there for 45 min and then
cooled down to 80 °C. The liquor was brought to pH 8.5 by
the addition of ammonia and kept at 80 °C for 15 min.
Subsequently the substrate was rinsed with warm (10 min,
60 °C) and cold (20 min) water after removal of the liquor.
Furthermore, wool was dyed with Lanasol Blue 3G (1%
o.w.f.)in a Zeltex Colorstar CS2 dyeing machine at a liquor
ratio of 40:1 using a liquor of 1 g/l ammonium sulphate, 2.5
g/l sodium sulphate, 0.25 g/1 Albegal B. The pH was
adjusted with ammonia to 6.0-6.5. The dyeing was
conducted for 1 h at 95 °C.

Dyeing of wool with acid dyes

Merino wool top was dyed as described above with
Lanasol Blue 8G (3% o.w.f) or combined bleached wool
with 1% Lanasol Blue 8G.

Merino wool top was dyed with Lissamine Yellow (5%
o.w.f) in a liquor of 0.5 g/l Uniperol O, 1.25 g/1 sodium
sulphate decahydrate at pH 3.5 (acetic acid) (liquor ratio
40:1), after 2 min prewetting with 0.5% Uniperol O
solution. The bath was kept for 30 min at 90 °C, after which
the substrate was cooled, rinsed warm for 10 min and celd
for 20 min.

Dyeing of wool with 1:1 metal complex dyes
Merino wool top was dyed with Neolan Blue P’ (1 or 4%
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o.w£) with a liquor ratio of 40:1. The liquor contained
0.625 g/l Albegal FFA, 1.25 g/l sodium sulphate, 0.250 g/1
Albegal Plus, and was adjusted to pH 3.80 with acetic acid.
The dyeing was performed for 1 hat 98 °C.

Dyeing of wool with Lanaset dyes

Merino wool top was dyed with the reactive Lanaset Blue
2R (0.8% o.w.f) or the 1:2 metal complex dye Lanaset Red
G (1.5% o.wf). A liquor of 1.5 g/l sodium acetate, 1.25 g/l
sodium sulphate decahydrate, 0.2 g1 Albegal SET,
adjusted with acetic acid to pH 4.5 (liquor ratio 40:1) was
used. The dyeing was performed at 98 °C for 30 min.

Dyeing of wool with cationic dyes

Merino wool top was dyed with the cationic dye Maxilon
Flavin 10 GFF 300% (1% o.w.£). A liquor of 1.25 g/l sodium
sulphate, (.75 g/l sodium acetate, adjusted with acetic acid
to pH 4.25 (liquor ratio 40:1) was used. Dyeing was for 30
min at 95 °C.

Blank dyeing of wool

Parallel to the above described dyeings with reactive, acid
or metal complex dyes, blank dyeings without dyes were
performed. The same liquor compositions and liquor
ratios were used as described above. The dyeings were
performed for 1 h at 98 °C.

Irradiation of wool

Wool was irradiated in an accelerated weathering tester
(Atlas Weather-Ometer ES25 or a Xenotest 150, Heraeus).
Also wool was exposed to natural daylight behind
window glass for several months.

Analysis by protein hydrolysis

Acid hydrolysis Wool or other keratin fibre (30 mg) was
hydrolysed with 5.7 M doubly distilled hydrochloric acid
for 24 hat 115 °C.

Acid hydrolysis with addition of reducing agents or
scavengers Wool or other keratin fibre (30 mg) was
hydrolysed with 5.7 M hydrochloric acid with either 5
vol% thioglycolic acid, 20 g/l tryptamine (Sigma) or 5 mg
N-methyl-bL-tryptophan (Sigma) added for 24 h at 115 °C.
Excess hydrochloric acid and thioglycolic acid were
removed by evaporation.

Short-time acid hydrolysis [18] Wool or other keratin fibre
(30 mg) was hydrolysed in a sealed tube with 5-10 ml of a
mixture of trifluoroacetic acid/5.7 M hydrochloric acid (1:2
by vol.) containing 5 vol% thioglycolic acid for 45 min at
166 °C in an oven. Trifluoroacetic acid, hydrochloric acid
and thioglycolic acid were removed by evaporation. The
remaining residue was dissolved in doubly distilled water
and analysed.

Alkaline hydrolysis Similar to above, but performed
using 4.2 M sodium hydroxide for 20 h at 110 °C [22,23].
The alkaline hydrolysis was performed with addition of
tryptophan or methyltryptophan to wool or hair.

