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A practical liquid chromatographic method has been developed for the selective determination of the levels of spermine in anchovy
sauce after derivatization with 3,5 dinitrobenzoyl chloride. The micellar liquid chromatographic separation proposed here uses
a C18 column (125 X 4.6 mm), followed by detection of spermine derivative at 260 nm. Elution of the analyte was performed
using a mobile phase of 0.15M SDS-4% (v/v) 1-pentanol-pH 7 running under isocratic mode at 25°C. Validation parameters
were linearity (2-100 ug/mL, R* > 0.999), detection and quantification limits (0.4 and 1.2 yg/mL, resp.), precision (less than
3.6%), accuracy (93.3-101.1%), and robustness (less than 4.8%). These results are in agreement with the requirements of the FDA
guidelines. The proposed method was successfully applied to the monitorization of spermine formation in unsalted and salted fish

sauce samples. The suggested methodology was found useful in routine analysis of spermine in fish sauce samples.

1. Introduction

Biogenic amines are biological metabolites present in foods
either as natural products or after fermentation, decay micro-
bial contamination, decomposition, or putrefaction pro-
cesses [1]. They are largely responsible for the foul odour of
putrefying flesh, as well as contributing to the odour of such
processes as bad breath and bacterial vaginosis. Biogenic
amines are also involved in local immune responses, neuro-
transmission, and chemotaxis of white blood cells. The con-
sumption of an excess of biogenic amines, known as hista-
minic intoxication, is mainly related to heart, gastrointesti-
nal, and skin diseases, as well as headache [1-3]. Food con-
taining considerable amounts of these amines include alco-
holic beverages, beef, chocolate, cheeses, fish, pork, and
poultry. Biogenic amines can also be found in semen and
some microalgae, together with related molecules like sper-
mine and spermidine. In fact, spermine is formed from sper-
midine and can be found in a wide variety of organisms
and tissues, as it is an essential growth factor in some bac-
teria. Thus, its detection and quantification is useful to assess

the degree of bacterial contamination, mainly caused by in-
correct handling or stocking conditions (freezer at —18°C),
in fish flesh, or derivates as fish sauce. Then the determina-
tion of spermine is of the utmost importance to assure that
the fish sauce can be eaten without health risk [4, 5].

Several analytical methods have been developed for the
determination of spermine. Among them, HPLC with UV-
visible absorbance detection using 3,5-dinitrobenzoyl chlo-
ride (DNBZ-CI) as a chromophore has provided excellent re-
sults for quantification of biogenic amines in complex food
samples. Derivatization reaction is quantitative, quite fast
(less than 5min), and reproducible. The high stability and
sensitivity of the obtained derivative makes it an excellent
choice for the analysis of spermine [2, 6].

In these methods, the analytes have to undergo a previous
extraction step in a suitable organic solvent, evaporation to
dryness and redissolution in order to purify and preconcen-
trate the derivatized amines [6]. However, it introduces the
risk of contamination and losing of the sample, improving
the possibility of error and even increasing the analysis time
[7-9]. Moreover, chromatographic conditions result in either



insufficient separation, prolonged analysis times (higher
than 1 hour) [6, 10] or need mobile phase running under
a gradient program. This requires a stabilization time bet-
ween two injections, lengthening analysis time and making
difficult the analysis of a wide amount of samples [11]. These
problems can be avoided by the use of micellar liquid chro-
matography (MLC), which usually allows direct injection of
samples (after filtration), without needing any extraction and
purification step [12-16]. Moreover, micellar mobile phases
are less toxic, nonflammable, biodegradable, and relatively
inexpensive in comparison to aqueous-organic solvents.
MLC has proved to be a useful technique in the determina-
tion of a wide range of compounds in low time using mobile
phases under isocratic conditions, by optimizing separation
parameters [12, 13] including food samples [14-16].

The aim of this work was to develop a fast, simple, and
selective procedure for the determination of spermine by
MLC using a C18 column and UV detection. This analyte was
derivatized with DNBZ-CI to increase sensitivity, and directly
injected in the chromatographic system. The suggested
methodology was validated in terms of linearity, sensitivity,
limits of detection and quantification, accuracy, precision,
and recovery, following the FDA guideline [17]. Finally, the
method was applied to the study of the anchovy sauce de-
gradation by means of the determination of spermine de-
pending on the storage treatment.

