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bstract

A new, simple, and reproducible isocratic high-performance liquid chromatography (HPLC) method has been developed for the determination
f free and total tyrosine and tryptophan in a protein concentrate. To determine total amino acids, the method involves alkaline hydrolysis of the
roteins with sodium hydroxide at 120 ◦C for 4 h in the absence of air. Best results were achieved with a SS Exil ODS column 5 �m (25 cm × 0.46 cm
.d.), with an eluent of methanol: 40 mM sodium acetate buffer (adjusted to pH 4.5 with acetic acid; 20:80, v/v), a flow rate of 0.80 mL/min at

◦
6 C, and with programmable fluorescence detection. Under optimum conditions excellent linearity was obtained, and the overall recovery was
0.5, and 95.9% for total tryptophan and tyrosine, respectively. The precision results showed that the relative standard deviation of the repeatability
nd reproducibility were ≤4.78 and ≤4.65, respectively. This method was used to quantify the cited analytes in the protein concentrate obtained
uring the lactic acid fermentation of shrimp waste.
 2008 Elsevier B.V. All rights reserved.
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. Introduction

Amino acids are known to be precursors for a variety of
iologically important substances, including many neuroactive
ompounds. The aromatic amino acids, tryptophan and tyro-
ine, are the most important in this respect [1–3]. In addition,
ryptophan is an essential amino acid for many animals and for

an, but its excessive dietary intake is reported to exert athero-
enic effects [4,5]. This nutritional importance emphasizes the
eed for reliable analytical methods for the determination of
ryptophan and tyrosine in food and feed proteins.

Free amino acids are usually analyzed without hydroly-
is. However, the analysis of major amino acids requires a
ydrolysis process (usually acid hydrolysis: 100–120 ◦C, 6 N

Cl and 22–24 h). Due to its indole side chain, tryptophan is

abile and poorly recovered in the presence of the acid and
xygen usually used in acid hydrolysis. Consequently, trypto-

∗ Corresponding author. Tel.: +52 644 4109000; fax: +52 644 4109001.
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han has often been ignored in investigations concerning overall
mino acid profile [6]. Numerous methods for determination of
ryptophan in complex samples have been proposed. The major-
ty of these procedures involve the following basic steps: (a)
lkaline hydrolysis of samples at 100–125 ◦C in air-deprived
edium for 16–20 h; (b) dilution of hydrolysate neutralized or

ot with cold concentrated HCl, with a chromatographic buffer;
c) clarification of dilute hydrolysate; (d) high-performance liq-
id chromatography (HPLC) separation; (e) spectrophotometric
r fluorimetric determination [7]. The most effective alkalis used
or protein hydrolysis are NaOH, Ba(OH)2 and LiOH [8–11],
ith or without a carbohydrate or thiodiglycol as an antioxi-
ant [12,13]. Several methods for tryptophan determination have
een developed for pure protein and feed proteins involving ion-
xchange chromatography or reversed-phase high-performance
iquid chromatography with fluorometric or UV–visible detec-
ion after chemical derivatization [14–18]. Most underivatized

mino acids (except those with aromatic side chains) do not pos-
ess suitable chromophores for spectroscopic detection except
t very short wavelengths; the exception to that problem is the
etection of tryptophan. Tryptophan and tyrosine exhibits rea-

mailto:jlopezc@itson.mx
dx.doi.org/10.1016/j.jchromb.2008.01.011
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onably strong UV absorbance at longer wavelengths [19,20].
oreover, tryptophan exhibits a strong native fluorescence that

as been employed for facile detection of free tryptophan
21,22].

Shrimp is the major seafood captured in Sonora, México. As
hrimp is processed for exportation, a considerable volume of
roteinaceous by-products including shrimp heads and shells
re generated. This waste is rich in protein and chitin [23–26],
nd can be transformed to a silage by the process of lactic fer-
entation [27,28]. The fermented product obtained contains a

rotein-rich liquor, and an insoluble fairly clean chitin [29]. Due
o its high protein and mineral content this fermented product has
een incorporated into animal feeds [30]. The studies of the pro-
ein isolated from seafood waste have focused on the amino acid
omposition of the protein removed from crawfish shell [31],
hrimp shell [32], protein hydrolysate from demineralized shells
repared using enzymes [33], and fermented shrimp waste [34],
ome which has been reported to be rich in essential amino acids.
ittle is known about the tryptophan content in the protein con-
entrate from shrimp waste [35], whether if there is information
vailable of the tyrosine contents in protein from that waste.

