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Introduction 

The ECLIPSE 50 (ZEU INMUNOTEC S.L., Zaragoza, SP) is a qualitative test for the 
detection of inhibitory substances in milk. The test is based on the growth inhibition of  
Geobacillus stearothermophilus var. calidolactis and the kit is supplied in microplate format 
of 96 tests. The ECLIPSE 50 was evaluated at T&V-ILVO on his applicability as a 
screening test at the interprofessional organisations, according to Commission Decision 
2002/657/EC. 
 
Preliminary testing 

Before accepting the Eclipse 50 for a complete validation study, some preliminary tests 
were performed with blank milk samples and milk doped with penicillin G, oxytetracycline 
and sulfadiazine. Incubation was performed in a circulated water bath and the cut-off was 
calculated as the average absorbance of 8 blank milk samples wells + 0.3.  
Two major problems were encountered. At the incubation time indicated on the product 
certificate no complete color change was obtained, increasing the occurrence of false 
positive results. To solve this problem the reagents manufacturer suggested the use of a 
small dry incubator (FX Incubator) instead of a circulating waterbath. Comparative tests 
were executed and indeed better results were obtained with the dry incubator. Hence, it 
was decided to perform incubation in FX Incubators during the validation study.  
In the preliminary tests the detection capability for the sulfa drug was also not in line with 
the expectations of the kit manufacturer.  On their advice the cut-off was set at the average 
absorbance of 8 blank milk samples wells + 0.2.  
 
Test procedure 

Reagents were stored at 6-15°C. The adhesive foil was removed from the plate and 50 µl 
of milk was applied in each well. The plate was reclosed with adhesive foil and incubated in 
the thermostatic device (FX Incubator, Ref. ZE/EX, ZEU INMUNOTEC S.L.)  pre-warmed 
at 65°C. According to the kit insert the test should be incubated until the negative control 
has turned yellow. The product certificate also shows the incubation time, obtained by the 
manufacturer as part of the quality control checks. All the plates were incubated according 
to the time shown on the product certificate. After washing, the color of the agar in the wells 
was interpreted by photometrical reading at 590 nm (filter 1) and 650 nm (filter 2 = 
reference) with a multiplate photometer (Multiskan EX, Thermo Scientific, Waltham, MA) 
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and Ascent Software v. 2.6. (Thermo Scientific, Waltham, MA). The cut-off was set at the 
average absorbance of 8 blank milk sample wells + 0.2.  
 
Verification of the cut-off absorbance value 
The cut-off value was fixed by the kit manufacturer as the average absorbance for 8 blank 
milk sample wells + 0.2. A lower cut-off value would enlarge the occurrence of false 
positive results while a higher cut-off value makes the test less severe. The kit 
manufacturer took the option of a test with an fixed incubation period for each batch of 
reagents and a cut-off changing from plate to plate. Theoretically, such a system should 
enable auto-correction for activity of the test organism and result in rather stable test 
results.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Absorbance values, upper and lower limit for the 8 blank raw milk samples per 
plate of Eclipse 50. These values were used to calculate the cut-off per plate. 
 
The kit manufacturer is indicating that the incubation should be stopped when the 
absorbance for the negative controls (A590 nm – A650 nm) is between 0.2 and 0.4 units. 
As shown in Figure 1 it can be seen that, when respecting the preset incubation time, this 
requirement was fulfilled in most cases. However, we remark that for individual blank milk 
absorbance values in 49 out of 560 cases or 8.75% the upper level of 0.4 absorbance units 
was surpassed and this on 10 out of 70 plates.  If the average value for the 8 negative 
control samples is calculated per plate, on 6 plates (plate 6, 12, 38, 56, 63, 69) the upper 
level of 0.4 absorbance units was surpassed. Plate 1 to 49 were reagents of Batch 
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09081702 (Exp. 17/08/2010) while plates 50 to 70 were from Batch  09111302 (Exp. 
13/11/2010). 
It’s worth noting that even with the milk washed away, the plate could be sealed again to 
be incubated for some extra 5 to 10 minutes in order to get the absorbance levels below 
the upper level. This could have been done for the six plates mentioned above. 
Nevertheless, for plate 56 it would have been very difficult to get the absorbance values for 
the blanks between 0.2 and 0.4 since it seems that two of the wells in that plate with 
absorbance levels above 0.85 were false positive results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The cut-off, upper and lower limit for 70 plates of Eclipse 50.  
 
The fluctuation of the cut-off was followed during the validation. In general very stable cut-
off values were obtained in the range 0.45 - 0.60, as shown in figure 2. However, for 3 
plates very high cut-off values were obtained, namely for plate 6 (cut-off 0.783), for plate 12 
(cut-off 0.710) and for plate 56 (cut-off 0.859). On these plates high absorbance values 
were measured for some blank samples as shown in figure 1. All 8 blank milk samples 
showed high absorbance values on plate 6 and 12, while on plate 56 2 out of 8 blank milk 
samples gave absorbance levels above 0.85. On 3 other plates (plate 38, 63, 69) the upper 
level value of 0.6 absorbance units was also surpassed. High cut-off values directly result 
in a poor test capability of the plate. This will be discussed further. 
 