2. Experimental

2.1. Apparatus and Instrumentation. The pH was measured
with a Crison GLP 22 (Barcelona, Spain) equipped with a
combined Ag/AgCl/glass electrode. The balance used was
a Mettler-Toledo AX105 Delta-Range (Greifensee, Switzer-
land). The vortex shaker and ultrasonification unit were from
Selecta (Barcelona). The chromatographic system was an
Agilent Technologies Series 1100 (Palo Alto, CA, USA)
equipped with a quaternary pump, a thermostated autosam-
pler, and column compartment. The dead time was deter-
mined as the mean value of the first significant deviation
from the baseline in the chromatograms of the analyte. The
signals were acquired by a PC computer connected to the
chromatograph through an HP Chemstation.

2.2. Chemicals and Reagents. Spermine and 3,5-dinitro-
benzoyl chloride (98% pure) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Sodium dodecyl sulphate
(SDS) (99% pure) was from Merck (Darmstadt, Germany);
acetonitrile, 1-propanol, 2-propanol, 1-butanol, and 1-pen-
tanol were from Scharlab (Barcelona), sodium dihydrogen
phosphate, HCI, and NaOH were from Panreac (Barcelona).
All solutions were prepared in ultrapure water (Millipore,
S.A.S. Molsheim, France). Mobile phases and samples were
filtered through nylon membranes (Millex-HN, Millipore,
Bedford, MA, USA). Spermine was dissolved in 0.1 M HCI
to provide final concentrations of 100 yg/mL.

2.3. Derivatization of Biogenic Amines with 3,5-Dinitrobenzoyl
Chloride. Derivatising reagent 5mM 3,5-dinitrobenzoyl

Chromatography Research International

chloride (DNBZ-CI) was dissolved in acetonitrile. Aliquots
(400 uL) of spermine (SP) standards, 1 M NaOH (1200 uL),
2-propanol (700 uL) and 3,5-DNBZ-CI (2100 L) were mix-
ed in a reaction tube. After 3 min of shaking at 25°C, 2 M HCI
(1000 uL) was added to stop the reaction. Finally, after 1 min
of shaking, derivatized sample was injected into the chro-
matographic system. Under these conditions, the formed
derivative was (DNBZ),SP [6]. The fish sauce medium does
not affect the derivatization reaction, because the conditions
were strongly changed by the addition of organic alcohol and
sodium hydroxide. Some matrix compounds are precipitated
in 2-propanol/NaOH media, and others are solubilized in the
SDS medium (2, 6].

2.4. Chromatographic Conditions. Derivatized spermine elu-
tion was performed in a reversed-phase C18 column (125 X
4.6 mm, 5pm particle size) from Scharlab thermostated at
25°C. Mobile phase was a 0.15 M SDS-4% (v/v) 1-pentanol-
NaH,PO,4 0.01 M solution at pH 7, running under isocratic
mode. Flowrate, injection volume, and UV wavelength were
I mL/min, 20uL and 260 nm, respectively. Samples were
thermostated at +15°C in the autosampler module of the
HPLC system to avoid decomposition of the spermine deri-
vative [7]. Under these conditions, the retention time was
11.5 min. Chromatographic signals were acquired and pro-
cessed with an Agilent ChemStation (Rev. B.01.03).

2.5. Sample Preparation. Fish sauce samples of anchovies
(Eugraulidea spp.) were obtained from a supermarket. A part
of the anchovies was mixed with common salt in a relation of
75/25 w/w (a well-known treatment to avoid food spoilage)
and another portion was untreated. In both cases, samples
were stored at +4°C. For the analyses of fish sauces, 1 g was
mixed with 0.5 mL of ethanol that was topped up to 10 mL
with 0.1 M SDS. Samples were derivatized as detailed in
Section 2.3 and then they were injected directly into the chro-
matographic system without any other treatment then filtra-
tion.

Also, spiked samples were prepared by adding the appro-
priate volume of spermine standard solution (dissolved in
0.1 M HCI) to 1 g of sample and then the mixture was vigor-
ously shaken to favour homogenization and stored for one
day at +4°C to favour the contact between the analyte and the
sample, as well as solvent evaporation [18, 19]. Then the
spiked sample was mixed with 0.5 mL of ethanol and topped
up to 10 mL with 0.1 M SDS solution. An aliquot of the sam-
ple (400 uL) was derivatized as explained in Section 2.3, fil-
tered and directly injected into the chromatograph [2, 6].

