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1. Introduction 

From September 1st, 2012 the procedure used by the interprofessional organizations 

(IOs) will change due to the fact that on August 31st the screening test CMT- Copan 

Milk Test (DSM Food Specialties, Delft, NL) will no longer be present on the list of 

accepted tests of FASFC (Anonymous, 2012) due to the fact that the CMT is not 

meeting the acceptance criteria set by the FASFC (Anonymous, 2011).  

Based on validation studies performed at ILVO-T&V, three new microbiological 

inhibitor tests were recently added to this list of accepted broad-spectrum screening 

tests, namely Charm Blue-Yellow II (Charm Sciences Inc., Lawrence, MA), Eclipse 

3G (ZEU INMUNOTEC S.L., Zaragoza, SP) and Delvotest T (DSM Food Specialties, 

Delft, NL). The interprofessional organizations were choosing the Delvotest T as test 

to replace the CMT.  

As part of the validation, the detection capability of Delvotest T for different anti-

infectious agents (antibiotics and chemotherapeutics) was determined. The results 

are given in Table 1.  

As part of the robustness study it was noticed that false positive results could occur 

due to an abnormal quality/composition of milk like a high somatic cell count or a high 

fat content. Hence, in the validation report of the Delvotest T (Reybroeck & Ooghe, 

2012), it was recommended that in case the test would be used as official test by the 

interprofessional organizations, a positive test result should be followed by a 

procedure based on another type of tests (e.g. receptor assays) in order to prevent 

penalization due to a false positive Delvotest T result. So the confirmation procedure 

is needed to be reviewed (Reybroeck & Werbrouck, 2012). A proposal was worked 

out based on different group-specific post-screening tests (Figure 1). Samples that 

give a positive result on the Delvotest T will be further analysed on the presence of β-

lactam antibiotics, tetracyclines & sulfonamides, aminoglycosides, tylosin 

(macrolides), and quinolones by using the βeta-s.t.a.r. 25, Trisensor Milk, 4-

Aminosensor Milk, Tylosensor Milk, and Quinosensor Milk, respectively. As long as  

a negative result is obtained, the post-screening is continued with the testing on 

residues of  another antibiotic family. In case the Quinosensor Milk is also giving a 
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negative result the post-screening is stopped and the responsible farmer of the 

sample is not penalized since no antibiotic family could be indicated.  

Table 1. Detection capability of the Delvotest T (Reybroeck & Ooghe, 2012). 

Reflectometric reading with Delvoscan software; cut-off Z-value = -3.0. Fulfillment of 

the criteria if at the target concentration at least 19 positive results out of 20 tests 

were obtained. 

 

Drug family Active substance MRL Tested conc detection  at 
tested conc 

penicillins amoxicillin 4 4 Y 

ampicillin 4 4 Y 

benzylpenicillin  4 4 Y 

cloxacillin 30 30 Y 

nafcillin 30 30 Y 

cephalosporins cefalexin 100 100 Y 

cefalonium 20 20 Y 

cefazolin 50 50 Y 

cefoperazone 50 50 Y 

cefquinome 20 20 N 

ceftiofur 100 100 Y 

desfuroylceftiofur 100 100 N 

cephapirin 60 60 Y 

desacetylcephapirin 60 60 Y 

sulfonamides sulfadiazine 100 100 Y 

sulfadimethoxine 100 100 Y 

sulfadoxine 100 100 Y 

sulfones dapsone 5 * 5 * Y 

macrolides spiramycin 200 600 Y 

tylosin 50 150 Y 

lincosamides lincomycin 150 450 Y 

pirlimycin 100 300 Y 

tetracyclines chlortetracycline 100 100 Y 

oxytetracycline 100 100 Y 

aminoglycosides dihydrostreptomycin 200 600 N 

gentamicin 100 300 Y 

kanamycin 150 450 N 

neomycin 1,500 4,500 Y 

spectinomycin 200 600 N 

quinolones danofloxacin 30 90 N 

enrofloxacin 100 300 N 

marbofloxacin 75 225 N 

ansamycins rifaximin 60 180 Y 

polymyxins colistin 50 150 N 

-lactamase inhibitors clavulanic acid 200 600 N 

diamino pyrimidine 
derivatives 

trimethoprim 50 150 N 

 

Notes:  

MRL: Maximum Residue Limit, Regulation (EC) No 470/2009 and Commission 

Regulation (EU) No 37/2010 (status on May 1, 2012); *: Recommended concentration 

for testing (Anonymous, 2007). 

MRL 3xMRL 
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 Figure 1. New test procedure to be used by the Interprofessional Organizations from 

September 1st, 2012 for the detection of antimicrobials in milk. 

If a positive result is obtained for a certain post-screening test the test procedure can 

be stopped. In all cases except for the βeta-s.t.a.r. 25, a positive result is always 

resulting in a penalty for the responsible farmer. For a positive βeta-s.t.a.r. 25 result, 

only when a ratio ≤0.040 is obtained with an Accuscan III reader, the positive result is 

leading to a penalization due to a sufficient quantity of β-lactam. 

This report is summarizing the results of the validation of the different post-screening 

tests in the new testing procedure (Figure 1). According to Commission Decision 

2002/657/EC following validation parameters were checked for each test: test 

selectivity/specificity, detection capability and test robustness. 
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2. βeta-s.t.a.r. 25 

 

As first post-screening test the βeta-s.t.a.r. 25 will be used in order to check if 

residues of β-lactam are confirmed in the suspect sample and also to check if the 

concentration of β-lactam residues is sufficient to contribute to a penalization for the 

responsible farmer. This test is actually (August 2012) also used by the IOs as the 

first post-screening test and was validated in the period 2000-2004 (Reybroeck, 2000 

& 2004).  
Table 2. Detection capability of the βeta-s.t.a.r. 25 in raw cows’ milk, instrumental 
reading with a cut-off ratio of 1.00 and 0.040 (Reybroeck et al., 2010; Reybroeck, 
2010b). 
 