Test repeatability  
The test repeatability was checked by analyzing blank and spiked raw milk samples in 
duplo. The results are summarized in Table 1. 
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Table 1. Repeatability of Eclipse 50 for blank and spiked raw milk samples. 
 

Samples Absorbance level Mean value n sr 
blank raw milk absorbance < 0.4 0.350 100 0.044 
spiked milk  absorbance 0.6 -1.0 0.769 100 0.036 

absorbance 1.0 - 1.50 1.134 50 0.040 
absorbance 1.50 - 2.0 1.833 70 0.041 

 

In general favourable repeatability results were obtained. From the data it could also be 
concluded that the repeatability is independent from the absorbance level. Despite the 
favourable repeatability figures, a few times yellow and blue wells for some samples tested 
in duplo were obtained. For example in Figure 1 for the 8 replicates of blanks per plate 
problems with repeatability on plate 56 and for 1 replicate on plate 28 were noticed. 
Analyzing in duplo can help to prevent reporting of incorrect results. 
 

Test capabilities 

Milk was spiked with all β-lactams with an existing Maximum Residue Limit (MRL, EU 
Regulation 37/2010, repealing EEC-Regulation 2377/90) and with representative 
compounds of the most important families of antibiotics and chemotherapeutics. The 
increment between the different concentrations was depending on the concentration level, 
as indicated in Table 2. Batch 09081702 (Exp. 17/08/2010) was used for this part of the 
validation. The blank milk was originating from 4 cows in mid-lactation that were not treated 
with antibiotics or chemotherapeutics during the last months. 

   
Table 2. Increment between the concentrations tested. 
 

Concentration (in µg/kg) Increment (in µg/kg) 
1-10  1 

10-20  2 

20-50  5 

50-100 10 

100-250  25 

250-500  50 

500-1000 100 

1000-5000 500 

  
Each concentration was tested at least 20 times except when in the first test results more 
than one negative result was encountered. The testing was spread over at least three days 
with the use of at least two different stock solutions. The test capability was defined as the 
lowest concentration tested giving at least 19 times upon 20 tests a positive result. All 
results (scanner z-values) were collected in a data base. A summary of the test capabilities 
is given in Figures 3 to 5. In these figures the test capabilities are represented in relation to 
the respective MRL, mentioned in between brackets after the substance name. 
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Figure 3. Test capability of Eclipse 50 for β-lactams related to their respective MRL (EU 
Regulation N° 37/2010 (situation on 20/01/2010)). Inner circle = 2 MRL; circle 2 = MRL; 
circle 3 = 0.5 MRL; circle 4 = 0.25 MRL. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Figure 4. Test capability of Eclipse 50 for tetracyclines, macrolides, aminoglycosides and 
quinolones related to their respective MRL (EU Regulation N° 37/2010 (situation on 
20/01/2010)). Inner circle = 10 MRL; circle 2 = 2 MRL; circle 3 = MRL; circle 4 = 0.5 MRL. 
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Figure 5. Test capability of Eclipse 50 for colistin, rifaximin, thiamphenicol, lincosamides, 
clavulanic acid, bacitracin, novobiocin, sulfonamides and trimethoprim related to their 
respective MRL (EU Regulation N° 37/2010 (situation on 20/01/2010)). Inner circle = 10 
MRL; circle 2 = 2 MRL; circle 3 = MRL; circle 4 = 0.5 MRL. 
 

Most of the β-lactam antibiotics were detected at their respective MRL, except for 
ampicillin, amoxicillin, cloxacillin, penethamate and cefquinome. Moreover, all tetracyclines, 
most of the sulfonamides and also tylosin, neomycin and pirlimycin were detected at their 
respective MRL. The compounds representative for the other antibiotic families 
(quinolones, polymyxins, ansamycins, polypeptides, diaminopyrimidine-derivates,...) were 
not detected at their respective MRL as could be expected for a test based on Geobacillus 
stearothermophilus as test organism. 
Compared to Copan Milk Test (DSM Food Specialties, Delft, NL), the test actually used in 
Belgium as antimicrobial screening test in the framework of the determination of the quality 

of raw  milk (Annex I), it is noticed that the Copan Milk Test is detecting more β-lactams 

(ampicillin, amoxicillin, cloxacillin) at MRL. These three β-lactam compounds are detected 

by Eclipse 50 at 1.33 x MRL or lower but missed at MRL. Regarding the non-β-lactams the 
tetracyclines are detected at MRL by Eclipse 50, while the Copan Milk Test is only 
detecting them from 400 µg/kg and higher. The sulfa drugs are nearly all missed at 100 
µg/kg by the Copan Milk Test while the Eclipse 50 is detecting most of the sulfa drugs at 
MRL. Tylosin and neomycin are also two substances detected by Eclipse 50 and missed 
by Copan Milk Test at MRL. The prohibited substance dapson is detected in milk at 3 µg/kg 
by Eclipse 50; by Copan Milk Test at 5 µg/kg. The EU Community Reference Laboratories 
indicated 5 µg/kg as the recommended concentration for dapsone for screening methods 
used for national residue control plans.    
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Test robustness 
Since for each plate a different cut-off is calculated it’s difficult to compare results of 
different plates just on the measured absorbances. To compare results from different 
plates, for each well a ratio can be calculated by dividing the absorbance by the respective 
cut-off. If the ratio is above 1.000 the sample is considered positive, a ratio value < 1.000 
means a negative result. 
 
