Microbial
pathogens and strategies for combating them: science, technology and education (A. Méndez-Vilas, Ed.)
____________________________________________________________________________________________

Detection of antibiotic residues in food – pitfalls and optimization of agar
diffusion tests in comparison with commercial test kits
Maike Clauβen1, Dominic Bahmann2 and Stefan Schmidt3
1

EUROFINS Analytik GmbH | Wiertz-Eggert-Jörissen, Neuländer Kamp 1, 21075 Hamburg, Germany
BIOZENTRUM Klein Flottbek, Microbiology, University of Hamburg, Ohnhorststraβe 18, 22609 Hamburg, Germany
3
DISCIPLINE of Microbiology, School of Life Sciences, University of KwaZulu-Natal, 3201 Pietermaritzburg, South
Africa
2

The presence of antibiotic residues in food and feed can cause serious problems for consumers (e.g. penicillin allergy) or
by giving rise to the development and spread of antibiotic resistances. To safeguard food quality and consumer safety, the
EU implemented regulations governing maximum residue levels in certain food products of animal origin such as milk. To
detect the presence of antibiotic residues in food, regulatory authorities depend on quick screening methods. Bacterial
growth inhibition tests are therefore routinely employed to screen for the presence of antibacterial residues, with some of
these tests being available as commercial test kits. Different microbiological screening methods, including commercial
systems such as the Delvotest or a lab based disk based agar diffusion method in combination with different Bacillus
species, were evaluated for their applicability to detect selected antibiotics (chloramphenicol, tetracycline, penicillin G) in
food or food related products. The two commercially available systems tested, Delvotest®SP Mini-NT and BR-Test®AS
Brilliant, demonstrated to be useful for the detection of specific antibiotics. However, for the lab based agar diffusion test,
a variety of adjustable parameters such as pH, agar concentration, disk diameter or the Bacillus species used influenced the
detection of target antibiotics. Therefore, an optimized and statistically verified agar diffusion assay proved to be a useful
addition to the commercial tests as it enabled a higher sensitivity for the detection of tetracycline.
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1. Introduction
Veterinary drugs, especially antimicrobial substances, are widely used in animal production to prevent (prophylactic
use) and treat (therapeutic use) diseases as well as to promote growth [1, 2]. As a result of their extensive use, antibiotic
residues are frequently detected in animal products as well as in the environment [3, 4]. In 2012 alone, more than 50
notifications reporting the detection of veterinary medicinal products - including antibiotics - in food or feed in the EU
were published via the European Rapid Alert System for Food and Feed (RASFF) [5]. Between 2006 and 2012, 7
notifications by the RASFF specifically reported the detection of antibiotics including β-lactams (penicillin-like) and
chloramphenicol in milk and milk products [5].
Potential health risks due to the presence of antibiotic residues in food and the environment have been discussed for a
long time [3, 6-10], frequently with a focus on the increasing occurrence of antibiotic resistant bacterial strains [10-12].
More recently, the treatment of Danish farm land with pig manure slurry was linked to the occurrence of tetracycline
resistant bacteria in the farm soil [13]. Shipp and Dickson [14] reported that the introduction of cattle farming led to the
appearance of multi-drug resistant species of the family Enterobacteriaceae. Studies by Grote et al. [15, 16] showed in
model farming experiments that even plants can take up antibiotics from manure present in soil. This raised concern as
antibiotic residues might be transferred into plants in amounts that could pose a health risk for consumers [17, 18]. In
addition, the dairy industry might encounter problems due to the inhibition of microorganisms involved in fermentation
and ripening processes of milk products caused by the presence of antibiotic residues [19].
To prevent these problems and safeguard consumers’ health, maximum residue levels (MRLs) for antibiotics and for
veterinary drugs were implemented by the European Union and similarly suggested by other international institutions
[20-22]. For certain veterinary drugs such as for chloramphenicol, the use is prohibited in the EU for animals which are
directly involved in the production of food. For chloramphenicol no MRL is specified by the EU and residues in food
are not permitted. Therefore, methods with low detection limits are necessary to ensure the absence of such compounds
in food materials.
The use of screening tests for the detection of antibiotic residues in food is therefore very important. This includes a
large variety of detection methods, ranging from physico-chemical analysis (e.g. LC/MS) or immunological detection
(e.g. ELISA) to microbiological methods (e.g. growth inhibition tests) [23, 24], with some commercially available as
test kits. To detect specific antibiotics present in very low quantities, physico-chemical analytical techniques such as
LC/MS are considered to be the most precise. However, as these sophisticated methods need expensive technical
apparatus and often specific sample preparations, they are costly and laborious. While the screening for a broad variety
of antibiotics with one single preparation might be compromised due to the different extraction behaviour of individual
antibiotics, the verification of the presence or absence and the quantification of specific antibiotics can be done at
method detection limits which are typically in the ng to μg per litre or kg range for dairy products or other food [25-27].
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The use of microorganisms for the detection of growth inhibiting compounds is well known and has been in use for a
long time [28-34]. It is a screening method which is fast, inexpensive as it does not require sophisticated equipment and
easy to perform. Some agar diffusion methods are even implemented into official national standard methods such as the
three-plate-test which is using Bacillus subtilis BGA [35] or the brilliant black reduction test (BRT) using Geobacillus
stearothermophilus [36]. Most of the commercially available rapid detection test kits were specifically developed for
the dairy sector to detect antibiotics in milk [23, 37-39]. Among these are growth inhibition tests (for example
Delvotest®SP Mini-NT and BR-Test®AS Brilliant) which again use Geobacillus stearothermophilus.
The aim of this study was to compare two commercially available test kits with lab based agar diffusion tests by
evaluating an alternative test organism (Bacillus pumilus) and by analysing the influence of certain test parameters for
the detection of three selected antibiotics.

