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Abstract

A novel and suitable clean-up method that allows, for the first time, the simultaneous determination of a rather large number of macrolide
antibiotics (erythromycin, rosamicin, spiramycin, tylosin, kitasamycin and josamycin in feedingstuffs by high performance liquid chromatography
with electrochemical detection (HPLC-ECD) is presented in this work. The effectiveness of the developed clean-up method allows the quantification
of the target macrolides in poultry feed using standard calibration curves instead of matrix matched standards, which overcomes the general problem
of finding representative blanks. Furthermore an additional back extraction included in the sample preparation procedure allows the determination
of an additional macrolide (oleandomycin) with detection limits, expressed as apparent concentration in poultry feed, ranging from 0.04 to
0.22mgkg~! and relative standard deviation values ranging from 3.6 to 10.1% depending on the target analyte. Moreover, this additional step
has been proven to enlarge the scope of the method by the extension of its applicability, at the target level of concentration, to other animal
feedingstuffs such as pig and cattle. The analysis of real feedingstuffs containing macrolides demonstrated the fitness for purpose of the whole
analytical procedure as well as a good fitting between real and spiked samples. The proposed methods appeared therefore as a sound alternative in
the frame of control (e.g. for post-screening purposes) and/or monitoring surveillance programmes at the target level of 1.0mgkg™! established
according to the reported lowest dosage of additive needed to lead a growth promoting effect.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction rectly because their widespread usage could be responsible for

the promotion of resistant strains of bacteria [2]. In order to help

Macrolides have been used in the rearing of food-producing
animals for treating diseases (therapeutically) or as feed
additives. The veterinary drugs that can be authorised as a
medicinal product intended for food producing animals within
the European Union (EU) are regulated by Council Regulation
2377/90/EC and its amendments. Among them we can find sev-
eral macrolides with definitive MRLs such as erythromycin,
spiramycin or tylosin [1]. Nevertheless the presence of antibi-
otic residues in foodstuffs could cause toxic effects, directly in
sensitive individuals such as allergic reactions and also indi-
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to decrease resistance to antibiotics used in medical therapy the
European Commission set out different actions in the veterinary
field such as the phase-out of the remaining use of some antibi-
otics including some macrolides such as spiramycin and tylosin
as feed additives [3].

Unfortunately the legislation is far from being worldwide har-
monized, which could lead to the presence of EU non-authorised
macrolides (i.e. kitasamycin or oleandomycin) in feedingstuffs
coming from third countries. In order to be able to enforce this
regulation as well as to control the illegal use of these com-
pounds, different kind of analytical methods suitable for carrying
out a full control strategy, which would include screening, post-
screening and confirmatory steps, is required. Those methods
should be sensible enough to detect and / or quantify macrolides
in different feedingstuffs at the target level of 1.0mgkg~!. The


mailto:maria-jose.gonzalez-de-la-huebra@ec.europa.eu
dx.doi.org/10.1016/j.jpba.2006.12.008

M.J. Gonzdlez de la Huebra et al. / Journal of Pharmaceutical and Biomedical Analysis 43 (2007) 1628—-1637 1629

selection of the target level was based on the reported lowest
dosage of additive needed to lead a growth promoting effect [4].

For the determination of various residues and contaminants
in specific food items Commission Decision 2002/657/EC intro-
duced a validation guideline [5], which classifies the analytical
methods in two main groups so called screening and confirma-
tory methods. Depending on the intended use of the method
they should fulfil different performance requirements. Overall
screening methods are designed to detect the presence of the
target compound or a class of compounds at the level of interest.
The main role of screening methods is to reduce the workload on
the confirmatory methods and therefore ideally they should have
the capability for a high throughput and are used to scrutinize
large numbers of samples for potential non-compliant results.
Moreover screening methods should show an excellent perfor-
mance to avoid false negative results. Conversely to screening
methods, confirmatory methods should provide full or comple-
mentary information to perform an unequivocal identification
and/or quantification of the target compounds, showing a low
rate of false positive results. In the field of the determination of
antibiotics most of the screening methods are microbiological
methods whereas confirmatory methods are frequently based
on mass spectrometry. Beside those methods there is still a
practical interest in developing alternative methods, so called
post-screening methods, aimed to further reduce the number of
samples submitted to confirmatory analysis. The performance
characteristics of the post-screening methods would be between
the requirements of the screening and the confirmatory methods.

Most of macrolide antibiotics show a suitable electroactive
site, electrochemical detection hence emerged in the early 80’s
as one of the most appropriate direct detection mode to carry
out their monitoring and could therefore also constitute a sound
alternative for post-screening purposes within the frame of a con-
trol strategy [6]. However, traditional electrochemical detectors
are hardly compatible with gradient elution which explains that
most of the published works referred to single analyte methods
[7-10]. Despite the intrinsic drawbacks of this kind of detec-
tors its suitability for performing multi-analyte determinations
of macrolide antibiotics, preferred for regulatory purposes, has
been demonstrated through previous publications [11,12]. The
use of a new generation of electrochemical detectors, so called
coulometric array detectors, capable of working under gradi-
ent elution conditions, resulted in a dramatic improvement of
method selectivity allowing the development and/or validation
of chromatographic methods for the separation of a high num-
ber of macrolides in biological matrices [13,14]. Contrary to
traditional electrochemical detectors, coulometric array detec-
tors provide the possibility to obtain “on-line” hydrodynamic
voltammograms (HDV) which can be considered as the electro-
chemical equivalent to the absorbance or mass spectrums and
therefore constitute a powerful tool for confirmation purposes
[15].