Enzymatic hydrolysis Similar to above, but performed
according to the method described by Réper et al. using



Pronase E, Aminopeptidase M and Prolidase [26]. Before
investigation by HPLC, citric acid added; the solution was
filtered, but not further diluted.

Amino acid analysis
The amino acid analysis was performed according to the
method of Spackman et al. [15].

Reversed-phase high performance liquid
chromatography

High performance liquid chromatography (HPLC) was
carried out using a Spectra Physics SP 8700 gradient former
(Spectra Physics, Darmstadt), a Trio chromatography
computer (SES/Nieder-Olm) and a fluorescence detector
(Perkin Elmer, Uberlingen). As separating material, Nucleo-
sil 100 10-C18 (Macherey & Nagel, Diiren) was used. As
eluting system, a gradient was mixed of the two eluents A:
0.02 M triethylammonium phosphate buffer, pH 3.5 (in
doubly distilled water) and B: 30% acetonitrile/70% 0.02 m
triethylammonium phosphate buffer, pH 3.5 (gradient: 0
min 100% A, 10 min 100% A, 20 min 20% B/80% A, 35 min
100% A). The separations were performed at RT with a flow
rate of T ml/min.

Tryptophan was detected by fluorescence detection at
Ae = 285 nm; A, = 320 nm. Excitation bandwidths and
emission slits were set at 10 nm.

Tryptophan was determined with the help of a cali-
bration curve (y = bx + by b; = 178228.7; b, = 21833.7;
correlation coefficient = 0.9635).

Colorimetric tryptophan determination [30]

(a) Of undyed or unpigmented protein fibres - 60+4 mg
of wool or hair were brought into a 50 ml volumetric
flask, 2 ml of an 9 M sulphuric acid solution, T ml of a
50 g/l p-dimethylaminobenzaldehyde solution (Fluka,
Buchs) in 10% sulphuric acid solution, and 11 ml of an
9 M sulphuric acid solution were added. The flask was
kept for 2 h at 70 °C. After 2 h, the hydrolysate was
cooled for 2 min in an ice bath, 2 ml of a 0.01 M sodium
nitrite solution were added and the flask was filled up
with a 0.015 m sulphuric acid solution. The flask was
kept for 2 h at 60 °C, cooled to room temperature over
2 min in an ice-bath. The solution was filtered and
measured after 15 min in a Shimadzu UV-160A
photometer at 585 nm against the blank solution (i.e.
reaction mixture without wool, hair or tryptophan).
The stability of the dye formed was checked by
measuring again after 30 and 45 min. The tryptophan
content of the wool or hair samples was calculated
using a calibration curve which was obtained from
tryptophan solutions (L-tryptophan, Sigma) in 0.015 M
sulphuric acid (b, = —0.0087; b; = 0.0408; correlation
coefficient = 0.998).

() Of dyed and pigmented protein fibres — the
tryptophan analysis of dyed and pigmented protein
fibres was done in the same way as described in (a).
However, in each case a parallel reaction with the
same amount (60+4 mg) of dyed woo!l or pigmented

protein fibres was performed. All solutions were
added except the p-dimethylaminobenzaldehyde
solution to the blank wool solution and the reaction
was run in the same way as described in (a). The
photometric measurement was performed against
this blank wool or protein fibre solution, that is, the
extinction of the blank solution was subtracted from
the extinction of the sample solution.

RESULTS AND DISCUSSION

Dretermination of tryptophan in unceloured fibres

The amino acid tryptophan is used as a diagnostic amino
acid to evaluate photooxidative degradation of proteins
{1,14]. However, it has to be considered that oxidation of
tryptophan occurs also in other oxidative treatments of
proteins such as bleaching or chlorination of wool or
humar hair. The analysis and quantitative determination
of tryptophan is hampered by its instability in oxidative
media [4], to light [14] and to acid [12]. Tryptophan is
destroyed completely during conventional acid hydrolysis
of proteins in 5.7 M hydrochloric acid for 24 h at 110 °C [12)
to analyse the amino acid composition of proteins by the
method of Spackman ¢t al. [15].

