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ABSTRACT

A biosensor assay based on biospecific interaction analysis
(BIA) was compared with already existing methods for detection of
sulphamethazine (SMZ) residues in milk. Microbial inhibitor and
receptor assays, an enzyme-linked immunosorbent assay (ELISA),
high-pressure liquid chromatography (HPLC), and BIA were used
to analyze milk samples from SMZ-treated cows. The results of the
commercially available tests (Delvotest SP Special, BR-test Blue
Star, Charm II test) were in agreement with the claimed sensitivity
of the respective assays. The agreement between the quantitative
methods (ELISA, HPLC, BIA) varied. The microbial inhibitor
assays and BIA were also used to screen 330 tanker milk samples.
All samples were negative in the inhibitor tests, whereas the BIA
indicated the occurrence of less than 0.9 pg of SMZ per kg of milk
in 5 samples and 1.5 = 0.6 pg/kg in one sample. HPLC indicated
the presence of SMZ in the latter sample, although the concentra-
tion was below the detection limit of the method. The advantages
offered by the BIA: no sample preparation, high sensitivity, and
rapid, fully automated analysis in real time make the technology an
interesting alternative to existing screening methods within future
food-quality control systems.
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The widespread use of antimicrobial agents to improve
animal performance and control disease has become an issue
of considerable importance in animal husbandry. The prob-
lems associated with the occurrence of residues in foods of
animal origin have led to reassessment of the use of
antimicrobial drugs (7). Higher standards of food-safety
assurance are being required by society (/6), and maximum
residue levels (MRLs) based on toxicological evaluations
have been established for a number of substances (3). In
many cases, traditional microbial screening methods have
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insufficient sensitivities to meet these new regulations (/4).
Routine monitoring of residues and contaminants in food by
use of classical physiochemical techniques, e.g., chromato-
graphic methods and mass spectrometry, is often precluded
due to the level of experience, skills, and costs required for
the analysis. Moreover, these methods are often tedious and
may require elaborate sample clean-up procedures, which
limit the sample throughput. In this regard, the use of
immunoassays has become increasingly popular for monitor-
ing levels of therapeutic substances (4). The high specificity
and sensitivity of immunological techniques has led to the
development of a variety of rapid screening methods for
detection of toxic and undesirable components in food,
while still reducing the use of expensive equipment and test
time. Also these methods must, however, be improved to
meet a growing demand for continuous quality control and
safety monitoring with on-line instrumentation.

Advances in both biotechnology and electronics have
accelerated the development of biosensors (5). A biosensor
may generally be defined as an analytical device composed
of two elements: a biological element that detects the analyte
and a physical transducer which converts this detection
event into an electronic signal. Immunosensors are essen-
tially biosensors that use antibodies as detector molecules.
Based on the mode of signal transduction, almost all
biosensors fall into four categories, i.e., optical, mass,
electrical, and thermal biosensors. Although the technology
is still in its infancy, the potential of optical biosensors in the
control of contaminants and residues in meat and dairy
products is believed to be considerable. A recently devel-
oped, competitive assay for the detection of sulfamethazine
(12) was the first application of biospecific interaction
analysis (BIA) and the BIAcore™ system (Pharmacia Biosen-
sor, Uppsala, Sweden) for determination of antibiotic resi-
dues in milk. In this paper, the assay is compared with
prevailing methods, i.e., microbial inhibitor and receptor
assays, an enzyme-linked immunosorbent assay (ELISA),
and high-pressure liquid chromatography (HPLC).
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MATERIALS AND METHODS

Experimental layout

The present investigation was a collaborative study between
the Institute of Hygiene, Federal Dairy Research Centre, Kiel,
Germany and the Department of Food Science, Swedish University
of Agricultural Sciences, Uppsala, Sweden. All milk samples
except the controls were collected at the Institute of Hygiene. All
analyses except the BIA, which was conducted at the Department
of Food Science, were performed at the Institute of Hygiene. For
preparation of standard samples with known concentrations of
sulfamethazine (SMZ), antibiotic-free milk from the dairy research
farms of the University and the Federal Dairy Research Centre was
used.

Milk samples

Milk from SMZ-treated cows. SMZ was intravenously admin-
istered to a total of 4 healthy cows on two different occasions at the
Federal Dairy Research Centre research farm. The dosage was 0.2
ml of Selectavet Sulfadimidine® (Alvetra, Neumuenster, Ger-
many) (33%, wt/vol)) per kg of body weight. In the first experi-
ment, milk samples (A) from an individual cow were collected. In
the follow-up experiment, milk samples from 3 cows were
collected and commingled to one pooled sample (B) at each
milking. The milk samples were collected from the first day of the
treatment and during 10 (A) or 6 (B) successive days in connection
with ordinary morning and evening milking. The samples were
split into several subsamples and then stored frozen (A) or
freeze-dried (B) until analysis. One subsample was sent to the
Department of Food Science for the BIA.