In the present work, a selective and sensitive method for the
etermination of tryptophan and tyrosine was developed using
lkaline hydrolysis and a liquid chromatographic system with
uorescent detection. The method was optimized and evaluated
or protein concentrate from fermented shrimp waste, and the
se of the method was demonstrated.

. Experimental

.1. Chemicals and standards

HPLC grade methanol was obtained from EMD Chemi-
als (Darmstadt, Germany). Tyrosine and tryptophan standards
ere purchased from Sigma (St. Louis, MO, USA; Fig. 1). The
urity of the reference standards were ≥99.0%. Analytical grade
odium acetate, sodium hydroxide, boric acid and hydrochlo-
ic acid were obtained from Productos Monterrey (Monterrey,
uevo Leon, México). All aqueous solutions were prepared with
ltra-pure water purified with the NANOpure Diamond UV sys-

em (Barnstead International, Dubuque, Iowa, USA). The borate
uffer was prepared from 250 mM boric acid solution adjusted
o pH 8.5 with 1 M sodium hydroxide solution prepared from
odium pellets.

Fig. 1. Chemical structure of tryptophan and tyrosine.
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Standard stock solutions of tyrosine (326 �g/mL) and tryp-
ophan (404 �g/mL) were prepared in acidic water (ultra-pure
ater adjusted to pH 6.3 with 0.1 M hydrochloric acid) and

tored at 4 ◦C away from light. Working solutions for tyro-
ine and for tryptophan were prepared from those solutions
nd diluted with acidic water, and then seven concentration lev-
ls were analyzed. The stock solutions were prepared every 2
eeks, and the working solutions were prepared the same day

hat they were used. An aliquot (5 �L) of each standard working
olution was subject to HPLC analysis. For quantification, peak
reas were correlated with the concentrations according to the
alibration curve.

.2. Instrumentation and chromatographic conditions

The HPLC system (GBC, Dandenong, Australia) was
quipped with an auto injector LC1650, an on-line solvent
egasser LC1460, a system controller WinChrom, a pump
C1150, a column oven LC1150, a 5 �L injection loop (Rheo-
yne, Cotati, CA, USA), and a fluorescence detector LC1255S.

The chromatographic analysis was performed using an ana-
ytical scale (25 cm × 0.46 cm i.d.) SS Exil ODS column with
particle size 5 �m (SGE, Dandenong, Australia). The HPLC

onditions were as follows: the mobile phase consisted of the
ixture of methanol:40 mM sodium acetate buffer (adjusted to

H 4.5 with acetic acid; 20:80, v/v) filtered through a 0.22 mm
embrane and degassed; a flow rate of 0.80 mL/min; col-

mn temperature was 26 ◦C. The fluorescence was recorded
t the optimal wavelength for tyrosine (λex = 274 nm and
em = 304 nm) for 5.8 min, followed by the optimal wavelength
or tryptophan (λex = 280 nm and λem = 348 nm) for another
.2 min. These conditions were based on preliminary trials from
ethod described by Landry and Delhaye [7] for isocratic liquid

hromatography, with minor modifications.

.3. Samples

Slightly thawed minced shrimp waste samples were fer-
ented at 30 ◦C for 36 h. The silage was centrifuged to obtain

he chitin-rich fraction (sediment or raw chitin), the protein-rich
iquor, and the lipid fraction [34]. The protein-rich liquor was
reeze-dried or dried and ground. After that, the samples were
onserved in desiccators in darkness until their analysis.