2. Methods
2.1

Bacterial strains and commercial test kits

Bacillus subtilis BGA (DSM 618), Bacillus pumilus (ATCC 27142) and Geobacillus stearothermophilus (spore
suspension, Merck no. 1.11499, Germany) were used as test strains in this study. As commercially available test kits the
Delvotest®SP Mini-NT and the BR-Test®AS Brilliant (DSM Food Specialities, Netherlands) were used; both of which
use Geobacillus stearothermophilus var. calidolactis as test strain.
2.2

Media

The sporulation medium used for the production of spores contained 8.0 g Nutrient Broth (Difco) per litre, sterilized at
121°C for 20 minutes. After sterilization 5 ml metal mix (1.03 g CaCl2 x 2H2O; 0.10 g MnCl2 x 4H2O and 0.95 g MgCl2
x 2H2O dissolved in 50 ml demineralized water, sterile filtrated) and 0.5 ml iron solution (30 mg FeCl3 x 6H2O
dissolved in 50 ml demineralized water, sterile filtrated) were added.
For the agar based diffusion tests, Kundrat-agar (test-agar for the residue test acc. to Kundrat, Merck no. 1.10662)
was prepared according to the instructions of the manufacturer. However, the pH was adjusted to 8.0.
2.3

Spore production

For the production of spores, cultures of Bacillus subtilis and Bacillus pumilus were incubated in sporulation medium
for 72 h at 37°C and 150 rpm. Spores were harvested by centrifugation (9500 x g) for 20 minutes, washed five times
with sterile demineralized water, suspended in sterile demineralized water and adjusted to a concentration of about
5x1010 spores per ml by microscopy using a Helber type bacterial counting chamber. Aliquots of these spore
suspensions were stored at -18°C until usage. Before adding spore suspension to the sterilized test medium (final
concentration of about 4 x 107 spores per ml test medium), the spores of Bacillus subtilis and Bacillus pumilus were
heat activated at 75°C for 30 minutes. The spore suspension of Geobacillus stearothermophilus was used according to
the manufacturer, resulting in a final spore concentration of about 106 spores per ml test medium.
2.4 Antibiotics
All stock solutions were freshly prepared on the day of analysis in 100 ml volumetric flasks to a concentration of 100
mg per 100 ml each. Tetracycline-HCl (Carl Roth GmbH, Germany) and penicillin G sodium salt (Fluka, Germany)
were dissolved in sterile demineralized water, while chloramphenicol (Carl Roth GmbH, Germany) was first dissolved
in 5 ml pure ethanol and then adjusted to 100 ml with sterile demineralized water. Subsequent dilutions were prepared
in sterile demineralized water. Additionally, similar solutions of the three antibiotics were prepared by using UHT milk
(1.5 % and 3.5 % fat content). Demineralized water and UHT milk were used as negative controls. All solutions were
kept on ice during the analysis.
2.5 Agar diffusion tests
2.5.1 Disk based agar diffusion test
For the disk based diffusion test, 5 ml of Kundrat-agar (pH 8.0) containing the spore suspension of individual test
strains was added to sterile Petri dishes (90 mm diameter). Cellulose disks (Whatman Type 2668, 12.7 mm diameter)
were sterilized at 121°C for 10 minutes in glass Petri dishes and dried over night at 65°C. The disks were soaked in test
solutions and gently pressed onto the agar surface. All plates were incubated at 37°C overnight. The zones of inhibition
were determined with a digital calliper (Top Craft; DMV-SL05), measuring the diameter between the edge of the
antibiotic test disk and the outer edge of the growth inhibition zone. Analyses were done in triplicate with 5 single
measurements (= 5 disks) for every antibiotic concentration tested.
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2.5.2