When coming to the determination of macrolide antibiotics
in feedingstuffs using electrochemical detection, until now and
to our knowledge the methods available in the literature are not
suitable for the intended purpose. In this frame the objective
of this paper was, thus to develop a sample preparation strat-

egy suitable for the simultaneous detection and determination
of banned, authorised or non-authorised macrolides in target
and non-target feedingstuffs applying liquid chromatography
coupled to a coulometric electrochemical detector in order to
obtain a whole post-screening analytical procedure suitable for
these matrices. Due to the lack of European legislation estab-
lishing specific performance requirements for the analysis of
antibiotics in feedingstuffs, the performance criteria established
in this work have been based on several harmonized guidelines
internationally accepted [16—19].

2. Experimental
2.1. Reagents

The commercial macrolide standards, rosamicin (ROS),
oleandomycin phosphate salt (OLE), tylosin tartrate (TYL)
and roxithromycin (ROX) were obtained from Sigma—Aldrich
(St. Louis, MO, USA) whereas kitasamycin (KIT) and
josamycin (JOS) were provided by ICN Biomedicals (Asse-
Relegem, BE). Erythromycin (ERY) was purchased from Fluka
(Sigma—Aldrich, St. Louis, MO, USA) and Spiramycin 1
(SPI) pure standard was obtained from the European Growth
Project G6RD-CT-2000-00431 [20] (hereinafter SIMBAG-
FEED project).

Potassium phosphate monobasic (reagent P §709) and potas-
sium phosphate dibasic (reagent P 8584) 1.0 M solutions, 0.2 pm
filtered, were provided by Sigma—Aldrich (St. Louis, MO, USA).

Acetonitrile (ACN) HPLC grade and methanol (MeOH)
HPLC grade were purchased from Fluka (Sigma—Aldrich, St.
Louis, MO, USA) and tert-buthyl-methyl-ether (MTBE) HPLC
grade from Aldrich (Sigma—Aldrich, St. Louis, MO, USA).

Acidic alumina was obtained from Merck.

HLB and MCX Oasis cartridges were obtained from Waters
(Milford, MA, USA).

Pure water (18.2 M2 cm quality) used for the preparation of
all the aqueous solutions was obtained from a MilliQ Plus 185
System (Millipore, Molsheim, France).

Feedingstuffs blanks (hereinafter blank samples) and feed-
ingstuffs samples fortified with different antibiotics and growth
promoters including spiramycin and tylosin at different con-
centration levels, so called materials 1-3 (poultry) materials
4-5 (pig) and materials 67 (cattle), were obtained from the
SIMBAG-FEED project and analyzed as unknown samples
(hereinafter real samples).

To carry out the recovery assays additional feed samples were
also prepared “in-house” by adding to the blank feedingstuffs
the appropriate volume of a mixture containing all the target
macrolides (hereinafter spiked samples). These samples were
stored overnight at +4 °C protected from the light before sub-
mitting them to the sample preparation procedure.

2.2. Preparation of standard solutions
Stock solutions of OLE (2.53gL~"), ERY (2.47gL™1),

ROX (2.50gL™1), SPI 1 (2.50gL™1), TYL (247gL71),
ROS (1.00gL~!), JOS (2.50gL~!) and KIT (2.53gL71)
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were prepared by dissolving the commercial compounds in
acetonitrile. These stock solutions were stored away from the
light in polypropylene tubes at —28 °C until used.

Working individual and mixture solutions of macrolides were
prepared daily from the respective stock solutions by dilu-
tion in a mixture of (phosphate buffer 1 M pH 6.3:H,O:ACN
(12.5+587.5 +150), hereinafter solvent A, at the appropriate
concentrations. All working solutions were kept at +4 °C and
protected from the light.

2.3. Sample preparation

The grinding and homogeneity of both blank and real samples
have been studied in the course of the SIMBAG-FEED project.
One outcome of the homogeneity study in particular was the
proven homogeneity of all materials for 5 g sample size.

