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Abstract

The stability of five majo3-lactam antibiotics (amoxicillin, ampicillin, cloxacillin, oxacillin, and penicillin G) in fortified milk and in
milk extracts prepared for LC-ESIMS/MS analysis was studied at varying cold temperature20(dand—76°C). Storage of milk samples
at 4°C resulted in measurable losses offallactams after 6 days (>50% in most cases). Slow degradation of penicillin G, cloxacillin, and
oxacillin was observed in milk stored at20°C, but no losses were recorded-af6°C over 4 weeks. All antibiotics showed good stability
at all temperature tested in milk extracts prepared for LC-ESIMS/MS analysis. The results of this study emphasize adherence to adequate
sample handling and storage protocols as to reflect residue levels at the time of sample submission.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction it may be necessary to perform additional confirmatory test-
ing by using alternative analytical techniques (e.g. LC-UV,
Antibiotics of theB-lactam group are used intensely in GC-MS, LC-MS) that cannot be executed “in-the-field”. In
dairy farming, particularly to combat mastitis, a serious dis- this case, the samples need to be transported to a testing lab-
ease that inflicts significant economic losses to the world’s oratory and stored until further analysis. Knowledge on the
dairy industry[1]. In fact, more than 179 different antibiotic ~ optimal storage conditions is of key importance with regard
formulations used for the treatment of mastitis are commer- to the residue stability, and hence of the outcome of the anal-
cialized and available today either in Switzerland, United ysis. Therefore, knowledge of analyte stability in the food
Kingdom, France, Italy, or the United States of America. A matrix — besides in reference solution — is one of the per-
large number of these drugs contain combinations of differ- formance criteria for analytical methods set in the European
ent active ingredients, e.g. aminoglycosides, macrolides, orUnion (EU) commission decision 2002/657/IES.
tetracyclines, and more than 75% cont@itactams that em- Only a few studies have been performed to date on the
phasizes their importance in mastitis treatniér]. stability of -lactam antibiotics in various food matrices, and
Several rapid test methods have been developed to ascemost of those reported have been done with animal tissues,
tain the legislative compliance of raw milk “at farmlevel”and such as liver, kidney, and mus§{e-12]. For example, the sta-
to ensure that residues do not enter the food chain at concenbility of the antibiotic penicillin G (PEN G) has been studied
trations that may pose a health risk to consumers. However,at storage temperatures 20 and—76°C in incurred and
- spiked bovine tissues and plasma up to time periods of 3 and
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the residue levdl7]. In contrast, the same study shows that off filter devices (Microcon-10, nominal molecular weight
the residue level of AMPI started to decline in samples stored limit 10,000 Da) from Millipore Corporation (Bedford, MA,
at—20°C after 3 months. O’Brien et d8] also reported on  USA).

the depletion of AMPI in various bovine tissues when stored

at4 and-20°C, and other studies address the impact of sam- 2.2. Milk samples

ple preparation (bulk, sliced or ground tissue) before freezing

on the depletion rate @-lactam antibiotic$5—7]. For the stability tests, full-cream milk (pasteurized) was

However, there is only limited data available on the sta- purchased off-the-shelf and stored aCfor maximum 1 day
bility of B-lactam antibiotics in milk under cold-temperature uptothe start of the tests. Milk samples with incurred residues
storage conditions, and one study shows that approx. 60%(positive response with the Delvo SP) were obtained from a
PEN G - fortified at 0.35 International Units per mL —could milk collection center in the United Kingdom. The samples
be degraded within 48 h at°Z [9]. In contrast, Wiese and  were shipped to the Ne&tResearch Center in Switzerland in
Martin [10] and Boison et a[11] reported a constantresidue a frozen state and stored-aB0°C until analysis according
level of PEN G in spiked raw milk (20 and 1Q@/kg) at to the procedure described in detail elsewhH&a3.
4°C over a period of 6 days. Similarly, raw milk fortified
with AMPI (20 ng/kg) and stored at 4 and70°C for up to 2.3. Analytical method
6 days did not reveal losses of the contamirjagi.