Modified agar diffusion test

For the modified agar diffusion test, 25 ml of Kundrat-agar (pH 8.0, with added spores) were poured into sterile Petri
dishes (90 mm diameter) and holes of about 6-8 mm diameter were punched out after solidification. Holes were filled
with 60 μl of test solutions. All plates were incubated at 37°C overnight. The inhibition zones were determined as
specified above. Analyses were done in triplicate with 5 single measurements (= 5 holes) for every antibiotic
concentration tested.
2.5.3

Commercial test kits

The Delvotest®SP Mini-NT and BR-Test®AS Brilliant were performed according to the instructions of the
manufacturer. Analyses were done in triplicate for every antibiotic concentration tested.
2.6 Influence of disk diameter, agar concentration and pH
The influence of disk diameter, agar concentration and pH on the detection of antibiotic residues was analysed by using
the disk based agar diffusion test as mentioned under 2.5.1.
Disk diameter: In addition to 12.7 mm disks, cellulose disks (Whatman Type 2668) with a diameter of 6 and 9 mm were
tested. Analyses were done in triplicate with 5 single measurements (= 5 disks of 9 mm) and 7 single measurements (=
7 disks of 6 mm) for every antibiotic concentration tested.
Agar concentration: Kundrat-agar was prepared manually according to Merck no. 1.10662 but with a varying agar
concentration of 6.0; 8.0; 10.0; 12.0 and 14.0 g/l. Antibiotic concentrations of 1 mg/l (penicillin G and tetracycline) and
10 mg/l (penicillin G, tetracycline and chloramphenicol) were tested with 5 single measurements each.
pH: In addition to pH 8.0, Kundrat-agar (Merck no. 1.10662) was adjusted to pH 5.0; 6.0 and 7.2, respectively.
However, only Bacillus pumilus was used as test strain. Antibiotic concentrations of 10 mg/l were tested with 4 single
measurements each.
2.7

Chemicals

If not stated otherwise, all chemicals used were of the highest purity commercially available.
2.8

Statistics

The data were analysed using SPSS (Release 13.0) to determine the minimum antibiotic concentration that was
detectable (growth inhibition zone ≥ 1 mm or colour change of the indicator). The resulting detection limits were
calculated at 95 % confidence level.

3. Results and Discussion
3.1 Use of agar diffusion tests with different test strains and comparison to Delvotest®SP Mini-NT and BRTest®AS Brilliant
Kundrat-agar contains bromocresol purple as pH indicator which turns from purple to yellow due to the formation of
acid from glucose concomitant with bacterial metabolism. Hence, growth inhibition is not only indicated by a clear zone
but also by a lack of change in colour from purple to yellow. However, only Geobacillus stearothermophilus was able
to bring about the change in colour of the pH indicator present in the medium from purple to yellow. Nevertheless, a
clear inhibition zone was detectable when using the two other test strains.
Bacillus pumilus proved to be a useful addition as this strain was more susceptible to tetracycline than Geobacillus
stearothermophilus, Bacillus subtilis BGA and the two commercial test systems Delvotest®SP Mini-NT and BRTest®AS Brilliant (Table 1). Considering that for Bacillus pumilus the detection limit for tetracycline was 19 μg/l
(water), 31 μg/l (milk, 1.5% fat) and 38 μg/l (milk, 3.5% fat) with the disk based agar diffusion method, of the strains
tested in this study only Bacillus pumilus would be able to detect tetracycline at a concentration below the MRL of 100
μg/kg specified by the EU for milk [21]. A positive result obtained when using one of the other test systems would
therefore be due to tetracycline concentrations exceeding the EU MRL for tetracycline in milk. The results for
tetracycline detection using Bacillus subtilis were similar to those reported by Navrátilová et al. [34] for Bacillus
strains. However, using a Bacillus cereus strain Nouws et al. [40] determined lower detection limits for tetracycline that
were in the same range as those established for Bacillus pumilus in this study. In contrast to this, the MRL for penicillin
G (benzylpenicillin) in milk is specified by the EU [21] as 4 μg/kg; a level that could only be detected by the two
commercial test kits. Obviously, the agar diffusion tests were not sensitive enough. However, all test systems used in
this study showed a quite high detection limit for chloramphenicol (Table 1). This is worrying as the presence of this
substance in food is prohibited in the EU [21] while the test systems detected chloramphenicol only at concentrations
exceeding 3 mg/l.
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Overall, the detection limits established by using the two commercial test kits (Table 1) were in the same range as
those specified by the manufacturer, albeit a detection limit for chloramphenicol is not specified for the BR-Test®AS
Brilliant. Similar results using a Delvotest®SP were reported for tetracycline, penicillin G [39, 41] and chloramphenicol
[41].
The detection limits established using the modified agar diffusion test were always higher than those obtained using
the disk based agar diffusion test (Table 1). This is not surprising as the holes of the modified agar used in this test were
filled with 60 μl of the test solutions while the 12.7 mm disks carried an average test solution volume of 101 μl. Of all
three test strains, Bacillus subtilis seemed to be the least sensitive with the exception of the detection of
chloramphenicol, in which case Bacillus pumilus was the least susceptible. Although Delvotest®SP Mini-NT and BRTest®AS Brilliant are also using Geobacillus stearothermophilus, the results for the agar diffusion tests with
Geobacillus stearothermophilus showed higher detection limits. A reason for this might be due to the fact that the agar
diffusion tests were incubated at a temperature of 37°C over night in this study while the commercial tests prescribe an
incubation for 2-3 h at a temperature of 64°C which is closer to the optimum temperature for Geobacillus
stearothermophilus.
Table 1