A 50+£0.1g sized feedingstuff sample was therefore
selected as appropriate sample size and placed in a 50 mL falcon
tube, the powder was then thoroughly mixed with 10 mL of water
in order to wet all the feed, and subsequently another 10 mL of
MeOH was added, manually mixed and submitted to head over
heels agitation for 30 min. After that, the sample was centrifuged
at 4000 x g for 10 min. A 5mL aliquot of the supernatant was
collected and reduced up to ~2mL under a gentle stream of
nitrogen at 37 °C. Once the volume was reduced, the mixture
was centrifuged at 4000 x g for another 5 min. The obtained
supernatant was loaded on a home-made acidic alumina column
(1.0£0.1 g) and collected by gravity on a HLB Oasis cartridge
previously conditioned with 3 mL of MeOH followed by 3 mL of
water. Once all the liquid was passed by gravity through the HLB
Oasis cartridge a washing step, aimed to remove matrix inter-
ferents, was performed by passing through it another 4 mL of a
mixture NH4OH: HyO: MeOH 5:35:60 v:v:v. After the washing
step the macrolides were eluted from the HLB Oasis cartridge
with 2mL of ter-methylbutyl ether (MTBE) and collected on
a glass tube. The washing and the elution steps have been per-
formed by gravity. The collected eluate was then evaporated up
to dryness under a gentle stream of nitrogen at 37 °C. The dried
residue was finally re-dissolved in 1 mL of solvent A containing
the internal standard (ROX) at a concentration of 2 ugmL ™!,

2.4. Matrix-matched calibration standards

In order to prepare the matrix-matched calibration standards,
a blank feedingstuff was submitted to the procedure detailed
in Section 2.3. The dried residue obtained after the whole
procedure was dissolved back in 1 mL of MTBE, aliquoted,
re-evaporated and finally re-dissolved in the same volume of
solvent A containing the internal standard (ROX) at a concen-
tration of 2 wg mL~'and the target macrolides at the appropriate
concentration level.

2.5. Chromatographic separation and electrochemical
detection

All chromatographic measurements were performed with a
HPLC system SERIE VP (Shimadzu Benelux, Hertogenbosh,

NL) followed by a multichannel COULARRAY coulometric
detector (ESA Belford, MA, USA). Separation was performed
with a Waters Corp. (Milford, MA, USA) SymmetryShield RP8
(150 mm x 3.9 mm; 5 wm particle size) analytical column. A
binary mobile phase was constituted by a mixture of solvent A
(phosphate buffer 1 M pH 6.3:H,O:ACN (12.5 +587.5 + 150)),
and solvent B (phosphate buffer 1M pH 6.3:H,O:ACN
(12.5+237.5 + 600)). The content of the solvent B was increased
from 20 to 80% over 30 min. The initial proportion of solvent
B (20%) was then pumped for 10 min before the next injection
was started. The mobile phase flow-rate was set at 0.8 mL min~!
and the separation was performed at 50 °C.

The selection of the quantification channel required a trade-
off between the larger signal given by the target macrolides and
the lowest signal given by the matrix components. The cumu-
lative signal of the channels set at 800 mV and at 850 mV was
found optimum to perform the quantification of the macrolides
in feedingstuffs.

3. Results and discussion
3.1. Optimisation of the sample preparation procedure

Even when there are a relatively large number of publica-
tions related to the analysis the macrolides most of them are
developed for the analysis of a single macrolide. Preliminary
tests, performed with sample preparation procedures that were
successfully applied for the determination of a similar group
of macrolides in animal tissues, or biological fluids lead to
dirty extracts not suitable for the quantification of the selected
antibiotics at the target level in poultry feed when using elec-
trochemical detection [13,21,28]. In the present method, our
challenge was therefore to develop a sample preparation proce-
dure suitable for the electrochemical detection and quantification
of several banned or non-authorised macrolide antibiotics in
feedingstuffs using liquid chromatography. Bearing in mind the
specific characteristics of our determination, mainly in terms of
detection requirements and chemical nature of the target antibi-
otics, several studies were performed, initially with standard
mixtures and afterwards with spiked feedingstuffs, in order to
optimize the different steps involved in the sample preparation
procedure. The main conclusions obtained from each of the
performed assays can be summarized as follows:

e Based on the solubility of the target macrolides and the com-
position of the feedingstuffs a mixture of MeOH and H,O was
considered as the most appropriate to carry out the solid-liquid
extraction.

e The obtained extract was partially evaporated under a Nj
stream at 37 °C before the clean-up procedure for reducing
the percentage of MeOH below 5% [21] in order to prevent
the breakthrough of the macrolides from the SPE cartridges
within the loading step.

e The SPE method was selected for performing the clean-up
of the extracts. Based on literature [21-28] polymeric and
cationic stationary phases were tested.
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Fig. 1. Elution profiles of standard mixtures of oleandomycin (OLE), ery-
thromycin (ERY), rosamicin (ROS), spiramycin 1 (SPI 1), tylosin (TYL),
kitasamycin (KIT) and josamycin (JOS) prepared in MeOH:H,O 50:50 using
Oasis HLB cartridges. Full experimental conditions provided in the text.

o Elution profiles were established with different MeOH: NHj:
H>O mixtures in both kind of SPEs. Better behaviour was
observed when using a polymeric phase, therefore HLB
Oasis cartridges were selected (Fig. 1). A washing step with
4mL of a mixture MeOH:NH4:H,O (60:5:35) was found
optimum to minimize the interferents from the feedingstuff
matrix without having a significant breakthrough of the target
compounds.

e Different elution solvents were tested with spiked feed-
ingstuffs. An elution step with 2 mL of MTBE shows the best
trade-off between recovery and selectivity.

e The loading, washing and eluting flow rate have been proven
to have a critical effect on the obtained recoveries as well as
in their reproducibility. The best results were obtained when
all the steps were carried out by gravity.

e Two major endogenous signals appearing around the reten-
tion time of spiramycin and oleandomycin (Fig. 2a) have
been notably reduced by passing the partially evaporated
extract through a 1.0 £ 0.1 g home-made acidic alumina col-
umn before loading it on the HLB Oasis cartridge (Fig. 2b).