Tanker milk samples. Tanker milk samples (330) were ran-
domly collected during 4 months from an ongoing survey for
residues of antimicrobials within an integrated detection system in
Schleswig-Holstein (8). The samples were analyzed with two
microbial inhibitor assays (BR-test Blue Star and Delvotest SP
Special) and were then frozen and sent to the Department of Food
Science, where they were subjected to BIA. Tanker milk samples
found positive for SMZ in the BIA were refrozen and returned to
Kiel, where they were analyzed by using HPLC.

Methods

Microbial inhibitor assays. Two microbial inhibitor assays
were used to analyze milk samples from the SMZ-treated cows and
the tanker milk samples, the Delvotest SP Special (Gist-Brocades,
Delft, the Netherlands) and the BR-test Blue Star (Laboratorium
Enterotox, Krefeld, Germany). The methods were conducted
according to the manufacturers’ instructions. The sensitivity to
SMZ was 100 to 200 pg/kg of milk for both tests.

The microbial receptor assay. The Charm Il microbial recep-

tor assay (Charm Sciences Inc., Malden, MA, USA) for sulfon-

amides was used to analyze milk samples from the SMZ-treated
cows. The method was conducted according to the manufacturer
with the modifications previously described (70). The sensitivity of
the assay was approximately 10 pg of SMZ per kg of milk.

ELISA: Polyclonal anti-SMZ antibodies. Rabbits were immu-
nized with a conjugate between bovine serum albumin and SMZ.
The preparation of the immunogen and the immunization of rabbits
have been described elsewhere (6). Polyclonal antibodies were
precipitated from the serum with ammonium sulfate (9) and were
used in both the ELISA and the BIA.

Method. The milk samples from the treated cows were

subjected to a previously described competitive ELISA for sulfon-
amides (6). The detection limit of the assay was approximately 10
ug of SMZ per kg of milk.

BJIA. BIA was used to assay milk samples from both tankers
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and the SMZ-treated cows, and the analysis was carried out as
previously ‘described by Sternesjé et al. (12). The repeatability of
the method was 1.9% (n = 10) and the variation between SMZ-free
herd milk samples (n = 39) was 2.4%. In the present study, the
assay had a detection limit of 0.9 ug of SMZ per kg of milk. The
response of an unknown sample was compared with a standard
curve (1 to 10 pg/kg) constructed by least-squares linear regression
on the logarithms of the drug concentration versus the response.

HPLC. All milk samples from the SMZ-treated cows were
analyzed by HPLC as described by Suhren and Heeschen (15). In
addition, HPLC was used to analyze for SMZ in tanker milk
samples found positive by the BIA. The limit of detection and the
limit of quantification of the method was 3 and 10 pg of SMZ per
kg of milk, respectively. Preliminary data (n = 4 laboratories)
showed that the repeatability and the reproducibility of the method
at the 10 pg/kg level were 5.9 and 7.9%, respectively. SMZ was
quantified by comparison with a standard curve constructed by
least-squares linear regression using sulfamethizole as the internal
standard. SMZ was identified by addition of a sulfonamide
standard solution to the extracted samples and the samples were
re-analyzed.

RESULTS

Analysis of milk samples from SMZ-treated cows

SMZ was injected on day 1 after morning milking and
the results in the different assays for 10 consecutive milkings
are shown in Table 1. Both samples A and B showed positive
results in the two microbial inhibitor assays, Delvotest SP
Special and BR-test Blue Star, on days 1 and 2. On day 3, the
morning milk samples showed questionable results in both
assays. The quantitative methods indicated SMZ concentra-
tions that were close to the detection limits of the inhibitor assays
(100 to 200 pg of SMZ per kg of milk) in both A and B.

The Charm IT microbial receptor assay showed positive
results for both A and B throughout day 4. HPLC analysis
indicated the presence of less than 10 pg of SMZ per kg of
milk in both A and B morning milk samples of day 4, which
was the approximate detection limit of the Charm II.

With a few exceptions, the results in both the BIA and
the ELISA showed good agreement with the HPLC results in
the lower concentration interval, i.e., 1 to 100 pg/kg (Figure
1). At higher concentrations, however, the agreement was
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FIGURE 1. Agreement between results from BIA and ELISA,
respectively, and HPLC in assays for SMZ residues of milk samples
from SMZ-treated cows.
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TABLE 1. Assays by various methods for sulfamethazine (SMZ) residues in milk from treated cows

Sulfamethazine residue

Present (+) Absent (—) pg of SMZ per kg of milk
Delvotest SP Special BR-test BlueStar Charmll ELISA HPLC BIA
(100-200)“ (100-200) (10) (10) (10) 0.9)
Milking