For the confirmation of the occurrence of PEN G, AMOX, All milk samples were prepared and analyzed according to
AMPI, cloxacillin (CLOX) and oxacillin (OXA) in milk aprocedure described elsewhere in d¢t&i]. In essence, the
samples, we developed an analytical method encompassprocedure entails centrifugation for milk fat removal, analyte
ing a clean-up based on solid-phase extraction and liquid extraction by mixing equal aliquots of the defatted milk and
chromatography coupled with electrospray ionization tan- 100 mM phosphate buffer (pH 9.2). The subsequent clean-up
dem mass spectrometry (LC-ESIMS/MS) as determinative encompasses a liquid—liquid extraction usmgexane and
step[13]. In the context of method validation, we studied a solid-phase extraction step (Bakerbong €artridge, 50%
the stability of the target analytes in pasteurized milk and acetonitrile/50% phosphate buffer, 50 mM, pH 8, as SPE elu-
the corresponding milk extracts at various cold temperaturesent). After volume reduction and pH adjustmentto 7, the final
over a time period of 28 days, which provides some insight extract was passed through a cut-off filter device (10,000 Da).
on the optimal storage conditions for the sample transport to Prior to the LC-ESIMS/MS analysis, azlocillin was added at
a testing laboratory and/or the intermediate period of time a final concentration of 63g/L.
pending analysis. Measurements were conducted on an Alliance 2690 HPLC

coupled to a Quattro LC tandem mass spectrometer (Waters,
Rupperswil, Switzerland). AYMC ODS-AQ column (50 mm

2. Experimental x 2mm i.d., particle size gm) was used for analyte sepa-
ration, running a linear gradient from 100% solvent A (0.1%
2.1. Chemicals and material formic acid solution) to 100% solvent B (water/acetonitrile

(35:65, v/v), containing 0.1% formic acid) in 13 min at a flow

Amoxicillin (13.7% HO), ampicillin (sodium salt), rate of 0.3 mL/min. The column temperature was set tt35
azlocillin (sodium salt), penicillin G (sodium salt) and and the injection volume was 10 or {ik.
cloxacillin (sodium monohydrate salt) were purchased The analytes were recorded by acquiring two or three
from Sigma (Buchs, Switzerland). Oxacillin (sodium compound-specific selected reaction monitoring (SRM)
monohydrate salt) was obtained from Riedel-deéhla traces in positive ESI mode. The SRM trank 462 — 208
GmbH & Co. (Seelze, Germany). Potassium berdzyl(  of azlocillin was recorded to compensate for potential vari-
phenyl)penicillinate (chemical purity >95%l7-PEN) was ations of the injection volume or MS ionization efficiency.
custom synthesized by Toronto Research Chemicals Inc.The cone voltages and collision energies, which were opti-
(North York, ON, Canada). The antibiotics were stored in mized for each SRM trace, ranged from 18 to 20V arkD
a dry atmosphere at°"€ (AMOX, AMPI, CLOX, OXA), at to —24 eV, respectively.
ambient temperature (PEN G, azlocillin) or-a0°C (dv-
PEN). 2.4. Experimental design and practice

Formic acid,n-hexane, ethanol, sodium chloride, dis-
odium hydrogen phosphate dihydrate were of p.a.-grade The experiments were designed to test the stability of
(Merck, Darmstadt, Germany). Water was either purified AMOX, AMPI, CLOX, OXA, and PEN G present in pas-
in-house or purchased from Merck (LiChrosolv). Methanol teurized full-cream milk and milk extracts intended for LC-
(LiChrosolv, Merck) and acetonitrile (J.T. Baker, Phillips- ESIMS/MS analysis. A portion of pasteurized milk (2 L) was
burg, NJ, USA) were of HPLC-grade. fortified with the five analytes each at a level of i§/kg.

Bakerbond @Gg solid-phase extraction (SPE) cartridges Eight aliquots (20 mL) of fortified milk were extracted im-
(3mL, 500 mg) were obtained from J.T. Baker and cut- mediately. Two extracts were subsequently analyzed (control
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samples). The remaining six extracts were divided into three tibiotics. For this study, we chose to use pasteurized milk,
aliquots and stored at 4,20 and—76°C until analysis. which represents a more “controlled” matrix with regard to
Eighteen aliquots (40 mL) of the fortified milk were trans- microbiological quality, and thus allows a better comparison
ferred to 45 mL polypropylene tubes and six tubes each wereof the behavior of the individual antibiotics in milk versus
stored at 420 and—76°C. After a set period of time (1, the milk extracts.
2,3, 7,14, and 28 days), extracts in duplicate were prepared Along the tests, we also observed a clear decline in pH
from one of the milk samples kept at the three various tem- from 7 to 5-6 and an increase in protein precipitation after the
peratures and analyzed together with the corresponding milkcentrifugation step in milk stored at€. The loss of analyte