The whole sample preparation procedure was detailed in Sec-
tion 2.3.
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Fig. 2. Chromatogram profiles obtained with blank poultry feedingstuffs
extracts submitted to different clean-up procedures. (a) After Oasis HLB clean-
up, (b) after acidic Al,O3 plus Oasis HLB clean-up, (c) after acidic Al;O3 plus
Oasis HLB clean-up plus an additional back extraction in MeOH and (d) stan-
dard mixture of the seven target macrolides at a concentration of 1.0mgL~!.
See text for other experimental conditions.

3.2. Quantification approach

The sample preparation procedure developed in this work
lead to reasonable clean extracts. This observation raised the
possibility of using a standard calibration curve to attempt the
quantification of the target macrolides in feedingstuffs. This
approach is always advisable, whenever possible, because it
overcomes the difficulty of finding representative blanks, which
is a handicap for the analysis of samples such as feedingstuffs
characterised by their very complex composition. Unfortunately,

Peak Height (macroiide) / Peak Height i,

0.0 0.5 1.0 1.5 20

25 3.0 35 4.0 4.5

Apparent concentration in feedingstuffs (mg kg-)

Fig. 3. Typical calibration curves obtained by using standard calibrants and matrix-matched calibrants. (a) ERY, (b) OLE, (c) JOS, (d) TYL and (e) KIT. Dashed lines
and hollowed squares represent matrix-matched calibrants and solid lines and filled symbols represent standard calibrants. See text for other experimental conditions.
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Table 1a

Recoveries obtained in poultry feed blank spiked at different levels of concentration

Poultry feed spiked at
0.5mgkg™! (N=6)

Poultry feed spiked at
1.0mgkg™' (N=6)

Poultry feed spiked at
2.0mgkg=' (N=6)

Averaged (N=18)

Recovery (%) S.D.2 Recovery (%) S.D.? Recovery (%) S.D.2 Recovery (%) S.D.?
OLE 136.3 5.6 70.6 6.1 84.7 14.4 97.2 30.4
ERY 84.4 3.4 78.1 4.6 82.8 3.2 81.8 4.5
ROS 71.5 11.1 64.9 49 80.1 6.4 74.2 10.1
SPI'1 82.1 2.8 94.3 10.8 97.6 2.8 91.3 9.3
TYL 98.4 8.8 82.6 9.0 97.7 5.1 92.9 10.5
KIT 110.9 12.2 95.8 8.0 108.0 4.6 104.9 10.7
JoS 108.4 9.6 101.7 9.5 111.6 4.6 107.2 8.8

4 Standard deviation expressed as percentage.

performing the quantification with matrix matching or with stan-
dard calibration curves usually lead to significant differences in
the obtained signals, due to the effect of the matrix on the detec-
tor, and therefore in the final results. In this case in the frame of
routine control analyses, the standard addition approach has to
be applied since the matrix of the unknown samples is in general
not available to the laboratories.

In order to investigate the occurrence of matrix effects, the tar-
get analytes in the poultry feed matrix were quantified against
calibration solutions containing the pure standard compounds
and calibration solutions prepared on cleaned extracts from a
blank matrix. The calibration curves obtained with the two sets
of solutions show the equivalence of both approaches (Fig. 3).
Furthermore the values of the slopes and the origin ordinates
calculated with one set of calibrants (matrix-matched calibra-
tion approach) are within the confidence limits (P=0.05) of
the ones obtained using the other set of calibrants (standard
calibration approach). Therefore it can be concluded that both
calibration curves are equivalent at this probability and can be
used indistinctly. The limits of detection (LODs), calculated as
three times the signal-to-noise ratio of different poultry blanks
(n=28), obtained within the retention time plus minus the width
of the peak for each macrolide ranged from 0.02t0 0.61 mgkg ™!
(expressed as apparent concentration of the macrolides in poul-
try feed).

3.3. Recovery assay in spiked poultry samples

In order to estimate the recovery of the analytical procedure,
different poultry feeds were spiked in duplicate at three concen-
tration levels (three repetitions of two independent samples for
each concentration level, i.e. N=6). The spiked samples were
left overnight and then submitted to the sample procedure and
analyzed as detailed above. The quantification was carried out
with standard calibration curves (Table 1a). No pattern has been
found with the concentration, which suggests a non-dependence
of the obtained recoveries with the level of concentration. The
unexpected high recovery obtained for OLE of about 140% at the
lowest concentration level tested (0.5 mgkg™!), seems to sug-
gest an overestimation of this macrolide at low concentrations,
probably due to an endogenous interferent appearing nearby the
retention time of OLE (Fig. 2b). Nevertheless the abovemen-
tioned sample preparation is fully suitable for the determination

of the six remaining macrolides (ERY, ROS, SPI 1, TYL, KIT
and JOS) showing mean recoveries between 74 and 107% with
relative standard deviation values below 13.6%.

