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Introduction 

The CHARM Blue-Yellow II (Charm Sciences Inc., Lawrence, MA) 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 CHARM Blue-Yellow II was validated at T&V-ILVO on its applicability as a 
screening test at the interprofessional organisations, according to Commission Decision 
2002/657/EC in order to check if the test is fulfilling the FASFC (Federal Agency for the 
Safety of the Food Chain) criteria for screening tests (Anon., 2011). 
 
Preliminary testing 

A preliminary validation study was performed with interpretation of the colour of the agar in 
the wells by photometrical reading (protocol Eclipse 50, ZEU-Inmunotec, Zaragoza, SP) at 
590 nm (filter 1) and 650 nm (filter 2 = reference) with a multiplate photometer (Multiskan 
EX, Thermo Scientific, Waltham, MA) and Ascent Software v. 2.6. (Thermo Scientific). The 
cut-off was set at the average absorbance for 8 blank milk samples wells + 0.2.  
However, the photometrical reading was not perfect. In parallel to the automatic reading of 
the Delvotest (DSM Food Specialties, Delft, NL) and the CMT (Copan Milk Test, DSM Food 
Specialties, Delft, NL), the company Charm Sciences Inc. chose for reflectometric reading 
and let develop a software programme in combination with a flatbed scanner.  This report 
is representing the results of a validation of the Charm Blue-Yellow II with reflectometric 
reading of the colour. In the start some plates containing both positive and negative 
samples were analysed and the colour of the agar in the cups interpreted both visually and 
by scanner in order to determine the cut-off value. The slightest shade of blue that visually 
was interpreted as positive corresponded to scanner values (score) around 6.0.   
 
Test procedure 

Reagents were stored at 2-6°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 water bath pre-warmed at 64°C.  
After incubation, the colour of the agar in the wells was interpreted by a Epson Perfection 
V30 (Epson America Inc., Long Beach, CA) flatbed scanner and GVSCAN software 
Version 1.1 (GEVIS, Fidenza, IT). The cut-off score was set at 6.0 (result of some 
preliminary testing). 
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Length of incubation 
 
According to the kit insert, the test should be incubated until the negative control has 
turned yellow. The incubation time is mentioned on the package foil. It’s remarkable that for 
all three lots we received for validation, the incubation time indicated was always 3h05 for 
raw milk and 3h15 for UHT milk. However, the incubation time indicated by the kit 
manufacturer could not be followed (Table 1). For two lots (BYII-05-006A (exp. 12/2010) & 
BYII-06-006A (exp. 12/2010)) the period indicated was too short as seen by a blue colour 
obtained for negative (blank) milk samples. For lot BYII-03-007 (exp. 04/2011) the 
indicated length of incubation was too long since a yellow colour was obtained some 
minutes earlier than the incubation time indicated. a possible reason for the differences 
would be the fact that for the incubation Charm Sciences was using a dry incubator while at 
ILVO a waterbath was used. 
So, for each lot the correct incubation time was searched in the ILVO lab. Once 
determined, the time found was used for the other plates of the same production. Table 1 is 
summarizing for the reagents used in the validation study the incubation indicated by the kit 
manufacturer and the time used in reality. 
 
Table 1. Indicated and used incubation time for three lots of Charm Blue Yellow II reagents. 
 

Reagents Incubation time 

indicated used at ILVO-T&V 

BYII-05-006A (exp. 12/2010) 3h05 3h25 

BYII-06-006A (exp. 12/2010) 3h05 3h25 

BYII-03-007 (exp. 04/2011) 3h05 3h 

 
 
Test repeatability 
 
The test repeatability was checked by analyzing blank and spiked raw milk samples in 
duplo. The results are summarized in Table 2. 
 
Table 2. Repeatability of Charm Blue-Yellow II for blank and spiked raw milk samples. 
 

Samples Score Mean value n sr 

blank raw milk score < 3 1.9 100 0.77 

spiked milk  score 3 - 7 5.9 100 0.75 

score ≥7 8.1 100 0.51 
 

In general favourable repeatability results were obtained. From the data it could also be 
concluded that the repeatability is independent from the score level. It’s worth noting that 
these in duplo results were generated by replicates on a same microplate.  
However, the test repeatability between two different plates was less good, even when 
plates with an identical lot number were used.  As seen in Table 3, the plate incubated on 
29/06/2010 was slower (higher scores) than the plate tested on 30/06/2010 resulting in 
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mean score differences of 2.0, 1.9, and 1.4 for blank milk, milk + sulfadiazine 100 µg/kg,  
and milk + oxytetracycline 100 µg/kg, respectively.  
 
Despite the favourable repeatability figures, a few times yellow and blue wells for some 
samples tested in duplo were obtained on the same plate. This will be discussed in the 
paragraph ‘Daily control samples’. 
 

Table 3. Results for blank and positive standards on two different plates of an identical lot 
(Lot BYII06-006A; Exp. 01/12/2010) incubated for 3h20 at two different days.  
 

Milk standards 

Score 

29/06/2010 30/06/2010 

mean range mean range  

blank raw milk 3.8 2.7-4.8 1.8 0.9-3.2 

milk + penicillin 3 µg/kg 10.0 10.0-10.0 10.0 10.0-10.0 

milk + penicillin 4 µg/kg 10.0 10.0-10.0 10.0 10.0-10.0 

milk + sulfadiazine 100 µg/kg 9.5 9.4-9.5 7.6 7.4-7.7 

milk + oxytetracycline 100 µg/kg 9.3 9.1-9.5 7.9 7.5-8.2 

*: 3h05 = incubation time indicated by the kit manufacturer 
 
Test capabilities 
 

Milk was spiked with all -lactams with an existing Maximum Residue Limit (MRL, 
Regulation (EC) No 470/2009 of the European Parliament and of the Council Commission 
and Commission Regulation (EU) No 37/2010 and amendments) and with representative 
compounds of the most important families of antibiotics and chemotherapeutics. Priority 
was given to the compounds with an authorization for use in lactating cows in Belgium 
(Reybroeck, 2010).  The increment between the different concentrations was depending on 
the concentration level, as indicated in Table 4. Batch BYII-06-006A (Exp. 12/2010) and 
batch BYII-03-007 (exp. 04/2011) were 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 4. 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 

500-1,000 100 

1,000-5,000 500 
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penicillin G (4)
ampicillin (4)

amoxicillin (4)

oxacillin (30)

cloxacillin (30)

dicloxacillin (30)

nafcillin (30)

penethamate (4)

cefalexin (100)
ceftiofur (100)

desfuroylceftiofur 
(100)

cefquinome (20)

cefazolin (50)

cephapirin (60)

desacetylcephapirin 
(60)

cefacetrile (125)

cefoperazone (50)

cefalonium (20)

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 scores) were collected in a data base. The test capabilities are given in 
Figures 1-3. 
 