extracts already stored. is probably not correlated to the observed drop in pH, as
the more acid-resistant isoxazoyls (CLOX, OXA) were also
2.5. Data analysis depleted to more or less the same degree as the more acid-

sensitive AMPI, AMOX and PEN G. In addition, PEN G is
The signal areas of the analytes AMOX, AMPI, CLOX, reported to be rather stable in the pH range of 5.0£8D
OXA, and PEN G were normalized to the signal area of = Raw milk samples that had undergone spoilage (reflected
azlocillin. The response ratios [analyte/azlocillin] obtained by protein precipitation and pH drop to 4.5-6.4) during in-
on days 1, 2, 3, 7, 14, and 28 were compared to the cor-termediate storage showed a reduction of the signal response
responding response ratio at day 0, using Dunnett’s test forof the internal standardi{-PEN) by 80—-90%, compared to a
comparingk means with a contrdll4]. A least significant fresh pasteurized full-cream milk sample (control) that was
difference (LSD) at a 5% confidence level was calculated. analyzed simultaneously (data not shown). The drastic de-
cline in MS response afi;-PEN that was added at a final
concentration level of 1Qg/kg directly before sample prepa-
3. Results and discussion ration may be due to co-precipitation during centrifugation,
i.e. increased non-specific binding to milk proteins or bacte-
In accordance to procedures outlined in EU commission rial cells[17]. Therefore, the loss of analyte may be due to
decision 2002/657/E(3], the stability of the fivg3-lactam microbial and/or enzyme activitji 8], or merely linked to
antibiotics in milk was tested at20,—76°C, and addition- lower extraction efficiency in spoiled milk.
ally, at 4°C in order to evaluate the analyte stability under The antibiotics AMOX and AMPI retained stability
refrigerator conditions for a short-term storage of a maxi- throughout the chosen storage period when kept20°C.
mum of 3 days. The same study was also conducted withIn contrast, the levels of PEN G, OXA and CLOX at the
milk extracts prepared for LC-ESIMS/MS analysis intend- same temperature showed minor but significant reduction
ing to define the optimal storage conditions. In this study, (10—-20%) after only 3 days relative to the control milk sam-
antibiotics were spiked at trace levels, i.e. kflkg, which ple (Table 9. No losses of the analytes were observed in milk
are close to the EU Maximum Residue Limits (MRLs) in samples stored76°C overthe entire 4-week period (data not
fresh milk, i.e. 4ug/kg for PEN G, AMOX and AMPI, and  shown). It was rather surprising to detect a slight but signifi-

30pg/kg for CLOX and OXA[15]. cant difference in the stability of the five residues in fortified
milk kept at freezing temperature-20°C), i.e. reduction
3.1. Stability in milk in levels of PEN G, OXA, and CLOX, versus good stability

of AMOX and AMPI over a 14-day period. Slow degrada-

All analytes were stable at°€ for a maximum of 3 days, tion of PEN G in raw milk at-18°C over longer periods of
but significantly lower concentrations were measured after 7 time has been observed elsewhig which highlights the
days. Further loss was recorded over the subsequent 21 daysnportance of storage under deep-freeze temperatures (e.qg.
up to complete loss of the antibiotics, i.e. below the detection —76°C) if samples cannot be analyzed within a realistic time
level of the analytical method, and exemplified for CLOX, frame.
OXA, AMOX, and PEN G inFig. 1L Our observations of
the partial depletion of all five analytes spiked atylfikg 3.2. Stability in milk extracts
in pasteurized milk within 7 days appears to contradict pre-
viously published studies with PEN G and AMPI, that have The short-term stability of all fiv@-lactam antibiotics in
shown stability of individual compounds over the same time the milk extracts was estimated from data of multiple injec-
period/temperature rangiel,12] However, an earlier report  tions of 10 milk extracts stored at°& in the autosampler
on PEN G stability revealed losses of approx. 60% within 2 chamber over a time period of >13 h, resulting in an intra-
days at a storage temperature 6£29]. Several points must  assay precision of 3—6J43].
be taken into account when comparing published data. The In contrast to the results obtained with the milk samples,
aforementioned studies were conducted on raw milk, and theall B-lactams were stable in milk extracts stored &Cdover
contribution of inherent enzyme activity, microbial load and 14 days, i.e. >90% of the initial concentration. A significant
growth, possible presence of somatic cells, etc. all play a role loss of around 15% was observed in the extract stored for 4
on the rate and pathways of degradation of the individual an- weeks at refrigerator temperature for all analytes with the ex-
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Fig. 1. Mean response ratios [analyte/azlocillin] with least-significant-difference intepral3.05) obtained from (A) fresh milk samples and (B) milk extracts
stored at £C (CLOX, OXA, AMOX and PEN G) over 4 weeks. The milk samples were initially fortified at a level @fd/lRg. The baseline corresponds to
the values obtained from two determinations analyzed at day zero.