3.3.1. Analysis of real poultry samples

The sample preparation described above was applied for the
identification and quantification of several real samples of poul-
try feed, so called materials 1, 2 and 3. The three different
materials were analyzed in duplicate (three repetitions of two
independent samples for each material, N=6). The analysis of
the materials results on the successful identification of one or
two target macrolides. The experimental mean recoveries of
the materials are stated in Table 2. These results are within the
range of recoveries (mean % 2S.D.) calculated with spiked poul-
try feedingstuffs which demonstrate a good fitting between real
and spiked samples.

|
i

Fig. 4. Typical chromatograms obtained with real poultry feedingstuffs samples
without the back extraction in MeOH. (a) Material 2, (b) material 1, (c) mate-
rial 3 diluted 1:3 and (d) standard mixture of the seven target macrolides at a
concentration of 1.0mg L~
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Table 1b
Recoveries obtained in poultry feed blank spiked at different levels of concentration with a back extraction in MeOH

Poultry feed spiked at Poultry feed spiked at Poultry feed spiked at Averaged (N=18)

0.5mgkg=! (N=6) 1.0mgkg™' (N=6) 2.0mgkg~! (N=6)

Recovery (%) S.D.2 Recovery (%) S.D.2 Recovery (%) S.D.2 Recovery (%) S.D.2
OLE 75.9 4.6 74.7 2.0 65.8 6.4 72.2 6.4
ERY 86.4 1.3 81.6 35 78.1 3.0 82.0 43
ROS 54.3 5.1 63.2 2.4 66.0 3.0 61.2 6.2
SPI 1 67.6 1.6 80.0 3.0 76.7 3.6 74.8 6.0
TYL 88.6 4.1 76.6 49 77.2 32 80.8 6.9
KIT 92.7 0.9 84.3 3.7 90.0 3.1 89.0 4.5
JOS 101.0 22 94.2 1.8 96.8 2.6 97.3 35

4 Standard deviation expressed as percentage.

Table 2
Precision and recoveries obtained with poultry SIMBAG materials
Nominal concentration (mgkg™') Experimental concentration (mgkg™") Recovery (%) S.D.2
Range Mean

Material 1

TYL (n=6) 4.0 3.24-4.02 3.59 89.9 8.4
Material 2

TYL (n=6) 1.0 0.77-0.94 0.85 86.0 6.4
Material 3

SPI1 (n=6) 72 5.37-6.27 5.58 71.5 4.8

TYL (n=6) 6.9 6.07-6.57 6.32 91.4 2.8

2 Standard deviation expressed as percentage.

Table 3a
Precision and recovery for different feedingstuffs spiked at the target level with a back extraction in MeOH

Cattle feed spiked at Pig feed spiked at Poultry feed spiked at Averaged (N=26)

1.0mgkg™! (N=10) 1.0mgkg™! (N=10) 1.0mgkg™' (N=6)

Recovery (%) SD? Recovery (%) SD?* Recovery (%) SD? Recovery (%) SD?
OLE 80.6 2.0 84.5 1.4 74.7 2.0 80.7 4.1
ERY 115.0 8.8 922 7.7 81.6 35 98.5 15.0
ROS 59.0 4.8 54.5 35 63.2 2.4 58.2 5.1
SPI 1 72.1 6.1 68.7 7.6 80.0 3.0 72.6 7.5
TYL 73.4 4.5 69.7 2.8 76.6 4.9 72.7 4.7
KIT 88.8 6.5 80.6 3.0 84.3 3.7 84.6 5.9
JOS 100.3 5.8 93.2 4.1 94.2 1.8 96.1 55

2 Standard deviation expressed as percentage.
3.4. Inclusion of the determination of oleandomycin

The analysis of spiked poultry feedingstuffs indicated some

problems in the quantification of OLE at the lowest concentra- ~ Table 3b

tion tested (0.5 m g k gfl ) revealed by extrem ely hi gh recoveries Overall precision and recovery values with a back extraction in MeOH

obtained for this macrolide. This can be explained for the remain- N=38

ing er?doge':nous interferent in some poultry blanks nearby 'the Recovery (%) S D2

retention time of OLE. Even when the recovery and precision

results obtained including those measurements are within the SI%E{ ;;2 11‘26

limits comrponly .accepted.\x{he.n multilevel recovery is calcg- ROS s3.8 58

lated for this family of antibiotics [22,29] the presence of this SPI 1 72.5 6.8

endogenous signal could lead to false positives when real sam- TYL 75.9 7.2

ples are analyzed (Fig. 4). It should therefore not be advisableto ~ KIT 86.7 6.0
JOS 97.0 5.0

use the method to carry out the detection and/or quantification of
OLE. In order to extend the applicability of the method for OLE, * Standard deviation expressed as percentage.
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Fig. 5. Chromatogram profiles obtained with different types: (A) cattle, (B) pig and (C) poultry feedingstuffs extracts submitted to the sample preparation including
the back extraction in MeOH. (I) Blank feedingstuffs, (II) feedingstuffs spiked with the target macrolides at a concentration of 1.0 mg kg~ and (III) standard mixture
of the seven target macrolides at a concentration of 1.0mgL~". Peak identification—(1) OLE, (2) ERY, (3) ROS, (4) SPI 1, (5) TYL, (6) ROX (IS), (7) KIT and (8)