Test for influence of the milk quality or milk composition 
Somatic cell count 
Two batches of milk samples with a high somatic cell count (5.105 - 1.106 per ml and >1.106 
per ml) were analysed in order to study if a high somatic cell count could interfere on the 
Eclipse 50 result. The milk samples with a high number of somatic cells were selected at 
the milk control station based on Fossomatic 5000 (FOSS, Hillerød, DK) measurements. 
The milk samples giving a positive result were also tested with Delvotest SP-NT (DSM 
Food Specialties, Delft, NL), Copan Milk Test (DSM Food Specialties, Delft, NL), Delvotest 
Accelerator (DSM Food Specialties, Delft, NL and TwinSensor Milk (Unisensor, Wandre, 
BE). The other tests were included in order to have insight on their behaviour and to 
exclude that the positive results were caused by the presence of antibiotic residues since 
cows with mastitis are often treated with antibiotics. The results of the milk samples 
causing a positive result for Eclipse 50 are summarised in Table 3. 
 
Table 3. Milk samples with a high somatic cell count causing a positive result for Eclipse 
50. 
Sample Somatic cell 

count 
x103 per ml 

Result antimicrobial test 
Eclipse 50 Delvotest 

Accelerator 
Delvotest 

SP-NT 
Copan 

Milk Test 
TwinSensor 

Milk 
Milk samples with a somatic cell count between 5.105 and 1.106 per ml 
MC24 703 + - - - - 

Milk samples with a somatic cell count >1.106 per ml 
HC2 2205 + - - - - 
HC3 5935 + - - - - 
HC4 1327 + - + / - - - 
HC5 2986 + - + - - 
HC6 2914 + - + - - 
HC7 3199 + - - - - 
HC8 1228 + - - - - 
HC9 3811 + + + - - 
HC10 2056 + - - - - 
HC11 3145 + - - - - 
HC12 1638 + - - - - 
HC15 1452 + + + - - 
HC18 8695 + - - - - 
HC22 1289 + + + - - 
HC24 4167 + - + - - 
HC25 2716 + + + - - 

HC30 1373 + - + - - 
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One out of 30 milk samples with a somatic cell count between 5.105 and 1.106 per ml was 
causing a false positive Eclipse 50 result. Seventeen out of 30 milk samples with a high 
somatic cell count (> 1.106 per ml) were giving a false positive result for Eclipse 50. 
Changing the cut-off to diminish the number of false positive results is not an option since 
this is directly influencing the test capability.  
A somatic cell count of more than a million somatic cells does normally not (often) occur in 
farm milk samples for payment control. It’s more obvious in milk from individual cows with 
mastitis. 
The samples with a somatic cell count above a million causing a false positive result were 
stored at -18°C and retested on a later date. Four samples tested again as positive 
(sample HC7, HC9, HC11 and HC15). These four thawed samples were also retested after 
a  pre-heat treatment of 10 minutes at 80°C. After pre-heatment only 1 sample (HC9) 
remained positive. 
  
The effectiveness of the pre-heat treatment was also checked on fresh (not previously 
frozen) milk samples with a high somatic cell count on its neutralizing effect on natural 
inhibitors. Therefore 30 milk samples with more than a million of somatic cells were tested 
as such and after a pre-heatment of 10 minutes at 80°C on Eclipse 50. The results are 
shown in Table 4. For 15 out of 30 samples a false positive Eclipse 50 result was obtained. 
Only for 4 out of 15 milk samples the false positive result disappeared after pre-heatment 
of the milk. Only the samples with an Eclipse ratio > 1.6 tested also positive on the 
Delvotest Accelerator. Only 1 sample tested positive on the Copan Milk Test, namely the 
sample with the highest number of somatic cells and the highest ratio on the Eclipse 50. 
 
Table 4. Effect of pre-heatment (10 minutes at 80°C) on the Eclipse 50 result for milk 
samples with a high somatic cell count causing a positive result for Eclipse 50. 
 
Sample Somatic 

cell count 
x103 per 

ml 

Eclipse 50 
(cut-off = 0.541) 

Eclipse 50 
on pre-heated milk 

Delvo-
test 

Acce-
lerator 

Delvo-
test  

SP-NT 

Copan 
Milk 
Test ratio inter-

pretation 
ratio inter-

pretation 

HC38 12177 2.336 + 2.582 + + + + 
HC39 5466 2.704 + 2.314 + + + - 
HC40 2655 2.859 + 1.963 + + + - 
HC41 2447 2.524 + 1.750 + + + - 
HC42 4588 2.789 + 2.410 + + + - 
HC44 1310 1.312 + 0.724 - - - - 

HC47 1306 1.284 + 0.636 - - - - 
HC48 3438 1.088 + 0.530 - - - - 
HC49 10385 1.833 + 1.288 + - + - 
HC50 1981 1.584 + 0.930 - - - - 
HC51 1520 1.669 + 1.364 + + + - 
HC53 6845 1.020 + 1.460 + - - - 
HC58 4936 1.844 + 1.957 + + + - 

