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Summary

The use of 2—(9—corbozo|e)et|'\y| chloroformate (CEOC) for pre-column derivatization of bio-
genic amines (BA) has been tested for the first time. The reagent reacts completely with BA
within 3 min at ambient temperature in acetonitrile solution to form stable derivatives that are
readily analyzed by reversed-phase HPLC. Study of the derivatization conditions revealed de-
rivatization yields to be excellent in borate buffer over the pH range 9.0~ 10.0. Maximum
yields were obtained by use of a three- to fourfold molar excess of reagent. The reaction is ex-
tremely folerant of common buffer salts, no decrease in reaction yield is discernible in well-buf-
fered samples. The emission maximum for the CEOC-derivatives is 360 nm (g, = 293 nm). All
the derivatives fluoresced strongly and direct injection of the reaction mixture was possible,
with no significant disturbance from the major flucrescent reagent degradation by-products,
2-(9-carbazole)ethancl (CEOC-OH) and bis—(Q—(Q—corbozo|e)ef|’1y|) carbonate (CEOC),. Se-
paration of the derivatized BA by high-performance liquid chromatography with gradient elu-
tion was tested on a Hypersil BDS C18 column. Excellent response linearity was observed over
the concentration range from 0.25 to 94.6 pmol L1 for the labeled BA. Detection limits were
117 - 840 fmol at a signalto-noise ratio of 3:1. Analysis of BA in a shrimp sauce extract was
conducted to demonstrate the applicability of the technique to real sample matrixes; results
were satisfactory.

Introduction

Biogenic amines, e.g. histamine, tyra-
mine, phenylethylamine, tryptamine, ca-
daverine, putrescine, spermidine, and
spermine, are important substances, with
recognized biological activity, which can
occur naturally in foods such as fish pro-
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ducts, cheese, milk, and fermented foods
[1]. The major pathway of BA formation
in foods is decarboxylation of free amino
acids during ripening processes or the
transamination of aldehydes and ketones
[2]- Among the various BA histamine, tyr-
amine, and 2-phenylethylamine have been
extensively studied, because of their high
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toxicity and the health risks attributed to
their vasoactive and psychoactive proper-
ties. Amounts and ratios of some selected
BA might serve as indicators of the quality
of foods. The consumption of foods con-
taining high concentrations of BA can
cause problems, e. g. headaches, nausea,
cardiac palpitations, etc., for some consu-
mers.

The small quantities present in some
foods can be difficult to determine by con-
ventional methods. Radioimmunological
[3] and enzymatic [4] methods, and chro-
matographic techniques such as thin-layer
chromatography [5] or gas chromatogra-
phy [6] have been used for BA analysis.
Another method of analysis of BA is se-
paration by ion-exchange chromatogra-
phy and then pulsed amperometric detec-
tion [7]. Because most BA and amino acids
have neither satisfactory absorption in the
visible or ultraviolet (UV) range nor fluor-
escence properties, pre-column or post-
column chemical derivatization is neces-
sary to increase detection sensitivity and
improve selectivity after separation by
means of HPLC[8], on electrophoretic mi-
crochips [9], or by CE [10]. These techni-
ques have been used in the physical, che-
mical, and biological sciences for investi-
gating the structure and dynamics of living
systems. Although several different types
of fluorescent tagging reagent [11-17]
have been developed, there have also been
many reports describing their various
shortcomings in application. For fluores-
cence labeling of BA suitable pre-column
derivatization reagents are o-phthaldial-
dehyde (OPA) or thiols such as 3-mercap-
topropionic acid (3-MPA) [18] or 2-mer-
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captoethanol (2-BME) [19-21]. OPA has
also been widely used for the determina-
tion of amino acids with high sensitivity
and selectivity [22-24], but is limited to
use with primary amino compounds only.
Although the instability of the OPA deri-
vatives makes manual derivatization diffi-
cult to reproduce, satisfactory automated
procedures have been developed [25]. 9-
Fluorenyl methylchloroformate (FMOC)
has also been widely used for the detection
of BA [2] and amino acids [26, 27]. Other
reagents used for fluorescence labeling of
BA are, for example, 2-naphthyloxycar-
bonyl chloride (NOC-CI) [28], 4-(2-phtha-
limidinyl)phenylsulfonyl chloride (Phisyl-
Cl), and 4-(5,6-dimethoxy-2-phthalimidi-
nyl)phenylsulfonyl chloride (DPS-CI)
[29]. 6-Aminoquinolyl-N-hydroxysuccini-
midyl carbamate (AQC) has also recently
been developed as a popular pre-column
derivatization reagent for the determina-
tion of BA [30, 31] and amino acids [32],
with satisfactory results. Pre-column deri-
vatization reagents for BA used for UV-
visible detection are, for example, 3,5-dini-
trobenzoyl chloride [2], dabsyl chloride
[33], S5-dimethylaminonaphthalene-1-sul-
fonyl chloride (Dns-Cl) [34, 35], and 4-di-
methylaminoazobenzene-4'-sulfonyl
chloride (DABS-CI) [36].

