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Integrated strategy for the qualitative and quantitative analysis
of residues of antimicrobial substances in food products

ELENA PIECKOVA - CARLOS H. VAN PETEGHEM

SUMMARY. An efficient drug residue monitoring should involve screening as well as con-
firmatory methods. A demonstration of the feasability of an integrated strategy for
the qualitative and quantitative analysis of residues of antibacterial substances in food-
stuffs of animal origin (edible tissues) was aimed by the running project. Screening
methods - high performance thin layer chromatography for sulfonamide residues and
enzymatic immunoassays for tetracyclines and aminoglycosides (neomycin), followed
by confirmation by means of high performance liquid chromatography with mass-spect-
rometric detection, were carried out. The screening methods used were all simple and
relatively low-cost, and provided reliable results. Out of the samples tested, 16, 81, 13 %
of kidney and 31, 75, 9 % of muscle samples were positive for tetracyclines, sulfonamides
or neomycin.

KEYWORDS: antibiotics; residues; foods of animal origin; screening

An increased availability and use of veterinary drugs in livestock produc-
tion is paralleled by a rising concern to the presence of their residues
in the food supply. Residue monitoring is an issue of great interest of health
authorities, food producers, distributors, and consumers as well. Regarding
the residues, antimicrobial drugs represent a particularly important group of
drugs. These compounds may be used in food producing animals for
the treatment of diseases or, additionally, to prevent their outbreak, and
to promote growth. The illicit use (e. g. over-dosage, improper withdrawal
time) of the drugs may result in the presence of their residues in animal
derived foodstuffs.

Residues of antimicrobials could represent a risk for consumer health
(toxic effects, allergic reactions, potential development of resistant microbial
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strains). But they could be harmful to the treated animal, too, and cause
technological problems in the fermentative processing of some foods as well.

To safeguard human health, the European Union (EU) has set safe maxi-
mum residue limits (MRLs) for residues of veterinary drugs in products
of animal origin entering the human food chain. The establishment of MRLs
in the EU is governed by Council Regulation 2377/90 EEC [1]. This regula-
tion includes lists of compounds that have a fixed MRL (Annex I), that need
no MRL (Annex II) or which have a provisional MRL (Annex III). Com-
pounds prohibited in veterinary use are listed in Annex I'V.

Monitoring of veterinary drug residues is governed by national sur-
veillance schemes, established under Council Directive 96/23/EC [2]. Cri-
teria that define the performance expected of both screening and confirma-
tory methods for residues have been established in Commission Decision
93/256/EEC [3].

In the USA, the Food Safety and Inspection Service (branch of the Uni-
ted States Department of Agriculture) has developed ,,Compound evaluati-
on and analytical capability national residue program plan“ to monitor
the presence of antimicrobials in tissues from food animals and to set their
governmental tolerances [4].

For controlling the application of the European directives and regulati-
ons, a program of control of residues, mainly substances illegally used as
growth promoters and veterinary drugs, including unauthorized substances
which could be used as veterinary drugs, must be put into place annually
and executed by member states of the EU after approval by the Commission.
Besides the controls performed at random and planned in the framework
of the national plan, there are also directed controls based on indications
of illegal use or in case of forced slaughter [2].

For antibiotics and other growth inhibiting substances, a suitable control
system should consist of, at least, these stages:

- prescreening at the level of the slaughterhouses by means of microbiolo-
gical tests for the presence of growth inhibiting substances;

- selective screening of the such identified positives by means of conventi-
onal analytical methods (e. g. immunoassays, high performance thin layer
chromatography - HPTLC) to pursue identification of the group
of growth inhibitors, namely sulfonamides, f—lactams, tetracyclines, ami-
noglycosides, chloramphenicol and macrolides;

- chemical identification within the group of individual growth inhibitors
by means of gas chromatography - GC, GC with mass-spectrometric
detection, high performance liquid chromatography with fluorescence
or tandem mass-spectrometric detection - LC/MS/MS;
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- quantitative assay of the identified residues in view of the established
MRLs.

The latter three stages are not yet operational, due to the lack of an inte-
grated analytical strategy.

A demonstration of the feasability of such an ,integrated strategy
for the qualitative and quantitative analysis of residues of antibacterial sub-
stances in foodstuffs of animal origin“ was aimed by the running project.
Harmonization of analytical methods in the food product sector finally
should allow a better protection of consumer's health and would offer better
guaranties for the quality of the product.