HC59 3356 1.137 + 1.434 + + - - 
HC60 3834 1.155 + 1.554 + + - - 
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The milk samples with a high somatic cell count were also spiked. In comparison to the 
spiked samples with a normal somatic cell count a larger variation in absorbance values 
was obtained (Table 5 and 6). All milk samples spiked with 4 µg/kg penicillin G were 
screened positive while a few samples spiked with 100 µg/kg oxytetracycline or 30 µg/kg 
sulfadiazine were tested as negative (Table 5 and 6). It’s worth noting that sulfonamides 
are bacteriostatic inhibitors with a flat dose response curve and that the test capability for 
sulfadiazine claimed by ZEU INMUNOTEC S.L. is 100 µg/kg. 
 
Table 5. Absorbance and ratio values obtained for normal milk samples and for milk 
samples with a high somatic cell count (5.105 - 1.106 per ml). 
 

 

n 

Absorbance  Ratio  

min max mean min max mean 

Normal milk (cut-off = 0.527) 

Blank milk 8 0.313 0.342 0.327 0.594 0.649 0.620 

Milk + 4 µg/kg penicillin G  4 1.189 1.207 1.195 2.256 2.290 2.267 
Milk + 100 µg/kg 
oxytetracycline 

4 0.534 0.594 0.569 1.013 1.127 1.080 

Milk + 30 µg/kg sulfadiazine 4 0.641 0.668 0.658 1.216 1.268 1.249 

Milk with a high somatic cell count (5.105 - 1.106 per ml) (cut-off = 0.527 & 0.596) 

Blank milk 30 0.193 0.818 0.360 0.324 1.372 0.620 

Milk + 4 µg/kg penicillin G  15 0.764 1.634 1.134 1.464 3.101 2.158 
Milk + 100 µg/kg 
oxytetracycline 

15 0.507 0.854 0.670 0.962 1.620 1.276 

Milk + 30 µg/kg sulfadiazine 15 0.416 1.222 0.647 0.789 2.319 1.232 
 
Table 6. Absorbance and ratio values obtained for normal milk samples and for milk 
samples with a high somatic cell count (> 1.106 per ml). 
 

 

n 

Absorbance  Ratio  

min max mean min max mean 

Normal milk (cut-off = 0.710) 

Blank milk 8 0.475 0.535 0.510 0.669 0.753 0.718 

Milk + 4 µg/kg penicillin G  4 1.078 1.195 1.142 1.518 1.682 1.608 
Milk + 100 µg/kg 
oxytetracycline 

4 0.863 1.018 0.963 1.215 1.433 1.355 

Milk + 30 µg/kg sulfadiazine 4 0.884 1.029 0.932 1.244 1.449 1.311 

Milk with a high somatic cell count (> 1.106 per ml) (cut-off = 0.710) 

Blank milk 30 0.487 1.381 0.769 0.686 1.944 1.082 

Milk + 4 µg/kg penicillin G  10 0.986 1.681 1.231 1.388 2.366 1.733 
Milk + 100 µg/kg 
oxytetracycline 

10 0.671 1.024 0.836 0.945 1.441 1.177 

Milk + 30 µg/kg sulfadiazine 10 0.733 1.116 0.885 1.032 1.571 1.245 
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Total bacterial count 
Milk samples with a high total bacterial count were obtained by keeping normal milk 
samples overnight at room temperature. The final bacterial count were determined by 
performing a spiral plate count (Eddy Jet, IUL sa, Barcelona, Spain) on Plate count agar 
plates after 3 days incubation at 30°C. These milk samples were analysed with Eclipse 50 
to study the impact of the bacterial count. 
All 20 milk samples contained >1.108 CFU per ml after incubation and tested negative 
before and after incubation with Eclipse 50 (Table 7). One out of 10 milk samples with a 
high bacterial load and spiked with 4 µg/kg penicillin G tested negative. However, in this 

raw milk sample the presence of β-lactamase was demonstrated. Two out of 10 samples 
spiked with 100 µg/kg oxytetracycline and 8 out of 10 samples spiked with 30 µg/kg 
sulfadiazine were screened as negative.  
 
Table 7. Absorbance and ratio values obtained for normal milk samples and for milk 
samples with a high bacterial count (> 1.108 CFU per ml). 
 

 

n 

Absorbance  Ratio  

min max mean min max mean 

Normal milk (cut-off = 0.497) (mean of 8 blank control samples) 

Blank milk 20 0.263 0.343 0.295 0.531 0.693 0.596 

Milk + 4 µg/kg penicillin G  4 0.793 0.994 0.906 1.602 2.008 1.830 
Milk + 100 µg/kg 
oxytetracycline 

4 0.610 0.639 0.625 1.232 1.291 1.263 

Milk + 30 µg/kg sulfadiazine 4 0.396 0.461 0.430 0.800 0.931 0.869 

Milk with a high bacterial count (> 1.108 CFU per ml) (cut-off = 0.497 ) 

Blank milk 20 0.248 0.421 0.315 0.478 0.811 0.608 

Milk + 4 µg/kg penicillin G  10 0.332 0.853 0.689 0.640* 1.643 1.327 
Milk + 100 µg/kg 
oxytetracycline 