Although fluorescence detection is re-
garded as one of the most sensitive detec-
tion techniques, derivatization of the ana-
lytes of interest with an appropriate fluor-
ophore must be accomplished to enable
detection of many non-fluorescent ana-
lytes. In a previous paper [37] we de-
scribed the synthesis and analytical appli-
cation of carbazole-9-N-acetyl chloride
(CRA-CI) for the determination of amino
compounds. Although its chromophore
fluoresces strongly, it was somewhat diffi-
cult to prepare in the pure crystalline state
and was unstable to moisture. On the ba-
sis of the fluorescence characteristics of
the carbazole moiety we have synthesized
a novel fluorescence reagent with the same
chromophore, 2-(9-carbazole)ethyl chlor-
oformate (CEOC). CEOC has been found
to be readily accessible and very stable in
its crystalline state or in acetonitrile solu-
tion. To the best of our knowledge this is
the first time the CEOC fluorescent probe
and its application to the determination of
BA have been reported.

In this work the optimum derivatiza-
tion conditions, e. g. buffer pH, reaction
time, and mobile phase, were investigated
and the linearity, detection limits, and pre-
cision of the whole procedure were deter-
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mined. By using CEOC we have estab-
lished a sensitive method for the determi-
nation of important BA such as histamine,
tyramine, 2-phenylethylamine, and sper-
mine in food. If the conditions used for
elution (e. g. mobile phase composition)
are carefully selected, disturbance as a re-
sult of CEOC hydrolysis (CEOC-OH) and
its by-product bis-(2-(9-carbazole)ethyl)
carbonate (CEOC), can be avoided.

Experimental
Instrumentation

HPLC was performed with a Jasco PU-
1580 intelligent pump (Hitachi, Tokyo,
Japan) equipped with a Jasco LG-1580-04
quaternary gradient unit, a Jasco DG-
1580-04 4-line degasser, a Rheodyne
(USA) 7125 injection valve, a Jasco UV-
1575 intelligent UV-visible detector, and a
Jasco FP-1520 intelligent fluorescence de-
tector. Data were analyzed by means of a
Hitachi D-2500 chromatography integra-
tor. Fluorescence excitation and emission
spectra were obtained by means of a 650-
10 S fluorescence spectrophotometer (Hi-
tachi); excitation and emission band-pass
were both 15 nm. Derivatives were sepa-
rated on a 200 mm x 4.6 mm i.d., 5-pm
particle, Hypersil BDS C18 column (Da-
lian Institute of Chemical Physics, Chi-
nese Academy of Sciences). Before use all
mobile phases were treated ultrasonically
for 15 min to remove gas bubbles.

Chemicals

Amino acid and biogenic amine standards
were purchased from Sigma (St Louis,
MO, USA). Boric acid was analytical
grade from Shanghai Chemical Reagent
Co. Water was purified on a Milli-Q sys-
tem (Millipore, Bedford, MA). Borate
buffer was prepared from 0.2 mol L ! bo-
ric acid solution adjusted to pH 9.0 with
4mol L~ sodium hydroxide solution pre-
pared from sodium hydroxide pellets. Bo-
rate buffers of other pH were prepared si-
milarly. The quenching reagent was aceto-
nitrile-water-acetic acid, 20:30:50 (v/v).
Acetate buffer (0.1 mol L~1) was prepared
by mixing sodium acetate (0.5 molL ™1,
80 mL) and acetic acid (0.5 molL~1,
20 mL); this solution was diluted to
500 mL with water, the pH was adjusted
to 4.0, and the solution was used to pre-
pare the mobile phases.
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Preparation of Standard Solutions