All -lactam antibiotics were detected at their respective MRL, except for desfuroylceftiofur. 
Moreover, all tetracyclines, 3 out of 5 sulfonamides and also tylosin, tilmicosine, 
gentamycin, neomycin, lincomycin, and pirlimycin were detected at their respective MRL. 
The compounds representative for the other antibiotic families (quinolones, polymyxins, 
ansamycins, thiamphenicol, polypeptides, and diaminopyrimidine derivatives,...) were not 
detected at their respective MRL as could be expected for a test based on Geobacillus 
stearothermophilus as test organism. 
The prohibited substance dapsone is detected at 1 µg/kg by Charm Blue-Yellow II. The EU 
Community Reference Laboratories indicated 5 µg/kg as the recommended concentration 
for dapsone for screening methods used for national residue control plans (Anon., 2007).    
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Test capability of Charm Blue Yellow II for -lactams related to their respective 
MRL (Commission Regulation (EU) N° 37/2010 (situation on 15/08/2011)). Inner circle = 2 
MRL; circle 2 = MRL; circle 3 = 0.5 MRL; circle 4 = 0.25 MRL. 
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tetracycline (100)
chlortetracycline 

(100)

oxytetracycline (100)

spiramycin (200)

tylosin (50)

erythromycin (40)

tilmicosin (50)

spectinomycin (200)

streptomycin (200)
dihydrostreptom. 

(200)

gentamicin (100)

neomycin (1500)

kanamycin (150)

marbofloxacin (75)

danofloxacin (30)

enrofloxacin (100)

flumequine (50)

colistin (50)

rifaximin (60)

thiamphenicol (50)

lincomycin (150)

pirlimycin (100)

clavulanic acid 
(200)

bacitracin (100)

novobiocin (50)

sulfamethazine 
(100)

sulfadiazine (100)

sulfamerazine (100)

sulfadoxine (100)

sulfamethoxazole 
(100)

trimethoprim (50)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Test capability of Charm Blue Yellow II for tetracyclines, macrolides, 
aminoglycosides and quinolones related to their respective MRL (Commission Regulation 
(EU) N° 37/2010 (situation on 15/08/2011)). Inner circle = 10 MRL; circle 2 = 2 MRL; circle 
3 = MRL; circle 4 = 0.5 MRL. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Test capability of Charm Blue Yellow II for colistin, rifaximin, thiamphenicol, 
lincosamides, clavulanic acid, bacitracin, novobiocin, sulfonamides and trimethoprim 
related to their respective MRL (Commission Regulation (EU) N° 37/2010 (situation on 
15/08/2011)). Inner circle = 10 MRL; circle 2 = 2 MRL; circle 3 = MRL; circle 4 = 0.5 MRL. 
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In Belgium criteria were set by FASFC for the approval of tests for the screening of 
antibiotics and sulfonamides in raw milk by the inter-branch organizations (milk control 
stations) (Anon., 2010 & 2011). Some of the criteria concern the test capabilities. In respect 
of the actual criteria published on the FASFC website on 09/08/2011(Anon., 2011), the test 
must prove to be able to detect a large spectrum of antibiotics. In terms of sensitivity must 

minimum 85 % of the following -lactams be detectable at their respective Maximum 
Residue Limit (MRL) (Commission Regulation (EU) No 37/2010 and amendments): 
benzylpenicillin, ampicillin, amoxicillin, cloxacillin, nafcillin, cefalexin, cefiofur, cefquinone, 
cefazolin, cephapirin, cefaperazone, cefalonium, desacetylcefapirine, and desfuroyl-
ceftiofur. Of the following sulfonamids (sulfadiazine, sulfadoxine, and sulfadimethoxine) 
and dapsone must minimal 75% be detectable at their respective MRL or Recommended 
Concentration for Detection (Anon., 2007), respectively. Chlortetracycline and 
oxytetracycline of the tetracyclines must be detectable at two times their respective MRL in 
milk. Of the other families of anti-infectious agents must minimum 35% of the following 
substances be detectable at three times their MRL: spiramycin, tylosin, spectinomycin, 
dihydrostreptomycin, gentamicin, neomycin, kanamycin, marbofloxacin, danofloxacin, 
enrofloxacin, colistin, rifaximin, lincomycin, pirlimycin, clavulanic acid, and trimethoprim. 
 
The Charm Blue-Yellow II is fulfilling the FASFC test capabilities criteria (Table 5): of the 14 
-lactams in the list were 13 compounds screened at MRL (92.9%). Of the 4 compounds 
on the FASFC list of sulfonamids & dapsone were sulfadiazine, sulfadimethoxine, and 
dapsone (75.0%) detected at 100 µg/kg (MRL) or 5 µg/kg (recommended concentration), 
respectively. Chlor- and oxytetracycline were always detected at 2x MRL (100%) and of the 
16 compounds of the other families of anti-infectious agents on the FASFC list were 10 
compounds detected at 3x MRL (62.5%).  
 
Table 5. Number of positive results obtained with the Charm Blue Yellow II at the target 
concentrations. Reflectometric reading with cut-off score set at 6.0.  
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 
Target 
conc 

Criteria (%) Fulfillment 
Fulfilled 

(%) 

penicillins amoxicillin 4 4 

85% 
= 

12/14 

Y 

13/14 
= 

92.9% 

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 Y 

ceftiofur 100 100 Y 

desfuroylceftiofur 100 100 N 
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cephapirin 60 60 Y 

desacetylcephapirin 60 60 Y 

sulfonamides sulfadiazine 100 100 
75% 

= 
3/4 

Y 
3/4 
= 

75.0% 

sulfadimethoxine 100 100 Y 

sulfadoxine 100 100 N 

sulfones dapsone ---* 5* Y 

tetracyclines chlortetracycline 100 200 100%= 
2/2 

Y 
2/2 = 100% 

oxytetracycline 100 200 Y 

macrolides spiramycin 200 600 

35% 
= 

6/16 

Y 

10/16 
= 

62.5% 

tylosin 50 150 Y 

lincosamides lincomycin 150 450 Y 

pirlimycin   Y 

aminoglycosides dihydrostreptomycin 200 600 Y 

gentamicin 100 300 Y 

kanamycin 150 450 N 

neomycin 1500 4500 Y 

spectinomycin 200 600 Y 

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 Y 

 

Notes: *: prohibited substance, MRL cannot be established , recommended concentration 
for detection set by the CRL (Anon., 2007) 
 MRL: Maximum Residue Limit, Commission Regulation (EU) No 37/2010 and 
amendments as of August 15, 2011.  
.  
 