(day:time)® A B A B A B A B A B A B
1:M - - - — - (93¢ —(93) 0 6 0 0 0 0
1:E + + + + + (16) + (15 2,170 15,0600 10,500 11,960 14,706 7,400
2:M + + + + + (15) + (18) 980 1,900 1,750 2,847 2,470 1,220
2:E + + + + + (23) + (18) 213 500 348 832 588 800
3:M +/— +/- +/- +/— + (23) + (18) 72 93 40 116 94 110
3:E — - — - + (23) + (23) 32 50 21 32 30 40
4.M - - — - + (3D + (38) 20 25 [9]¢ 9] 16 9
4:E — — — - + (36) + (29) 14 [8] [8] [4] 11 3
5M - - - - — (65) — (56) 15 [4] [4] [1] 6 3
5:E - - — - — (68) — (63) 11 [ [3] [1] 3 2

@ Assay sensitivity, ug of SMZ per kg of milk.

b M, morning; E, evening. Cows injected after day 1 morning milking.

¢ A, milk from 1 cow; B, pooled milk from 3 cows.

4 Values within parentheses are expressed in % of a negative control milk sample, 10 pg/kg corresponding to a ratio of 45%.
¢ Values within square brackets are below the quantification level of the method.

reduced. When the results from the BIA and the ELISA were
compared, generally more divergences were found.

Analysis of tanker milk samples

Altogether 330 tanker milk samples, all of them nega-
tive in the microbial inhibitor assays, were assayed for SMZ
residues by using the BIA. Five of the samples were found to
contain concentrations below 0.9 ug of SMZ per kg of milk.
In addition, one sample contained 1.5 = 0.6 ug of SMZ per
kg. In the analysis by HPLC, this sample showed a distinct
peak at the retention time for SMZ. The concentration was,
however, below the quantification limit (10 pg/kg) of the
HPLC method.

DISCUSSION

Sulfonamides are a family of chemotherapeutics that
are widely used for therapeutic and prophylactic purposes in
animal diseases. In the treatment of mastitis, sulfonamides
are usually administered in the case of infections caused by
gram-negative pathogens, e.g., Escherichia coli. Toxicologi-
cal data show that sulfonamides have antithyroid effects in
both animals and humans (/7). Considering the health
aspects of the consumer, a maximum residue limit (MRL) of
100 pg/kg has been established for the sum of sulfonamides
in milk in the EU (2). In comparison, the Codex MRL is 25
pg/kg (17) and the US safe level is 10 ug/kg (1) for SMZ.

The use of microbial inhibitor assays in screening for
antimicrobial residues in milk is often criticized for being
too insensitive to sulfa drugs. The present study shows that
both the Delvotest SP Special and the BR-test Blue Star only
detected the samples that contained the highest concentra-
tions of SMZ, i.e., samples collected before completion of
the 3 days withdrawal time. Because the MRL is close to the
detection limits of both the Delvotest and the BR-test Blue

Star, it is uncertain whether the tests would detect SMZ at
the regulatory level.

The Charm II microbial receptor test detects the family
of sulfonamides at comparatively low concentrations. De-
pending on the composition and quality of the milk sample,
however, interferences by various milk components occasion-
ally make it difficult to evaluate the results (/3). In the
present study, the test indicated the presence of sulfonamides
during the first 4 days. In the analyses by the quantitative
methods, the SMZ concentrations in the samples from day 4
were found to be below or close to 10 pg/kg, which was in
agreement with the predetermined sensitivity of the Charm
IL

Both the ELISA and the BIA generally showed good
agreement with the HPLC, although the results were biased.
One possible reason for this observation may be the sample
dilution procedure, which may influence the results to a
varying degree in the different methods. In the case of the
BIA, the linear part of the standard curve is rather narrow (1
to 10 pg/kg). This means that the risk for dilution errors
increases with increasing concentrations. It is also possible
that there are effects which are related to the dilution of the
matrix; this has to be further investigated.

The BIA has hitherto been used to study macromolecu-
lar interactions in a wide range of application areas, ranging
from basic research to drug design, monoclonal antibody
production, and infectious disease research (11). To our
knowledge, this study is the first application of a BIA for
routine determination of veterinary drug residues in milk or
in any other animal-derived food. There are several advan-
tages of the BIA compared with already existing techniques
used in the determination of antibiotic residues in milk.
Assaying SMZ by using BIA requires no sample prepara-
tion; it is fully automated and the time required for analysis
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is short, approximately 20 min including regeneration of the
surface between samples. Moreover, the method is very
sensitive and specific, allowing quantification of concentra-
tions in the low microgram per kilogram level. At present,
BIA assays for other antimicrobial substances are being
developed, with the intention of enabling simultaneous
determination of four different substances in one sample
within less than 10 min. We believe that the BIA offers
sufficient advantages to be an interesting alternative within
an integrated system for the future control of residues and
contaminants in food.
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