10 0.494 0.585 0.557 0.952 1.127 1.072 

Milk + 30 µg/kg sulfadiazine 10 0.411 0.540 0.477 0.805 1.058 0.934 

*: one sample, sample contained β-lactamase 
 
Fat content 
Milk samples with a low (<2 g per 100 ml) or a high (>6 g per 100 ml) fat content were 
selected at MCC-Vlaanderen based on their MilcoScan 4000 (FOSS, Hillerød, DK) infra-
red spectroscopic results and tested with Eclipse 50 and other antimicrobial test kits. 
All 10 low fat samples tested negative while 5 out of 10 high fat samples gave a false 
positive result (Table 8). One of these samples (HF2) tested also positive on Delvotest 
Accelerator and Delvotest SP-NT. 
 
Penicillin G (4 µg/kg), oxytetracycline (100 µg/kg) and sulfadiazine (30 µg/kg) was also 
spiked in 10 milk samples with a low fat content (<2 g per 100 ml) and in 10 milk samples 
with a high fat content (>6 g per 100 ml). The results are summarized in Table 10. All the 
milk samples spiked with penicillin G or oxytetracycline tested positive on the Eclipse 50. 
Respectively 7 out of 10 and 1 out of 10 milk samples with a low or high fat content and 
doped with 30 µg/kg of sulfadiazine tested negative.  
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Table 8. Milk samples with a high fat content causing a positive result for Eclipse 50. 
 

Sample Fat content 
(g per 100 

ml) 

Result antimicrobial test 

Eclipse 50 Delvotest 
Accelerator 

Delvotest 
SP-NT 

Copan Milk 
Test 

TwinSensor 
Milk 

Milk samples with a high fat content (>6 g per 100 ml) 
HF2 8.03 + + + - - 
HF3 6.12 + - - - - 
HF5 7.94 + - - - - 
HF7 9.61 + - - - - 
HF10 8.21 + - - - - 

 
 
Table 9. Absorbance and ratio values obtained for normal milk samples and for milk 
samples with a low fat (<2 g per 100 ml)  and a high fat content (>6 g per 100 ml). 
 

 

n 

Absorbance  Ratio  

min max mean min max mean 

Normal milk (cut-off = 0.551) 

Blank milk 8 0.308 0.367 0.351 0.559 0.667 0.637 

Milk + 4 µg/kg penicillin G  4 0.855 1.073 0.967 1.553 1.949 1.756 
Milk + 100 µg/kg 
oxytetracycline 

4 0.878 0.993 0.933 1.595 1.804 1.694 

Milk + 30 µg/kg sulfadiazine 4 0.665 0.788 0.730 1.131 1.326 1.208 

Milk with a low fat content (<2 g per 100 ml) (cut-off = 0.551) 
Blank milk 10 0.290 0.477 0.396 0.527 0.866 0.719 

Milk + 4 µg/kg penicillin G  10 0.691 1.050 0.834 1.255 1.907 1.515 
Milk + 100 µg/kg 
oxytetracycline 

10 0.608 0.737 0.661 1.104 1.339 1.201 

Milk + 30 µg/kg sulfadiazine 10 0.422 0.585 0.528 0.767 1.063 0.960 
Normal milk (cut-off = 0.710) 

Blank milk 8 0.475 0.535 0.510 0.669 0.753 0.718 

Milk + 4 µg/kg penicillin G  4 1.078 1.195 1.142 1.518 1.682 1.608 
Milk + 100 µg/kg 
oxytetracycline 

4 0.863 1.018 0.963 1.215 1.433 1.355 

Milk + 30 µg/kg sulfadiazine 4 0.884 1.029 0.932 1.244 1.449 1.311 

Milk with a high fat content (>6 g per 100 ml) (cut-off = 0.527) 

Blank milk 10 0.350 0.880 0.602 0.664 1.670 1.142 

Milk + 4 µg/kg penicillin G  10 0.687 1.563 0.995 1.304 2.966 1.888 
Milk + 100 µg/kg 
oxytetracycline 

10 0.538 1.031 0.822 1.021 1.956 1.561 

Milk + 30 µg/kg sulfadiazine 10 0.492 1.023 0.770 0.934 1.941 1.460 
 
Protein content 
Milk samples with a high (>4 g per 100 g) protein content were selected at MCC-
Vlaanderen based on their MilcoScan 4000 (FOSS, Hillerød, DK) infra-red spectroscopic 
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results and tested with Eclipse 50 and other antimicrobial test kits. Milk samples with a low 
(<2.5 g per 100 ml)  protein content were obtained by addition of permeate to milk with a 
natural low protein content.  
One out of 10 high protein blank milk samples tested positive while all 10 low protein milk 
samples gave a false positive result (Table 10). Also the other microbial inhibitor tests 
(Delvotest SP-NT, Copan Milk Test and Delvotest Accelerator) tested the low protein 
samples as positive. 
Penicillin G (4 µg/kg), oxytetracycline (100 µg/kg) and sulfadiazine (30 µg/kg) was spiked in 
10 milk samples with a high protein content (>4 g per 100 ml). All the milk samples spiked 
with penicillin G or oxytetracycline gave a positive result for the Eclipse 50. Two out of 10 
samples with 30 µg/kg of sulfadiazine tested negative. 
 