Detection limits for selected antibiotics with different test organisms and test systems (all data in μg/l).

Disk based agar
diffusion test
B. subtilis
B. pumilus
G. stearothermophilus
Modified agar
diffusion test
B. subtilis
B. pumilus
G. stearothermophilus
Commercial
test kits
Delvotest®SP Mini-NT
BR-Test®AS Brilliant

Penicillin G

Tetracycline

Chloramphenicol

in water / milk 1.5 % fat /
milk 3.5 % fat

in water / milk 1.5 % fat /
milk 3.5 % fat

in water / milk 1.5 % fat /
milk 3.5 % fat

113 / 122 / 126
81 / 92 / 95
12 / 15 / 16

380 / 534 / 561
19 / 31 / 38
125 / 194 / 205

11200 / 11800 / 12200
23500 / 28200 / 32900
9600 / 9900 / 10500

161 / 206 / 214
96 / 114 / 123
13 / 17 / 19

432 / 854 / 911
25 / 77 / 84
136 / 288 / 324

13400 / 19000 / 20600
27800 / 38100 / 40500
11400 / 15600 / 16100

2/3/3
4/4/5

106 / 122 / 128
165 / 201 / 215

3400 / 5600 / 5700
5800 / 7500 / 8200

The results shown in Table 1 indicate that the presence of milk somewhat reduced the sensitivity of the test systems.
However, this effect of milk seemed to differ among bacterial test species and test systems used and depended on the
antibiotic. The observed increase of the detection limit in the presence of milk was most apparent for the modified agar
diffusion test with tetracycline. This could be due to the formation of a visible protein/fat layer inside the holes, which
might have caused a reduced diffusion of the test antibiotics into the agar matrix thus rendering this test system less
sensitive.
Even in the presence of milk, the two commercial test kits showed the lowest detection limit for penicillin G with the
Delvotest®SP Mini-NT still meeting the EU MRL of 4 μg/kg for penicillin in milk. In the agar diffusion tests the
presence of milk appeared to exhibit a lesser influence on the detection of penicillin G than on the detection of
tetracycline. Tetracycline is known to form complexes with divalent cations such as Ca2+ and Mg2+ ions which are
present in milk thereby providing a possible explanation for this effect [42-44]. To overcome this problem, the use of
chelating agents was suggested [44-45].
Despite the fact that the Delvotest®SP Mini-NT showed the lowest detection limits for chloramphenicol, the
presence of milk appeared to interfere to a higher degree with the detection of chloramphenicol than observed especially
in the disk based agar diffusion method using Bacillus subtilis and Geobacillus stearothermophilus. Because of its
physico-chemical properties, chloramphenicol is the most lipophilic of the three selected antibiotics and will probably
tend to stay in the lipid phase of the milk. This in turn might result in a limited bioavailability and diffusion of this
compound into the aqueous phase. Shakila et al. [46] therefore used a solvent extraction prior to a growth inhibition
assay performed with Photobacterium leiognathi for the detection of chloramphenicol in shrimps. However, the need
for solvent extraction and the use of solvent extracts somewhat complicates a simple and easy screening test.
Overall the commercial test kits Delvotest®SP Mini-NT and BR-Test®AS Brilliant are clearly suitable for the
detection of penicillin G and showed the lowest detection limits for chloramphenicol albeit this antibiotic was detected
only at concentrations exceeding 3 mg/l. However, these two commercial test kits appear to be less suited for the
detection of tetracycline as the detection limits established in this study were higher than the EU MRL value of 100 μg
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per kg of milk. Still, the Delvotest®SP Mini-NT was more sensitive than the BR-Test®AS Brilliant for tetracycline.
Nevertheless, as results are obtained after only 3 h incubation for these two commercial test systems, they are much
faster than the agar diffusion tests employed in this study which were incubated for about 18-24 h. To ensure the
detection of tetracycline at or below the EU MRL of 100 μg/kg for milk, Bacillus pumilus proved to be a promising
addition to the agar diffusion tests. However, it appeared that the use of Bacillus subtilis did not improve the detection
limits for any antibiotic tested in this study.
3.2 Influence of disk diameter, agar concentration and pH on antibiotic detection
The impact of disk diameter upon the detection limit for selected antibiotics when using Bacillus pumilus as test species
is shown in Table 2. As expected, the larger the disk diameter the lower the detection limit, which was similar for the
other two test strains used (data not shown). Evidently, the determined detection limits for tetracycline with Bacillus
pumilus using 9 mm disks were still lower than the specified EU MRL of 100 μg/kg. Rolinson & Russell [47] reported
that 90% of penicillin G present (when tested in a range from 1-100 μg) on a 10 mm square of Whatman No. 1 paper
had diffused into the underlying agar within 110 minutes, while this took about 230 minutes for about 80% of
tetracycline (when tested at 10 and 100 μg). A shorter incubation time as it is normally used with Geobacillus
stearothermophilus at higher temperature might lead to an incomplete diffusion of some antibiotics into the agar and
might therefore reduce the degree of growth inhibition.
When using 90 mm Petri dishes, 5 disks with a diameter of 12.7 mm can be easily placed on the surface without
interfering with each other. This disk diameter is recommended in some official guideline methods [34, 48], while other
instructions still recommend the use of 6 mm disks [49]. Again, the presence of milk increased the detection limit for all
three antibiotics tested [Table 2].
Table 2

