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Summary: A fast and specific method for determination of malachite green (MG) and its major metabolite leucomalachite
green (LMQG) in trout and carp muscle is described. MG and LMG residues were extracted from fish muscle with an ac-
etonitrile-buffer mixture and isolated by partitioning into dichloromethane. Extracts were then cleaned up on solid-phase
extraction (SPE) columns. Chromatographic separation was achieved by using reverse-phase column with an isocratic mo-
bile phase consisting of acetonitrile and acetate buffer (0.01M, pH 4.1). MG was detected with an absorbance detector
(A= 618 nm), while a fluorescence detector (Xex = 265 nm and kem = 370 nm) was used for detection of LMG. Both detec-
tors were connected on-line which allowed simultaneous analysis of a sample extract for MG and LMG. The method was
validated according to Commission Decision 2002/657/EC. The mean recoveries of MG and LMG from muscle fortified
at three levels (2, 3, 4 pg/kg) were 55% and 74%, respectively. Relative standard deviations of the mean at all fortification
levels were less than 15% and 13% for MG and LMG, respectively. With the described method 33 samples of fish bought
in local shops and fish farms between August 2004 and April 2005 were analysed. Seven samples showed detectable
amounts of residues.
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has never been registered as a veterinary drug for
fish treatment in the European Union (5). The ban
on its use necessitated a robust and reliable ana-
lytical method for determination of residues of MG

Introduction

Malachite green (MG) is a triphenylmethane
dye, originally used as a dyeing agent in the textile

industry, but it have been also widely used in aqua-
culture industry as an anti-fungal, anti microbial
and anti-parasitic agent for many decades (1). It is
used in the form of bath treatment, either on its
own or synergistically with formalin (1, 2). MG is
easily absorbed into tissues during waterborne
exposure and rapidly transformed to its reduced
form, leucomalachite green (LMG). LMG in tissues
may be eliminated at a rate that is dependent on the
fat content (3, 4). Because of its suspected carcino-
genic, mutagenic and teratogenic properties, MG
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in fish muscle. According to the European Commis-
sion, methods for determining MG in fish tissues
should meet the minimum required performance
limit (MRPL) of 2 pg/kg for the sum of MG and LMG
(6). Several analytical approaches for determination
of MG residues have been published. For the deter-
mination of MG residues, high-performance liquid
chromatography (HPLC) with post-column unit for
oxidation of LMG and an absorbance detector for
the detection of MG has been commonly used. The
post-column reactors were filed with lead (IV) oxide
(7-11) or 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
(12). As an alternative to lead (IV) oxide, an electro-
chemical cell was used (13). As mass spectrometers
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become more common, methods based on mass
spectrometry (MS) have also been reported for the
confirmation of suspected MG residues (4, 14-17).
However, the post-column reactor has been used
with mass spectrometry as well, because detection
of MG is more sensitive compared to LMG (4, 16, 17).
The use of a fluorescence detector for the detection
of LMG has also been reported (13, 18).

Although MS methods provide greater sensitivity
and residue confirmation for the detection of MG and
LMG in fish, reliable and robust methods are needed
to routinely screen numerous laboratory samples
without straining the resources of sophisticated
LC-MS instruments. In this report, we present a se-
lective, sensitive and relatively fast LC method with
visible and fluorescence detection for simultaneous
determination of LMG and MG in trout and carp. Be-
cause LMG is detected with a fluorescence detector,
the post-column oxidation procedure is not needed.
The method was validated according to Commission
Decision 2002/657/EC (19), it is suitable for routine
analysis and provides a detection limit below 1.0
ug/kg. To check if MG is still illegally used in the fish
farming industry due to the low cost, easy availabil-
ity, and high efficacy against fungus, bacteria and
parasite, 33 samples of fish collected randomly at dif-
ferent fish farms, fish shops and fish markets were
analysed with the presented method.

Materials and methods

Chemicals

Organic solvents used were LC grade and other
chemicals were of analytical grade unless stated
otherwise. Acetonitrile and methanol were obtained
from J.T. Baker (Deventer, the Netherlands), hydrox-
ylamine (HA) hydrochloride, p-toluenesulfonic acid
(p-TSA), ammonium acetate (extra pure), triethyl-
amine (TEA), glacial acetic acid and dichlorometh-
ane were from Merck (Darmstadt, Germany).