Test robustness 
 
Test for influence of the milk quality or milk composition 
 
Somatic cell count (SCC) 
 
Two batches of milk samples with a high somatic cell count (5 105 - 106 per ml and >106 per 
ml) were analysed in order to study if a high somatic cell count could interfere on the 
Charm Blue-Yellow II 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 for Charm Blue-Yellow II were 
also tested with Delvotest SP-NT, CMT and Charm MRL ROSA (Charm Sciences Inc.). 
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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 (high SCC) are often treated with antibiotics. The results of the milk samples 
causing a positive result for Charm Blue-Yellow II are summarized in Table 6. 
 
Table 6. Milk samples with a high somatic cell count causing a positive result for Charm 
Blue-Yellow II. 
 

Sample Somatic cell 
count 

x103 per ml 

Antimicrobial test 

Charm 
BY-II 

Charm BY-
II after milk 

pre-heat 
treatment  

Delvotest 
SP-NT 

CMT 
(Copan 

Milk Test) 

Charm 
MRL 

ROSA 

SCC 5 105 - 106 ml-1 

MHC3 601 + (6.8) + (8.6) - - / 

MHC8 774 + (6.8) + (8.6) - - / 

MHC10 632 + (6.5) - (2.1) - - / 

SCC >106 ml-1 

HC1 1330 + (6.7) + (7.2) - - / 

HC3 1060 + (6.5) + (8.4) - - / 

HC4 3060 + (6.6) + (8.8) - - / 

HC6 1004 + (6.3) + (6.7) - - / 

HC8 1680 + (6.1) + (6.7) - - / 

HC9 2803 + (9.6) + (9.5) - - / 

HC10 2717 + (10.0) + (10.0) + + + 

HC11 1402 + (10.0) + (10.0) + + + 

HC12 1906 + (6.3) + (7.5) - - / 

HC14 2435 + (10.0) + (10.0) + - - 

HC15 1144 + (7.2) + (9.2) - - / 

HC16 1469 + (6.0) + (7.1) - - / 

HC19 7268 + (6.6) + (10.0) - - / 

HC20 8106 + (10.0) + (10.0) + - - 

HC21 13959 + (10.0) + (10.0) + - - 

HC22 3256 + (6.9) + (9.6) - - / 

HC23 2505 + (7.7) + (9.6) - - / 

HC24 7455 + (10.0) + (10.0) - - / 

HC25 3153 + (7.2) + (9.8) - - / 

HC26 3676 + (7.6) + (10.0) - - / 

HC27 1134 + (6.2) + (9.2) - - / 

HC28 2179 + (6.2) + (6.6) - - / 

HC30 6759 + (10.0) + (10.0) + - - 

 
Three out of 30 milk samples (10%) with a somatic cell count between 5 105 and 106 per ml 
were causing a false positive Charm Blue-Yellow II result. Twenty-three out of 30 milk 
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samples with a high somatic cell count (>106 per ml) were giving a positive result for Charm 
Blue-Yellow II. Further analysis with other tests showed that in two samples (HC10 & 

HC11) the positive result was caused by the presence of antibiotic residues (-lactam). So, 
for this group of samples there is an indication of 21 false positive results upon 28 samples 
(75%). Changing the cut-off to diminish the number of false positive results is not an option 
since this is directly influencing the test capability and some false positive results were very 
high scores (up to 10). The effectiveness of a pre-heat treatment on its neutralizing effect 
on natural inhibitors present in raw milk samples with a high SSC was also checked. 
Therefore the milk samples with a high SCC giving a false positive Charm BY-II result were 
not only tested as such but also after a pre-heat treatment of a part of the milk during 10 
minutes at 80°C. The results are shown in Table 6. For 24 samples with a false positive 
Charm Blue-Yellow II result due to a high SCC, only for one milk sample (MHC10) the false 
positive result disappeared after pre-heatment of the milk (10 minutes at 80°C). This 
indicated that the interference on a Charm Blue-Yellow II by a high somatic cell count 
cannot be avoided by a pre-heat treatment of the milk before analysis. 
 
In comparison to the Charm Blue-Yellow II, a lower percentage of false-positive results was 
obtained for the same samples tested with the Delvotest SP-NT. All these samples with a 
high SCC were even testing negative with the Copan Milk Test. It is worth noting that 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 milk samples with a high somatic cell count were also spiked. In comparison to the 
spiked samples with a normal somatic cell count, no variation in score values was obtained 
(Table 7 and 8). All milk samples spiked with 2 µg/kg benzylpenicillin, 100 µg/kg 
oxytetracycline, or 100 µg/kg sulfadiazine were screened positive (Table 7 and 8). Just in a 
few milk samples with a SCC between 5 105 and 106 per ml and doped with 2 µg/kg 
benzylpenicillin a lower score was found (lowest score = 6.7). 
 
Table 7. Scores obtained for normal milk samples and for milk samples with a high somatic 
cell count (>106 per ml). 
 

 

n 

Score 

min max mean 

Normal milk  

Blank milk 12 2.1 5.0 3.7 

Milk + 2 µg/kg benzylpenicillin 4 10.0 10.0 10.0 

Milk + 100 µg/kg oxytetracycline 4 7.3 9.1 8.5 

Milk + 100 µg/kg sulfadiazine 4 8.3 9.7 9.0 

Milk with a high somatic cell count (>106 per ml)  

Blank milk 30 0.8 10.0 7.0 

Milk + 2 µg/kg benzylpenicillin 10 10.0 10.0 10.0 

Milk + 100 µg/kg oxytetracycline 10 8.3 10.0 9.7 

Milk + 100 µg/kg sulfadiazine 10 7.1 10.0 9.5 
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Table 8. Scores obtained for normal milk samples and for milk samples with a high somatic 
cell count (5.105 - 1.106 per ml). 
 