The derivatizing reagent solution
(1.0 x1073 mol L~1) was prepared by dis-
solving 2-(9-carbazole)ethyl chlorofor-
mate (2.62 mg) in acetonitrile (10 mL). In-
dividual stock solutions of the amino
acids were prepared in water and, if neces-
sary, HCl or NaOH was added until the
compound dissolved. Individual stock so-
lutions of the BA were prepared in 50%
acetonitrile solution containing 0.1 mol
L~! borate buffer (pH 9.0). Amino acid
standards at individual concentrations of
5.0%x 107° molL™!, for HPLC analysis,
were prepared by dilution of the corre-
sponding stock solutions (1.0 x 10™*mol
L 1) of each amino acid with 0.2 M borate
buffer (pH 9.0). BA standard solutions
(5.0 x 107> mol L~!) were prepared by di-
lution of the corresponding stock solu-
tions (1.0 x 107*mol L~ 1) of each BA
with 50% acetonitrile solution. Low-con-
centration standard solutions of amino
acids or BA were all obtained by dilution
of the corresponding stock solution with
borate buffer or 50% acetonitrile solution.
When not in use all standards were stored
at 4 °C under refrigeration.

Synthesis of
2-(9-Carbazole)ethanol

2-(9-Carbazole)ethanol was synthesized
by reaction of carbazole-9-yl-acetic acid
with the reducing agent LiAlH,, by heat-
ing under reflux in diethyl ether for 2 h.
After addition of water to stop the reaction
the mixture was extracted with ether. The
combined ether extracts were successively
washed twice with 10% Na,CO; and
water, dried with anhydrous Na,SO,, and
the solvent was removed by evaporation
under reduced pressure. The residue was
extracted three times with warm n-heptane
(3 x 100 mL) and the combined n-heptane
extracts were cooled in an ice-bath. The
white product was isolated by filtration
and recrystallized from n-heptane to af-
ford a needle-like crystals, yield 78%, m.p.
65 °C. Found, C 79.52, H 6.10, N 6.65; cal-
culated, C79.62,H 6.16,N 6.63; IR (KBr),
3600-3300 (OH), 1530 (Ph), 1450 (C-H),
1233, 741; m/z: 211(M"); 'THNMR, 4.11 -
4.20 (Ph-CH,-), 4.64—4.67 (—-CH,), 7.32—
8.28 (Ph).
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Preparation of
2-(9-Carbazole)ethyl
Chloroformate (CEOC)

A mixture of 2-(9-carbazole)ethanol (25
g) and pyridine (2 g, catalyst) in dichloro-
methane (40 mL) was added dropwise to a
solution of solid phosgene (15 g) in di-
chloromethane (100 mL) at 0°C in a 500-
mL round-bottomed flask. After stirring
at 0 °C for 4 h the mixture was kept at am-
bient temperature for another 6 h with
vigorous stirring; the solution was then
concentrated by rotary evaporation. The
residue was extracted four times with
warm ether and the combined ether ex-
tracts were concentrated under vacuum to
yield white crystals. The crude product
was re-crystallized from 1:3 (v/v) dichlor-
omethane-ether to give white crystals
(26.5 g, 85.5%), m.p. 83-84°C. Found, C
68.43, H4.62, N 5.34, C113.60; calculated,
C 68.83, H 4.58, N 5.35, Cl 13.57; 'H
NMR (CDCl;3), 4.30-4.42 (Ph-CH,-),
4.74-4.78 (-CH,), 7.22—-8.13 (Ph).

Chromatography

HPLC separation of the CEOC deriva-
tives was performed on a Hypersil BDS
C18 column. A quaternary gradient was
used for simultaneous separation of BA
and amino acids (Table I, gradient 1)
whereas a binary gradient was used for ra-
pid separation of BA (Table I, gradient 2).

Amino Acids and BA

Mobile phase A was 20% acetonitrile in
0.02 mol L1 acetate buffer (pH 4.0); mo-
bile phase B was acetonitrile-water, 60:40
(v/v); mobile phase C was acetonitrile-
water, 60:40 (v/v) containing 5 mL 0.1 mol
L~! borate buffer (pH 8.9); mobile phase
D was acetonitrile-water, 95:5 (v/v).

BA

Mobile phase A was 30% acetonitrile in
0.02 mol L1 acetate buffer (pH 4.0); mo-
bile phase B was acetonitrile-water, 95:5
v/v).