.4. Extraction of free tryptophan and tyrosine

To evaluate free tryptophan and tyrosine, amino acids were
xtracted from the freeze-dried or dried samples with acidic
ater. Specifically, a 25 mg finely ground sample was placed

n a volumetric flask and diluted to 50 mL with acidic water to
btain a concentration of 0.50 mg/mL. Afterwards, the samples
ere sonicated for 2 min for completed dissolution.
.5. Hydrolysis of proteins

Samples (25 mg) were weighed in Pyrex glass tubes with
eflon-lined screw-caps used as the hydrolysis vessel. Three
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illilitres of 4.2 M sodium hydroxide were then added to the
lass tubes and the content was mixed in an ultrasonic bath
or 2 min. Air was removed with nitrogen. Subsequently, the
amples were hydrolysed by heating at 120 ◦C for 4 h and cooled
n an ice bath. Then, the pH was adjusted to 9 with concentrated
ydrochloric acid. The resulting solution was vacuum-filtered
hrough Whatman no. 41 paper. The filtrate was diluted to 50 mL
ith a borate buffer in a volumetric flask. Then, 5 �L of the final

olution was injected into HPLC.

.6. Statistical analysis

For statistical analyses, the computer program was SPSS
1.0 for Windows (SPSS Inc., Chicago, IL). The relative stan-
ard deviation (RSD, %) is the ration standard deviation-average
xpressed as a percentage.

. Results and discussion

The analysis of tryptophan has been historically problematic,
ue to the fact that alkaline hydrolysis steps are time-consuming
nd require hazardous reagents for hot hydrolysis. In view of the
roblem observed by researchers, most of the HPLC methods for
ryptophan determination are based on the same principle, with
odification only in the hydrolysis time, temperature and con-

entration of NaOH [5,6,10–12]. The purpose of this work was
o develop a specific and accurate HPLC method for tryptophan
nd tyrosine that could be routinely applied to the quantitation of
hese compounds. To keep the procedure as simple and reliable
s is possible, all analytical steps were thoroughly investigated.
ow, we present a method that has some advantages by employ-

ng the native fluorescence of both amino acids and a short
lkaline hydrolysis time. With this characteristic, the procedure
as an accuracy and reproducibility that are acceptable.

.1. HPLC separation and identification

To determine optimal chromatographic conditions for the
etermination of tryptophan and tyrosine, the lab performed pre-
iminary trials with standards. In the direction of the mobile
hase, Landry and Delhaye [7] have recommended using
ethanol and sodium acetate buffer (20:80), the trials were per-

ormed with sodium acetate buffer at 40, 70 and 100 mM (pH
.5 and 5.0) and four mobile phase flow rates (0.6, 0.8, 1.0 and
.2 mL/min), but without varying the phase compositions. The
est peak resolution was obtained with methanol:40 mM sodium
cetate pH 4.5 (20:80) and 0.8 mL/min. These conditions were
hen used in trials of three different column temperatures (26,
0, and 34 ◦C), in which the best results were obtained at 26 ◦C.

The tryptophan and tyrosine were identified by comparison
f retention times against those obtained from amino acids stock
olutions. The fluorescence excitation and emission wavelengths
sed for both amino acids are recommended because the peak

howed the major intensities. Chromatograms of the mixture
f tyrosine and tryptophan standards, and of a prepared sam-
le of protein concentrate from fermented shrimp waste, both
btained under the optimized conditions, are shown in Fig. 2A

N
I
p
h

ig. 2. HPLC chromatograms of standard solution of tryptophan and tyrosine
A) and a sample of protein concentrate from fermented shrimp waste (B).

nd B, respectively. Peaks were observed at 4.25 ± 0.01 min for
yrosine, and 8.32 ± 0.02 min for tryptophan with an average of
2 injections, and fell in the range of typical chromatographic
eparation.

.2. Free tyrosine and tryptophan extraction

For the extraction of free tryptophan and tyrosine, the sam-
le preparation method was simple and consisted of diluting the
reeze-dried or dried protein concentrate in the selected solvent
acidic water). For the determination of the amount of sample
sed in the chromatographic analysis, assays were made in dif-
erent concentrations from sample powder (1, 2 and 3 mg/mL)
ith different time lengths of sonification (0, 2 and 4 min), all of

hem dissolved in acidic water. Optimal conditions were identi-
ed on the basis of peak areas in chromatography.