Material and methods

Bovine and porcine kidney samples were collected in the directed control
at the slaughterhouses with about 6 % of positives in microbiological pre-
screening. Random kidney samples, taken out from these positives, together
with the tissue samples of the suspected carcasses, as well as blank kidney,
were collected and transferred to the laboratories for the development
of the pilot analytical methodology including selective (group) screening,
identification and quantification of active substances.

The selective screening stage was carried out in two phases. The first se-
ries of methods was looking for sulfonamides and tetracyclines, the second
set looking for aminoglycosides (neomycin) was carried out only with sam-
ples negative for the two previous groups.

In the frame of this study, two commercially available immunoassay kits
for tetracycline screening were employed: Ridascreen Tetracyclin kit
(Product No. R 3501, Lot No. 01010 and 01330) by R-Biopharm GmbH,
Darmstadt, Germany and LacTek TC by IDEXX Laboratories, Westbrook,
Maine, USA. At this stage, 80 samples of porcine and bovine kidney and 84
muscle samples submitted by IVK have been analysed for presence of tetra-
cyclines by means of Ridascreen Tetracyclin. High performance liquid chro-
matography - tandem mass-spectrometric method (by means
of the LC/MS/MS system Water Alliance 2690 HPLC system from Waters,
Milliford, Massachusetts, USA coupled to a Quattro LCZ mass spectrome-
ter from Micromass UK, Altrincham, Chesire, UK) with on-line extraction
and sample clean-up was used for confirmation of residues of tetracyclines
in evaluated samples [5].
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Since only single-compound immunochemical commercial kits are avai-
lable until now, the qualitative analysis of sulfonamides in meat and kidney
samples was performed by an ethylacetate extraction of homogenized tissue
followed by SPE on C18 columns. A 30-times concentrated eluate in aceto-
nitrile/methanol (9/1, v/v) was subjected to HPTLC with a mobile phase of
chloroform/n-butanol (8/2, v/v) followed by visualization with fluorescamine
at 366 nm [6]. We performed the screening of 21 pairs of porcine and bovine
kidney and muscle samples (in 42 samples) for sulfamethazine, sulfadime-
thoxine, sulfadiazine, sulfathiazole, sulfamerazine, sulfamethoxazole, sulfa-
quinoxaline and sulfapyridine. During this procedure, there was a co-elution
of some interfering matrix components resulting in a poor resolution of par-
ticular compounds. We have evaluated another extraction and purification
method for tissue samples described by Haagsma et al. [7,8]. Other 73 por-
cine and bovine muscle samples and 59 kidney samples were analyzed for
sulfamethazine, sulfadimethoxine, sulfadiazine, sulfathiazole, sulfamerazi-
ne, sulfamethoxazole, sulfaquinoxaline and sulfapyridine. A high perfor-
mance liquid chromatography - tandem mass-spectrometric (LC/MS/MS)
method with on-line extraction and sample clean-up was used for confirma-
tion of residues of sulfonamides in evaluated samples [9].

Screening of samples for neomycin as a representative of the group
of aminoglycosides was performed by means of a conventional immunoassay
kit Neomycin EIA (Euro-Diagnostica B. V., Arnhem, The Netherlands; lot
No. BN 5469). In total, 46 meat samples and 47 kidney samples which were
negative for either of sulfonamides and tetracyclines in screening procedu-
res, were processed by neomycin EIA.

Results and discussion

Tetracycline immunoassay

Tetracyclines, derived from Streptomyces sp., are active against a broad
range of Gram-positive and Gram-negative bacteria. They act by inhibiting
protein biosynthesis through their binding to the 30S ribosome.

Chlorotetracycline (CTC), doxycycline (DC), oxytetracycline (OTC) and
tetracycline (TC) are the most frequently used tetracyclines for veterinary
purposes. According to EU legislation, the sum of parent drug and its 4-epi-
mer in the case of each of CTC, OTC and TC should not exceed 100 pg.kg 1
in muscle and 600 ug.kg! in kidney of all food-producing animal species.
For DC, the MRLs are set at levels of 100 ug.kg! in bovine and porcine
muscle, and 600 ug.kg! in kidney [1].
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For the screening of tetracycline residues in animal tissues, a number
of physicochemical methods have been described. All of them require exten-
sive sample clean-up: liquid-liquid extraction, solid-phase extraction (SPE),
matrix solid phase dispersion (MSPD), metal chelate affinity chromatogra-
phy (MCAC). Quantitative analysis is usually carried out by means of high
performance liquid chromatography - HPLC, followed by the spectrometric
or fluorimetric detection.