Table 10. Absorbance and ratio values obtained for normal milk samples and for milk 
samples with a low protein (<2.5 g per 100 ml) and a high protein content (>4 g per 100 
ml). 
 

 

n 

Absorbance  Ratio  

min max mean min max mean 

Normal milk (cut-off = 0.551) 

Blank milk 8 0.308 0.367 0.351 0.559 0.667 0.637 

Milk + 4 µg/kg penicillin G  4 0.855 1.073 0.967 1.553 1.949 1.756 
Milk + 100 µg/kg 
oxytetracycline 

4 0.878 0.993 0.933 1.595 1.804 1.694 

Milk + 30 µg/kg sulfadiazine 4 0.665 0.788 0.730 1.131 1.326 1.208 

Milk with a low protein content (<2.5 g per 100 ml) (cut-off = 0.551) 

Blank milk 10 1.341 1.912 1.528 2.436 3.473 2.776 
Normal milk (cut-off = 0.710) 

Blank milk 8 0.475 0.535 0.510 0.669 0.753 0.718 

Milk + 4 µg/kg penicillin G  4 1.078 1.195 1.142 1.518 1.682 1.608 
Milk + 100 µg/kg 
oxytetracycline 

4 0.863 1.018 0.963 1.215 1.433 1.355 

Milk + 30 µg/kg sulfadiazine 4 0.884 1.029 0.932 1.244 1.449 1.311 

Milk with a high protein content (>4 g per 100 ml) (cut-off = 0.710 & 0.527) 

Blank milk 10 0.403 0.887 0.578 0.567 1.249 0.813 

Milk + 4 µg/kg penicillin G  10 0.882 1.349 1.056 1.674 2.560 2.003 
Milk + 100 µg/kg 
oxytetracycline 

10 0.621 1.179 0.8050 1.178 2.237 1.614 

Milk + 30 µg/kg sulfadiazine 10 0.425 1.269 0.694 0.806 2.408 1.316 
 
Test for influence of the milk type 
UHT milk, sterilized milk, reconstituted milk powder and thawed milk were analysed in 
order to check if the Eclipse 50 is a suitable test for these types of milk. Since this report is 
aimed to evaluate the Eclipse 50 on his applicability as a screening test of raw milk at the 
interprofessional organisations are the results not shown in this report. 
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Milk from animal species other than the cow 
Since this report is aimed to evaluate the Eclipse 50 on his applicability as a screening test 
of raw milk at the interprofessional organisations the results of testing of  raw goats’, ewes’ 
and mares’ milk samples are not shown in this report. 
 
Test for false positive/false negative results 
For a test to be used in payment control programs the occurrence of false positive results 
should be avoided. This was tested by analyzing 522 farm blank milk samples with Eclipse 
50. All farm milk samples tested negative except one sample (H5/499). This milk sample 
was also positive for Copan Milk Test and Delvotest SP-NT, but negative for TwinSensor 

Milk. This sample tested negative on the presence of β-lactams by LC-MS/MS and 
remained positive on the microbiological inhibitor tests after addition of penicillinase. So the 

presence of a non-β-lactam residue could not be excluded.  
Besides the testing of 522 farm milk samples, also 162 truck load milk samples, 20 UHT-
milk samples, 16 reconstituted milk powders, 1 pasteurized and 1 sterilized milk sample 
were tested in the framework of official monitoring. These samples were also analyzed with 

Delvotest SP-NT, Bacillus cereus-test, Escherichia coli-test and βeta-s.t.a.r. (Neogen 
Corporation, Lansing, MI)). All these monitoring samples tested negative on all tests. So no 
false positive results were obtained.  
Farm milk sample 2010/001260 tested negative on Eclipse 50 while a positive result was 
obtained on Delvotest SP-NT and Copan Milk Test. By LC-MS/MS 2.3 µg/kg of penicillin G 
was confirmed in the milk. So the Eclipse 50 result for this incurred milk sample is in line 
with the results of the test capability results for spiked milk (Figure 3). 
False positive results were obtained for 2 out of 560 blank milk samples used as negative 
control. But these results were obtained on plate 56. This plate was not fulfilling the quality 
criteria and all results of this plate should normally be cancelled. 
Testing batch differences one borderline false positive result (ratio 1.023) occurred for a 
blank milk sample out of 32 samples tested with reagents of Batch 09080601. 
 