An acetate buffer (0.1 M, pH 4.5) was prepared
by dissolving 7.708 g ammonium acetate in about
800 ml of water, adjusting the pH to 4.5 with acetic
acid and diluting the solution to 1000 ml. An acetate
buffer (0.01 M, pH 4.1) used for the mobile phase
was prepared by dissolving 0.771 ¢ ammonium ac-
etate in about 800 ml of water. 2 ml TEA was added
before a pH adjustment to 4.1 with acetic acid and
dilution to 1000 ml.

Standards and standard solutions
MG oxalate and crystal violet chloride (CV) were

purchased from Riedel-de Haén (Seelze, Germany)
and LMG and leuco crystal violet (LCV) from Aldrich
(Steinheim, Germany). Individual stock solutions
of MG, CV, LMG and LCV at 100 pg/ml were pre-
pared in methanol, taking into account the active
substances. These solutions were combined and di-
luted in methanol to prepare an intermediate stand-
ard solution of 1 ug/ml. Working standard solutions
were prepared by several dilutions of intermediate
standards with methanol for recovery experiments
and with a mixture of acetate buffer (0.1 M, pH 4.5),
acetonitrile and hydroxylamine hydrochloride solu-
tion (2.5 mg/ml) (40:40:20, v/v/v) for calibration.

Sample preparation equipment

The instruments used were an Ultra-Turrax T25
(IKA-Labortechnik, Janke & Kunkel, Germany),
a temperature controlled Minifuge T centrifuge
(Heraeus, Osterode, Germany) and a vacuum ro-
tary evaporator Biichi Model R-205 (Osterode, Ger-
many). For the extraction, a linear shaker Vibromix
314 EVT (Tehtnica, Zelezniki, Slovenia) was used.
Solid-phase extraction was carried out on a vacuum
manifold for Visiprep™ (Supelco, Bellefonte, USA).

Sample collection and preparation

33 samples of fish were collected randomly be-
tween August 2004 and April 2005 at different fish
farms, fish shops and fish markets in Slovenia.
Among 33 collected samples, 8 were imported from
other EU countries. 13 samples of rainbow trout, 12
samples of brown trout, 6 samples of brook trout
and 2 samples of carp were examined in the study.
Fish samples (2-3 fish/sample) were filleted and the
bones removed. The muscle tissue with skin was
homogenized, frozen and stored at -18°C before
analysis.

Extraction and clean-up

A homogenized sample (10 g) was weighed into
a 50 ml centrifuge tube. The spiked sample was
prepared by adding a known amount of working
standard solution to the fish muscle. Three millilit-
ers of aqueous 0.25 g/ml HA, 5 ml of aqueous 0.05
M p-TSA and 5 ml of 0.1 M ammonium acetate buffer
(pH 4.5) were added to each sample and homog-
enized for 1 min with an Ultra-Turrax at 13000 rpm.
Then 20 ml of acetonitrile were added, the tube was
capped and shaken vigorously on a platform shaker
for 5 min. The tube was centrifuged at 2000 g for 10
min at 20°C. The supernatant was decanted into a
100 ml centrifuge tube. Another 20 ml acetonitrile
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were added to the sample pellet and the sample was
shaken and centrifuged under the same conditions
as before. The supernatants were combined in a 100
ml centrifuge tube.

To the supernatant, 20 ml of deionised water and
20 ml of dichloromethane were added, and the tube
was shaken vigorously on a platform shaker for 5
min and centrifuged at 1400 g for 10 min at 10°C.
The lower dichloromethane layer was transferred
into a 500 ml round bottom flask. The extraction
with 20 ml of dichloromethane was repeated and
the lower layer was transferred into the same flask.
The combined dichloromethane extract was then
concentrated on a rotary evaporator at 65°C to ap-
proximately 5 ml. At this point, the sample was kept
overnight in the dark.