Group  Compound  MRLb 
(μg kg-1) 

Detection capability 
 βeta-s.t.a.r. 25 

 (μg kg-1)a 

βeta-s.t.a.r. 
cut-off 1.00  

 βeta-s.t.a.r. 
cut-off 0.040 

penicillins benzylpenicillin 4 3  4 

 ampicillin 4 4  6 

 amoxicillin 4 4  7 

 oxacillin 30 6  22 

 cloxacillin 30 6  16 

 dicloxacillin 30 5  12 

 nafcillin 30 14  30 

cephalosporins ceftiofur 100c 110  350 

 desfuroylceftiofur 100c 2,500  nte 
 cefquinome 20 10  20 

 cefazolin 50 60  125 

 cephapirin 60d 12  nte 

 desacetylcephapirin 60d 70  nte 

 cefacetrile 125 40  80 

 cefoperazone 50 6  6 

 cefalexin 100 >1,000  5,000 

 cefalonium 20 4  4 

Notes: a Detection capability is defined as the lowest concentration tested giving a minimum 
of 19 positive results out of 20. 

 b MRL, maximum residue limit (Regulation (EC) No 470/2009; Commission Regulation 
(EU) No 37/2010 and amendments as of October 12, 2010).  

 c 
sum of all residues retaining the -lactam structure expressed as desfuroylceftiofur. 

 d 
sum of cephapirin and desacetylcephapirin. 

 e nt: not tested 
 

 

In order to limit the number of post-screening tests some extra testing was performed 

in order to determine a cut-off ratio below which the sample can be considered as  

positive for β-lactam antibiotics and the post-screening could be stopped 

independent if the sample should lead to penalization or not. 
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Only in case the ratio measured is below or equal to 0.040 a penalty is given due to 

presence of β-lactam antibiotic residues. This special cut-off ratio of 0.040 was 

determined in order to discriminate milk contaminated with 3 µg/kg benzylpenicillin 

from milk contaminated with 4 µg/kg benzylpenicillin (Reybroeck, 2010a).  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Ratios (in duplo test results ( and ) and mean ) obtained for 24 blank 

milk samples analyzed by means of  three different lots of βeta-s.t.a.r. 25 reagents. 

Special cut-off value = 4.86. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Ratios (in duplo test results ( and ) and mean ) obtained for 26 blank 

milk samples analyzed by βeta-s.t.a.r. 25 reagents of lot 20502 (Exp. 02/05/2013). 

Special cut-off value = 2.97. 
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To determine the cut-off below which the testing could be stopped, blank (residue-

free) raw milk samples were tested on βeta-s.t.a.r. 25 to calculate the mean ratio for 

blanks and the standard deviation. Samples giving a ratio below the (mean ratio for 

blank milks - 3×SD) could be considered as containing β-lactam residues and the 

post-screening could be stopped.   

Different lots of reagents were used (Figure 2 and 3) and significant differences were 

noticed. For 3 different lots together the special cut-off value was 4.86; while for the 

accepted lot 20502 (Exp. 02/05/2013) the special cut-off value was 2.97. So, no 

general cut-off ratio could be accepted. Hence, in the future for each lot of reagents, 

this special cut-off needs to be determined by the NRL by testing minimum 20 

different blank raw milk samples and calculating the (mean ratio for blanks - 3×SD). 
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3. Trisensor Milk 

 

The Trisensor Milk is a receptor assay for the screening of residues of three different 

families of anti-infectious agents in milk: β-lactam, tetracyclines and sulfa drugs. 

Since the β-lactam residues are checked by the βeta-s.t.a.r. 25, the results on the β-

lactam channel of Trisensor are not considered.   

 

3.1. Test procedure of Trisensor Milk 

 

The Trisensor Milk is a two-step test: 

1st step: addition of 200 µl of milk to a microplate cup with receptor. Incubation 

during 3 min at 40°C using Heat Sensor (Unisensor s.a., Wandre, BE), a specially 

designed block-heater. -lactam antibiotics, tetracyclines and sulfa drugs possibly 

present in the milk will form a stable non-active complex with their specific receptor. 

The dipstick is placed in a small device ‘Test stop’ on top of the incubator.  

 

 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 4. Configuration of the Trisensor Milk dipstick. 

 

2nd step: automatic addition of a dipstick, migration and colour formation during the 

second incubation step of 3 min at 40°C. The bottom test line captures remaining 

active receptor for -lactams. The second test line captures remaining active 

receptor for sulfonamides. The upper test line captures remaining active receptor for 

tetracyclines (Figure 4).  

 

Within 5 minutes after performance of the test the test strips should be interpreted by 

means of a Readsensor (Unisensor s.a., Wandre, BE). The sample pad should be 

removed before reading the dipstick. The reader measures the colour formation at 

the test line and control line positions and the RAPID software calculates the ratio 

test line / control line for each test line. The ratio cut-off levels are given in Table 3. 

 



8 Wim Reybroeck & Sigrid Ooghe 
 ‘Validation of post-screening tests’ 

 
 

Table 3. Instrumental reading of Trisensor Milk: interpretation of the test results. 
 

Ratio (area measurement) Interpretation 

>1.10 ‘neg’ 

0.90 < ratio  1.10 ‘low pos’ 

 0.90 ‘pos’ 

 

3.2. Test selectivity of Trisensor Milk 

 

The selectivity of Trisensor Milk was tested by analysing milk doped with compounds 

belonging to the most important families of antibiotics or chemotherapeutics (1 per 

family). Raw milk was doped at a high concentration (10×MRL, 10×MRPL or 

10×Recommended concentration for testing). All testing was completed in duplicate.  

 

Following compounds were used: benzylpenicillin (β-lactams), oxytetracycline 

(tetracyclines), erythromycin (macrolides), enrofloxacin (quinolones), 

chloramphenicol (amphenicols), neomycin (aminoglycosides), colistin (polymyxins), 

lincomycin (lincosamides), clavulanic acid (β-lactamase inhibitors), sulfadiazine 

(sulfonamides), trimethoprim (diamino pyrimidine derivatives), and dapsone (other 

chemotherapeutics). 