 

n 

Score  

min max mean 

Normal milk  

Blank milk 12 2.0 5.0 3.8 

Milk + 2 µg/kg benzylpenicillin  4 10.0 10.0 10.0 

Milk + 100 µg/kg oxytetracycline 4 8.9 9.8 9.5 

Milk + 100 µg/kg sulfadiazine 4 7.2 9.0 8.5 

Milk with a high somatic cell count (5 105 - 106 per ml)  

Blank milk 30 0.9 6.7 4.0 

Milk + 2 µg/kg benzylpenicillin  10 6.7 10.0 9.7 

Milk + 100 µg/kg oxytetracycline 10 7.0 9.7 8.9 

Milk + 100 µg/kg sulfadiazine 10 6.1 10.0 8.7 

 
Total bacterial count 
 
Milk samples with a high total bacterial count were obtained by keeping normal milk 
samples 5 to 6 hours at room temperature. The final bacterial count was 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 Charm 
Blue-Yellow II to study the impact of the bacterial count. 
 
All 20 milk samples contained >108 CFU per ml after incubation and tested negative before 
and after incubation with Charm Blue-Yellow II (Table 9). For milk with a high bacterial  
count in general higher scores were obtained (up to 5.5). No interference in the detection of 
benzylpenicillin, oxytetracycline, and sulfadiazine by the bacterial count was noticed. 
 
Table 9. Score and ratio values obtained for normal milk samples and for milk samples with 
a high bacterial count (>108 CFU per ml). 
 
 

 

n 

Score  

min max mean 

Normal milk  

Blank milk 12 0.9 4.1 2.0 

Milk + 2 µg/kg benzylpenicillin  4 10.0 10.0 10.0 

Milk + 100 µg/kg oxytetracycline 4 7.2 9.2 8.7 

Milk + 100 µg/kg sulfadiazine 4 7.2 9.4 8.8 

Milk with a high bacterial count (>108 CFU per ml) 

Blank milk 20 1.6 5.5 4.1 

Milk + 2 µg/kg benzylpenicillin  10 10.0 10.0 10.0 

Milk + 100 µg/kg oxytetracycline 10 7.2 9.4 8.7 
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Milk + 100 µg/kg sulfadiazine 10 6.5 9.4 8.9 

 
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 Charm Blue-Yellow II and other antimicrobial test 
kits. 
All 10 low fat samples tested negative while 2 out of 10 high fat samples gave a false 
positive result (Table 10). These samples (HF1 & HF10) tested negative on Delvotest SP-
NT and Copan Milk Test. 
Benzylpenicillin (2 µg/kg), oxytetracycline (100 µg/kg), and sulfadiazine (100 µg/kg) was 
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). One high fat milk sample (HF2) spiked with 

benzylpenicillin gave a negative result. However, in this raw milk sample the presence of -
lactamase was demonstrated (Table 11).  
All the low fat milk samples spiked with 100 µg/kg of sulfadiazine or 100 µg/kg of 
oxytetracycline gave a positive result for the Charm Blue-Yellow II (Table 11).  
 
Table 10. Milk samples with a high fat content  (>6 g per 100 ml) causing a positive result 
for Charm Blue-Yellow II. 
 

Sample Fat content 
(g per 100 

ml) 

Result antimicrobial test 

Delvotest SP-NT Copan Milk Test Charm MRL ROSA 

 Milk samples with a high fat content (>6 g per 100 ml) 

HF1 7.00 - - / 

HF10 9.63 - - / 

 
 

Table 11. Score and ratio values obtained for normal milk samples and for milk samples 
with a low fat (<2 g per 100 ml) or a high fat content (>6 g per 100 ml). 
 

 

n 

Score  

min max mean 

Normal milk  

Blank milk 12 1.0 4.3 2.1 

Milk + 2 µg/kg benzylpenicillin  4 10.0 10.0 10.0 

Milk + 100 µg/kg oxytetracycline 4 7.3 9.7 8.4 

Milk + 100 µg/kg sulfadiazine 4 7.3 8.6 8.1 

Milk with a low fat content (<2 g per 100 ml) 

Blank milk 10 2.0 4.6 3.2 

Milk + 2 µg/kg benzylpenicillin  10 10.0 10.0 10.0 

Milk + 100 µg/kg oxytetracycline 10 7.5 9.4 8.8 

Milk + 100 µg/kg sulfadiazine 10 6.5 9.4 8.7 
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Milk with a high fat content (>6 g per 100 ml) 

Blank milk 10 2.1 6.8 4.1 

Milk + 2 µg/kg benzylpenicillin  10 4.8 * 10.0 9.5 

Milk + 100 µg/kg oxytetracycline 10 5.2 10.0 7.1 

Milk + 100 µg/kg sulfadiazine 10 5.0 10.0 8.0 

*HF2: presence of β-lactamase 
 
Protein content 
Milk samples with a high protein content (>4 g per 100 g) were selected at MCC-
Vlaanderen based on their MilcoScan 4000 (FOSS, Hillerød, DK) infra-red spectroscopic 
results and tested with Charm Blue-Yellow II and other antimicrobial test kits. Milk samples 
with a low protein content (<2.5 g per 100 ml)  were obtained by addition of permeate to 
milk with a natural low protein content.  
 
Four out of 10 high protein blank milk and 3 out of 10 low protein milk samples tested 
positive. Since the other microbial inhibitor tests (Delvotest SP-NT and Copan Milk Test) 
tested negative for these samples (except for sample LP9, positive for Delvotest SP-NT), 
the Charm Blue-Yellow II results can be considered as false positive results (Table 12). 
 
Benzylpenicillin (2 µg/kg), oxytetracycline (100 µg/kg), and sulfadiazine (100 µg/kg) were 
spiked in 10 milk samples with a low and a high protein content. The results are 
summarized in Table 13. All the milk samples spiked with benzylpenicillin or oxytetracycline 
tested positive on the Charm Blue-Yellow II. Sulfadiazine (100 µg/kg) spiked in 10 milk 
samples with a high protein content also resulted in positive results. 
Respectively 1 out of 10 milk samples with a low protein content and doped with 100 µg/kg 
of sulfadiazine tested negative (score = 5.6).  
 