JOS.
Table 4
Precision and recovery for different SIMBAG materials with a back extraction in MeOH
Nominal concentration (mgkg ") Experimental concentration (mgkg~!) Recovery (%) S.D.2
Range Mean
Poultry feed
Material 1
TYL 4.0 3.05-3.26 3.14 79.1 2.7
Material 2
TYL 1.0 0.68-0.69 0.68 68.9 0.8
Material 3
SPI 1 7.2 4.87-6.10 5.41 752 8.7
TYL 6.9 5.06-5.67 5.26 75.7 4.9
Pig feed
Material 4
SPI 1 0.7 0.48-0.54 0.51 73.1 39
Material 5
SPI 1 3.6 2.21-2.57 2.37 65.8 4.1
Cattle feed
Material 6
SPI 1 14 1.02-1.07 1.04 74.6 1.7
TYL 2.0 1.53-1.64 1.58 79.6 2.4
Material 7
SPI 1 29 1.64-1.90 1.77 61.1 34
TYL 5.0 3.05-3.51 3.25 65.5 3.7

2 Standard deviation expressed as percentage.
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an additional back extraction in MeOH was introduced. There-
fore the MTBE eluate residue obtained from the SPE procedure
was subsequently re-dissolved in 2 mL of MeOH. After closure
of the tube, it was submitted to sonication for 5 min in order to
facilitate the re-dissolution of the dry residue. The resulting solu-
tion was then aliquoted, re-evaporated and finally re-dissolved
in the appropriate volume of solvent A containing the internal
standard at a concentration of 2.0 wg mL~!. This additional step
leads to a further clean-up of the samples making the whole pro-
cedure more selective. As expected this additional step lead to
a cleaner chromatogram pattern without any endogenous signal
which allowed the reliable quantification of OLE (Fig. 2¢) mak-
ing thus the latter method suitable for the determination of seven
macrolides in poultry feed in a single run.

3.4.1. Recovery assay in poultry spiked samples

The influence of this additional step in the recovery of
the macrolides was evaluated by repeating the recovery assay
described in Section 3.3. Therefore independent poultry feeds
were again spiked in duplicate at three concentration levels
(three repetitions of two independent samples for each concen-
tration level i.e. N=6) and submitted to the sample preparation

described in Section 2.3. but now including the additional back
extraction in MeOH. The new procedure lead to a general
decrease on the mean recoveries as well as an increment of the
precision for all the target macrolides at the tested concentration
levels (Table 1b). Moreover likewise without the additonal back
extraction step, no pattern has been found with the concentration
which proved the validity of the previous conclusions regarding
the concentration level. Furthermore the obtained recoveries for
all tested macrolides ranged from 61 to 97% and are within the
values reported for this kind of analysis [4,28]. Experimental
detection limits, calculated as three times the signal-to-noise
ratio of different poultry blanks, obtained within the reten-
tion time plus minus the width of the peak for each macrolide
ranged from 0.04 to 0.22 mgkg~!. Considering the target level
of 1.0mgkg~! for each compound the obtained LODs are con-
sidered acceptable.

Overall the new sample procedure lead to lower but still satis-
factory and more precise recoveries (relative standard deviation
values below 10.1%). In addition and conversely to the previ-
ous method no interference was now observed for any of the
tested macrolides which makes this new procedure more selec-
tive, reducing the possibility of false positives and suitable for

| Weigh 5.0 £ 0.1 g feedingstuffs |

Add 20mL of H,O : MeOH (50 %)+ head over heels mixed 30 min.

| Centrifuge at 4000xg 10 min |

‘ Take a 5mL aliquot of the supernatant |

‘ Evaporate up to ~2mL under N, stream at 37°C ‘

| Centrifuge at 4000xg 2 min. ‘

‘ Load on 1.0 £ 0.1g Al,O; column + collect on a Oasis HLB cartridge |

By gravity

| Wash with 4mi MeOH:H,0: NH,OH (60:35:5) + Elute with 2mL MTBE |

‘ Evaporate to dryness under N, stream at 37°C ‘

.

Reconstitute in 1mL solvent A+IS ‘ ]

.

| Reconstitute in 2 mL MeOH |

.

| Take a 1mL aliquot |

!

| Evaporate to dryness under N, stream at 37°C ‘

h 4
Injection

(A)

’

| Reconstitute in 0.5mL solvent A+IS |

(8

Fig. 6. Scheme of the sample preparation procedures: (A) without the back extraction in MeOH and (B) with the back extraction in MeOH.