 

A summary of the test selectivity is given in Table 4. 

 

As expected there were positive results obtained for benzylpenicillin on the β-lactam 

channel, for oxytetracycline on the tetracycline channel and for sulfadiazine on the 

sulfonamide channel. No interference by other compounds was noted except for 

clavulanic acid on the β-lactam channel. The interaction of clavulanic acid, a -

lactamase inhibitor could be expected since this molecule contains a -lactam 

structure resembling that of the penicillin, except that the fused thiazolidine ring of the 

penicillins is replaced by an oxazolidine ring (Anonymous, 2005).  Interference by 

clavulanic acid was found from 900 µg/kg.   
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Table 4. Selectivity of the Trisensor Milk: ratios obtained in doped raw milk and 

tested with Trisensor Milk.  

 

Family Compound 
MRL 

(µg/kg) 

Conc. in 
milk 

(µg/kg) 

β-Lactam  Sulfa  Tetra 

ratio res ratio res ratio res 

β-lactam benzylpenicillin 4 40 0.00 + 2.76 - 3.33 - 

tetracyclines oxytetracycline 100 1,000 2.47 - 2.59 - 0.00 + 

macrolides erythromycin 40 400 2.18 - 2.35 - 3.15 - 

quinolones enrofloxacin 100 1,000 2.17 - 2.39 - 2.96 - 

amphenicols chloramphenicol --* 3 1.92 - 2.36 - 2.60 - 

aminoglycosides neomycin 1,500 15,000 2.10 - 2.48 - 3.00 - 

polymyxins colistin 50 500 1.86 - 3.14 - 3.23 - 

lincosamides lincomycin 150 1,500 1.67 - 2.54 - 2.77 - 

-lactamase 
inhibitors 

clavulanic acid 200 2,000 0.47 + 2.82 - 2.59 - 

sulfonamides sulfadiazine 100 1,000 2.06 - 0.00 + 3.03 - 

diamino pyrimidine 
derivatives 

trimethoprim 50 500 2.19 - 2.99 - 3.20 - 

others (sulfones) dapsone --** 50 1.73 - 2.35 - 2.75 - 

Notes: MRL: Maximum Residue Limit, Regulation (EC) No 470/2009 and Commission 

Regulation (EU) No 37/2010 (status on May 1, 2012); * MRPL (Minimum Required 

Performance Limit, Commission Decision (EC) No 2003/181/EC); ** Recommended 

concentration for testing (Anonymous, 2007); sulfa: sulfonamide channel; tetra: tetracycline 

channel; res: result. 

 

Trisensor Milk is a highly specific test for the detection of -lactams, tetracyclines and 

sulfonamides in milk and does not detect compounds from the group of macrolides, 

quinolones, amphenicols, aminoglycosides, polymyxins, lincosamides, diamino 

pyrimidine derivatives families or sulfones.  

 

3.3. Detection capability of Trisensor Milk 

 

Since in the test protocol (Figure 1) the result on the β-lactam channel will not be 

considered only the detection capability for tetracyclines and sulfonamides was 

determined. For testing the detection capability of Trisensor Milk, residue-free raw 

milk was spiked with the tetracyclines and sulfonamides present as active substance 

in brands on the Belgian market for the use in dairy cows. Each concentration was at 

least 20 times tested in a time period of at least three days. The test is considered as 

able to screen the compound when at least 19 times upon 20 tests a positive result 

was obtained. 

Following compounds were tested at the concentration mentioned: oxytetracycline 

(100 µg/kg), 4-epi-oxytetracycline (1000 µg/kg), chlortetracycline (100 µg/kg) and 4-

epi-chlortetracycline (1000 µg/kg), and sulfadiazine (10 µg/kg), sulfadimethoxine (20 

µg/kg) and sulfadoxine (100 µg/kg). 
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A summary of the detection capability of Trisensor Milk on the sulfonamide and 

tetracycline channel is given in Table 5. 

 

Table 5. Detection capability of the Trisensor Milk: ratios obtained for tetracyclines 

and sulfonamides doped in raw milk and tested with Trisensor Milk (lot 12130K).  

 

Family Compound 
MRL 

(µg/kg) 

Tested 

conc. 

(µg/kg) 

Sulfa  Tetra 

Mean 

ratio 
# Pos  

Mean 

ratio 
# Pos 

tetracyclines chlortetracycline 100* 100 2.92 0/20  0.00 20/20 

4-epi-
chlortetracycline 

100* 1,000 2.84 0/20  2.01 0/20 

oxytetracycline 100* 100 3.10 0/20  0.21 20/20 

4-epi-
oxytetracycline 

100* 1,000 2.70 0/20  1.97 0/20 

sulfonamides sulfadiazine 100 10 0.51 20/20  2.89 0/20 

sulfadimethoxine 100 20 0.76 20/20  3.28 0/20 

sulfadoxine 100 100 2.59 0/20  3.23 0/20 

Notes: MRL: Maximum Residue Limit, Regulation (EC) No 470/2009 and Commission 

Regulation (EU) No 37/2010 (status on May 1, 2012); *: sum of parent drug and its 4-epimer. 

 

The two parent tetracyclines chlor- and oxytetracycline are both detected at MRL 

while the two 4-epimers are not detected at MRL (even not at 10×MRL). It is worth 

noting that 4-epi-oxytetracycline was also not detected by Delvotest T in the ring trial 

of April 2012 (Ooghe & Reybroeck, 2012).  

Of the three sulfonamides on the Belgian market for use in lactating cows, two 

compounds (sulfadiazine and sulfadimethoxine) are detected by Trisensor Milk at a 

concentration far below the MRL of 100 µg/kg. However, the third substance 

sulfadoxine is not detected at MRL. The kit manufacturer (Unisensor s.a.) was asked 

to improve the detection capability for sulfadoxine since sulfadoxine is detected at 

MRL by Delvotest T (Reybroeck & Ooghe, 2012). The detection capabilities of the 

Trisensor Milk claimed by Unisensor s.a. are given in Annex 1. 