Detection limits for selected antibiotics with different disk diameters and Bacillus pumilus as test strain (all data in μg/l).

Disk diameter
6 mm
9 mm
12.7 mm

Penicillin G

Tetracycline

Chloramphenicol

in water / milk 1.5 % fat /
milk 3.5 % fat

in water / milk 1.5 % fat /
milk 3.5 % fat

in water / milk 1.5 % fat /
milk 3.5 % fat

91 / 98 / 103
88 / 95 / 100
81 / 92 / 95

237 / 443 / 561
42 / 67 / 95
19 / 31 / 38

31800 / 39300 / 42400
27000 / 35200 / 39700
23500 / 28200 / 32900

Fig. 1 Influence of pH of the test medium (Kundrat-agar) on the mean inhibition zone measured for three selected antibiotics (each
at 10 mg/l) with the disk based agar diffusion method (12.7 mm disks) and Bacillus pumilus as test strain.

There was no evident effect of pH of the test medium (Fig. 1) on the detection of chloramphenicol based on the
observed mean inhibition zones for Bacillus pumilus, which is probably due to the fact that this strain is not sufficiently
sensitive to chloramphenicol at 10 mg/l (Table 2). Both for penicillin G and tetracycline, a lower pH resulted in larger
mean inhibition zones which will lead to improved detection limits. Other authors showed a similar effect of pH on the
detection of or sensitivity to antibiotics with different microorganisms [43, 50, 51] and that the pH of an assay system
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can have variable effects on the stability and activity of the assayed substances [29]. It is therefore sensible to
implement several pH values in agar diffusion assays as prescribed for example in the three-plate-test for meat [35], as
this can increase the sensitivity of the screening method for certain target antibiotics.
When varying the agar concentration of the medium (Fig. 2), it was apparent that a higher agar content somewhat
decreased the mean inhibition zone and therefore increased the detection limit for all antibiotics tested in this study.
Again, this effect was evident for all three test strains used (data not shown). The agar content of a medium has a
general effect on the diffusion which is governed by the resulting pore size of the agar matrix. For practical reasons, a
content of 10 g agar per litre appears to be a suitable agar concentration; lower concentrations led to mechanical
instability of the agar and therefore precluded the punching of holes which is required for the modified agar diffusion
assay.

Fig. 2 Effect of agar concentration on the mean inhibition zone measured for three antibiotics with the disk based agar diffusion
test (12.7 mm disks) and Bacillus subtilis as test strain.

These results demonstrate that the variation in media characteristics (pH, agar concentration) and test strains can
greatly influence the detection of antibiotics. It is not only important to consider that different microorganisms prefer
different types of media which in turn might alter their susceptibility towards different antibiotics, but at the same time
the impact of target antibiotics can be influenced by factors such as pH or agar concentration. Gavin critically reviewed
[29, 52] the agar diffusion test approach in view of physico-chemical and microbiological variables that need to be
considered when employing and optimizing this screening procedure. It needs to be stressed that even the composition
or quality of standard media or selected ingredients may somewhat differ between batches, which will influence the
sensitivity and reproducibility of the assay. This problem was highlighted by a report released in Germany [53],
demonstrating that the use of a different peptone can influence the performance of the official three-plate-test
procedure.
This study indicated that Bacillus pumilus might be a useful addition to the agar diffusion procedure by improving its
sensitivity for certain target antibiotics as was previously shown for other strains like Bacillus cereus [40], Escherichia
coli [51] or Photobacterium leiognathi [46].