In our experiments, tryptophan was not detected by
amino acid analysis after hydrolysis of merino wool or
human hair in 5.7 M hydrochloric acid containing 5 vol%
thioglycolic acid. By reversed-phase HPLC of acid
hydrolysates (5.7 m hydrochloric acid + 5 vol%
thioglycolic acid, 110 °C, 24 h) of merino wool, the amino
acid tryptophan was detected by its fluorescence
characteristics (4,, = 285 nm; A.,, = 320 nm). Variable
tryptophan recoveries of 3.4-81% were found for wool
hydrolysates. Acid hydrolysis of wool in 57 ™
hydrochloric acid with addition of 5 vol% thioglycolic acid
failed for quantitative determination of tryptophan in
keratin fibres. Besides the reducing agent thioglycolic acid,
the tryptophan derivatives tryptamine (2 g/1) or N-
methyltryptophan (20% o.w.f) were added as protectors
during acid hydrolysis (5.7 M hydrochloric acid, 24 h, 110
°C) of wool and human hair By amino acid analysis,
tryptophan could be found in acid hydrolysates of wool
with 0.2% tryptamine added with a recovery of 80% (Table
1). Tryptophan analysis of acid hydrolysates which
contain tryptamine cannot be performed by reversed-
phase HPLC as tryptamine elutes on Nucleosil 10-C18
with the same retention time (f = 25 min) as tryptophan
(conditions are as described in the experimental part). N-
Methyltryptophan (+ = 29.5 min), however, can be
separated from tryptophan (¢t = 25 min) by reversed-
phase HPLC. A recovery of 80% for tryptophan was
found by HPLC separation after hydrolysis of wool in 5.7
M hydrochloric acid, containing N-methyltryptophan.

To determine its tryptophan content, merino wool was
hydrolysed in a short hydrolysis procedure (18] using 5.7
M hydrochloric acid/trifluoroacetic acid/5 vol% thioglycolic
acid for 45 min at 166 °C. By amino acid analysis, the
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Table 1 Tryptophan determination by amino acid
analysis or reversed-phase HPLC of merino wool after
moditied hydrolysis under vanous hydrolysis conditions

Hydrolysis Tryptophan

Sample procedure? (mg per g fibre)

Amino acid analysis

Untreated wool top A 6.85

Exposed® A 6.71

Untreated wool top D 6.34

Exposed® D 6.86

HPLC analysis

Untreated wool top A 455
B 6.89
B 6.63
B 6.49
C 5.30
C 5.50
G 6.06
C 6.20
C 6.47
D 4.54
D 4.69

a A—5.7 M HCI, 0.2% tryptamine added, B — 5.7 m HCI with
20% o.w.f. N-methyltryptophan added, G- 5.7 m HCI, 5 vol%
thioglycolic acid added D — short-time hydrolysis in 5.7 m HCI/
trifiuoroacetic acid/5 vol% thioglycolic acid, 45 min, 166 °C

b Wool top exposed for six months to daylight behind window
glass

Table 2 Tryptophan determination of wool or hair by amino
acid analysis or reversed-phase HPLC after enzymatic
hydrolysis®

Tryptophan Protein
Sample {mg per g fibre) content (%)
Amino acid analysis
Merino wool top 3.37 60.68
Untreated wool top 4.97 68.35
Untreated wool top 5.65 72.20
Human hair® 260 51.40
Human hair® 2.68 47.47
Untreated wool fabric 3.97 64.97
Wool fabricd 3.35 54.60
Wool fabric® 2.80 44.80
HPLC analysis
Untreated wocl top 5.98

6.22

6.89

7.41

8.05
Untreated wool top! 6.53

6.53

7.24
Dutch wool top 6.24
Human hair® 4.40

5.16
Human hair® 4.35

a In each case double determinations were performed
b Medium blond

¢ Dark brown

d Irradiated for 80 h at 100 °C, 15-20% RH

e Irradiated for 120 h at 62 °C, 60% RH

f Irradiated for 120 h
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amino acid tryptophan was determined with a recovery of
75-80% after hydrolysis (Table 1). However, an incomplete
wool hydrolysis was obtained. A slightly lower protein
content was found for wool hydrolysed by this procedure
than for wool hydrolysed in 5.7 M hydrochloric acid (24 h,
110 °C). The incomplete hydrolysis of wool finds its
expression in lower concentrations of serine, cystine,
methionine, but higher concentrations of cysteic acid,
proline, arginine, phenylalanine and tyrosine.

As alternative hydrolysing method for wool, alkaline
hydrolysis with 4.2 M sodium hydroxide (20 h, 110 °C) was
used. This caused problems because during neutralisation
a precipitate of sodium chloride was formed. The
precipitate was removed by filtration, but amino acid
losses occurred due to adsorption on the precipitate. The
tryptophan content of alkaline wool hydrolysates was
analysed by reversed-phase HPLC, and a recovery of 62%
was achieved.