 

3.4. Test robustness of Trisensor Milk 

 

For robustness testing, 20 raw milk samples with a high somatic cell count (between 

5 ×105 and 106 somatic cells per ml) and 20 samples with a high fat content (>6 g per 

100 ml) were tested to determine the percentage of false-positive test results due to 

a high somatic cell count or a high fat content. By spiking 10 µg/kg sulfadiazine and 

100 µg/kg of oxytetracycline in 10 different samples also the impact of a high somatic 

cell count or a high fat content on the detection capability was checked. 

No false positive results were noticed for the milk samples with a high somatic cell 

count on any of the three channels (β-lactam, tetracycline and sulfonamide). Nine out 
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of 10 milk samples with a high somatic cell count doped with 10 µg/kg of sulfadiazine 

gave a positive result on the sulfonamide channel. The negative result was a border 

line result (ratio 1.2). All 10 milk samples with a high somatic cell count doped with 

100 µg/kg of oxytetracycline gave a positive test result on the tetracycline channel. 

No false positive results were noticed for the milk samples with a high fat content on 

any of the three channels. All 10 milk samples with a high fat content doped with 10 

µg/kg of sulfadiazine or 100 µg/kg of oxytetracycline gave a positive result on their 

respective channel.  
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4. 4-Aminosensor Milk 

 

The 4-Aminosensor Milk is a receptor assay in dipstick format for the simultaneous 

screening of 5 different residues of the family of aminoglycosides 

((dihydro)streptomycin, gentamycin, neomycin and kanamycin). The multiplex 

dipstick uses two different test lines enabling discrimination between  

(dihydro)streptomycine on test line 1 and  gentamycin, neomycin and kanamycin on 

test line 2 (Figure 5). 

 

4.1. Test procedure of 4-Aminosensor Milk 

 

The 4-Aminosensor Milk is a two-step test: 

1st step: addition of 200 µl of milk to a microplate cup with receptor. Incubation 

during 3 min at 40°C using Heat Sensor (Unisensor s.a., Wandre, BE), a specially 

designed block-heater. (Dihydro)streptomycin, gentamycin, neomycin and kanamycin 

possibly present in the milk will form a stable non-active complex with their specific 

receptor. The dipstick is placed in a small device ‘Test stop’ on top of the incubator.  

 

 
 
 
 

 

 

 

 

 

 

 

Figure 5. Configuration of the 4-Aminosensor Milk dipstick. 

 

2nd step: automatic addition of a dipstick, migration and colour formation during the 

second incubation step of 3 min at 40°C. The bottom test line captures remaining 

active receptor for (dihydro)streptomycin. The middle line is the control (reference) 

line while the upper test line captures remaining active receptor for gentamycin, 

neomycin or kanamycin (Figure 5).  
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Within 5 minutes after performance of the test, the test strips should be interpreted by 

means of a Readsensor (Unisensor s.a., Wandre, BE). The sample pad should be 

removed before reading the dipstick.The reader measures the colour formation at the 

test line and control line positions and the RAPID software calculates the ratio test 

line / control line for both test lines. The ratio cut-off levels are given in Table 6. 

 

Table 6. Instrumental reading of 4-Aminosensor Milk: interpretation of the test results. 

 

Ratio (area measurement) Interpretation 

>1.10 ‘neg’ 

0.90 < ratio  1.10 ‘low pos’ 

 0.90 ‘pos’ 

 

4.2. Test selectivity of 4-Aminosensor Milk 

 

The selectivity of 4-Aminosensor Milk was tested by analysing milk doped with 

compounds belonging to most other important families of antibiotics or 

chemotherapeutics (1 per family). Raw milk was doped at a high concentration 

(10×MRL, 10×MRPL or 10×Recommended concentration for testing) in raw milk. All 

testing was completed in duplicate.  

 

Following compounds were used: benzylpenicillin (β-lactams), oxytetracycline 

(tetracyclines), erythromycin (macrolides), enrofloxacin (quinolones), 

chloramphenicol (amphenicols), neomycin (aminoglycosides), colistin (polymyxins), 

lincomycin (lincosamides), clavulanic acid (β-lactamase inhibitors), sulfadiazine 

(sulfonamides), trimethoprim (diamino pyrimidine derivatives), and dapsone 

(sulfones). 

 

A summary of the test selectivity is given in Table 7. 

 

No positive results were noticed for any non-aminoglycoside compound on the 

(dihydro)streptomycin or gentamycin/neomycin/kanamycin channel; neomycin at 

15,000 µg/kg is giving a positive result on the gentamycin/neomycin/kanamycin 

channel as could be expected. 

4-Aminosensor Milk is a highly specific test for detection of (dihydro)streptomycine, 

gentamycin, neomycin and kanamycin in milk and does not detect compounds from 

the -lactams, tetracyclines, sulfonamides, macrolides, quinolones, amphenicols, 

polymyxins, lincosamides and diamino pyrimidine derivatives families, nor dapsone.  
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Table 7. Test selectivity: ratios obtained in doped raw milk and tested with 4-

Aminosensor Milk.  