Immunoassays, based on the antibody - antigen interaction, are highly
selective and theoretically enable analytical procedures to be carried out
without sample pretreatment. However, non-specific binding of matrix com-
ponents could be a distinct problem. Therefore, some form of sample pre-
treatment, mainly liquid-liquid extraction or SPE, is necessary.

31 % of the meat samples and 16 % of the kidney samples tested
by means of Ridascreen Tetracyclin contained tetracyclines at levels higher
than set MRLs (Table 1).

TaB. 1. Screening of tissue samples for antibiotics.
TaB. 1. Skrining vzoriek Zivo¢iSnych tkaniv na obsah antibiotik.

Antibiotic! Tetracyclines? Sulfonamides3 Neomycin*
Tissued t p [%] t p [%] t p [%]
Kidney® 80 16 59 81 47 13
Muscle? 84 31 73 75 46 9

t - number of samples tested, p - samples positive for antibiotics.
t - celkovy pocet analyzovanych vzoriek, p - vzorky obsahujice antibiotikd.

1 - antibiotikum, 2 - tetracykliny, 3 - sulfénamidy, 4 - neomycin, 5 - tkanivo, 6 - oblicky, 7 -
svalovina.

Sulfonamide HPTLC

Sulfonamides are bacteriostatic antimicrobials acting by competing with
p—aminobenzoic acid in the enzymatic synthesis of dihydrofolic acid. This
leads to a decreased availability of reduced folates that are essential for puri-
ne synthesis, methionine synthesis, etc. Their residues in food of animal ori-
gin are of great concern because of a possibility that exposure to these drugs
could suppress the effectiveness of human therapeuticals and because of
a potential carcinogenity of some sulfonamides.
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For control purposes, all substances belonging to the group of sulfon-
amides need to be determined and the total amount of the residues
of parent molecules should not exceed 100 wg.kg-! in muscle and in kidney
of all food-producing animal species [1].

For the determination of sulfonamides in animal tissues, a variety of ana-
lytical methods have been already described. All of them require various
extraction and sample clean-up procedures. Liquid-liquid extraction, SPE
and MSPD are mostly employed. HPLC with fluorescence or mass-spectro-
metric detection is usually utilized for the quantitation of sulfonamides in
tissues. Besides several single-compound immunochemical assays, a new
immunochemical screening method utilizing polyclonal antisera to 8 diffe-
rent sulfonamides has been developed recently.

38 % of the meat samples and 62 % of the kidney samples were positive
for sulfonamides when tested by HPTLC according to Posyniak et al. [6].
Results obtained by HPTLC according to Haagsma et al. [7,8] showed a very
good resolution of particular sulfonamides. The limit of detection for stan-
dard solutions and spiked kidney samples was 15 ug.kg1, i. e. 0.3 ng of total
sulfonamides per spot on the HPTLC plate. The described method was
improved by an adaptation of the composition of the mobile phase of chlo-
roform/n-butanol (Merck) to 9/1 (v/v). The R¢-values of particular sulfona-
mides are presented in Table 2.

Visual evaluation of HPTLC plates with a concentration gradient of 5, 10,
15, 20, 25, 50, 75, 100, 200 wg.kg! of mixes of the 8 sulfonamide standards

TAB. 2. R¢-values of 8 sulfonamides on HPTLC silica gel plates
(eluent: chloroform/n-butanol, 9/1).
TaB. 2. Ri-hodnoty 8 sulfénamidov na silikagélovej HPTLC platnicke
(vyvijacia sustava: chloroform/n-butanol 9:1).

Compound! Rg-value?
Sulfadimethoxine 0.65
Sulfamethoxazole 0.57
Sulfquinoxaline 0.55
Sulfamethazine 0.52
Sulfamerazine 0.47
Sulfadiazine 0.42
Sulfapyridine 0.35
Sulfathiazole 0.22

1 - zlicenina, 2 - Ri-hodnota.
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has been done either by trained or untrained laboratory staff. Set MRLs
(100 ug.kg1) could be reliably recognized even by untrained personnel.