J.T Baker neutral alumina (6 ml, 1 g) and Varian
Bond Elut PRS-SPE columns (3 ml, 500 mg) were
pre-washed with 5 ml acetonitrile. With an adapter,
the alumina SPE column was placed on top of the
PRS-SPE column. This assembly was then attached
to the solid-phase extraction vacuum manifold.
To the sample extract in the 500 ml round bottom
flask, 2 ml of dichloromethane were added. The
flask was swirled to dissolve the residue. 5 ml of
acetonitrile were added to the flask prior to pouring
the sample extract onto the columns. The flask was
rinsed 2 times with 5 ml of acetonitrile, which was
also applied to the columns. At this moment the alu-
mina SPE column was discarded and the PRS-SPE
column was rinsed with 2 ml of water followed by
1 ml of a mixture of ammonium acetate buffer (0.1
M, pH 4.5) and acetonitrile (50:50, v/v). The MG and
LMG were eluted from the PRS-SPE column with 2
ml of the above mixture of buffer and acetonitrile,
and collected in a graduated tube containing 0.5 ml
of 2.5 mg/ml HA in water. The volume of the eluate
was adjusted to 2.5 ml with the mixture of buffer and
acetonitrile. The content was mixed well and filtered
through a 0.45 um filter before HPLC analysis.

Liquid chromatography

An Agilent 1100 HPLC system (USA) consisting
of a quaternary pump, a vacuum degasser, an auto-
matic injector, a column thermostat, a fluorescence
detector (GA1321A) setat A =265nmand i =370
nm and Hewlett Packard (Atlanta, USA) LC-95 UV/
Vis detector set at 618 nm were used. Both detectors
were connected on-line. The ChemStation software
controlled the LC system and processed the data.

Three different analytical columns were tested:
SynChropak SCD-100, 5 pym, 150x4.6 mm was

obtained from Eprogen (Darien, USA); Luna Phe-
nyl-Hexyl, 5 ym, 250x3.0 mm from Phenomenex
(Torrance, USA); and PerkinElmer-HS 5 C-18, 5 ym,
150x4.6 mm from PerkinElmer (Boston, USA). The
optimal mobile phase was selected by varying the
proportion of acetonitrile and pH of 0.01 M acetate
buffer.

SynChropak SCD-100 analytical column was
selected for the determination of MG and LMG in
fish. A C18 guard cartridge (4x3 mm, Phenomenex,
Torrance, USA) was used prior to the analytical one.
The mobile phase was acetonitrile and ammonium
acetate buffer (0.01 M, pH 4.1) (62:38, v/v). The in-
jected volume was 100 pl and the separation of the
analytes was accomplished with a flow of 1 ml/min
at 27°C. Quantification was performed using the
external standard method and was based on peak
area.

Method validation

Validation of the procedure was carried out in ac-
cordance with Commission Decision 2002/657/EC
(19). The linearity of the LC-Vis/FLD response was
checked across a wide concentration range from 5
to 40 ng/ml. Concentrations of standards were ap-
plied to the abscissa and the corresponding peak
areas to the ordinate. The least squares method was
used to create the calibration curves, which were
evaluated by regression and correlation. Linearity
in matrix was also checked. The chromatographic
response was recorded from the samples of trout
meat with standard additions in the whole range
from 1 pg/kg to 5 pg/kg, with five calibration points.
The absence of interfering endogenous compounds
around the retention times of the analytes was veri-
fied with an analysis of blank samples of different
carp and trout muscle samples and also with an
analysis of blank samples fortified with CV, LCV,
MG and LMG at 4 pg/kg. Precision (repeatability
and within-laboratory reproducibility) was checked
with an analysis of blank samples of trout and carp.
Samples were fortified with MG and LMG at 2, 3 and
4 ug/kg. At each level the analyses were performed
with six replicates. The analyses of fortified blank
samples of trout were repeated on two other days
close to each other, with the same instruments,
batches of reagents and the same operators and on
two other days with the same instruments but with
different batches of reagents and different operators.
Repeatability and within-laboratory reproducibility
were expressed with standard deviation and relative
standard deviation. The decision limit (CCa) was de-



84 Z. Bajc, D. Z. Doganoc, K. Sinigoj Gaénik

termined as the corresponding concentration at the
y-intercept of the calibration curve plus 2.33-times
the standard deviation of the within-laboratory
reproducibility at 2 ug/kg. The detection capability
(CCp) was the corresponding concentration at the
CCa plus 1.64 times the standard deviation of the
within-laboratory reproducibility at 2 pg/kg.