The gradient conditions used for se-
paration of amino acid and BA deriva-
tives are shown in Table I. The flow rate
was constant at 1.0 mL min—! and the col-
umn was at ambient temperature. The
fluorescence emission wavelength was set
at 360 nm (excitation was at 293 nm).
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Table I. Gradient conditions used for chromatography on the Hypersil BDS C18 column.

Amino acids and BA — Gradient 1 Faster elution of BA — Gradient 2
Time (min) A (%) B (%) C (%) D (%) Time (min) A (%) B (%)

0 100 0 0 0 0 90 10
10 75 25 0 0 12 70 30
20 65 35 0 0 25 25 75
30 60 40 0 0 33 25 75
34 56 44 0 0 36 0 100
34.1 56 0 44 0 45 0 100
40 50 0 50 0
45 40 0 60 0
45.1 40 60 0 0
50 0 100 0 0
55 0 80 0 20
60 0 70 0 30
65 0 50 0 50
70 0 0 0 100
75 0 0 0 100

0 o]
CHoCH-0-C-c1I  NH-CH-R CH,CH,-O-C-NH-CH-R
COOH O0H

N
Borate buffer pH= 9.5

Figure 1. Derivatization of amino groups with 2-(9-carbazole)ethyl chloroformate (CEOC).

Sample Extraction

Commercial shrimp sauce (10 g) was ex-
tracted ultrasonically with trifluoroacetic
acid (40% v/v, 20 mL) for 10 min. After
centrifugation at 4000 g for 20 min, the
supernatant solution was isolated by fil-
tration. The residue was again extracted
twice with trifluoroacetic acid (40% v/v,
2 x 10 mL) and the resulting extracts were
combined, filtered through a 0.2-pm pore
syringe filter, diluted to 50 mL with water,
and stored at —20 °C until HPLC analysis.

Derivatization Procedure

An aqueous solution of amino acids and
BA (50 pL) was placed in a vial and borate
buffer (pH 10.0, 0.2 mol L1, 200 uL) and
CEOC acetonitrile solution (100 uL) were
added successively. After 5 min the reac-
tion was stopped by addition of 20 uL
quenching agent and the mixture was ex-
tracted with pentane to remove excess re-
agent. The extraction was repeated twice
and the aqueous phase was then ready for
injection. It was stable for 24 h except for
the histidine and tyramine derivatives,
which degraded, at least in part, to the
mono-derivatized forms. If the aqueous
solution of the derivatives was neutralized
to pH 6.0—7.0 with quenching reagent the
solution was sufficiently stable to enable
HPLC analysis of all the derivatives for a
further 24 h at room temperature. The de-
rivatization process is shown in Figure 1.
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Results and Discussion

Stability of CEOC

and its Derivatives

When a solution of CEOC in anhydrous
acetonitrile was hermetically stored at
room temperature for two weeks derivati-
zation yields for amino acids and BA were
not obviously different. The stored CEOC
acetonitrile sufficiently
stable to enable further derivatization of
amino acids and BA for at least one week.
The stabilities of the corresponding deri-
vatives were also investigated by analysis
of a standard containing 50 pmol of each
BA and amino acid. The results indicated
that HPLC analysis of the derivatives was
possible for at least 24 h; if the derivatives
were stored in neutral medium at 4 °C no
decomposition was apparent. As ex-
pected, daylight had essentially no effect
on stability.