After enzymatic hydrolysis of proteins [21,26,27],
tryptophan may be determined quantitatively. The
enzymatic degradation of wool or human hair often does
not result in a 100% hydrolysis, especially in the case of
irradiated or weathered protein fibres (Table 2). The lower
content of tryptophan in enzymatic hydrolysates of wool
compared to that determined by colorimetry seems to be
mainly due to incomplete hydrolysis. Tryptophan analysis
by enzymatic hydrolysis and amino acid analysis should
be preferred to HPLC analysis as from the protein content
of the hydrolysate the hydrolysis rate may be calculated.
By using the degree of hydrolysis as a correction factor the
amino acid tryptophan can be quantitatively determined
in wool or human hair.

Besides amino acid analysis and reversed-phase HPLC,
colorimetry may be used to determine tryptophan. The p-
dimethylaminobenzaldehyde reaction was used by a
number of authors for tryptophan analysis [24,29,30].

In Table 3, the tryptophan content of wool samples
determined by the method originally developed by
Cegarra and Gacén is given [30]. A standard deviation of
(0.330 or a coefficient of variation of 3.88% (n = 19) was
obtained for the tryptophan analysis of untreated merino
wool, coefficient of variation = 7.43% (# = 13} for wool
fabric (plain weave) (Table 4).

For wool which may have undergone weathering (e.g.
Dutch top, Uruguayan, Hungarian wool), a decreased
tryptophan content was found (Table 3). During blank
dyeing at different pH values (2, 3.8, 5.0, 6.0), no
tryptophan degradation occurs (Table 5).

Comparing the tryptophan results obtained by
different methods, the colorimetric procedure is found to
be the best available technigue for determining trypto-
phan in protein fibres (Table 4). The tryptophan content of
wool or human hair determined by colorimetry was used
to evaluate the recovery rates of tryptophan in different
analytical procedures. For human hair, the same
tryptophan content as found by colorimetry was deter-
mined only by reversed-phase HPLC after enzymatic
hydrolysis or after acid hydrolysis in 5.7 M hydrochloric




acid containing thioglycolic acid (Table 4). In all other
experiments, lower recoveries were found for tryptophan
by amino acid analysis or by reversed-phase HPLC after
different hydrolysis procedures, compared with the
colorimetric results (Table 4).

Tryptophan analysis of dyed wool
The colorimetric method to determine tryptophan (p-
dimethylaminobenzaldehyde) may be problematic for the
analysis of dyed wool. Interference between the different
dyes may occur in the colorimetric reaction.

It was found that upon addition of sodium nitrite to
sulphuric acid hydrolysates of wool dyed with several 1:1

Table 3 Tryptophan determination of wool and other keratin
fibres by colorimetry (mean values with standard deviations)

Tryptophan

Sample {mg per g fibre)

metal complex (Neolan Blue P) or reactive (Lanaset Blue
2R, Lanasol Blue 3G, Lanasol Red 6G) dyes a discoloration
of the solution occurred. This means that in many cases
interference between the dyes extracted from dyed wool
and the colorimetric reagent p-dimethylaminobenzalde-
hyde can be avoided. However, in other cases (for
example, the cationic Maxilon Flavin 10 GFE the 1:2 metal
complex Lanaset Red G or the acid Lissamine Yellow)
blank sulphuric acid hydrolysates (without p-dimethyl-
aminobenzaldehyde) of dyed wool samples were
coloured so that interference between dyes and p-
dimethylaminobenzaldehyde has to be expected. Never-
theless, the tryptophan content in dyed wool or other
keratin fibres can be determined using the colorimetric p-
dimethylaminobenzaldehyde reaction after subtraction of
the extinction of a blank solution (without p-dimethyl-
aminobenzaldehyde) of the dyed wool (Table 5) [30]. For
wool dyed with higher dye concentrations (4% o.w.f.,
Neolan Blue P), a higher tryptophan content was found
{Table 5) which might be attributed to interference of the

Untreated wool top
Untreated wool fabric
New Zealand crossbred wool top

8.51+0.16 (n=19)
8.70+0.39 (n=13)
6.88+ 0.48 (n=2)

dye with the colorimetric reagent.