Results and Discussion

Method development

Most methods published so far are based on the
post-column oxidation of LMG to MG and detection
of MG using visible light absorption. As mentioned
before, oxidation has been commonly performed us-
ing PbO, (7-11). While the methods that used PbO,,
reactor provide adequate sensitivity and recovery,
the manually prepared lead-oxide reactor can be
plagued by problems, including rapid depletion
and peak broadening, which lead to a decrease in
method sensitivity (12). For this reason we avoided
the oxidation of LMG to MG and thus both analytes
were detected as such. MG and LMG were detected
simultaneously, MG with an absorbance detector
and LMG with a fluorescence detector. To optimize
the analytical procedure the absorption spectrum
of the MG solution and fluorescence spectra of the
LMG solution was measured. According to the ab-
sorbance spectrum, the absorbance detector was
set at 618 nm. That wavelength is usually used for
detection of MG (7, 8, 11). With regard to previously
published methods (13, 18) and to the apex in the
recorded fluorescence spectrum, the wavelength of
emission was raised from 360 to 370 nm, while the
wavelength of excitation was left the same (256 nm).
This change improved the sensitivity of the method.

Three different analytical columns were tested for
effective resolution of MG, CV, LMG and LCV. CV is
a triphenylmethane dye with very similar structure
to MG and anti-parasitic and anti-microbial proper-
ties (13). On all tested columns MG and CV were
separated with baseline resolution, but the separa-
tion of LMG and LCV was not easy to achieve. The
best resolution of LMG and LCV was achieved on a
Phenyl-Hexyl column at 27°C with a mobile phase of
55% acetonitrile and 45% 0.01 M acetate buffer (pH
= 3.6) and a flow-rate at 1 ml/min. At this condition,
the resolution (R) between LMG and LCV was higher
than 2.5, but the retention time was relatively long
(t. for LMG was 22 min). On a SynChropak SCD-100
column at 27°C with 62% acetonitrile and 38% 0.01
M acetate buffer (pH = 4.1) as mobile phase and a

flow-rate at 1 ml/min, near-baseline separation be-
tween LMG and LCV was achieved (R = 1.4) in less
than 11 min (Figure 1). But on a PerkinElmer-HS
5 C-18 column using a different mixture of am-
monium acetate buffer (0.01 M) and acetonitrile as
the mobile phase, the resolution between LMG and
LCV was always less than 1. Because the aim of our
study was to develop a fast and economical method,
we chose the SynChropak SCD-100 column, which
was also used by Rushing and Hansen (13).
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Figure 1: Typical chromatogram of mixed solution (50
ng/mlL)

We tested two procedures of sample extraction
and sample clean-up. First we followed the proce-
dure of Rushing and Hansen (13). With this pro-
cedure, extraction of MG and LMG was performed
using a mixture of ammonium acetate buffer and
acetonitrile; liquid-liquid extraction into dichlo-
romethane and solid-phase extraction followed.
With regard to the original method we decreased the
weight of the sample and the volumes of chemicals
used for the extraction by a factor of two. Although
the method was performed more economically, the
consumption of organic solvents was still very high
and the time used for sample preparation was long,
especially because separatory funnels were used for
liquid-liquid extraction. For these reasons we per-
formed liquid-liquid extraction according to the pro-
cedure described by Halme and co-workers (4). The
sample extraction in this method is performed with
smaller volumes of organic solvents. Instead of sep-
aratory funnels for liquid-liquid extraction, solvents
were separated by centrifugation and the lower layer
was transferred using the pipette. All these changes
reduced the time used for sample preparation and
decreased the recovery of LMG from 90% to 78%,
which was still acceptable for the determination of
veterinary drug residues in food. The recovery of MG
remained the same (around 50-60%).
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Method validation

Chromatograms demonstrating the selectivity of
the procedure are shown in Figure 2, 3 and 4. In Fig-
ure 2 chromatograms of blank sample and spiked
sample of trout with LMG and LCV at 4 pg/kg are
shown. LMG and LCV were separated with almost
baseline resolution. From chromatograms of blank
and spiked sample of trout (Figure 3) and blank and
spiked sample of carp (Figure 4) with MG and LMG
at4 ng/kg, itis evident that no interfering peaks from
endogenous compounds were found at the retention
times of the target analytes. Hence the selectivity of
the procedure is considered satisfactory.
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Figure 2: Chromatograms of (a) trout muscle and (b) trout
muscle with a standard addition of LMG and LCV (4 pg/

kg)
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Figure 3: Selectivity for the determination of MG and LMG
in trout muscle tissue. (A) LMG: standard mixture 16 ng/
mL, blank and blank with standard addition of 4 ug/kg (B)
MG: standard mixture 16 ng/mL, blank and blank with
standard addition of 4 ug/kg.