solution was

Optimization of the Derivatization
Conditions

For determination of the optimum condi-
tions for derivatization of amino acids
and BA, 0.2 mol L~! borate buffers of pH
between 9.0 and 10.0 were tested and the
results were compared with those ob-
tained by use of 1.0 mol L~ ! KOH as ba-
sic catalyst to derivatize mixtures of ami-
no acids and BA standard (100 pmol). In
borate buffers at pH 9.0 precipitation of a
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Figure 2. Chromatogram obtained from 100 pmol standard BA and some fatty amine derivatives
on a 200 mm x 4.6 mm i. d., 5-um 1particle, Hypersil BDS C18 column using gradient 2 from Table
1. The flow rate was 1.0 mL min~", the column was at ambient temperature, the excitation wave-
length was 293 nm, and the emission wavelength was 360 nm. M-Trp = S-methoxytryptophan;
M-Trpa = S-methoxytryptamine; Trpa = tryptamine; 5-H-Trp = 5-hydroxytryptophan; Pheta =
phenylethylamine; Prm = 1,3-propanediamine; Put = putrescine; Cad = cadaverine; Hem = 1,6-hex-
anediamine; Hep = heptylamine; Tym = tyramine; (CEQC), = bis-(2-(9-carbazole)ethyl chlorofor-
mate); Ocm = octylamine; Him = histamine; Spd = spermidine; Dem = decylamine; Spm = sper-
mine.
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Figure 3. Chromatogram obtained from 100 pmol BA derivatives without complete derivatization
on a 200 mm x 4.6 mm i. d., 5-um 1particle, Hypersil BDS C18 column using gradient 2 from Table
1. The flow rate was 1.0 mL min~", the column was at ambient temperature, the excitation wave-
length was 293 nm, and the emission wavelength was 360 nm. Mono-Prm = monosubstituted propa-
nediamine; Mono-5-H-Trp = monosubstituted 5-hydroxytryptophan; Mone-Put = monosubstituted
putrescine; Mono-Cad = monosubstituted cadaverine; CEOC-OH = reagent peak; M-Trp =
S-methoxytryptophan; Mono-Tym = monosubstituted tyramine; M-Trpa = S5-methoxytryptamine;
Trpa = tryptamine; 5-H-Trp = S-hydroxytryptophan; Pheta = phenylethylamine; Mono-Him =
monosubstituted histamine; Prm = 1,3-propanediamine; Put = putrescine; Cad = cadaverine; Hem
= 1,6-hexanediamine; Hep = heptylamine; Tym = tyramine; (CEQC), = bis-(2-(9-carbazole)ethyl
chloroformate); Oem = octylamine; Him = histamine; Spd = spermidine; Dem = decylamine; Spm =
spermine.

white solid was observed after addition of
the derivatization reagent. No precipitate
was formed in borate buffers of pH 9.5-
10.0 or in 1.0 mol L~! KOH. Obvious de-
composition of some of the derivatized

amino acids and BA, e.g. His, Tyr, and
tyramine, was, however, observed when
1.0 mol L~! KOH was used as basic cata-
lyst, possibly because the disubstituted de-
rivatives were rapidly hydrolyzed by the

46 Chromatographia 2002, 56, July (No. 1/2)

strongly basic KOH medium. No degra-
dation was observed in borate buffers of
pH 9.5-10.0 over a 24-h period, except
for His and tyramine, for which slight de-
composition was observed. These experi-
ments were usually performed with borate
buffers. To achieve optimum derivatiza-
tion of amino acids and BA the buffers
must be within the appropriate pH range
and provide adequate buffering capacity.
Taking both phase-separation and buffer-
ing capacity into consideration the results
indicated that 0.2 molL~! borate buffer
(pH 9.5) was the optimum medium for de-
rivatization.

The molecular structure of 2-(9-carba-
zole)ethyl chloroformate (CEOC) is simi-
lar to that of FMOC. It undergoes the
same chloroformate reaction as FMOC or
AEOC with primary and secondary
amines [38]. Different derivatization times
(1-10 min) and reaction temperatures
(ambient temperature, 40°C, and 60 °C)
were tested to assess the optimum reaction
conditions. The peak areas of the amino
acid derivatives were maximum when
manual shaking was performed for 2 min
at ambient temperature. Those of the BA
derivatives were maximum after 3—4 min.
Use of higher reaction temperatures and
different reaction times resulted in smaller
peak areas.

For histamine, in particular, the largest
peak area was observed after 3 min. Be-
cause differences between the peak areas
obtained after derivatization for 3 or 4
min were very small for all other BA and
amino acids, and histamine is among the
most important BA, derivatization for
more than 3 min at ambient temperature,
with shaking, was selected. The yields
were not affected within the reaction time
interval 3—10 min. These results showed
that the rate of derivatization of amino
acids or BA with CEOC was similar to
that with FMOC and AEOC [39, 40].

The effect of CEOC concentration on
derivatization yield was also investigated
for the derivatization of amino acids and
BA. For this experiment a solution was
prepared containing amino acids and BA
(Arg, histamine, Ala, phenylethylamine,
and tyramine); the total amine content
was 250 pmol L~!. The reagent concen-
tration range investigated was from 0 to
1.5 mmol L~! (final solution concentra-
tions). The results indicated that the fluor-
escence intensity was constant when the
concentration of derivatization agent was
in three to fourfold molar excess over the
amines. Although increasing the excess of
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Table II. Repeatability of peak response and
retention times (100 pmol injected; n = 6).