Table 12. Milk samples with a low protein (<2.5 g per 100 ml) or a high protein content (>4 
g per 100 ml) causing a false positive result for Charm Blue-Yellow II. 
 

Sample Protein 
content (g 

per 100 ml) 

Result antimicrobial test 

Delvotest SP-NT Copan Milk Test Charm MRL ROSA 

 Milk samples with a low protein content (<2.5 g per 100 ml) 

LP1 1.88 - - / 

LP9 2.22 + - - 

LP10 2.24 - - / 

 Milk samples with a high protein content (>4 g per 100 ml) 

HP2 6.8 - - / 

HP5 7.6 - - / 

HP6 7.1 - - / 

HP8 6.8 - - / 
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Table 13. Score 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 

Score 

min max mean 

Normal milk  

Blank milk 12 2.3 4.4 3.7 

Milk + 2 µg/kg benzylpenicillin  4 10.0 10.0 10.0 

Milk + 100 µg/kg oxytetracycline 4 6.9 9.2 8.4 

Milk + 100 µg/kg sulfadiazine 4 9.1 9.5 9.3 

Milk with a low protein content (<2.5 g per 100 ml) 

Blank milk 10 1.9 10.0 5.1 

Milk + 2 µg/kg benzylpenicillin  10 10.0 10.0 10.0 

Milk + 100 µg/kg oxytetracycline 10 8.0 10.0 9.6 

Milk + 100 µg/kg sulfadiazine 10 5.6 10.0 7.7 

Milk with a high protein content (>4 g per 100 ml) 

Blank milk 10 2.4 7.6 5.5 

Milk + 2 µg/kg benzylpenicillin  10 10.0 10.0 10.0 

Milk + 100 µg/kg oxytetracycline 10 7.4 10.0 9.1 

Milk + 100 µg/kg sulfadiazine 10 6.1 10.0 9.2 
 

 
Test for influence of the milk type 
 
Since this report is aimed to evaluate the Charm Blue-Yellow II on his applicability as a 
screening test of raw milk at the interprofessional organizations all test were conducted on 
raw milk. 
 
Milk from animal species other than the cow 
 
Since this report is aimed to evaluate the Charm Blue-Yellow II on his applicability as a 
screening test of raw cows’ milk at the interprofessional organizations there were no tests 
performed on raw goats’, ewes’, or mares’ milk samples. 
 
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 analysing 522 farm blank milk samples with Charm 
Blue-Yellow II. All farm milk samples tested negative excepted for 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 -lactams by LC-
MS/MS and remained positive on the microbiological inhibitor tests after addition of 

penicillinase. So in sample H5/499 the presence of a non--lactam residue could not be 
excluded.  
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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 analysed with 

Delvotest SP-NT, Bacillus cereus-test, Escherichia coli-test, and eta-s.t.a.r. (Neogen 
Corporation, Lansing, MI)). All these monitoring samples tested negative on all tests. So no 
false positive results were obtained for samples of the official monitoring programme.  
 
False positive results were obtained for 2 out of 560 blank milk samples used as negative 
control (see below).  
 
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. The effects were not studied in this validation but 
effects could be expected since the Charm Blue-Yellow II 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 most microbiological inhibitor tests (Delvotest 
MCS, Eclipse 50,...). Milk after inoculation with this bacterium was incubated and tested 
with Charm Blue-Yellow II and other microbiological screening tests (Copan Milk Test, 
Delvotest SP-NT,...). 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 antimicrobial substances produced by 
Pseudomonas spp. 
 
Reagent influence (batch differences) 
 

Following samples were analysed at the same time with 2 different batches of Charm Blue-
Yellow II (Batch BYII-05-006A (Exp 12/2010) and Batch BYII-03-007 (Exp. 04/2011)): 

- Blank milk (antibiotic-free raw milk) (40 samples) 
- Raw milk spiked with 0.5 µg/kg benzylpenicillin (8 samples) 
- Raw milk spiked with 1 µg/kg benzylpenicillin (8 samples) 
- Raw milk spiked with 10 µg/kg cloxacillin (8 samples) 
- Raw milk spiked with 9 µg/kg ceftiofur (8 samples) 
-    Raw milk doped with 70 µg/kg oxytetracycline (8 samples) 
- Raw milk  doped with 70 µg/kg sulfadiazine (8 samples) 

 
The results are shown in Table 14. 
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Table 14. Scores obtained when testing negative and positive milk samples with reagents 
from different batches. 
 

Substance Conc. 
in µg/kg 

Batch BYII-05-006A Batch BYII-03-007A 

incubation 3u25 incubation 3u20 

Score Score 

min max mean min max mean 

blank --- 0.7 4.3 2.3 0.8 4.4 2.0 

benzylpenicillin 0.5 2.8 6.3 5.3 4.3 5.6 4.9 

1 10.0 10.0 10.0 2.9 8.4 6.6 

cloxacillin 10 8.0 10.0 9.3 7.0 9.7 8.0 

ceftiofur 9 1.0 4.5 3.0 1.1 4.6 2.8 

oxytetracycline 70 4.7 7.9 7.1 6.8 7.9 7.1 

sulfadiazine 70 6.3 8.6 8.1 6.9 9.0 8.1 

  
 
In general comparable results were obtained with both batches of reagents. Just 
differences in scores were obtained for the samples containing benzylpenicillin. If the mean 
score values are considered the detection capability of Batch BYII-05-006A for 
benzylpenicillin is distinctly better. On the other side for the samples doped at 0.5 µg/kg the 
lowest score for Batch BYII-03-007A (4.3) is higher than the lowest score for Batch BYII-
05-006A (2.9) and even higher than the lowest score for 1 µg/kg benzylpenicillin on the 
same plate. 
 
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 spring 2010 the Charm Blue-Yellow II was also integrated as 
microbiological test (Lot BYII-06-006A – 12/2010).  
 