The results of the linearity of the LC-Vis/FLD re-
sponse and matrix calibration curve are reported in
Table 1. The standard calibration curves are linear
over the range 5-40 ng/ml and the matrix calibration
curves were linear over the range 1-5 ug/kg for MG
and LMG. The correlation coefficients of the stand-
ard and matrix calibration curves were greater than
0.9993 for both MG and LMG.

Table 1: Linearity of MG and LMG determination on standard and matrix level

Analyte Slope Intercept Correlation coefficient
Standards MG 6.59 -3.67 0.9995
LMG 3.49 -1.16 0.9999
Trout muscles MG 8.56 -3.87 0.9993
LMG 5.62 1.32 0.9998
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Figure 4: Selectivity for the determination of MG and LMG in carp muscle tissue. (A) LMG: standard mixture 16 ng/mL,
blank and blank with standard addition of 4 ug/kg. (B) MG: standard mixture 16 ng/mL, blank and blank with standard

addition of 4 ug/kg.

The average recoveries and precision of repeat-
ability and within-laboratory reproducibility at 2,
3 and 4 pg/kg are summarised in Table 2 for trout
samples and in Table 3 for carp samples. For MG
the average recovery was in the range between 47%
and 62%. The recovery for LMG was higher than for
MG and ranged between 67% and 78%. In Table 2
and 3 we can see that there were almost no differ-

ences between trout and carp samples in recovery
and standard deviation of measurements. Accuracy
of the method was checked by participating in the
proficiency testing programme organized by FAPAS®
(Series 2 Round 59, 2004). The z-score lied between
-2 and 2, hence the result was considered as satis-
factory.

Table 2: Accuracy and precision of MG and LMG determined in fortified trout muscle at three concentration levels

(n = 18 at each level)

Parameter Fortification level (ug/kg)
2 3 4
MG Repeatability
Mean concentration (ug/kg) 1.23 1.83 2.32
s (ug/kg)? 0.15 0.17 0.30
RSD (%)° 11.9 9.2 3.0
Recovery 62 61 58
Within-lab reproducibility
Mean concentration (ug/kg) 1.10 1.69 2.21
s (ug/kg) 0.16 0.21 0.26
RSD (%) 14.5 12.8 11.6
Recovery 55 57 55
LMG Repeatability
Mean concentration (ug/kg) 1.44 2.02 2.94
s (ug/kg) 0.17 0.10 0.16
RSD (%) 12.0 4.6 5.5
Recovery 72 67 74
Within-lab reproducibility
Mean concentration (ug/kg) 1.54 2.10 2.94
s (ug/kg) 0.19 0.23 0.18
RSD (%) 12.1 10.7 6.2
Recovery 77 72 74

a s = Standard deviation
b RSD = Relative standard deviation
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The CCa's were 0.6 pg/kg for MG and 0.5 pg/kg
for LMG. The CCf's were 1.0 ug/kg and 0.9 pg/kg,
respectively. The method thus meets the European
Commission Performance requirements of 2 ng/kg.
This sensitivity is also in accordance with those
reported for similar HPLC analysis approaches (7,

9, 10, 12), besides the method that was published
by Mitrowska and co-workers (18). CCa's of that LC-
UV/Vis method were lower (0.15 pg/kg for MG and
0.13 pg/kg for LMG), and similar to CCa's of the LC-
MS/MS methods (4, 14, 15).

Table 3: Accuracy and precision of MG and LMG determined in fortified carp muscle at three concentration levels (n =

6 at each level)

Parameter Fortification level (ug/kg)
2 3 4

MG Repeatability

Mean concentration (ug/kg) 0.93 1.45 2.05

s (ng/kg)? 0.10 0.21 0.19

RSD (%)° 10.8 13.6 9.3

Recovery 47 52 51
LMG Repeatability

Mean concentration (ug/kg) 1.54 2.33 3.01

s (ug/kg) 0.10 0.05 0.10

RSD (%) 4.7 2.3 3.3

Recovery 77 78 75

2 s = Standard deviation
b RSD = Relative standard deviation

Fish Samples Analysis

The method presented was tested on a number
of samples collected randomly at different fish
farms, fish shops and fish markets. Together with
each series of samples a fortified blank sample with
MG and LMG at 2 pg/kg to control recovery was
analysed. The results were corrected for recovery of
respective series and then used as final results. Sur-
prisingly, 7 out of 33 samples contained residues of

MG (Table 4), i.e. in excess of CCa, and 1 out of 7
samples containing residues of MG was imported
from another EU country. In four samples the sum
of MG and LMG was higher than 2 pg/kg (MRPL-
value). In all seven samples we detected LMG, but in
two of them we also found MG. These two samples of
brown trout contained high concentrations of LMG
(28 and 18 pg/kg), and therefore the presence of MG
was not surprising.