The method to determine tryptophan in dyed keratin

7.56 £ 0.84 (n=5)
8.54+1.92 (n=3)

Superwash-wool top
Uruguayan woo! top

Lincoln wool top 5.28+0.40
Dutch wool top 6.72+0.50
German wool top 6.30 £ 0.47
7.80
7.90
German lambswool 7.80
(3 months) 7.50
German Texelsheep wool 6.20
tips of Texelsheep wool 4.30
German blackheaded sheep’s wool 7.00
tips of blackheaded sheep’s wool 3.10
Hungarian wool top 7.67
Australian wool 7.05
7.19
Alpaka top {white} 8.31
Kid mohair top 7.26
Adult mohair top 6.69

fibres by enzymatic protein hydrolysis and determination
by amino acid analysis or HPLC can be used, too, but may
be hampered, for example, in the case of reactive dyes by
incomplete protein hydrolysis.

Tryptophan analysis of pigmented keratin fibres

The colorimetric determination of the tryptophan content
of pigmented keratin fibres, such as karakul wool or
human hair, is hampered by interference between
extracted melanin pigments and the colorimetric reagent
p-dimethylaminobenzaidehyde. The sulphuric acid
hydrolysates of pigmented keratin fibres are coloured. As
for dyed protein fibres, tryptophan analysis of pigmented
keratin fibres may be performed by the colorimetric
method after subtraction of a blank solution (keratin fibres
without p-dimethylaminobenzaldehyde) (Table 6).

Table 4 Comparison of the recovery of the tryptophan content of several wool and human hair samples obtained by

different methods (mean values with standard deviations)

Analytical Tryptophan Recovery®
Sample method? {mg per g fibre} (%)
Human hair {blond) 5.7 m HCI, thioglycolic acid added, HPLC 4.4911.00 (n=4) 100
Human hair (blond) Colorimetry 4.08+0.78 (n=3) Control
Hurnan hair (blond) Enzymatic hydrolysis; HPLC 4.59 £ 0.57 (n = 6) 100
Human hair (dark) Colorimetry 4.64 £ 0.91 (n=4)
Combined bleached wool  Colorimetry 8.04+x039(n=7)
Untreated wool fabric Colorimetry 8.70+0.39 (n=13)
Wool top (untreated) Colorimetry 8.51£0.16{n=19) Caontrol
Wool top 5.7 M HCI + 0.2% tryptamine added, AAA 678+ 0.89(n=2) 797
Wool top 5.7 m HCI + 5% thioglycolic acid added, HPLC 5052157 (n="5) 59.3
Wool top Alkaline hydrolysis, HPLC 3.13+£27.1(n=2) 36.8
Wool top Enzymatic hydrolysis, HPLC 656+ 4.26 (n=2) 77.1
Wool top Short hydroiysis, AAA 660+£3.31(n=2) 77.6
Wool top Short hydrolysis, HPL.C 462+095(n=2) 54.3

a AAA —amino acid analysis

b Recovery is based on the tryptophan content of wool or human hair found by colorimetry (control)
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Table 5 Tryptophan determination of dyed wool top by medified colorimetry?

Dye Dyeing Tryptophan
Dye class conditions (mg per g wool)
Untreated 8.51
Lanaset Blue 2R {0.8%) Reactive 30 min 98 °C 7.83
Lanasol Blue 3G (1%) Reactive 1hg5°C 8.11
Neolan Blue P (1%) 1:1 Metal complex 1hat98°C 8.70
Neolan Blue P (4%} 1.1 Metal complex that98°C 9.20
Lanaset Blue G {1.5%) 1:2 Metal complex 30 min at 98 °C 8.29
Lissamine Yellow (1%) Acid 30 minat 90 °C 107
Lanasol Blue 8G (1%) Acid 45 min at 98 °C 8.60
Manxilon Flavin 10GFF (1%)  Cationic 30 minat 95 °C 8.24
Blank 1hat98°C, pH38 8.74
Blank 1hat98°C,pH5.0 8.69
Blank 1hat98°C,pHBE.0 8.71

a In each case double determinations were performed

Table & Tryptophan determination of
pigmented keratin fibres by modified
colorimetry (mean values with standard

for their kind donation of the dyes and textile finishing

agents.

deviation obtained from at least double
determinations)

The author wishes also to thank ] Fohles and H Mohr
for the amino acid analysis, and M Arndt, B Groger, U
Koch, C Lampe, B Quinting and S Schwartz for their
assistance. Finally, I am grateful to | Fohles and E-J