Interference by natural inhibitors 
Natural antibacterial substances, present at higher concentrations in mastitic milk and in 
colostrums, occasionally cause false positive results in microbiological antibiotic inhibitor 
tests. Lysozyme and lactoferrin are shown to inhibit the growth of Geobacillus 
stearothermophilus var. calidolactis spores. The effects were not studied in this validation 
but effects could be expected since the Eclipse 50 is also using the same test organism. 
At two Belgian farms with frequent false-positive inhibitor test results for Delvotest MCS, a 
bacterium strain dominantly present in the milk was isolated. After growth of this bacterium 
in blank milk, the milk is testing positive on Delvotest MCS and Delvotest SP-NT. To 
prevent the penalty of a farmer due to a false-positive inhibitor test result some years ago 
the Copan Milk Test was introduced as official screening test since the Copan Milk Test is 
not influenced by the bacteriocins produced by this bacterium. 
Milk inoculated with this bacterium was incubated and tested with Eclipse 50 and other 
microbiological screening tests (Copan Milk Test, Delvotest SP-NT, Charm Blue-Yellow II). 
All tests showed false-positive test results except for Copan Milk Test. Heat treatment of 
milk (10 minutes at 80°C) which normally has a destructive effect on most natural 
inhibitors, had no impact on these bacteriocins. 
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Reagent influence (batch differences) 
Following samples were analysed at the same time with 2 different batches of Eclipse 50 
(Batch 09080601 (Exp Augustus 6, 2010) and Batch 09111302 (Exp. November 13, 
2010)): 

- Blank milk (antibiotic-free raw milk) (32 samples) 
- Raw milk spiked with 3 µg/kg penicillin G (8 samples) 
- Raw milk spiked with 4 µg/kg penicillin G (8 samples) 
- Raw milk spiked with 40 µg/kg cloxacillin (8 samples) 
- Raw milk spiked with 70 µg/kg ceftiofur (8 samples) 
-    Raw milk doped with 100 µg/kg oxytetracycline (8 samples) 
- Raw milk  doped with 30 µg/kg sulfadiazine (8 samples) 

The results are shown in Table 11. 
 
Table 11. Ratios obtained when testing negative and positive milk samples with reagents 
from different batches. 
 

Sub- 
stance 

Conc. 
in µg/kg 

Batch 09080601 Batch  09111302 

incubation 2h35; cut-off = 0.635 incubation 2h30; cut-off = 0.514 

Absorbance Ratio Absorbance Ratio 

min max mean min max mean min max mean min max mean 

blank --- 0.413 0.649 0.463 0.651 1.023 0.730 0.294 0.360 0.331 0.572 0.701 0.643 
pen G 3 0.773 0.914 0.826 1.218 1.441 1.301 0.574 0.688 0.639 1.117 1.339 1.243 

4 1.254 1.300 1.286 1.976 2.049 2.026 0.996 1.094 1.078 1.938 2.129 2.098 

cloxa 40 0.849 0.942 0.849 1.338 1.485 1.411 0.595 0.703 0.655 1.158 1.368 1.274 

ceftiofur 70 0.888 1.053 0.957 1.400 1.660 1.508 0.528 0.577 0.559 1.027 1.123 1.088 

otc 100 0.801 0.862 0.825 1.262 1.359 1.301 0.595 0.677 0.642 1.158 1.317 1.250 

sulfa 30 0.786 0.837 0.816 1.239 1.319 1.286 0.525 0.584 0.557 1.022 1.136 1.083 
 pen G: penicillin G, cloxa: cloxacillin, otc: oxytetracycline,  sulfa: sulfadiazine 
 
For the calculation of the plate cut-off value not all results for the 32 blank milk samples 
were taken into consideration but the cut-off was set as the average absorbance of 8 blank 
milk samples wells on specified places + 0.2.  
on the mean Small differences in detection capability were noticed between both lots of 
reagents. Batch 09111302 is somewhat faster, resulting in lower absorbance values. 
These lower absorbance values are seen for the milk samples spiked with 70 µg/kg 
ceftiofur or 30 µg/kg of sulfadiazine. For these two substances the detection capability of 
Batch 09080601 is clearly better. Remark the false positive result for Batch 0908061. 
 
 Interlaboratory testing 
 

National ring trial 
T&V-ILVO is organizing twice a year a national ring trial for the Belgian dairy industry 
regarding the detection of residues of antibiotics in milk by microbiological and rapid tests. 
In the ring trial of autumn 2009 the Eclipse 50 was also integrated as microbiological test 
(Lot 09081702 – 17/08/2010).  
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The national ring trial consisted out of 8 blind coded milk samples: blank milk, milk spiked 
with respectively 4 µg/kg penicillin G (2 samples), 4 µg/kg amoxicillin, 30 µg/kg cloxacillin, 
20 µg/kg cefquinome, 300 µg/kg chlortetracycline and 100 µg/kg sulfadiazine. The Eclipse 
50 screened all spiked milk samples, except for 20 µg/kg cefquinome and 30 µg/kg 
cloxacillin, as positive. All these results are in line with the results of the test capability 
study (Figures 3 to 5). 
 
Daily control samples 
Following control samples were daily analysed with the Eclipse 50: 

- Blank milk (antibiotic-free raw milk): 8 samples per plate 
- Raw milk doped with 3 µg/kg penicillin G: 2 samples per plate 
- Raw milk doped with 4 µg/kg penicillin G: 2 samples per plate 
- Raw milk doped with 200 µg/kg oxytetracycline: 2 samples per plate 
- Raw milk doped with 200 µg/kg sulfadiazine: 2 samples per plate  

 
Since each plate had a different cut-off the control sample : cut-off ratio was calculated. 
The results obtained for the control samples are presented in Figures 6 to 10. Note that 
plate 1 to 49 were from Batch 09081702 (Exp. 17/08/2010) and plates 50 to 70 were from 
Batch  09111302 (Exp. 13/11/2010). 
 