The national ring trial consisted out of 8 blind coded milk samples: blank milk (2 samples), 
milk spiked with respectively 4 µg/kg benzylpenicillin, 30 µg/kg nafcillin, 30 µg/kg 
cloxacillin, 50 µg/kg ceftiofur, 100 µg/kg tetracycline, and 100 µg/kg sulfadoxine. The 
Charm Blue-Yellow II screened all spiked milk samples as positive. All these results are in 
line with the results of the test capability study as mentioned in Table 5. Notice the positive 
result for 100 µg/kg sulfadoxine with a score of 6.0 (detection capability (Table 5) = 200 
µg/kg). 
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Daily control samples 
 
Following control samples were daily analysed with the Charm Blue-Yellow II: 

- Blank milk (antibiotic-free raw milk): 8 samples per plate 
- Raw milk doped with 3 µg/kg benzylpenicillin: 2 samples per plate 
- Raw milk doped with 4 µg/kg benzylpenicillin: 2 samples per plate 
- Raw milk doped with 100 µg/kg oxytetracycline: 2 samples per plate 
- Raw milk doped with 100 µg/kg sulfadiazine: 2 samples per plate  

 
The results obtained for the control samples are presented in Figures 4 to 7. Note that 
plate 1 to 60 were from Batch BYII-06-006A (Exp. 12/2010) and plates 61 to 80 were from 
Batch  BYII-03-007A (Exp. 04/2011). 
 
The concentration of benzylpenicillin, sulfadiazine and oxytetracycline in the spiked milk 
standards was based on detection capability data provided by Charm Sciences Inc. at the 
start of the validation study.  
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Figure 4. Scores of blank milk : cut-off for 80 plates of Charm Blue-Yellow II; 8 replicates 
per plate.   



 

 

17 

 

 

Wim Reybroeck & Sigrid Ooghe   ILVO-T&V   Report ‘Evaluation of Charm Blue-Yellow II’ 

Number

0 20 40 60 80

S
c
o
re

0

2

4

6

8

10

 
 Figure 5. Scores of 3 µg/kg benzylpenicillin: cut-off for 80 plates of Charm Blue-Yellow II; 2 
replicates per plate 
 
 100 µg/kg oxytetracycline
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Figure 6. Scores of 100 µg/kg oxytetracycline: cut-off for 80 plates of Charm Blue-Yellow II; 
2 replicates per plate 
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 100 µg/kg sulfadiazine
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Figure 7. Scores of 100 µg/kg sulfadiazine : cut-off for 80 plates of Charm Blue-Yellow II; 2 
replicates per plate 
 
No lot differences could be observed between both batches of reagents for the testing of 
blank milk standards and the positive standards (doped milk samples). All blank milk 
standards tested negative except for a standard on plate 33 and plate 49. The standard of 
benzylpenicillin 3 µg/kg gave constantly the maximum  score of 10. To observe differences 
in detection capability for different lots of reagents it’s advised to use of a lower 
concentration of benzylpenicillin. Four sulfadiazine standards tested negative, while once a 
tetracycline standard gave a negative result. 
 
Based on the data provided by this validation following standards could be advised for in 
routine use of the Charm Blue-Yellow II: blank raw milk, milk spiked with 2 µg/kg 
benzylpenicillin, 100 µg/kg sulfadiazine and 100 µg/kg oxytetracycline, respectively. 
 
In general the repeatability between the replicates is good except for the blank milk 
samples on plate 33 (scores: 0.4/10.0/1.1/1.1/1.9/1.0/0.9/0.3) and on plate 49 (scores:   
1.4/3.9/4.5/3.9/4.5/6.4/4.2/4.2), and for the in duplo measurements of 100 µg/kg 
sulfadiazine on plate 38 (scores: 5.5 and 6.9), plate 64 (scores: 5.7 and 6.0) and plate 65 
(scores: 5.9 and 4.9), and of 100 µg/kg oxytetracycline on plate 20 (scores: 4.9 and 7.5).  
 
The standards were always located on the same place on each plate. As shown in Table 
15, no difference was found between the replicates of the different positive daily standards. 
But for the blanks significant differences were noticed. For blanks not only a higher 
standard deviation of repeatability was obtained (sr=1.20), but also an impact by the 
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position on the plate was observed. Position 1C and 1E gave significantly higher scores 
while position 1A and 1H, at two sides at the outside, gave lower scores.  These effects 
need to be further examinated.   
 
Table 15. Statistics of  daily standards related to their place on the plate for 80 different 
Charm Blue-Yellow II plates. 
 

Standard sample Well position Mean score % of plates 
 with highest score 

blank milk 1A 1.6 5.0 

1B 2.0 5.4 

1C 2.4 30.6 

1D 1.9 2.5 

1E 2.5 40.6 

1F 2.0 4.2 

1G 2.2 9.8 

1H 1.7 1.9 

benzylpenicillin 3 µg/kg 2A 10.0 50 

2B 10.0 50 

sulfadiazine 100 µg/kg 2E 7.9 45.6 

2F 7.9 54.4 

oxytetracycline 100 µg/kg 2G 8.0 48.8 

2H 8.0 51.2 

 
 
Statistics about the different daily control samples is summarized in Table 16. 
 
Table 16. Standard deviation, lowest, highest, and average value and ratio for the daily 
control samples. 
 

 Substance Conc. in 
µg/kg 

n n 
neg 

n 
pos 

Score 

lowest highest mean sr 

 blank --- 640 638 2 0.2 10 2.0 1.20 

 benzylpenicillin  3 160 0 160 10 10 10.0 0.00 

 oxytetracycline 100 160 1 159 4.9 9.6 8.0 0.56 

 sulfadiazine  100 160 4 156 4.9 9.8 7.9 0.37 

 
 

Reliability of the test and the instrumentation 
 
The test is not using complicated instrumentation but just a waterbath. During the whole 
validation period no problems were encountered with the instrumentation. The reading and 
colour interpretation of the plates was performed with a flat-bed scanner and specific 
software (GVSCAN). 
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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.  
 
Conclusions 
 
During the initial validation study 3 negative points were remarked: 

- the incubation time indicated was not correct 
- some blanks gave positive values 
- an influence was noticed by the position on the plate on the scores for blanks 

 
Extra testing was proposed to test more in detail the three remarks. For the first remark 
there was a scientific evidence for the difference between the indicated incubation period 
(Charm Sciences Inc.) and the correct incubation time obtained at ILVO-T&V. For setting 
the incubation time Charm Sciences are using one single heat-treated milk and incubating 
in a dry stove; while ILVO-T&V is checking the incubation time by means of raw farm milk 
samples and the plates are incubated in a covered circulating warm water bath at 64°C. 
Charm Sciences Inc. reproduced the methodology of ILVO-T&V and was sending reagents 
of two different lots and ILVO-T&V would follow the incubation time as indicated. The 
results are discussed in the chapter ‘Additional testing’. 
Regarding the second remark extra blank milk samples were analyzed in order to check if 
again false-positive results were obtained; and if yes, to calculate the rate of false-positive 
results. 
To calculate the test repeatability and to study possible effects by the position of the 
sample on the plate, extra tests were performed and the results are also discussed in the 
chapter ‘Additional testing’. 
 