 

Family Compound 
MRL 

(µg/kg) 

Conc. in 

milk 

(µg/kg) 

(Dihydro)-

streptomycin 
 

Gentamycin/ 

neomycin/ 

kanamycin 

ratio result  ratio result 

β-lactam benzylpenicillin 4 40 2.89 -  2.76 - 

tetracyclines oxytetracycline 100 1,000 2.65 -  2.82 - 

macrolides erythromycin 40 400 2.59 -  2.65 - 

quinolones enrofloxacin 100 1,000 2.67 -  2.90 - 

amphenicols chloramphenicol --* 3 2.68 -  2.81 - 

aminoglycosides neomycin 1500 15,000 2.68 -  0.29 + 

polymyxins colistin 50 500 3.20 -  3.10 - 

lincosamides lincomycin 150 1,500 2.76 -  2.90 - 

-lactamase 
inhibitors 

clavulanic acid 200 2,000 3.02 -  2.77 - 

sulfonamides sulfadiazine 100 1,000 2.73 -  2.93 - 

diamino pyrimidine 
derivatives 

trimethoprim 50 500 3.37 -  3.34 - 

others (sulfones) dapsone --** 50 2.71 -  3.06 - 

Notes: MRL: Maximum Residue Limit, Regulation (EC) No 470/2009 and Commission 

Regulation (EU) No 37/2010 (status on May 1, 2012); * MRPL (Minimum Required 

Performance Limit, Commission Decision (EC) No 2003/181/EC); ** Recommended 

concentration for testing (Anonymous, 2007). 

 

4.3. Detection capability of 4-Aminosensor Milk 

 

For testing the detection capability, residue-free raw milk was spiked at MRL with the 

aminoglycosides present as active substances in brands on the Belgian market for 

the use in dairy cows. Each concentration was at least 20 times tested in a time 

period of at least three days. The test is considered as able to screen the compound 

at target concentration when at least 19 times upon 20 tests a positive result was 

obtained. 

Following compounds were tested: (dihydro)streptomycine, gentamycin, kanamycin, 

neomycin and spectinomycin. 

 

A summary of the detection capability of the 4-Aminosensor Milk is given in Table 8. 

 

All the aminoglycosides present in a brand on the Belgian market for use in lactating 

cows  are detected at MRL except for spectinomycine. It is worth noting that 

spectinomycin is not detected at 600 µg/kg (3×MRL) by the initial screening test 
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Delvotest T (Reybroeck & Ooghe, 2012). The detection capabilities of the 

4Aminosensor Milk claimed by Unisensor s.a. are given in Annex 2. 

 

Table 8. Detection capability of the 4-Aminosensor Milk: ratios obtained for 

aminoglycosides doped in raw milk and tested with 4-Aminosensor Milk (lot 12123H).  

 

Family Compound 
MRL 

(µg/kg) 

Tested 

conc. 

(µg/kg) 

(Dihydro)-

streptomycin 
 

Gentamycin/ 

neomycin/ 

kanamycin 

Mean 

ratio 
# Pos  

Mean 

ratio 
# Pos 

aminoglycosides dihydrostreptomycin 200 200 0.44 20/20  2.75 0/20 
gentamycin 100 100 2.92 0/20  0.65 20/20 

kanamycin 150 150 2.91 0/20  0.47 20/20 

neomycin 1,500 1,500 2.93 0/20  0.49 20/20 

spectinomycin 200 200 2.49 0/20  2.66 0/20 

Note: MRL: Maximum Residue Limit, Regulation (EC) No 470/2009 and Commission 

Regulation (EU) No 37/2010 (status on May 1, 2012). 

 

4.4. Test robustness of 4-Aminosensor Milk 

 

For robustness testing, 20 raw milk samples with a high somatic cell count (between 

5 ×105 and 106 somatic cells per ml) and 20 samples with a high fat content (>6 g per 

100 ml) were tested to determine the percentage of false-positive test results due to 

a high somatic cell count or a high fat content. By spiking in 10 different samples also 

the impact of a high somatic cell count or a high fat content on the detection 

capability was checked. 

No false positive results were noticed for the 20 milk samples with a high somatic cell 

count on any of the two channels ((dihydro)streptomycine and gentamycin/neomycin/ 

kanamycin). All 10 milk samples with a high somatic cell count doped at 200 µg/kg of 

dihydrostreptomycin or 100 µg/kg of gentamycin gave a positive result on the 

(dihydro)streptomycine or gentamycin/neomycin/kanamycin channel, respectively.  

No false positive 4-Aminosensor results were noticed for 20 milk samples with a high 

fat content (>6 g per 100 ml) on any of the two channels ((dihydro)streptomycine and 

gentamycin/neomycin/kanamycin). Nine out of 10 milk samples with a high fat 

content doped at 200 µg/kg dihydrostreptomycin gave a positive result on the 

(dihydro)streptomycine channel. A negative result was obtained for sample HF15 

(ratio 1.5). This sample also gave the highest ratio (5.9) of all blank samples with a 

high fat content before doping. All 10 milk samples with a high fat content doped at 

100 µg/kg of gentamycin gave a positive result on the 

gentamycin/neomycin/kanamycin channel. 
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5. Tylosensor Milk 

The Tylosensor Milk is a receptor assay in dipstick format for the screening of tylosin 

(macrolides).  

 

5.1. Test procedure of Tylosensor Milk 

 

The Tylosensor Milk is a two-step test: 

1st step: addition of 200 µl of milk to a microplate cup with receptor. Incubation 

during 3 min at 40°C using Heat Sensor (Unisensor s.a., Wandre, BE), a specially 

designed block-heater. Tylosin drugs possibly present in the milk will form a stable 

non-active complex with their specific receptor. The dipstick is placed in a small 

device ‘Test stop’ on top of the incubator.  

 

2nd step: automatic addition of a dipstick, migration and colour formation during the 

second incubation step of 3 min at 40°C. The test line captures remaining active 

receptor for tylosin (Figure 6).  

 
 
 
 

 
 
 

 

 

 

 

Figure 6. Configuration of the Tylosensor Milk dipstick. 

 

Within 5 minutes after performance of the test the test strips should be interpreted by 

means of a Readsensor (Unisensor s.a., Wandre, BE). The sample pad should be 

removed before reading the dipstick. The reader measures the colour formation at 

the test line and control line positions and the RAPID software calculates the ratio 

test line / control line. The ratio cut-off levels are given in Table 9. 

 

Table 9. Instrumental reading of Tylosensor Milk: interpretation of the test results. 