ception of AMOX (Fig. 1). In this context, it has to be noted of milk co-extractives that potentially show similar chem-
that the data for milk extracts are based on the analysis ofical behavior as th@-lactams during sample preparation.
one extract, while the values for the stability in milk repre- In addition, fluctuations in pH were avoided in the extracts
sent an average of two independent determinations. Thus, thelue to the HPO;~/HPO42~ buffering system (Ka2 7.2) of
variation due to sample preparation is not taken into accountthe extraction solvent. Moreover, the analytes were stored
for the milk extracts, which may explain their apparently en- in an aqueous environment without any organic solvent and
hanced analyte levels. The greater stability of the residuesbuffered at pH 7, which is close to the pH (6.6) that provides
in the extracts versus pasteurized milk at refrigerator tem- maximum stability of PEN J19]. In contrast, pasteurized
peratures is not surprising. The cell-free extract is comprised milk represents a complex, non-sterile system where bacterial
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Table 1
Stability of CLOX, OXA and AMOX in milk and milk extract samples stored-e20°C for a maximum of 4 weeks
Time (days) Cloxacillin Oxacillin Amoxicillin
Milk 2 Milk extract® Milk 2 Milk extract® Milk 2 Milk extract®
0° 0.41 (5.5%) 0.41 (5.5%) 0.49 (7.6%) 0.49 (7.6%) 0.42 (8.6%) 0.42 (8.6%)
1 0.39 (5.7%) 0.38 (2.0%) 0.50 (6.0%) 0.45 (3.8%) 0.43 (7.4%) 0.40 (5.0%)
2 0.42 (11.4%) 0.40 (2.0%) 0.50 (13.4%) 0.48 (2.1%) 0.41 (12.4%) 0.35 (2.0%)
3 0.39 (2.5%) 0.42 (4.1%) 0.43 (6.5%) 0.50 (2.0%) 0.41 (4.2%) 0.40 (5.0%)
7 0.32 (4.4%) 0.41 (6.9%) 0.38 (6.4%) 0.49 (2.9%) 0.36 (8.3%) 0.41 (10.1%)
14 0.37 (7.2%) 0.44 (3.9%) 0.43 (8.4%) 0.51 (7.1%) 0.44 (6.8%) 0.47 (7.4%)
28 0.34 (7.2%) 0.36 (4.8%) 0.41 (6.4%) 0.41 (8.1%) 0.44 (6.8%) 0.47 (3.7%)

Entries represent the mean signal response ratio [analyte/azlocillin], relative standard deviation given in the parentheses.
a Two determinations, except for the sample analyzed after 3 days, three or four injections.
b One determination, three or four injections.
¢ The initial concentration of antibiotic was 1@/kg each.

growth and enzymatic metabolism may occur even at freezer  Forlong-term storage, deep-freezing conditionsa6°C

temperature of-20°C. are required to ensure the original levels of contaminant
No significant depletion of all five analytes was observed residues in the milk samples or sample extracts.

in the milk extracts stored at freezer temperatures2fd and

—76°C, except for CLOX, OXA, and PEN G in the extracts

kept at—20°C after a storage of 4 weeks as showfable 1~ Acknowledgment

for CLOX and OXA. Hence, milk sample extracts containing

trace levels of residues can be stored for extended periods ofU

time at—76°C pending analysis, without the risk of depletion

of the antibiotics.

The authors thank Rod Moreton and Colin Pearce, Bgestl
K, for providing incurred raw milk samples, and Jean-Louis
Cordier of the NesHl Research Center for valuable com-
ments.