Finally were extra milk samples with abnormal composition (high somatic cell count, high 
fat content) analyzed not solely with the Charm Sciences Inc. but also on the same day 
with the Copan Milk Test (present test used by the IOs for the screening of antimicrobials in 
ex-farm milk) and two other tests presently validated at ILVO-T&V, namely Eclipse 3G 
(ZEU-Inmunotec, Zaragoza, SP) and Delvotest SP-NT Accelerator (version 2011) (DSM 
Food Specialties, Delft, NL). 
 
Additional testing 
 
Repeatability of the Charm Blue-Yellow II 
 
Repeatability was tested using two different lots of reagents: 
- Lot 1: 04-008 Incubation 3h15 as indicated by Charm Sciences Inc. 
- Lot 2: 01-009 Incubation 3h15 as indicated by Charm Sciences Inc. 
As usual a cut-off score = 6.0 was used. 
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- Repeatability for blank and doped milk standards 
 
Table 17. Results obtained for blank and doped milk standards with two different lots of 
reagents. 
 

Type of milk n Lot 
Mean 
score 

Standard 
deviation 

Min score 
Max 

score 

blank milk 
28 lot 1 0.246 0.092 0.2 0.6 

35 lot 2 0.820 0.740 0.2 4.7 

pen G 0.75 ppb 
6 lot 1 0.333 0.082 0.2 0.4 

6 lot 2 2.300 2.048 0.2 5.1 

pen G 1 ppb 
20 lot 1 2.280 1.394 0.2 6.1 

24 lot 2 5.783 1.782 0.3 9.8 

pen G 2 ppb 
14 lot 1 10.0 0 10.0 10.0 

18 lot 2 10.0 0 10.0 10.0 

OTC 100 ppb 
28 lot 1 4.668 0.853 2.5 6.1 

24 lot 2 6.554 0.598 5.3 7.7 

sdia 100 ppb 
28 lot 1 5.043 1.001 0.8 6.3 

24 lot 2 6.679 0.533 5.6 7.5 

TC 100 ppb 
16 lot 1 6.554 0.181 6.3 6.9 

12 lot 2 9.383 0.295 8.9 9.8 

Sdox 100 ppb 
16 lot 1 1.854 0.486 1.2 3.1 

12 lot 2 4.725 0.431 4.1 5.5 

 
Notes: pen G: benzylpenicillin; OTC: oxytetracycline; sdia: sulfadiazine; TC: tetracycline 
and Sdox: sulfadoxine. 
 
Lot 1 is faster than Lot 2, indicated by constant lower scores for Lot 1 compared to the 
scores for Lot 2. The incubation time set by Charm Sciences Inc. for lot 1 is too long since 
the oxytetracycline (OTC) and sulfadiazine (sdia) standards mostly give negative results. 
 
 
Within a lot repeatability, replicates on the same plate 
 
- 2 cups horizontally next to each other  (e.g. A1-A2, B1-B2,...) 
 
In total 86 farm milk samples were tested in duplo per lot. 
 
Besides farm milk samples following standards were tested: 2x blanks, 1x benzylpenicillin 
0.75 and 2 ppb, 2x benzylpenicillin 1 ppb, 2x sulfadiazine 100 ppb and 2x oxytetracycline 
100 ppb, in duplo per lot. 
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Table 18. Repeatability for horizontal replicates and scores for the sample with the highest 
score difference between the replicates.   
 

Lot sr Highest 
abs (score 1 – score 2) 

Sample with highest (score 1 – score 2) 

score 1 score 2  type of milk 

1 0.258 3.1 6.1 3.0 pen G 1 ppb 

2 0.467 3.8 1.7 5.5 blank farm 

0.9 4.7 blank ref 

 
- 2 cups vertically next to each other (e.g. A1–B1, C1-D1,...)  
 
In total 86 farm milk samples were tested in duplo per lot. 
 
Besides farm milk samples following standards were tested: 2x blanks, 1x benzylpenicillin 
0.75 and 2 ppb, 2x benzylpenicillin 1 ppb, 2x sulfadiazine 100 ppb and 2x oxytetracycline 
100 ppb, in duplo per lot. 
 
Table 19. Repeatability for vertical replicates and scores for the sample with the highest 
score difference between the replicates.   
 

Lot sr Highest 
abs (score 1 – score 2) 

Sample with highest (score 1 – score 2) 

score 1 score 2  type of milk 

1 0.203 1.5 1.0 2.5 pen G 1 ppb 

2 0.237 1.3 1.1 2.4 blank farm 

 
- 2 cups left and right part of the plate (e.g. A1-A7, B1-B7,...) 
 
In total 86 farm milk samples were tested in duplo per lot. 
Besides farm milk samples following standards were tested: 2x blanks, 1x benzylpenicillin 
0.75 and 2 ppb, 2x benzylpenicillin 1 ppb, 2x sulfadiazine 100 ppb and 2x oxytetracycline 
100 ppb, in duplo per lot. 
 
Table 20. Repeatability for replicates on left and right side of the microplate and scores for 
the sample with the highest score difference between the replicates.   
 

Lot sr Highest 
abs (score 1 – score 2) 

Sample with highest (score 1 – score 2) 

score 1 score 2  type of milk 

1 0.254 1.9 3.0 4.9 OTC 100 ppb 

2 0.237 4.4 3.8 8.2 pen G 1 ppb 

 



 

 

23 

 

 

Wim Reybroeck & Sigrid Ooghe   ILVO-T&V   Report ‘Evaluation of Charm Blue-Yellow II’ 

Test repeatability, replicates on two different lots, same plate position 
 
Farm milk samples and standards, 288 samples in total, analysed in duplo (2 different lots).  
 