Amino Area CV  Retention
acid/BA (%) time CV (%)
Arg 0.46 0.12
Asp 0.58 0.11
Ser 0.67 0.14
Glu 0.54 0.10
Thr 0.60 0.16
Gly 0.53 0.13
Ala 0.61 0.11
Pro 0.47 0.15
Met 0.67 0.08
Val 0.79 0.08
Phe 0.59 0.08
Typ 0.79 0.08
Ile 0.54 0.06
Leu 0.37 0.06
Cys 0.38 0.07
His 0.49 0.07
Orn 0.43 0.06
Lys 0.54 0.06
Tyr 0.34 0.07
Histamine 0.78 0.08
Tyramine 0.64 0.12
Phenylethyl- 0.72 0.09
amine

reagent beyond this level had no signifi-
cant effect on yields, if higher concentra-
tions of CEOC were used excess (CEOC),
caused interference with the chromato-
graphic separation at the retention time of
tyramine during the rapid separation of
the BA. With as little as a twofold molar
excess of the derivatizing agent, derivati-
zation of the amino acids and BA was in-
complete and resulted in mono-substi-
tuted derivatives of histidine, tyramine,
tryptophan, and histamine, etc. A side-re-
action of the reagent with its own hydroly-
sis product (CEOC-OH) to give the bis-(2-
(9-carbazole)ethyl) carbonate (CEOC),
was also observed. Usually CEOC-OH
and (CEOC), did not interfere with the se-
paration of the amino acid and BA deriva-
tives.

The derivatized amino acids and BA
were found to be stable for more than 24 h
at room temperature, except for the dou-
bly substituted histidine, which degraded
to the monosubstituted compound at high
pH. Assuming first-order kinetics the half-
life of disubstituted histidine was 20 h. De-
gradation of disubstituted histidine could,
however, be prevented by neutralizing the
derivatized solution to pH 5.0-7.0 with
10% acetic acid solution. Under these con-
ditions the disubstituted derivative was
very stable when stored at 10 °C and could
be analyzed within a 24-h period.
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Figure 4. Chromatogram obtained from 100 pmol standard amino acids and BA derivatives on a
200mm x 4.6 mm i. d., S-pm particle, Hypersil BDS C18 column using gradient 1 from Table I. The
flow rate was 1.0 mL min !, the column was at ambient temperature, the excitation wavelength was
293 nm, and the emission wavelength was 360 nm. Arg = arginine; Asp = aspartic acid; Ser = serine;
Glu = glutamic acid; Thr = threonine; Gly = glycine; Ala = alanine; Pro = proline; Met = methio-
nine; Val = valine; Phe = f-phenylalanine; Trp = tryptophan; Ile = iso-leucine; Leu = nor-Leucine;
Cys = cysteine; His = histidine; Orn = ornithine; Lys = lysine; Tyr = tyrosine; CEOC-OH = 9-(2-
carbazole)-ethanol; (CEOQC), = bis-(2-(9-carbazole)ethyl) carbonate.

Yields of amino acids and BA in a stan-
dard mixture were evaluated by use of
0.2mol L~! borate buffer in the pH range
from 6.5 to 10.5. Buffer pH had little effect
onyieldinthe pHrange9.0t010.0, but out-
side this range, particularly in more acidic
solution, responses were lower. It was also
found that higher pH promoted the hydro-
lysis of CEOC. At pH > 8.5 the CEOC also
begins to react with phenol groups to form
disubstituted tyrosine and tyramine. At
higher pH (>10.5), the disubstituted deri-
vatives of tyrosine and tyramine were par-
tially hydrolyzed to their mono-substi-
tuted derivatives-approximately 20% of
their disubstituted derivatives was lost
over a 24-h period. Incomplete derivatiza-
tion was apparent from the appearance of
several additional peaks compared with
those obtained when derivatization was
complete. Figure 2 shows a typical chro-
matogram obtained after complete deriva-
tization of BA and amino compounds.
Figure 3 shows the chromatogram ob-
tained after incomplete derivatization of
the same compounds. Complete derivati-
zation was usually achieved when the deri-
vatization conditions were maintained in
the optimum range described above. The
repeatability of peak area and retention
time is shown in Table II.
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Chromatographic Separation of
Derivatized BA and Amino Acids