3. Results and Discussion

3.1. Optimization Strategy and Mobile Phase Selection. Mo-
bile phases were aqueous solutions of SDS buffered at pH 7
with phosphate buffer and the stationary phase was a C18
column [2, 6]. The four pK, values of spermine lie in the
interval 8-11 [20], so its retention behavior will not vary in
the whole pH range of the C18 column used (2.5-7.5). In
addition, working at pH 7 increases the life of the column.
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TABLE 1: Intra- and interday precision (RSD, %) and accuracy (recovery, %) for spermine (*added concentrations expressed in yg/mL).

Intraday precision® (RSD, %)

Intraday accuracy® (%)

*2 10 20 2 10 20

3.6 2.5 1.8 93.3 97.4 99.0
Interday precision® (RSD, %) Interday accuracy® (%)

2.5 1.8 0.7 96.2 101.0 99.5

n= 9; by =5,

On the other hand, it should be highlighted that sper-
mine is a polar compound, but the derivative (DNBZ),SP is
quite hydrophobic [6]. Initially, the chromatographic param-
eters for the spermine derivative were obtained using a pure
micellar mobile phase of SDS. Several mobile phases con-
taining 0.05, 0.1, and 0.15M SDS were tested. At these three
SDS concentrations, the retention times were found too high.
Instead of increasing SDS concentration, the use of an aque-
ous solution of 0.15 M SDS with a small amount of organic
solvent was envisaged to reduce the retention time. Different
amounts of 1-propanol and 1-butanol were tested and the
retention time was reduced, but it remains very high (more
than 60 min), and with an irregular peak shape. Thus, 1-
pentanol was tested, and finally a mobile phase of 0.15M
SDS-4% (v/v) 1-pentanol allowed the elution of spermine
derivative in an adequate retention time (nearly 11.5 min).
The chromatographic parameters for spermine derivative in
this mobile phase were k (retention factor) = 9.75; N (effi-
ciency) = 4050 theoretical plates, and B/A (asymmetry fac-
tor) = 1.0. Their calculation was performed as in [21].

The possible interference of other compounds in sper-
mine analysis was also studied. A blank of each matrix was
performed by analyzing aliquots of unsalted and salted
anchovy sauce free of spermine. The front shows a consider-
able maximal band height and width and no other peak was
observed, indicating that all the substances elute at the dead
time (Figure 1(a)). In fact, hydrophobic substances present
in the matrices are introduced in micelles, thus avoiding their
precipitation and allowing their fast elution. Moreover, the
addition of 1-pentanol in the mobile phase improves its elu-
tion strength, reducing even more the retention time of
matrix compounds. Samples of unsalted and salted anchovy
sauce were spiked with 10 yg/mL of spermine. As can be seen
in Figure 1(b), the chromatographic peak of spermine elutes
far from the dead time and without overlapping with any
other substances of the unsalted anchovy sauce matrix. The
same result was found for the salted anchovy sauce samples.
The selectivity of the analytical method has been assessed; it
has been optimized by the separation of spermine from other
interferences of the matrix. Other biogenic amines do not
interfere in the determination of the spermine since they
elute earlier [2, 7].

3.2. Method Validation. The whole validation was performed
by spiking samples with spermine, following the Food and
Drug Administration (FDA) guideline [17]. Unsalted and
salted anchovy sauce samples were studied. Since results were
found similar in both cases, only the obtained values for
unsalted fish sauce are presented and discussed.

Calibration curves were constructed using the areas of
the chromatographic peaks (nine replicates) obtained at
seven different concentrations of spermine, in the 2-
100 ug/mL range. To study the variability of the calibration
parameters, the curves were obtained during 5 days over a
period of two months for a different set of standards, and
then the average value was considered. Results were similar in
the two matrices studied. The slope and intercept were deter-
mined by the method of least square linear regression anal-
ysis, taking the absorbance in arbitrary units and the concen-
tration in pug/mL. Limits of detection (LOD, 3s criterion) and
quantification (LOQ, 10s criterion) for derivatized spermine
using the proposed method (n = 10) were determined. The
obtained parameters were slope, 0.15+0.01; intercept, 0.02 +
0.03; determination coefficient (R?), 0.999; LOD, 0.4 ug/mlL;
and LOQ, 1.2 yg/mL.