.3. Optimum conditions of alkaline hydrolysis of protein

For many years, numerous researchers have considered tryp-
ophan more stable to alkali than acid, so that basic hydrolysis of
roteins would be preferable for tryptophan analysis. However,
he methods of alkaline hydrolysis are either time-consuming
r inaccurate [4]. In recent times, starch, lactose and ascorbic
cid have been used as antioxidants to protect tryptophan against
xidation in the alkaline hydrolysis of proteins and feed stuffs.
hese additives remove residual traces of oxygen in the hydrol-
sis by incorporating the oxygen into products that do not react
ith tryptophan [10]. During alkaline hydrolysis of protein, the

oncentration of NaOH, temperature and hydrolysis time are
rime attributes affecting tryptophan recovery [9]. To optimize
hese conditions, the following experiments were carried out.
he volume of NaOH (3, 6 and 9 mL), and hydrolysis time (4,
, 12 and 16 h) were the optimized variables with the constant
ample amount (25 mg). Temperature and concentration of the

aOH (4.2 N) have been recommended in early studies [22].

n all trials, the air was removed with nitrogen and two sam-
les were processed, setting the conditions. The results of the
ydrolysis of the samples are presented in Fig. 3. When hydrol-
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Table 2
Precision of the method for determination of free tryptophan and tyrosine

Compound Repeatability (n = 10) Reproducibility (n = 3)

Mean ± SDa RSD (%) Mean ± SDa RSD (%)
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ig. 3. Effect of hydrolysis time and volume of NaOH on the average ratio of
otal tryptophan and tyrosine. (A) Tyrosine; (B) Tryptophan.

sis time was 4 h, for both amino acids, the recovery increased
s the volume of NaOH increased from 3 to 9 mL. These results
ndicated that 4 h of hydrolysis time at 9 mL of 4.2 N NaOH is
dequate for complete hydrolysis of proteins, but this amount of
lkali increased the amount of acid for its neutralization. With
mL volume NaOH and 12 or 16 h hydrolysis time, the recovery
as very low for tryptophan and tyrosine. It may seem that the
ydrolysis time is the most important variable influencing the
verage ratio. Contrary to the finding in a recent report [5], these
esults unequivocally show that a short hydrolysis time proceeds
ithout loss of tryptophan or tyrosine, as noted in Section 3.4.
ue to these facts, 4 h of hydrolysis time and 3 mL 4.2 N NaOH
ere chosen for further works.

.4. Method validation

Linearity was checked for each amino acid using six standard
olutions with concentrations ranging in concordance with the
evel of the compound found in a protein concentrate from fer-

ented shrimp waste. Regression equations for the calibration
lots for tyrosine and tryptophan are showed in Table 1. The
elationship between concentrations and peak area were always
inear, with coefficients of determination greater than 0.999.
The precision study was comprised of repeatability and repro-
ucibility studies. For free tryptophan and tyrosine, a total of
0 procedures were performed in replicate on a sample under
ptimum conditions to determine repeatability, and three repli-

able 1
alibration curves of tryptophan and tyrosine

ompound Range (�g/mL) Equation r2

ryptophan 0.48–3.39 y = 5901.61x − 157.84 0.9998
yrosine 1.17–8.22 y = 2350.87x − 33.34 0.9998

, amount (�g/mL); y, peak area; r2, determination coefficient.

t
(
t
T
e
l
c
t
t
t
o
b

ryptophan 2.91 ± 0.14 4.78 2.84 ± 0.13 4.65
yrosine 10.46 ± 0.38 3.63 10.38 ± 0.21 2.02

a Results expressed as mg/g dry mass.

ate analyses of the same sample were made on different days to
etermine reproducibility, Table 2 shows these precision results.
dditionally, the repeatability, for the total of the tyrosine and

ryptophan, was researched by analyzing the same sample, and
he RSD was found to be 2.16% (3.83 �g/g dry mass, n = 8) for
ryptophan and 1.86% (12.96 �g/g dry mass, n = 8) for tyrosine.
he overall relative standard deviations (RSDs) of the repeata-
ility and the reproducibility for both amino acids are acceptable
11], which is sufficient for routine analyses. These results indi-
ate that the present method can be used for quantitative analyses
f these amino acids in a protein concentrate from fermented
hrimp waste.

Determination of detection limits for tryptophan and tyrosine
three times the basis of signal-to-noise ratio, as per Amer-
can Chemical Society guidelines [36]) were 2 and 4 pg/mL,
espectively.