 

Ratio (area measurement) Interpretation 

>1.10 ‘neg’ 

0.90 < ratio  1.10 ‘low pos’ 

 0.90 ‘pos’ 
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5.2. Test selectivity of Tylosensor Milk 

The selectivity of Tylosensor Milk was tested by analysing milk doped with 

compounds belonging to the most important families of antibiotics or 

chemotherapeutics (1 per family). Raw milk was doped at a high concentration 

(10×MRL, 10×MRPL or 10×Recommended concentration for testing) in raw milk. All 

testing was completed in duplicate.  

 

Following compounds were used: benzylpenicillin (β-lactams), oxytetracycline 

(tetracyclines), erythromycin (macrolides), spiramycin (macrolides), enrofloxacin 

(quinolones), chloramphenicol (amphenicols), neomycin (aminoglycosides), colistin 

(polymyxins), lincomycin (lincosamides), clavulanic acid (β-lactamase inhibitors), 

sulfadiazine (sulfonamides), trimethoprim (diamino pyrimidine derivatives), and 

dapsone (others chemotherapeutics). 

 

A summary of the test selectivity is given in Table 10. 

 

Table 10. Test selectivity of Tylosensor Milk: ratios obtained in doped raw milk and 

tested with Tylosensor Milk.  

 

Family Compound 
MRL 

(µg/kg) 

Conc. in 

milk 

(µg/kg) 

Tylosin 

ratio result 

β-lactam benzylpenicillin 4 40 4.77 - 

tetracyclines oxytetracycline 100 1,000 4.70 - 

macrolides erythromycin 40 400 4.84 - 

spiramycin 200 2,000 2.55 - 

quinolones enrofloxacin 100 1,000 4.43 - 

amphenicols chloramphenicol --* 3 4.47 - 

aminoglycosides neomycin 1,500 15,000 4.92 - 

polymyxins colistin 50 500 4.87 - 

lincosamides lincomycin 150 1,500 5.11 - 

-lactamase 
inhibitors 

clavulanic acid 200 2,000 5.51 - 

sulfonamides sulfadiazine 100 1,000 5.09 - 

diamino pyrimidine 
derivatives 

trimethoprim 50 500 4.76 - 

others (sulfones) dapsone --** 50 4.95 - 

Notes: MRL: Maximum Residue Limit, Regulation (EC) No 470/2009 and Commission 

Regulation (EU) No 37/2010 (status on May 1, 2012); * MRPL (Minimum Required 

Performance Limit, Commission Decision (EC) No 2003/181/EC); ** Recommended 

concentration for testing (Anonymous, 2007). 

 

No positive results were noticed for any tested compound on the Tylosensor Milk. 

The test is a highly specific test for detection of tylosin in milk and does not detect 
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compounds from the -lactams, tetracyclines, sulfonamides, macrolides except for 

tylosin, quinolones, amphenicols, polymyxins, lincosamides and diamino pyrimidine 

derivatives families, nor dapsone.  

 

5.3. Detection capability of Tylosensor Milk 

 

For testing the detection capability, residue-free raw milk was spiked with tylosin at 

MRL and at least 20 times tested in a time period of at least three days. The test is 

considered as able to screen the compound at target concentration when at least 19 

times upon 20 tests a positive result was obtained. 

 

A summary of the detection capability of Tylosensor Milk is given in Table 11. 

 

Table 11. Detection capability of Tylosensor Milk: ratios obtained for tylosin doped in 

raw milk and tested with Tylosensor Milk (lot 12074B).  

 

Family Compound 
MRL 

(µg/kg) 

Tested 
conc. 

(µg/kg) 

Tylosin 

Mean ratio # Pos 

macrolides tylosin 50 50 0.47 20/20 

Note: MRL: Maximum Residue Limit, Regulation (EC) No 470/2009 and Commission 

Regulation (EU) No 37/2010 (status on May 1, 2012). 

 

Tylosensor Milk detects tylosin at MRL. The detection capability of the Tylosensor 

Milk claimed by Unisensor s.a. is given in Annex 3. 

 

5.4. Test robustness of Tylosensor Milk 

 

For robustness testing, 20 raw milk samples with a high somatic cell count (between 

5 ×105 and 106 somatic cells per ml) and 20 samples with a high fat content (>6 g per 

100 ml) were tested to determine the percentage of false-positive test results due to 

a high somatic cell count or a high fat content. By spiking tylosin at 50 µg/kg in 10 

different samples also the impact of a high somatic cell count or a high fat content on 

the detection capability was checked. 

No false positive results were noticed for 19 out of 20 milk samples with a high 

somatic cell count on Tylosensor Milk strips. A false positive result (ratio 0.7) was 

obtained for sample HSCC16. This sample tested negative on Charm II Macrolides 

Milk (Charm sciences Inc., Lawrence, MA). All 10 milk samples with a high somatic 

cell count doped at 50 µg/kg of tylosin gave a positive result. 

No false positive Tylosensor Milk results were noticed for 20 milk samples with a high 

fat content (>6 g per 100 ml). Nine out of 10 milk samples with a high fat content 

doped at 50 µg/kg tylosin gave a positive result on Tylosensor Milk. For the negative 

sample (HF15) a ratio of 2.1 was obtained. This sample gave undoped a very high 

ratio of 9.9.   
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6. Quinosensor Milk 

 

The Quinosensor Milk is a receptor assay for the screening of residues of the family 

of (fluoro)quinolones.  

 

6.1. Test procedure of Quinosensor Milk 

 

The Quinosensor Milk is a two-step test: 

1st step: addition of 200 µl of milk to a microplate cup with receptor. Incubation 

during 3 min at 40°C using Heat Sensor (Unisensor s.a., Wandre, BE), a specially 

designed block-heater. Fluoroquinolones possibly present in the milk will form a 

stable non-active complex with their specific receptor. The dipstick is placed in a 

small device ‘Test stop’ on top of the incubator.  