75 % of the analyzed meat samples and 81 % of the kidney samples were
positive for sulfonamides (Table 1).

Confirmation of sulfonamide residues in meat and kidney samples

From 13 analysed samples of meat, screened by HPTLC according
to Posyniak et al. [6], 23 % was found false positive and 8 % false negative
in the screening procedure. From 17 meat samples, screened by an improved
HPTLC according to Haagsma et al. [7,8], 6 % was found false negative
and 6 % false positive. According to these results, the latter HPTLC method
seems more suitable for screening purposes.

Neomycin immunoassay

Streptomyces spp. and Micromonospora spp. produce aminoglycosides,
broad-spectrum antibiotics consisting of an aminocyclitol ring connected
to 2 or more aminosugars in a glycosidic linkage. The antimicrobial activity
of aminoglycosides is based on their ability to inhibit bacterial protein syn-
thesis.

In veterinary therapy, neomycin, gentamicin, kanamycin, streptomycin,
and dihydrostreptomycin are the most commonly used aminoglycosides.
Within the EU, provisional MRLs for neomycin have been fixed at
5.0 mg.kg'! in kidney and 0.5 mg.kg ! in muscle tissue of all food-producing
animals [1].

For screening purposes, aminoglycosides have been analysed in animal
tissues by radioenzymatic assays and radioimmunoassays, by enzyme immu-
noassays and fluorescence polarization immunoassays.

Neomycin EIA Kkits used facilitated recovery rates varying from 17 to
53 % for meat samples and from 32 to 78 % for kidney. 9 % of meat and
13 % of kidney samples were found positive for neomycin (Table 1).

Aminoglycosides exhibit physicochemical properties that impair the de-
velopment of suitable confirmatory methods. They are basic and very hyd-
rophilic, making extraction from complex biological matrices difficult;
and they are thermally labile, making analysis by gas chromatography im-
possible. Ion-pair chromatography with the volatile fluorinated carboxylic
acids as counterions seems to be the most appropriate chromatographic
method for their analysis. LC/MS should be also a suitable tool to analyse
them.

Development of a method for the extraction of antibiotics from biologi-
cal matrices suitable for screening, confirmation and quantification at once
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seems to be a crucial step to reach an integrated strategy for the analysis of
drug residues in food products. From another point of view, particular atten-
tion should be paid to the extraction of different groups of antibiotics to get
one extract for confirmative analysis of total antibiotic residues by
LC/MS/MS.

Conclusion

Currently, it can be concluded that an integrated strategy for the qualita-
tive and quantitative analysis of residues of antimicrobial substances in foods
of animal origin can be conducted successfully.

Report from the fellowship financed by the Belgian State, Services of the Prime Minister -
Federal Office for Scientific, Technical and Cultural Affairs (OSTC) as a part of a collabora-
tion between Central and Eastern Europe and Belgium.
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Integrovana stratégia kvalitativnej a kvantitativnej analyzy
rezidui antimikrobidlnych litok v pozivatiniach

PIECKOVA, E. - VAN PETEGHEM, C. H.: Bull. potrav. Vysk., 40, 2001, s. 275-283.

SUHRN. Efektivne monitorovanie reziduf lie¢iv by malo zahffiat metédy skriningové aj kon-
firma¢né. Ndzornd demonStrdcia moznosti integrovanej stratégie kvalitativnej a kvanti-
tativnej analyzy reziduf antibakteridlnych ldtok v Zivo¢iSnych potravindch (svalovina, vnu-
tornosti) bola cielom rovnomenného projektu. Testovala sa kombindcia skriningovych metdd
(vysokotc¢innej tenkovrstvovej chromatografie na analyzu reziduf sulfénamidov a enzymové
imunometddy na analyzu tetracyklinov a aminoglykozidov - neomycinu) a konfirmacnej
vysokoucinnej kvapalinovej chromatografie s hmotnostnospektrometrickou detekciou.
Pouzité skriningové metddy boli jednoduché, relativne lacné a dostatocne spolahlivé. Zo sku-
manych vzoriek obsahovalo 16, 81, 13 % obliciek a 31, 75, 9 % svaloviny rezidua tetracyklinov,
sulfénamidov, resp. neomycinu.

KIUCOVE SLOVA: antibiotikd; rezidud; potraviny Zivo¢iSneho povodu; skrining
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