Accuracy was estimated by means of recovery assays. For
valuation of recovery in free tryptophan and tyrosine, three
piking levels, used as assays, were triplicated, prior to extrac-
ion, and quantitation. Table 3 presents the recovery percentages
btained to free tryptophan and tyrosine. During the recovery
or total tryptophan and tyrosine, eight concentrated powdered
rotein samples from fermented shrimp waste were spiked with
known concentration (1.56 mg/g dry mass and 3.85 mg/g dry
ass) before hydrolysis, extraction, and quantitation. The recov-

ry for total tryptophan and tyrosine was 90.50% (7.38% RSD)
nd 95.9% (2.33% RSD), respectively. These values are similar
o those reported in previous studies [11].

.5. Tryptophan and tyrosine (free and total) contents in a
rotein concentrate from fermented shrimp waste

The tryptophan and tyrosine contents of the freeze-dried
nd dried protein concentrate were determined in separate
reparations and analysis of eight different batches of each.
n all cases, the tyrosine content was higher than the tryp-
ophan content (Table 4). The mean content of total tyrosine
10.78 ± 2.00 mg/g dry mass) was about three times that in total
ryptophan (3.65 ± 0.46 mg/g dry mass) in freeze-dried samples.
his pattern was also shown for dried samples. These differ-
nces may be attributable to the fact that the tryptophan is a
imiting factor in protein [37] or that the tryptophan content
an be reduced in the protein hydrolysates [38]. Furthermore,
he free tyrosine and tryptophan mean contents were, respec-

ively, approximately 67% and 74% of their values in the total
yrosine and tryptophan for both protein concentrates. Because
f that, during fermentation, the shrimp waste is deproteinized
y proteolytic enzymes produced by the added microorganisms
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Table 3
Accuracy of the assay for free tryptophan and tyrosine

Original (mg) Spiked (mg) Determined (mg) Recovery (%) Average (%) RSD (%)

Tryptophan 3.09 0.63 3.67 92.06 95.88 3.64
– 1.21 4.26 96.69 – –
– 1.82 4.89 98.90 – –

Tyrosine 11.07 1.52 12.45 90.79 96.86 5.42
– 2.92 13.99
– 4.47 15.53

Table 4
Free and total tryptophan and tyrosine contents in protein concentrate from
shrimp waste

Sample (batch
number)

Tryptophan
(mg/g dry mass)

Tyrosine
(mg/g dry mass)

Free Total Free Total

Freeze-dried
1 2.08 3.59 6.04 9.69
2 2.48 3.50 5.72 9.52
3 2.62 3.43 6.29 9.80
4 2.65 3.45 6.60 9.88
5 2.91 4.11 4.91 8.10
6 3.03 4.57 8.75 12.90
7 2.53 3.40 9.35 12.79
8 3.01 3.13 10.53 13.57

Dried
1 2.52 2.82 4.72 7.43
2 1.69 2.87 6.31 12.03
3 2.04 2.78 8.93 11.17
4 2.47 2.95 7.96 10.37
5 2.48 3.46 6.52 9.91
6 2.70 3.68 7.47 11.11
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2.14 2.79 7.79 11.21
2.61 3.19 2.37 5.70

39] and by the presence of proteolytic enzymes in the vis-
era [28]. In relation to this, tryptophan has been reported as
.3 mg/g of dry mass for fermented shrimp heads stored for 180
ays measured colorimetrically [27]. Meanwhile, free tyrosine
as 56.9 mg/g of dry mass in freeze-dried protein fraction from

hrimp waste hydrolysate [34]. Finally, it should be pointed out
hat free tyrosine and tryptophan contents of these concentrated
amples, doubtlessly, depend on the fermentation procedure and
ot of the dehydrated method. This is achieved during the enzy-
atic deproteinization of the shrimp waste by the action of the
icroorganisms [40].

. Conclusions

The HPLC method presented in this study is simple, rapid,
ccurate and reliable for determination of tryptophan and tyro-
ine (free and total) contents in protein concentrate from

ermented shrimp waste. The method requires only a small sam-
le volume and needs minimal manual sample preparation. For
his reason, the method could be useful for quality control of
oth amino acids in food and feed supplements. This method
ould also be applied to biochemical and nutritional research.
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[
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99.91 – –
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