Table 4: Summary of results from the analysis of 33 samples

Species MG LMG Species MG LMG
(ug/kg) (ng/kg) (ng/kg) (ng/kg)
Brown trout nd? nd Brown trout nd nd
Rainbow trout nd 1.5 Carp nd nd
Brown trout nd nd Brown trout nd 2.8
Rainbow trout nd 0.8 Rainbow trout nd nd
Brown trout 0.8 28 Brown trout nd nd
Brook trout nd nd Rainbow trout nd nd
Brook trout nd nd Brown trout nd 2.2
Brown trout nd nd Rainbow trout nd nd
Brown trout nd nd Rainbow trout nd nd
Brook trout nd nd Rainbow trout nd nd
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Species MG LMG Species MG LMG
(ug/kg) (ng/kg) (ng/kg) (ng/kg)

Rainbow trout nd nd Rainbow trout nd nd
Brook trout nd nd Carp nd nd
Rainbow trout nd nd Brown trout nd nd
Rainbow trout nd nd Brown trout 2.0 18
Brook trout nd nd Rainbow trout nd nd
Rainbow trout nd nd Brook trout nd nd
Brown trout nd 1.2

and = not detected

Conclusion

A sensitive and specific method for the determi-
nation of MG and LMG residues in trout and carp
muscle has been described. The obtained validation
results indicate the accordance of the method per-
formance with Commission Decision 2002/657/EC
(19). The CCa and CCp for MG and LMG are below
the MRPL of 2 pug/kg. The collected data demonstrate
that the sample processing and HPLC analysis is
amenable in control and inspection programs to
secure food free of this veterinary drug.
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DOLOCANJE MALAHITNEGA IN LEVKOMALAHITNEGA ZELENILA V MESU POSTRVIIN _
KRAPOV S TEKOCINSKO KROMATOGRAFIJO S SPEKTROMETRICNO IN FLUORESCENCNO
DETEKCIJO

Z. Bajc, D. Z. Doganoc, K. éinigoj Gacnik

Povzetek: Uvedli smo hitro in specificno metodo za dolo¢anje malahitnega zelenila (MG) in njegovega glavnega metabolita
levkomalahitnega zelenila (LMG) v mesu postrvi in krapov. Ostanke MG in LMG smo iz mesa rib ekstrahirali z mesanico
acetonitrila in acetatnega pufra, nato pa iz te mesanice v diklorometan. Ekstrakt smo odistili Se z metodo tekoce-trdno.
Kromatografsko locitev smo izvedli na analitski koloni z reverzno fazo z uporabo izokratske mobilne faze, sestavljene iz
mesanice acetonitrila in acetatnega pufra (0.01 M, pH 4.1). MG smo zaznali s pomocjo spektrometricnega detektorja (A
= 618 nm), LMG pa s pomocjo fluorescenc¢nega detektorja (kex = 265 nm in )»em = 370 nm). Uporaba obeh detektorjev
omogoca isto¢asno analizo ekstrata vzorca na MG in LMG. Metodo smo validirali po postopku, opisanem v Evropski
direktivi 2002/657 /EC. Povprecni izkoristek za MG in LMG, dobljen z analizo obogatenih vzorcev mesa rib na treh kon-
centracijskih nivojih (2, 3, 4 ug/kg), se je gibal med 55 % in 74 %. Relativha standardna deviacija povprecja je bila na vseh
treh koncentracijskih nivojih manjsa od 15 % za MG in 13 % za LMG. S predstavljeno metodo smo analizirali 33 vzorcev rib,
kupljenih v lokalnih trgovinah in na farmah med avgustom 2004 in aprilom 2005. V sedmih vzorcih smo ugotovili prisotnost
ostankov MG.

Kljuéne besede: antimikotiki-uporaba za zdravljenje; rosanilinska barvila-kemija; anilinske spojine-kemija; zdravila,
ostanki-analize-metode; kromatografija, tekoc¢inska; hrana, analize; postrv; krapi; ribe