4. Concluding remarks
The utilization of agar diffusion tests as screening method for the detection of antibiotics is still very useful as they are
cheap, easy to perform, fast, flexible and enable a large sample throughput. Especially the flexibility is an advantage, as
these tests can be easily adapted to different demands (e.g. different food matrices) via for example optimizing the pH
range of the test media and implementing new test strains. However, a differentiation between simultaneously present
antibiotics and/or other inhibitory substances (false positive results) as well as a reliable quantification of the substances
is not possible with this method. Additionally, as agar diffusion tests are somewhat susceptible to variations in test
medium composition and test strains, both the quality of the medium and the test strain has to be carefully monitored to
insure reproducibility. As for all (microbiological) analytical procedures method validations have to be done before
modified methods can be used routinely.

364

© FORMATEX 2013

Microbial
pathogens and strategies for combating them: science, technology and education (A. Méndez-Vilas, Ed.)
____________________________________________________________________________________________

References
[1] Johnston AM. Use of antimicrobial drugs in veterinary practice. British Medical Journal. 1998;317:665-667.
[2] Saini V, McClure JT, Léger D, Dufour S, Sheldon AG, Scholl DT, Barkema HW. Antimicrobial use on Canadian dairy farms.
Journal of Dairy Science. 2012;95:1209-1221.
[3] Kümmerer K. Significance of antibiotics in the environment. Journal of Antimicrobial Chemotherapy. 2003;52: 5-7.
[4] Vockel A. Resistenzentwicklung und Rückstände in der landwirtschaftlichen Tierhaltung 2000-2002. Sonderprogramm.
Ministerium für Umwelt und Naturschutz, Landwirtschaft und Verbraucherschutz des Landes Nordrhein-Westfalen. June 2004
[5] European Commission, DG health and consumers, food and feed safety: Rapid Alert System for Food and Feed (RASFF).
Available at: http://ec.europa.eu/food/food/rapidalert/index_en.htm. Accessed April 22, 2013.
[6] Welch H. Problems of antibiotics in food as the Food and Drug Administration sees them. American Journal of Public Health.
1957;47:701-705.
[7] Donoghue DJ. Antibiotic residues in poultry tissues and eggs: human health concerns?. Poultry Science. 2003; 82:618-621.
[8] Phillips I, Casewell M, Cox T, De Groot B, Friis C, Jones R, Nightingale C, Preston R, Waddell J. Does the use of antibiotics in
food animals pose a risk to human health? A critical review of published data. Journal of Antimicrobial Chemotherapy.
2004;53:28-52.
[9] Turnidge J. Antibiotic use in animals-prejudice, perceptions and realities. Journal of Antimicrobial Chemotherapy. 2004;53:2627.
[10] Garcia-Alvarez L, Dawson S, Cookson B, Hawkey P. Working across the veterinary and human health sectors. Journal of
Antimicrobial Chemotherapy. 2012;67(suppl 1):i37-i49.
[11] Sørum H, L’Abée-Lund TM. Antibiotic resistance in food-related bacteria – a result of interfering with the global web of
bacterial genetics. International Journal of Food Microbiology. 2002;78:43-56.
[12] Seyfried EE, Newton RJ, Rubert IV KF, Pedersen JA, McMahon KD. Occurrence of tetracycline resistance genes in
aquaculture facilities with varying use of oxytetracycline. Microbial Ecology. 2010;59:799-807.
[13] Sengeløv G, Agersø Y, Halling-Sørensen B, Baloda SB, Andersen JS, Jensen LB. Bacterial antibiotic resistance levels in
Danish farmland as a result of treatment with pig manure slurry. Environment International. 2003;28:587-595.
[14] Shipp GM, Dickson JS. The establishment of Enterobacteriaceae and Salmonella London in a new dairy farm environment.
Foodborne Pathogens and Disease. 2011;8:411-420.