 

2nd step: automatic addition of a dipstick, migration and colour formation during the 

second incubation step of 3 min at 40°C. The test line captures remaining active 

receptor for (fluoro)quinolones (Figure 7).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Configuration of the Quinosensor Milk dipstick. 

 

Within 10 minutes after performance of the test the test strips should be interpreted 

by means of a Readsensor (Unisensor s.a., Wandre, BE). The sample pad should be 

removed before reading the dipstick. The reader measures the colour formation at 

the test line and control line positions and the RAPID software calculates the ratio 

test line / control line. The ratio cut-off levels are given in Table 12. 

 

Table 12. Instrumental reading of Quinosensor Milk: interpretation of the test results. 
 

Ratio (area measurement) Interpretation 

>1.10 ‘neg’ 

0.90 < ratio  1.10 ‘low pos’ 

 0.90 ‘pos’ 
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3.2. Test selectivity of Quinosensor Milk 

 

The selectivity of Quinosensor Milk was tested by analysing milk doped with 

compounds belonging to most other important families of antibiotics or 

chemotherapeutics (1 per family). Raw milk was doped at a high concentration 

(10×MRL, 10×MRPL or 10×Recommended concentration for testing in milk). All 

testing was completed in duplicate.  

 

Following compounds were used: benzylpenicillin (β-lactams), oxytetracycline 

(tetracyclines), erythromycin (macrolides), chloramphenicol (amphenicols), neomycin 

(aminoglycosides), colistin (polymyxins), lincomycin (lincosamides), clavulanic acid 

(β-lactamase inhibitors), sulfadiazine (sulfonamides), trimethoprim (diamino 

pyrimidine derivatives), and dapsone (sulfones). 

A summary of the test selectivity is given in Table 13. 

 

Table 13. Test selectivity of Quinosensor Milk: ratios obtained in doped raw milk and 

tested with Quinosensor Milk.  

 

Family Compound 
MRL 

(µg/kg) 

Conc. in 
milk 

(µg/kg) 

(Fluoro)quinolones 

ratio result 

β-lactam benzylpenicillin 4 40 2.82 - 

tetracyclines oxytetracycline 100 1,000 2.70 - 

macrolides erythromycin 40 400 2.61 - 

amphenicols chloramphenicol --* 3 2.40 - 

aminoglycosides neomycin 1,500 15,000 2.86 - 

polymyxins colistin 50 500 2.80 - 

lincosamides lincomycin 150 1,500 2.98 - 

-lactamase 
inhibitors 

clavulanic acid 200 2,000 3.08 - 

sulfonamides sulfadiazine 100 1,000 2.45 - 

diamino pyrimidine 
derivatives 

trimethoprim 50 500 2.65 - 

others (sulfones) dapsone --** 50 2.67 - 

Notes: MRL: Maximum Residue Limit, Regulation (EC) No 470/2009 and Commission 

Regulation (EU) No 37/2010 (status on May 1, 2012); * MRPL (Minimum Required 

Performance Limit, Commission Decision (EC) No 2003/181/EC); ** Recommended 

concentration for testing (Anonymous, 2007). 

 

No interference by compounds from families different from (fluoro)quinolones was 

noted on the Quinosensor Milk. Quinosensor Milk is a highly specific test for the 

detection of (fluoro)quinolones.  
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3.3. Detection capability of Quinosensor Milk 

For testing the detection capability, residue-free raw milk was spiked at MRL with the 

fluoroquinolones present as active substances in brands on the Belgian market for 

the use in dairy cows. Each concentration was at least 20 times tested in a time 

period of at least three days. The test is considered as able to screen the compound 

when at least 19 times upon 20 tests a positive result was obtained. 

Following compounds were tested: danofloxacine, enrofloxacin, ciprofloxacin and 

marbofloxacin. 

 

A summary of the detection capability of Quinosensor Milk is given in Table 14. 

 

Table 14. Detection capability of Quinosensor Milk: ratios obtained for 

(fluoro)quinolones in doped raw milk and tested with Quinosensor Milk (lot 12170J).  

 

Family Compound 
MRL 

(µg/kg) 

Tested 
conc. 

(µg/kg) 

(Fluoro)quinolones 

Mean ratio # Pos 

fluoroquinolones danofloxacin 30 30 0.66 20/20 

enrofloxacin 100* 100 0.02 20/20 

ciprofloxacin 100* 100 0.00 20/20 

marbofloxacin 75 75 0.81 20/20 

Notes: MRL: Maximum Residue Limit, Regulation (EC) No 470/2009 and Commission 

Regulation (EU) No 37/2010 (status on May 1, 2012); *: sum of enrofloxacin and 

ciprofloxacin. 

 

All the fluoroquinolones present in a brand on the Belgian market for use in lactating 

cows are detected at MRL. It is worth noting that the fluoroquinolones dano-, enro- 

and marbofloxacin are not detected at 3×MRL by the initial screening test Delvotest T 

(Reybroeck & Ooghe, 2012). No data are known about the detection of ciprofloxacin 

by Delvotest T. The detection capabilities of the Quinosensor Milk claimed by 

Unisensor s.a. are given in Annex 4. 

 

3.4. Test robustness of Quinosensor Milk 

 

For robustness testing, 20 raw milk samples with a high somatic cell count (between 

5×105 and 106 somatic cells per ml) and 20 samples with a high fat content (>6 g per 

100 ml) were tested to determine the percentage of false-positive test results due to 

a high somatic cell count or a high fat content. By spiking 30 µg/kg danofloxacin in 10 

different samples also the impact of a high somatic cell count or a high fat content on 

the detection capability was checked. 

For 18 out of 20 samples negative results were noticed for the milk samples with a 

high somatic cell count on Quinosensor Milk. The two milk samples (HSCC2 (ratio 

0.7) and HSCC16 (ratio 0.1)) were further analysed with Fluoroquinolone II ELISA 
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(EuroProxima b.v., Arnhem, NL) and tested negative on this immune test. Nine out of 

10 milk samples with a high somatic cell count doped at 30 µg/kg danofloxacine 

tested positive. It is worth noting that the doped sample that tested negative (HSCC3, 

ratio 1.2 (borderline)) gave the highest ratio (3.8) of all tested blank samples with a 

high somatic cell count before doping.  