The aim of this work was to determine
food-relevant BA and to investigate the si-
multaneous separation of BA and amino
acids. To achieve optimum separation the
choice of mobile-phase pH was important,
especially for the simultaneous separation
of amino acids and BA. The effect of mo-
bile phase pH was tested on a Hypersil
BDS C18 column. At the beginning of the
gradient program a mobile phase of pH
4.0 and a more acidic mobile phase of pH
3.6—4.0 were tested. The results indicated
that use of these pH conditions enabled
complete separation of the first-eluting de-
rivatized amino acids. At pH 4.0 most of
the amino acids were resolved, the excep-
tions being Asp and Ser, and Phe and Typ.
In comparison with the more acidic condi-
tions (pH < 4.0) operation at pH 4.2-5.0
resulted in markedly reduced retention of
most amino acids, with coelution of Asp
and Ser, of Thr and Gly, and of Phe and
Typ. Retention of the hydrophobic amino
acids and BA was not obviously different.
However, under more basic mobile-phase
conditions elution of Arg was shifted
nearer Thr in the chromatographic separa-
tion and resolution was poor (not shown).
After many runs with gradient 1 (Table I)
it was found that if the pH of mobile phase
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Figure 5. Chromatogram obtained from 2.5 pmol derivatized standard BA and some fatty amine de-
rivatives. The chromatographic conditions and compound identities are the same as for Figure 2.
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Figure 6. Chromatogram obtained from BA extracted from shrimp sauce (Sample No. 1). The chro-
matographic conditions are the same as for Figure 2. M-Trp = S5-methoxytryptophan; Pheta = phe-
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Tym = tyramine; Ocm = octylamine; Him = histamine; Spd = spermidine; Dem = decylamine; Spm

= spermine.

A was adjusted to 4.0 separation of most
of the early-eluting amino acids could be
achieved, the only exception being co-elu-
tion of Asp and Ser. When elution of the
early-eluting amino acids was complete
(after elution of Val) mobile phase B was
introduced immediately and Phe and Typ
were resolved with good baseline resolu-
tion. The simultaneous separation of a
standard containing amino acids and some
BA on Hypersil BDS C18 is shown in Fig-
ure 4. It is apparent from the figure that
the derivatives of the BA and amino acids
of interest are well separated in approxi-
mately 70 min. To achieve more rapid elu-
tion of the BA derivatives, elution gradient
2 (Table I) was adopted; this enabled re-
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duction of the time required for separation
of the BA derivatives to approximately 45
min (Figure 2).

Detection Limits and Linearity for
Derivatized Amino Acids and BA

Detection limits are an important consid-
eration when the components of biologi-
cal matrixes are analyzed, particularly
when they are present at low or trace con-
centrations. Figure 5 shows the chromato-
gram obtained after injection of 2.52 pmol
of each derivatized BA and amino com-
pound. Detection limits (signal-to-noise
ratio = 3) ranging from 117 to 840 fmol

Chromatographia 2002, 56, July (No. 1/2)

were calculated for BA and the amino
compounds (Table IIT). Analysis of serial
dilutions of the standard derivatized mix-
ture showed that the linearity of the de-
pendence of response on concentration
was excellent for concentrations ranging
from 2.52 to 94.6 pmol L~! for BA and
from 2.50 to 40.4 pmol L~! for the amino
acids. Correlation coefficients were 0.9993
10 0.9999 (Table IIT).

Applications — Compositional
Analysis of a Sample of Shrimp
Sauce

The chromatogram obtained from analy-
sis of the BA content of a fresh, unfermen-
ted, commercial shrimp sauce (denoted
Sample No.1) is shown in Figure 6. The
BA composition of the sauce is shown in
Table IV. Fermented fish sauces are popu-
lar in Asian countries as liquid spices. A
variety of fish sauces is also made from
different species of fish [41]. The fermen-
tation process is usually achieved by the
action of microorganisms. A sample of a
fermented shrimp sauce (denoted Sample
No.2, chromatogram not shown) was
found to contain very large amounts of
Prm, tryptamine, Put, Cad, Him, Spd,
and Spm (Table IV, Sample No. 2). The
large amounts of Put, Cad, Spd, and Spm,
which are usually indicators of very long
storage, are also the results of serious pro-
teolysis. In contrast, the fresh shrimp
sauce, which was not fermented, con-
tained much smaller amounts of BA (Ta-
ble IV, No. 1). When a binary gradient
was used for rapid separation of BA with
gradient 2, M-Trpa, Trpa and 5-H-Trp
are co-eluted with some amino acids, such
as Met, Ile and Leu. The quantitative re-
sults of M-Trpa, Trpa and 5-H-Trp were
not determined in this study. The data are
in good agreement with those from pre-
vious investigations of fish sauces re-
ported by Kirschbaum [2]. It was thus de-
monstrated that the method established
was suitable for the determination of im-
portant BA in a variety of real samples.