1636 M.J. Gonzdlez de la Huebra et al. / Journal of Pharmaceutical and Biomedical Analysis 43 (2007) 1628—-1637

the reliable determination of the seven macrolides at a lower
concentration level.

3.4.2. Extension of the recovery assay to other animal feed

Once checked that there was no dependence of the recoveries
obtained with the concentration level (with and without the addi-
tional back extraction in MeOH) another assay was performed
in order to investigate a possible dependence of the recovery rate
with the type of feedingstuffs. The aim of this study was to prove
the feasibility to extend the applicability of the proposed method
to other animal feedingstuffs, enlarging therefore the scope of
the method.

Different feedingstuffs (cattle and pig) were thus spiked in
duplicate at the target level (1.0mgkg™') and after leaving
them overnight the samples were submitted to the latest sam-
ple preparation procedure involving the additional methanol
back extraction. Table 3a depicts the obtained recoveries for
each kind of feedingstuffs (poultry, cattle and pig). As can be
seen in Fig. 5 similar chromatogram profiles were obtained
for each macrolide in the three kinds of feedingstuffs tested,
which suggest the validity of the conclusions previously stated
with the poultry feedingstuffs. Furthermore, no relevant effect
was observed on the obtained recoveries as regards the kind of
feedingstuffs which indicates the absence of a matrix mismatch.

Once proved that the recoveries obtained are independent
from the concentration level (Section 3.4.1) and from the nature
of feedingstuffs analyzed (Section 3.4.2) experimental recovery
limits can be established for each target macrolide by pooling
the results obtained in the sections mentioned above and defined
as previously i.e. mean &+ 2S.D. (Table 3b).

3.4.3. Analysis of real cattle, pig and poultry samples

The assumptions described above were corroborated by
analysing real samples of different materials so called mate-
rials 1, 2 and 3 (poultry feedingstuffs) materials 4 and 5
(pig feedingstuffs) and materials 6 and 7 (cattle feedingstuffs).
Description of the nominal content of each macrolide in the
tested materials is stated in Section 2.1. The obtained results are
depicted in Table 4.

The analyses of the different materials lead to the identifi-
cation of one or two target macrolides in the materials. The
experimental concentration obtained with the test samples were
within the recovery ranges established with spiked samples.
Therefore the fit for purpose of the method proposed for those
macrolides, as well as a good fitting between real and spiked
samples was demonstrated.

A scheme of both sample preparation procedures is shown in
Fig. 6.

4. Conclusions

A full sample preparation procedure, suitable first for the
analysis of up to six macrolides (ERY, ROS, SPI 1, TYL, KIT
and JOS) in poultry feedingstuffs by liquid chromatography cou-
pled to an electrochemical detector has been developed in this
paper. Due to the complexity of the matrices and the instrumen-
tal requirements, the development was focussed in the clean-up

of the obtained extracts. A recovery assay performed in poul-
try feed indicated a non-dependence of the recoveries with the
concentration level.

It has been proven that the optimised sample preparation,
mainly focussed on the clean-up procedure, allows the quantifi-
cation of the target macrolides in poultry feedingstuffs by using
standard calibration curves. The proposed method has been suc-
cessfully applied in test poultry feed samples demonstrating a
good fitting between spiked and real samples.

The inclusion of a back extraction in methanol as an addi-
tional step within the sample preparation procedure makes
possible to extend the determination up to seven macrolides
(OLE, ERY, ROS, SPI 1, TYL, KIT and JOS). This additional
step lead to lower recoveries in spiked poultry feed and more-
over also provided cleaner chromatograms profiles and more
precise recoveries without a dependence on the concentration
level. The suitability of the modified sample preparation proce-
dure in different animal feedingstuffs (poultry, cattle and pig) has
been successfully proven at the target level of concentration. All
matrices lead to similar recovery values which indicates a non-
dependence of the recoveries with the kind of feedingstuffs and
consequently the applicability of the method to different animal
feedingstuffs. In addition, the analysis of test samples poultry
cattle and pig lead to similar results than the ones obtained with
spiked samples.

Both methods gave recovery and precision values within the
range of the methods previously published for this kind of analy-
sis and therefore demonstrate that the electrochemical detection
is a sound alternative to carry out the analysis of the target
macrolides in feedingstuffs within the frame of a control strategy
(post-screening method) and/or monitoring surveillances.