The intra- and interday precision and accuracy of sper-
mine were determined by analysis of spiked samples at 2,
10, and 20 yg/mL. The intraday values were determined by
assaying test solutions nine times on the same day, and inter-
day value was the average of nine measurements of intra-day
values taken on 5 days over a 3-month period. The precision
was taken as the RSD (%) of the obtained areas, whereas the
accuracy was the ratio between the calculated value of the
recovered spermine and the spiked one (%). The results ob-
tained were between 0.7-3.6% for precision and 93.3-101%
for accuracy (Table 1). Both were in agreement with FDA
guideline, which indicates that precision should be less than
15% and accuracy between 80 and 120% [17].

Robustness of the method was examined by replicate in-
jections (n = 6) of spermine spiked sample of unsalted
anchovy sample at 10 yg/mL under small changes in the
chromatographic parameters (SDS concentration, percent-
age of 1-pentanol, pH and flow rate). Insignificant differe-
nces in peak areas (<4.8%) and less variability in retention
time (<3.5%) were observed (Table 2). These results indicate
that the selected factors remain unaffected by small varia-
tions in these parameters.

Stability studies indicated that the degradation of biogenic
amines derivatizated with DNBZ-CI took place in 12 h when
kept in the fridge and in three hours at room temperature.
These results were confirmed by the displacement of the
peaks in chromatograms. The biogenic amine samples and
the derivatizing reagent DNBZ-CI were stable for three days
in the fridge and four months when kept in a freezer.

3.3. Analysis of Food Samples. Unsalted and salted anchovy
sauces (Engraulidae spp.) were analyzed in different days in
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FIGure 1: Chromatograms obtained by the analysis of unsalted anchovy sauce samples following the proposed methodology: (a) blank, (b)

spiked with 10 yg/mL spermine, and (c) a real sample containing 15 yg/mL of spermine after 5-days storage. Chromatographic conditions:
0.15M SDS-4% (v/v) 1-pentanol-pH 7.

TaBLE 2: Evaluation of the MLC method robustness.

Changes in the parameters Level Retention time (min) (RSD, %) Area (RSD, %)
SDS (M) 0.145-0.155 11.6 £ 0.3 (2.6) 1.72 £ 0.05 (2.9)
1-Pentanol (%) 3.9-4.1 11.8 £ 0.4 (3.4) 1.68 = 0.08 (4.8)
pH 6.9-7.1 11.5+0.2 (1.7) 1.66 = 0.04 (2.4)
Flow (mL/min) 0.95-1.05 11.3+£0.4 (3.5) 1.70 + 0.05 (2.0)
n = 6.
order to evaluate the microbacterial contamination depend- 100 ug/mL of spermine, indicating a high microbacterial

ing on the storage conditions, by means of the amount or ~ contamination (Figure2). The unsalted anchovy sauce is
spermine. Figure 1(c) shows the chromatogram obtained by ~ spoilt and is unable to eat. However, the salted sample shows
analysis of a real sample of unsalted anchovy sauce after 5 no microbacterial contamination (spermine level under
days of storage, where 15 pg/mL were detected without inter- ~ LOD) and can be eaten without risk. These results indicate
ferences. The amount of spermine after 1 month of storage  that salting is an efficient method to prevent microbial con-
was evaluated. Unsalted sample contained more than  tamination during anchovy sauce storage.
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FIGURE 2: Amount found of spermine in three samples of unsalted

anchovy sauce stored at +4°C and analyzed by the proposed metho-
dology in different days.

4. Conclusions

In conclusion, the results indicate that the micellar liquid
chromatography procedure here developed can be used for
the analysis of spermine, with analysis times below 12 min.
The analytical method is sensitive enough to be applied for
quality control and routine analyses. It is a simple, rapid, ef-
fective, and alternative method and does not require any
extraction step: the sample is directly injected after the deri-
vatization procedure. The reagent 3,5-dinitrobenzoyl chlo-
ride was found to be highly suitable for the analysis of sper-
mine with a very simple method and fast reaction at room
temperature and is therefore recommended for use in pollu-
tion surveys, to study the degree of microbial contamination,
and in the routine practice of food-quality control.
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