A high fat content was causing 4 out of 20 false positive Quinosensor Milk results. 

The positive samples (HF5 (ratio 0.9), HF14 (ratio 0.0), HF 18 (ratio 0.6) and HF20 

(ratio 0.7) were further tested on Fluoroquinolone II ELISA and all 4 samples tested 

negative on this immune assay. Of the 10 milk samples with a high fat content doped 

at 30 µg/kg danofloxacine three samples tested negative. It is worth noting that these 

3 samples gave rather high ratio values as blank samples before doping. The 3 

samples gave respectively following ratios before and after doping: HF4: 3.3 and 1.5; 

HF15: 6.5 and 2.9 and sample HF17: 2.7 and 1.4. Remark that by doping in all three 

cases the ratio dropped but not sufficiently to get positive results (ratio  1.10).  
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7. Recommendations regarding negative and positive control samples 

 

It is recommended to integrate negative and positive control samples: 

- Delvotest T: on each plate 

- Receptor assays: daily and also when starting a new lot of reagents  

 

Delvotest T 

Negative control sample: blank raw milk: Z-value <-6.0 

Positive control samples:  

Benzylpenicillin 2 µg/kg in raw milk: Z-value ≥-3.0 

Oxytetracycline 100 µg/kg in raw milk: Z-value ≥-3.0 

Sulfadoxine 100 µg/kg in raw milk: Z-value ≥-3.0 

 

Βeta-s.t.a.r. 25 

Negative control sample: blank raw milk: ratio >(mean ratio for blanks - 3×SD) 

Positive control samples:  

Penicillin 3 µg/kg in raw milk: ratio >0.040 

Penicillin 4 µg/kg in raw milk: ratio ≤0.040 

 

Trisensor Milk 

Negative control sample: blank raw milk: ratio >1.10 

Positive control sample:  

Oxytetracycline 100 µg/kg & sulfadiazine 10 µg/kg in raw milk: ratio ≤1.10 (on the 

tetracycline and the sulfonamide channel) 

 

4-Aminosensor Milk 

Negative control sample: blank raw milk: ratio >1.10 

Positive control sample:  

Gentamycin 100 µg/kg & dihydrostreptomycine 200 µg/kg in raw milk: ratio ≤1.10 (on 

both channels) 

 

Tylosensor Milk 

Negative control sample: blank raw milk: ratio >1.10 

Positive control sample:  

Tylosin 50 µg/kg in raw milk: ratio ≤1.10 

 

Quinosensor Milk 

Negative control sample: blank raw milk: ratio >1.10 

Positive control sample:  

Danofloxacin 30 µg/kg in raw milk: ratio ≤1.10 
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Annex 1. Detection capabilities of tetracyclines and sulfonamides by of the Trisensor 

Milk claimed by Unisensor s.a. 

 
β-LACTAMES (µg/kg) SULFONAMIDES (µg/kg) TETRACYCLINES (µg/kg) 

Benzylpenicillin 2-3 Sulfadiazine 5-6 Tetracycline 80-100 

Ampicillin 3-5 Sulfapyridine 0.5-1 Oxytetracycline 50-60 

Amoxicillin 3-5 Sulfathiazole 4-8 Chlortetracycline 50-55 

Oxacillin 12-18 Sulfamethoxazole 150-300 Doxycycline 20-30 

Cloxacillin 6-8 Sulfamethazine 1-1,5   
Dixloxacillin 6-8 Sulfamethoxypyridazine 1-3   
Nafcillin 30-40 Sulfadimethoxine  10-15   
Ceftiofur 10-15 Sulfacetamide 300-600   
Cefquinome 30-35 Sulfamerazine 1.5-2.5   
Cefazoline 18-22 Sulfamonomethoxine 7-14   
Cefapirine 6-8 Sulfaquinoxaline 15-30   
Cefacetrile 30-40 Sulfachloropyridazine 5-10   
Cefoperazone 3-4 Sulfaguanidine 15-25   
Cefalexine 1,000-1,200 Sulfamethizole 75-100   
Cefalonium 3-5 Sulfasalazine 250-350   

 

 

Annex 2. Detection capabilities of aminoglycosides by the 4Aminosensor Milk 

claimed by Unisensor s.a. 

 
AMINOGLYCOSIDES LIMIT OF DETECTION 

(µg/kg) 
EU MRL 
(µg/kg) 

Gentamycin 7.5 - 10 100 

Neomycin 300 - 400 1,500 

Kanamycin 150 - 200 150 

Streptomycin 150 - 200 200 

Dihydrostreptomycin 50 - 75 200 

 

 

Annex 3. Detection capability of tylosin by of the Tylosensor Milk claimed by 

Unisensor s.a. 

 

In case of positive results, your milk sample is considered to contain Tylosin A 

residues at equal or higher concentration than 5 - 10 ppb (ng/ml). 
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Annex 4. Detection capabilities of (fluoro)quinolones by of the Quinosensor Milk 

claimed by Unisensor s.a. 

 
(FLUORO)QUINOLONES   LIMIT OF DETECTION 

(µg/kg) 
EU MRL (µg/kg) 

Norfloxacin  1 - 5 - 

Enrofloxacin  4 - 10 100* 

Danofloxacin  10 - 30 30 

Difloxacin  5 - 10 - 

Marbofloxacin  5 - 15 75 

Sarafloxacin  2 - 10 - 

Ciprofloxacin  1 - 5 100* 

Flumequine  50 - 60 50 

Oxolinic acid  50 - 150 - 

Enoxacin  1 - 5 - 

Lomefloxacin  1 - 5 - 

*: sum of enro- and ciprofloxacin 