References

[1] Council Regulation (EC), No. 2377/90, Off. J. Eur. Commun. L 224 (1990)
1-8.
[2] Opinion of the Scientific Committee on Animal Nutrition on the criteria for
assessing the safety of micro-organisms resistant to antibiotics of human
and veterinary importance, July 3, 2001.
[3] Council Regulation (EC), No. 2821/98, Off. J. Eur. Commun. L 351 (1998)
4-8.
[4] C. Civitareale, M. Fiori, A. Ballerini, G. Brambilla, J. Pharm. Biomed.
Anal. 36 (2004) 317-325.
[5] Commission Decision 2002/657/EC, Off. J. Eur. Commun. L 221 (2002)
8-36.
[6] I. Kanfer, M.E. Skinner, R.B. Walker, J. Chromatogr. 812 (1998) 255-286.
[7] L.G. Nilsson, B. Walldorf, O. Paulsen, J. Chromatogr. 423 (1987) 189-197.
[8] G.S. Duthu, J. Liquid Chromatogr. 7 (1984) 1023-1032.
[9] R.M. Shepard, G.S. Duthu, R.A. Ferraina, M.A. Mullins, J. Chromatogr.
565 (1991) 321-337.
[10] C. Stubbs, J.M. Haigh, I. Kanfer I, J. Liquid Chromatogr. 10 (1987)
2547-2557.
[11] M.J. Gonzilez de la Huebra, G. Bordin, A.R. Rodriguez, Electroanalysis
15 (2003) 473-479.
[12] M.J. Gonzalez de la Huebra, G. Bordin, A.R. Rodriguez, Anal. Bioanal.
Chem. 375 (2003) 1031-1037.
[13] M.J. Gonzélez de 1a Huebra, G. Bordin, A.R. Rodriguez, Anal. Chim. Acta
517 (2004) 53-63.
[14] M.J. Gonzalez de la Huebra, U. Vincent, G. Bordin, A.R. Rodriguez, Anal.
Bioanal. Chem. 382 (2005) 433-439.



M.J. Gonzdlez de la Huebra et al. / Journal of Pharmaceutical and Biomedical Analysis 43 (2007) 1628—-1637 1637

[15] IN. Acworth, M. Naoi, H. Parvez, S. Parvez (Eds.), Progress in HPLC-
HPCE, vol. 6. Coulometric Electrode Array Detectors for HPLC, VSP,
The Netherlands, 1997.

[16] M. Thompson, S.L.R. Ellison, A. Fajgelj, P. Willetts, R. Wood, Pure Appl.
Chem. 71 (1999) 337-348.

[17] P.de Bievre, et al. (Eds.), The Fitness for Purpose of Analytical Methods. A
Laboratory Guide to Method Validation and Related Topics. EURACHEM
Guidance Document, LGC (Teddington) Ltd., 1998.

[18] M. Thompson, S.L.R. Ellison, R. Wood, Pure Appl. Chem. 74 (2002)
835-855.

[19] S.L.R. Ellison, M. Rosslein, A. Williams (Eds.), EURACHEM/CITAC
Guide Quantifying Uncertainty in Analytical Measurements, 2nd ed., 2000.

[20] J. de Jong, M.J.H. Tomassen, H.J. van Egmond, J.A. Rhijn, T. Zuidema, J.
Michard, C. Genouel, G. Brambilla, J.M.G. Nunes da Costa, E. Nordkvist,
W. Wagner, A. Thalmann, A. Ploger, G. Rath and C. von Holst, in: D. Barug,
J. de Jong, A.K. Kies, M.W.A. Verstegen (Eds.), Wageningen Academic
Publishers, ISBN: 90-7699887-6, 2006.

[21] C.Leal, R. Codony, R. Compaid, M. Granados, M.D. Prat, J. Chromatogr.
A 910 (2001) 285-290.

[22] R. Codony, R. Compafié, M. Granados, J.A. Garcia-Regueiro, M.D. Prat,
J. Chromatogr. A 959 (2002) 131-141.

[23] M. Horie, H. Takegami, K. Toya, H. Nakazawa, Anal. Chim. Acta 492
(2003) 187-197.

[24] J. Wang, J. Agric. Food Chem. 52 (2004) 171-181.

[25] M. Dubois, D. Fluchard, E. Sior, Ph. Delahaut, J. Chromatogr. B 753 (2001)
189-202.

[26] P. Edder, L. Coppex, A. Cominoli, C. Corvi, Food Add. Contam. 19 (2002)
232-240.

[27] M. Horie, K. Saito, R. Ishii, T. Yoshida, Y. Haramaki, H. Nakazawa, J.
Chromatogr. A 812 (1998) 295-302.

[28] C. Van Pouke, K. De Keyser, A. Baltusnikiene, J.D.G. McEvoy, C. Van
Peteghem, Anal. Chim. Acta 485 (2003) 99-109.

[29] M.P. Schlusener, K. Bester, M. Spiteller, Anal. Bioanal. Chem. 375 (2003)
942.



	Sample preparation strategy for the simultaneous determination of macrolide antibiotics in animal feedingstuffs by liquid chromatography with electrochemical detection (HPLC-ECD)
	Introduction
	Experimental
	Reagents
	Preparation of standard solutions
	Sample preparation
	Matrix-matched calibration standards
	Chromatographic separation and electrochemical detection

	Results and discussion
	Optimisation of the sample preparation procedure
	Quantification approach
	Recovery assay in spiked poultry samples
	Analysis of real poultry samples

	Inclusion of the determination of oleandomycin
	Recovery assay in poultry spiked samples
	Extension of the recovery assay to other animal feed
	Analysis of real cattle, pig and poultry samples


	Conclusions
	References