The concentration of penicillin G, sulfadiazine and oxytetracycline in the spiked milk 
standards was based on detection capability data provided by Zeu-Inmunotec at the start 
of the validation study. Based on the data provided by this validation following standards 
could be advised for in routine use of the Eclipse 50: blank raw milk, milk spiked with 4 
µg/kg penicillin G, 100 µg/kg sulfamerazine and 100 µg/kg oxytetracycline, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Ratios of blank milk : cut-off for 70 plates of Eclipse 50; 8 replicates per plate.   
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Figure 7. Ratios of 3 µg/kg penicillin G : cut-off for 70 plates of Eclipse 50.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Ratios of 4 µg/kg penicillin G : cut-off for 70 plates of Eclipse 50.   
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Figure 9. Ratios of 200 µg/kg oxytetracycline : cut-off for 70 plates of Eclipse 50.   
 

 
 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Ratios of 200 µg/kg sulfadiazine : cut-off for 70 plates of Eclipse 50.   
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The abnormal cut-off value obtained for plate 6 and 56 had an influence on the detection of 
the standards on these plates and the test capability of these plates. So, the absorbance 
values obtained for the negative control samples must be always between 0.2 and 0.4, as 
recommended by the manufacturer. Those plates should have been incubated for 5 to 10 
more minutes even when plates were already washed. If too high absorbance values for 
blank milk samples remain, it’s recommended not to accept results of plates with a cut-off 
above 0.60 absorbance units.  
In general the repeatability between the replicates is good except for one blank milk 
sample on plate 29, for two blank milk samples on plate 56 (results for this plate should 
normally be cancelled), for the in duplo measurements of 200 µg/kg sulfadiazine on plate 
28 and  200 µg/kg oxytetracycline on plate 15.  
 
The standards were always located on the same place on each plate. As concluded from 
the data shown in Table 12, no difference was found between the replicates of the different 
daily standards indicating that the incubation temperature and the reagents were 
homogeneous.  
 
Table 12. Statistics of  daily standards related to their place on the plate for 70 different 
Eclipse 50 plates. 
 
Standard sample Well position Mean 

absorbance 
Mean ratio Number of 

plates 
 with highest 

z-value 
Blank milk 1A 0.329 0.606  

1B 0.329 0.600  
1C 0.347 0.636  
1D 0.343 0.633  
1E 0.344 0.631  
1F 0.357 0.652  
1G 0.345 0.635  
1H 0.336 0.619  

Penicillin G 3 µg/kg 2A 0.567 1.048 26 
2B 0.576 1.063 44 

Penicillin G 4 µg/kg 2C 0.848 1.572 28 
2D 0.857 1.590 42 

Sulfadiazine 200 µg/kg 2E 0.967 1.798 17 
2F 0.986 1.835 53 

Oxytetracycline 200 µg/kg 2G 0.984 1.832 52 
2H 0.978 1.819 18 

 
 
Statistics about the different daily control samples is summarised in Table 13. 
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Table 13. Standard deviation, lowest, highest and average value and ratio for the daily 
control samples. 
 

Substance Conc. in 
µg/kg 

n Absorbance value Ratio 
lowest highest mean sr lowest highest mean sr 

blank --- 560 0.237 1.080 0.341 0.073 0.450 1.257 0.627 0.097 
penicillin G  3 140 0.431 1.093 0.571 0.102 0.838 1.533 1.055 0.131 

4 140 0.637 1.257 0.852 0.139 1.178 2.320 1.581 0.241 
oxytetracycline 200 140 0.859 1.389 0.981 0.069 1.141 2.330 1.825 0.142 
sulfadiazine  200 140 0.666 1.275 0.977 0.071 1.032 2.046 1.816 0.148 

cut-off --- 70 0.458 0.859 0.541 0.063 1.000 1.000 1.000 0.000 
 
Two blank milk samples are interpreted as positive, milk spiked with penicillin G at 4 µg/kg 
was always detected as positive. All sulfadiazine 200 µg/kg and oxytetracycline 200 µg/kg 
standards were also always screened as positive but these concentrations are much higher 
than the detection capability of the test. Remark the better detection capability of the 
second batch of reagents used from plate 50 on. On the other side bigger fluctuations were 
obtained for this batch for the standard of 3 or 4 µg/kg of penicillin G.   

 
Reliability of the test and the instrumentation 
The test is not using complicated instrumentation but just small dry incubators. During the 
whole validation period no problems were encountered with any of the 4 incubators in use. 
The reading and color interpretation of the plates was performed with a general microplate 
photometer. All types of spectrophotometer can be used as long measurement at 590 and 
650 nm is possible. 
During this validation the quality of the reagents (plates) was always fine, no bacteriological 
contamination or plates with insufficient agar in the wells was encountered.  
However, during washing of the plates in few cases (4 times) the agar of a single well was 
washed away, perhaps caused by a too heavy water flow. 
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Figure 11. Flow chart of the procedure actually used in Belgium to check individual farm 
milk samples on antimicrobials in the framework of the official determination of the quality 
of raw milk. 