Conclusions

The performance of the reagent CEOC in
the quantitative analysis of BA, and the si-
multaneous separation of amino acids
and BA, have been described in detail.
This work has shown that derivatization
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Table II1. Detection limits, linearity, and correlation coefficients for derivatized biogenic acids and

some other compounds.

Amino acid Linearity regression, ¥ =4 + BX* R Detection limit (fmol)
M-Trp Y=-41054+16867X 0.9996 840
M-Trpa Y= 211+22273X 0.9997 144
Trpa Y=-17620+26251X 0.9997 133
5-H-Trp Y= 63575+33132X 0.9999 117
Pheta Y=112817+31763X 0.9995 152
Tyra Y= 96753+ 32604X 0.9997 336
Hista Y= 12351+27814X 0.9999 623
Sperd Y= 478+5627X 0.9989 153
Sper Y=178969 + 36002X 0.9993 140
Hep Y=— 7666+ 16566X 0.9999 132
1,3-Prda Y=-12525+10171X 0.9998 510
Put =-14837+11046X 0.9997 486
Cad Y=-13897+12046X 0.9996 476
1,6-Hexa Y=-26872+24400X 0.9999 410
Ocm =-17604+11227X 0.9999 521
Decya Y=-17504+11328X 0.9995 504

* X = amountinjected (pmol), ¥ = peak area.

Table IV. Compositional analysis of BA and other amino compounds in commercial shrimp sauce

extract.
Compound Amount added Amount found RSD (%) Shrimp sauce (amount found, mg/100g)
(pmol) (pmol) Sample No. 1* Sample No. 2*

M-Trp 100 101.2 2.45 345

M-Trpa 100 101.8 . ND ND

Trpa 100 100.6 0.6 ND ND

5-H-Trp 100 98.8 ND ND

Pheta 100 98.2 . 1.39 17.8

Tyra 100 97.6 2.3 2.49 9.4

Hista 100 93.5 . 0.75 11.2

Sperd 100 95.3 4.7 10.5 18.4

Sper 100 105.9 0.12 13.6

Hep 100 106.5 2.18 42

1,3-Prda 100 105.4 . 5.56 10.6

Put 100 92.9 7.1 4.19 13.4

Cad 100 100.4 0.4 1.51 11.8

1,6-Hexa 100 94.6 . 5.53 9.8

Ocm 100 91.4 8.6 2.57 4.67

Decya 100 97.1 2.9 3.31 7.4

The commercially produced sauce (Food Factory of Dalian, Liaoning province, China) was ob-
tained from a shop. ND = not determined. * Sample No. 1 was not fermented; Sample No. 2 was fer-

mented.

of BA by CEOC is rapid and quantitative.
One of the most attractive features of this
method is the simplicity of the prepara-
tion of derivatives of amino acids and BA.
The response is highly reproducible, and
results from the method correlate well
with those obtained by derivatization of
BA with FMOC and AQC. Detection lim-
its are in the femtomole range. Analysis of
real samples gave excellent results. Yields
for derivatization of amino acids and BA
were close to 100%.

These characteristics indicate that
CEOC could be another popular and at-
tractive derivatizing agent for amino com-
pounds in addition to FMOC and AQC.
Studies are currently in progress to explore
the derivatization of different amine-con-
taining compounds, e. g. aromatic amines,
catecholamines, etc. Although CEOC is

Original

not available commercially, it is likely to
find numerous applications in analytical
chemistry. A possible disadvantage of the
proposed derivatization method is that
CEOC can only be used in the pre-column
mode. Excess reagent can be eliminated by
subsequent reaction with excess of a hy-
drophilic amino acid or hydroxylamine.
Automated derivatization with CEOC
might be possible under such conditions.
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