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Abstract

A multiresidue method suitable for confirmation and determination of six sulfonamides (SAs), three tetracyclines (TCs), and pyrimethamine
(PYR) in cow milk was validated. Milk samples were extracted using copolymer Oasis HLB solid-phase extraction (SPE) and analyzed by liquid
chromatography–electrospray mass spectrometry with positive ion mode. Estimated method detection limits (MDL) and method quantitation
limits (MQL) ranged from 0.48 to 2.64 and 0.61 to 8.64 ng/mL, respectively. These values are far lower than the maximum residue limits (MRLs)
established by several control authorities. Excellent linear dynamic range was observed from the method quantitation limits to 300 ng/mL with
correlation coefficients better than 0.9900 for all compounds. The method was accurate with recoveries ranging from 72.01 to 97.39%. Good
intra-precision and intermediate precision were obtained with RSD better than 11.08%. The method is fairly robust with sample pH being the only
critical control point.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

At present, the occurrences of drug residues especially antibi-
otics in foods and foodstuffs originating from veterinary uses
have become increasingly apparent. Sulfonamides (SAs) and
tetracycline (TCs) are broad spectrum antibiotics frequently
used in Thailand as veterinary medicines. They are commonly
used for the prevention and treatment of dairy cattle for several
infectious diseases, prophylactic, or as feed additives to promote
growth in farm animals [1]. Because SAs exhibit antibacterial
synergy with pyrimethamine (PYR), these medicines are fre-
quently co-administered for amplified effects [2]. Structures of
SAs, TCs, and PYR are illustrated in Fig. 1.

Milk is known as a nutritious wholesome food consumed
globally. Because it is an inexpensive source of protein and cal-
cium essential for promoting growth in children and general
good health of the population, its consumption has been consid-
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erably promoted in Thailand. However, due to poor hygienic
conditions of many local dairy farms, cows often get ulcers
or sores on their udders. This bovine condition is known as
mastitis and requires antibiotics to treat and control the con-
dition. Prevalent use of antibiotics in dairy farming such as
unnecessary administration for disease control and not follow-
ing label directions are major sources of veterinary drug residues
in milk. The presence of these drug residues, regardless of their
minute amounts, can trigger potential adverse side effects in
humans such as allergic reactions in hypersensitive individuals,
other long-term health effects, or they can be potential carcino-
genic. Prolonged exposure to residue antibiotics can result in an
increase of drug-resistant bacteria [1]. Therefore, monitoring of
antibiotic residues is very important in controlling the safety of
milk for human consumption. For these reasons, several control
authorities such as the European Union (EU), the U.S. Food and
Drug Administration (FDA), and the Thailand Ministry of Pub-
lic Health (MOPH) issue strict maximum residue limits (MRLs)
that allow only trace amounts of antibiotic residues in milk
for human consumption [3–5]. An implementation of the effec-
tive monitoring program requires specific, sensitive, and reliable
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Fig. 1. Chemical structures of sulfonamides, tetracyclines, and pyrimethamine.

analytical methods that can detect all drug residues below these
regulated levels.

It is possible to analyze SAs, TCs, and PYR in foods. Micro-
biological and immunological [6,7] assays are commonly used
for rapid screening. However, these techniques are complicated,

lack sensitivity and specificity, and thus are only suitable for
semi-quantitative measurements. Liquid chromatography (LC)
coupled with UV [8–11], DAD and FLD [12,13] emerged as
attractive alternatives for the determination of antibiotics due
to their higher selectivity, sensitivity, and precision. GC [14]
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