[15] Grote M, Schwake-Anduschus C, Stevens H, Michel R, Betsche T, Freitag M. Antibiotika-Aufnahme von Nutzpflanzen aus
Gülle-gedüngten Böden – Ergebnisse eines Modellversuchs. Journal für Verbraucherschutz und Lebensmittelsicherheit.
2006;1:38-50.
[16] Grote M, Schwake-Anduschus C, Michel R, Stevens H, Heyser W, Langenkämper G, Betsche T, Freitag M. Incorporation of
veterinary antibiotics into crops from manured soil. Landbauforschung Völkenrode. 2007;57:25-32.
[17] Bundesinstitut für Risikobewertung (BfR). Rückstände von Tierarzneimitteln in Lebensmitteln pflanzlicher Herkunft.
Information Nr. 019/2010 des BfR. 15 February 2010. Available at: http://www.bfr.bund.de/de/publikationen.html.
[18] Bundesinstitut für Risikobewertung (BfR). Residue of pharmacologically active substances in plant-based food. BfR opinion
No. 051/2011 of 2 November 2011. Available at: http://www.bfr.bund.de/en/publications.html.
[19] Grunwald L, Petz M. Food processing effects on residues: penicillins in milk and yoghurt. Analytica Chimica Acta.
2003;483:73-79.
[20] European Union (2009) Regulation (EC) No 470/2009 of the European Parliament and the Council of 6 May 2009. Official
Journal of the European Union. Brussels; L152:11-22.
[21] European Union (2010) Commission regulation (EU) No 37/2010 of 22 December 2009 on pharmacologically active
substances and their classification regarding maximum residue limits in foodstuffs of animal origin. Official Journal of the
European Union. Brussels; L15:1-72.
[22] Codex Alimentarius Commission. Maximum residue limits for veterinary drugs in foods. Updated as at the 35th session of the
Codex Alimentarius Commission (July 2012). CAC/MRL 2-2012; 1-40.
[23] Navrátilová P. Screening methods used for the detection of veterinary drug residues in raw cow milk – a review. Czech Journal
of Food Science. 2008;26:393-401.
[24] Babington R, Matas S, Marco MP, Galve R. Current bioanalytical methods for the detection of penicillins. Analytical and
Bioanalytical Chemistry. 2012;403:1549-1566.
[25] Gaugain-Juhel M, Delépine B, Gautier S, Fourmond MP, Gaudin V, Hurtaud-Pessel D, Verdon E, Sanders P. Validation of a
liquid chromatography-tandem mass spectrometry screening method to monitor 58 antibiotics in milk: a qualitative approach.
Food Additives and Contaminants. 2009;26:1459-1471.
[26] Azzouz A, Jurado-Sánchez B, Souhail B, Ballesteros E. Simultaneous determination of 20 pharmacologically active substances
in cow’s milk, goat’s milk, and human breast milk by gas chromatography-mass spectrometry. Journal of Agricultural and
Food Chemistry. 2011;59:5125-5132.
[27] Jank L, Hoff RB, Tarouco PC, Barreto F, Pizzolato TM. β-lactam antibiotics residues analysis in bovine milk by LC-ESIMS/MS: a simple and fast liquid-liquid extraction method. Food Additives and Contaminants. 2012;29:497-507.
[28] De Beer EJ, Sherwood MB. The paper-disc agar-plate method for the assay of antibiotic substances. Journal of Bacteriology.
1945;50:459-467.
[29] Gavin JJ. Analytical Microbiology II. The diffusion methods. Applied Microbiology. 1957;5:25-33.
[30] Garrod LP, Waterworth PM. A study of antibiotic sensitivity testing with proposals for simple uniform methods. Journal of
Clinical Pathology. 1971;24:779-789.
[31] Matsen JM, Lund ME, Brooker DC. Comparison and evaluation of carbenicillin disks in diffusion susceptibility testing.
Antimicrobial Agents and Chemotherapy. 1974;5:599-606.
[32] Inglis JM, Katz SE. Improved microbiological assay procedures for dihydrostreptomycin residues in milk and dairy products.
Applied and Environmental Microbiology. 1978;35:517-520.

© FORMATEX 2013

365

Microbial
pathogens and strategies for combating them: science, technology and education (A. Méndez-Vilas, Ed.)
____________________________________________________________________________________________