4. Conclusion References

o ] ) ] [1] H. Roginski, J.W. Fuquay, P.F. Fox (Eds.), Encyclopedia of Dairy
The findings of this study emphasize the importance of an- Sciences, vol. 1, Elsevier Science Ltd., 2003, p. 516.
alyte stability studies in food matrixes and sample extracts. [2] S. Riediker, J.-M. Diserens, R.H. Stadler, J. Agric. Food Chem. 49
Testing laboratories should include these parameters in their (2001) 4171~
method validation procedures and brocure these data rou- [3] Commission Decision 2002/657/EC of 12 August 2002, Off. J. Eur.
_ pre proct : Communities 2002 L221/8.
tinely where qua_ntltatlye methOds are_pemg eStab“Shed: and (4] N.A. Bogsoglou, D.J. Fletouris (Eds.), Drug Residues in Foods: Phar-
not only restrict investigations to stability of analytes in ref- macology, Food Safety, and Analysis, Marcel Dekker, New York,
erence solutionf3]. 2001, p. 515. _
During transportation and intermediate storage, milk sam- (3] J-O- Boison, G.O. Korsrud, J.D. MacNeil, W.D.G. Yates, J. AOAC
les suspected to contain antibiotic residues should be kept Int. 75 (1992) 974.
p pect Nt a : Pli6] H.-E. Gee, K.-B. Ho, J. Toothill, J. AOAC Int. 79 (1996) 640.
Unde‘: freezmg_ conditions or stabilized py addmg an ap- (7] E. Verdon, R. Fuselier, D. Hurtaud-Pessel, P. &tor, N. Cadieu,
propriate additive. Both measures are aimed at inhibiting M. Laurentie, J. Chromatogr. A 882 (2000) 135.
analyte degradation due to microbial and/or enzymatic ac- [8] J.J. O'Brien, T. Campell, T. Conaghan, J. Hyg. 87 (1981) 511.
tivities and preventing milk spoilage that may affect the [9] R. Guay, P. Cardinal, C. Bourassa, N. Brassard, Int. J. Food Micro-
- . . . biol. 4 (1987) 187.
e_ff|C|ency of the extra_ctlo_n procedure, in this case estab- [10] B. Wiese, K. Martin, J. Pharm. Biomed. Anal. 7 (1989) 95.
lished for the determination of the target compounds by [11] 3.0. Boison, L.J.-Y. Keng, J.D. MacNeil, J. AOAC Int. 77 (1994)
LC-ESIMS/MS. 565.
A testing laboratory should avoid unnecessarily extended [12] F.J. Schenck, S.L. Friedman, Food Addit. Contam. 17 (2000) 675.
storage times of samples, and thus stability data of the an-[13] S- Riediker, R.H. Stadler, Anal. Chem. 73 (2001) 1614.
alytes at—20°C up to 28 days seems appropriate. If stor- [14] C.W. Dunnett, J. Am. Stat. Assoc. 50 (1955) 1096.
Yy p y . pprop o [15] Council Regulation (EEC) No. 2377/90 of 26 June 1990, Off. J. Eur.
age at freezer temperatures is not applicable or milk samples ~ communities 1990 L224.
are close to spoilage, a rapid work-up is warranted, since[16] A. Kheirolomoom, A. Kazemi-Vaysari, M. Ardjmand, A. Baradar-
metabolic processes and/or matrix transformation may still Khoshfetrat, Process Biochem. 35 (1999) 205.
progress, albeit slowly, at refrigerator temperatures, while the Eg a'P'PCe't‘amFr’]ag\”/% J'Aggfdalsa(fggy)12A(nl:|9§)s3gf7'Am_b_ot_c orug
e . . . Z, In: P Wi L), ySI 1010t u
stability of the target analytes in the milk extracts seems to Residues in Food Products of Animal Origin, Plenum Press, New
be guaranteed for at least 14 days under the same storage york, 1992, p. 147.
conditions. [19] B. Wiese, K. Martin, J. Pharm. Biomed. Anal. 7 (1989) 67.



	Cold-temperature stability of five beta-lactam antibiotics in bovine milk and milk extracts prepared for liquid chromatography-electrospray ionization tandem mass spectrometry analysis
	Introduction
	Experimental
	Chemicals and material
	Milk samples
	Analytical method
	Experimental design and practice
	Data analysis

	Results and discussion
	Stability in milk
	Stability in milk extracts

	Conclusion
	Acknowledgment
	References