Sample Tryptophan
{mg per g fibre)

Karakul wool 6.16 £ 0.45
6.58£0.30

Dark brown human hair 470+0.23
3.82+0.28

CONCLUSION

Best reproducibility and repeatability for the quantitative
determination of tryptophan, which is used as an
indicator amino acid in assessing damage of protein fibres
exposed to light, were found using a colorimetric method.
The p-dimethylaminobenzaldehyde reaction proved to be
applicable also for pigmented protein fibres (such as
karakul wool, human hair, tussah silk) and for dyed wool.
In some cases (two or three from more than 100 wool
samples studied), interference between dyes and the
reagent (p-dimethylaminobenzaldehyde) was found.
Thus, the colorimetric method for determining the
tryptophan content of dyed wool fails in a few cases.

* * *

[ wish to acknowledge the companies Bremer
Wollkimmerei, IWS (Ilkley), Schoeller Eitorf AG,
Givaudan-Roure (Geneva), Goldwell AG (Darmstadt),
British Mohair Spinners (Bradford), Inca-Tops SA
(Arequipa, Peru), René Friedlin AG (Reinach}, Stazione
sperimentale per la Seta (Milano), N Trollip (CSIR Port
Elizabeth) for the donation of the wool, human hair,
mohair, alpaka, silk and karakul wool; also BASF
(Ludwigshafen), Ciba-Geigy (Basel) and ICI (Frankfurt)
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Wortmann for the critical reading of the manuscript.

REFERENCES

D0 30N O U W

W E Savige, Aust. J. Chem., 28 (1975) 2275.

M Vollmar, PhD thesis, University of Hamburg {1991).

H K Nielsen, R F Hurrell, J. Sci. Food Agric., 36 (1985) 893.

H Steinhart, Landwirtschaftliche Forschung, 32 (1979) 63.

T R Bosin and K F Faull, J. Chromatogr., 428 (1988) 229.

] C Cuqet ai., Food Chemistry, 12 (1983) 1, 73.

S Uchiyama and M Uchiyama, J. Food Sci., 44 (1579) 1217.

E Dworschak and F Orsi, Acta Alimentaria, 6 (1) (1977) 59.
M M Leahy and ] ] Warthesen, J. Food Proc. Pres., 1 (1983) 25.
D Creed, Photochem. Photobiol., 39(4) (1984} 537.

11. W E Savige, A Fontana, . Chem.Soc. Chem. Comm., (1976) 599.

12. T Nakai and T Ohta, Biochim. Biophys. Acta, 420 (1976) 258.

13. P Walrant and R Santus, Photochem. Photobiol., 19 (1974) 411,

14. K Schafer, ] Fohles and H Hécker, Melliand Textilber., 74 (3) (1993)
225.

15. H D Spackman, W H Stein and S Moore, Anal. Chem., 30 (1958}
1190.

16. H-] Weimann, PhD thesis, RWTH Aachen (1977).

17. H Matsubara and R M Sasaki, Biochem. Biophys. Res. Comm., 35 (2}
(1969) 175.

18. Y Yokate, K M Arai and K Akahane, Anal. Biochemistry, 152 (1986)
245.

19. 1 Molnar-Perl, M Pintér-Szakacs and M Khalifa, J. Chromatogr., 632
(1993) 57.

20. M Wilkinson, G A lacobucci and D V Myers, Anal. Biochem., 70
(1976) 470.

21. R L Hill, Adv. Protein Chem., 20 (1965) 37.

22. HXK Nielsen et al., Br. J. Nutrition, 53 (1985) 281.

23. HK Nielsen, A Klein and R F Hurrell, Br. J. Nutrition, 53 (1985) 293,

24. JR Spies and D C Chambers, Anal. Chem., 21 (1949) 1249.

25. T E Hugli and S Moore, |. Biol. Chem., 247 (1972} 2828.

26. K Roper, ] Fahles and H Klostermeyer in Methods in enzymology,
Ed. F Wold and K Moldave (Orlando: Academic Press, 1984) 58.

27. U Troeder, PhD thesis, University of Hamburg (1988).

28. W N Marmer, P Magidman and H M Farrell, Text. Res. ., 5% (1989)
616.

29. M Friedman and ] W Finley, J. Agr. Food Chem., 19 (4) (1971) 626.

30. ] Cegarraand ] Gacén, J.5.D.C., 84 (1368) 216.