[33] Okerman L, Croubels S, De Baere S, Van Hoof J, De Backer P, De Brabander H. Inhibition tests for detection and presumptive
identification of tetracyclines, beta-lactam antibiotics and quinolones in poultry meat. Food Additives and Contaminants.
2001;18:385-393.
[34] Navrátilová P, Vyhnálková J, Jeřábková J, Janštová B, Dračková M, Borkovcová I, Vorlová L. Utilization of B. cereus and B.
subtilis strains in plate diffusion methods for the detection of tetracycline residues in milk. Journal of Food and Nutrition
Research. 2010;49:37-44.
[35] Allgemeine Verwaltungsvorschrift über die Durchführung der amtlichen Überwachung nach dem Fleischhygienegesetz und
dem Geflügelfleischhygienegesetz (AVV Fleischhygiene – AVVFlH). Kapitel 5 – Untersuchung auf Hemmstoffe in
Muskulatur, Niere und Leber. Bundesanzeiger. 2002; 44a. Germany.
[36] BVL L 01.00-11. Untersuchung von Lebensmitteln – Suchverfahren auf das Vorhandensein von Antiinfektiva in Milch – AgarDiffusions-Verfahren mit Bacillus stearothermophilus (Brillantschwarz-Reduktionstest). 1996-02, Berichtigung 2002-12.
Bundesamt für Verbraucherschutz und Lebensmittelsicherheit. Braunschweig, Germany.
[37] Žvirdauskienė R, Šalomskienė J. An evaluation of different microbial and rapid tests for determining inhibitors in milk. Food
Control. 2007;18:541-547.
[38] Kneebone J, Tsang PCW, Townson DH. Short communication: Rapid antibiotic screening tests detect antibiotic residues in
powdered milk products. Journal of Dairy Science. 2010;93:3961-3964.
[39] Perme T, Bizjak M, Gačnik KŠ, Kirbiš A. Validation of TwinsensorBT, screening test for the detection of β-lactams and
tetracyclines in milk and comparison to Delvotest® SP-NT. Slovenian Veterinary Research. 2010;47:97-106.
[40] Nouws JFM, Loeffen G, Schouten J, Van Egmond H, Keukens H, Stegeman H. Testing of raw milk for tetracycline residues.
Journal of Dairy Science. 1998;81:2341-2345.
[41] Althaus RL, Torres A, Montero A, Balasch S, Molina MP. Detection limits of antimicrobials in ewe milk by Delvotest
photometric measurements. Journal of Dairy Science. 2003;86:457-463.
[42] Brenner VC, Sherris JC. Influence of different media and bloods on the results of diffusion antibiotic susceptibility tests.
Antimicrobial Agents and Chemotherapy. 1972;1:116-122.
[43] Korpela MT, Kurittu JS, Karvinen JT, Karp MT. A recombinant Escherichia coli sensor strain for the detection of tetracyclines.
Analytical Chemistry. 1998;70:4457-4462.
[44] Kurittu J, Lönnberg S, Virta M, Karp M. A group-specific microbiological test for the detection of tetracycline residues in raw
milk. Journal of Agricultural and Food Chemistry. 2000;48:3372-3377.
[45] Virolainen NE, Pikkemaat MG, Elferink JWA, Karp MT. Rapid detection of tetracyclines and their 4-epimer derivatives from
poultry meat with bioluminescent biosensor bacteria. Journal of Agricultural and Food Chemistry. 2008;56:11065-11070.
[46] Shakila RJ, Saravanakumar R, Vyla SAP, Jeyasekaran G. An improved microbial assay for the detection of chloramphenicol
residues in shrimp tissues. Innovative Food Science and Emerging Technologies. 2007;8:515-518.
[47] Rolinson GN, Russell EJ. New method for antibiotic susceptibility testing. Antimicrobial Agents and Chemotherapy.
1972;2:51-56.
[48] BVL L 01.00-6. Untersuchung von Lebensmitteln – Nachweis von Hemmstoffen in Milch – Agar-Diffusionsverfahren
(Blättchentest). 1997-01. Bundesamt für Verbraucherschutz und Lebensmittelsicherheit. Braunschweig, Germany.
[49] Merck Millipore. Geobacillus stearothermophilus spore suspension (Merck no 1.11499). Instructions for use. Available at:
http://www.merckmillipore.com. Accessed May 14, 2013.
[50] Kenny GE, Cartwright FD. Susceptibilities of Mycoplasma hominis, M. pneumonia, and Ureoplasma urealyticum to GAR-936,
dalfopristin, dirithromycin, evernimicin, gatifloxacin, linezolid, moxifloxacin, quinupristin-dalfopristin, and telithromycin
compared to their susceptibilities to reference macrolides, tetracyclines, and quinolones. Antimicrobial Agents and
Chemotherapy. 2001;45:2604-2608.
[51] Okerman L, Noppe H, Cornet V, De Zutter L. Microbiological detection of 10 quinolone antibiotic residues and its application
to artificially contaminated poultry samples. Food Additives and Contaminants. 2007;24:252-257.
[52] Gavin JJ. Analytical Microbiology I. The test organism. Applied Microbiology. 1956;4:323-331.
[53] Bundesinstitut für Risikobewertung (BfR). Nährmedienbereitstellung für die Durchführung des “Dreiplattentests”.
Stellungnahme des BfR. 14 May 2003. Available at: http://www.bfr.bund.de/de/publikationen.html.

366

© FORMATEX 2013