Table 21. Repeatability for replicates on reagents of a different lot, on identical plate 
position and scores for the sample with the highest score difference between the 
replicates.   
 

sr Highest 
abs (score 1 – score 2) 

Sample with highest (score 1 – score 2) 

score 1 
lot 1 

score 2 
lot 2  

type of milk 

 0.843 7.8 2.0 9.8 pen G 1 ppb 

 
For 43 samples the difference in the replicate scores was ≥2.0.  
 
Table 22. Scores obtained for both replicates on reagents of a different lot, on identical 
plate position. Selection of samples with a difference in replicate scores ≥2.0. 
 

number 
score 1 

lot 1 
score 2 

lot 2 
score 1- 
score 2 

sample identification 

1 0.3 4.4 -4.1 farm 2 

2 2.0 9.8 -7.8 pen 1 ppb 

3 0.5 2.5 -2.0 farm 11 

4 4.6 7.3 -2.7 OTC 100 ppb 

5 0.4 5.1 -4.7 pen 0.75 ppb 

6 4.4 6.5 -2.1 sdia 100 ppb 

7 0.9 3.9 -3.0 farm 71 

8 3.1 6.0 -2.9 OTC 100 ppb 

9 0.4 4.4 -4.0 farm 2 

10 2.3 8 -5.7 pen 1 ppb 

11 0.8 5.5 -4.7 farm 14 

12 0.9 2.9 -2.0 farm 18 

13 0.2 4.7 -4.5 blank standard 

14 0.9 4.0 -3.1 farm 26 

15 4.7 7.7 -3.0 OTC 100 ppb 

16 0.3 4.4 -4.1 pen 0.75 ppb 

17 0.8 3.0 -2.2 farm 38 

18 3.0 7.7 -4.7 pen 1 ppb 

19 4.5 6.6 -2.1 sdia 100 ppb 

20 1.0 4.3 -3.3 farm 71 

21 2.5 5.9 -3.4 OTC 100 ppb 

22 2.2 5.5 -3.3 pen 1 ppb 

23 0.9 3.0 -2.1 OTC 100 ppb 
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24 0.5 5.4 -4.9 farm 71 

25 0.2 2.5 -2.3 farm 84 

26 3 7.7 -4.7 OTC 100 ppb 

27 0.4 3.7 -3.3 farm 85 

28 1.6 6.2 -4.6 pen 1 ppb 

29 3.1 5.8 -2.7 OTC 100 ppb 

30 3.6 8.2 -4.6 pen 1 ppb 

31 0.2 3.8 -3.6 farm 69 

32 1.9 5.4 -3.5 farm 71 

33 0.7 4.3 -3.6 farm 76 

34 0.4 2.5 -2.1 farm 77 

35 0.7 3.5 -2.8 farm 79 

36 4.9 7.4 -2.5 OTC 100 ppb 

37 0.8 3.0 -2.2 farm 85 

38 1.0 5.5 -4.5 pen 1 ppb 

39 1.0 6.1 -5.1 pen 1 ppb 

40 4.3 6.6 -2.3 OTC 100 ppb 

41 1.3 6.6 -5.3 pen 1 ppb 

42 2.5 5.9 -3.4 pen 1 ppb 

43 4.1 6.2 -2.1 OTC 100 ppb 

 
For 16 samples (indicated in yellow)  the replicates were not classified in the same class 
(one score < 6.0 cutoff (negative) and one score ≥ 6.0 (positive)).  
 
Test repeatability, replicates on two different lots, different plate position 
 
Standards (12 blanks, 8 benzylpenicillin 1 and 2 ppb, 12 sulfadiazine 100 ppb, 12 
sulfadoxine 100 ppb, 12 tetracycline 100 ppb and 12 oxytetracycline 100 ppb) in duplo (lot 
1 and lot 2) tested in duplo (2 different lots). 
 
Table 23. Test repeatability and scores for the sample with the highest score difference 
between the replicates.   
 

sr Highest 
abs (score 1 – score 2) 

Sample with highest (score 1 – score 2) 

score 1 
lot 1 

score 2 
lot 2 

type of milk 

0.999 4.7 0.9 5.6 pen G 1 ppb 

 
For 21 samples the replicates were not classified in the same class (one score < 6.0 cut-off 
(negative) and one score ≥ 6.0 (positive)). 
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Table 24. Samples with replicates not classified in the same class (one score < 6.0 cut-off 
(negative) and one score ≥ 6.0 (positive)). 
 

sample Identification 
Score 1 

lot 1 
Score2 

lot 2 
Score 1- score 2 

1 

OTC 100 ppb 

5.9 6.6 -0.7 

2 5.5 6.9 -1.4 

3 5.1 6.8 -1.7 

4 4.8 6.7 -1.9 

5 5.0 6.7 -1.7 

6 4.8 6.8 -2.0 

7 4.9 6.5 -1.6 

8 5.2 6.8 -1.6 

9 5.6 6.8 -1.2 

10 5.0 6.1 -1.1 

11 

Sdia 100 ppb 

5.9 6.9 -1.0 

12 4.9 7.1 -2.2 

13 5.2 7.0 -1.8 

14 5.4 6.8 -1.4 

15 5.6 7.2 -1.6 

16 5.6 6.9 -1.3 

17 5.6 6.7 -1.1 

18 4.7 7.2 -2.5 

19 5.7 6.9 -1.2 

20 5.5 6.9 -1.4 

21 4.9 7.5 -2.6 

 
 
The repeatability in scores for the Charm Blue Yellow II is not always as good as the 
repeatability  in color factors obtained for other similar microbiological tests. However, the 
Charm Blue Yellow II is a qualitative test and not a quantitative test.  
 
If we look to the data we could remark that despite the differences in scores, most in 
duplicate samples are twice classified in the same class (positive or negative). Just for 
samples with (a limited quantity of) antibiotics and with scores around the cut-off value of 
6.0 there is more chance on a difference in classification based on the first or the second 
score.
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Rate of false negative / false positive results 
 
- Milk with a normal composition 
 
Raw milk samples with a normal composition (n=300) were tested with 4 microbiological 
inhibitor tests (CMT, Charm Blue Yellow II, Delvotest Accelerator and Eclipse 3G).  
No false positive results were obtained with the Charm Blue Yellow II.  
 
In 2011, 135 Monimilk samples (122 farm milk samples and 13 tanker milk samples) were 
tested with different screening tests. For two farm milk samples a false positive Charm Blue 
Yellow II result was obtained (Table 25).  
 
Table 25. Results for residue testing for 135 raw milk samples with a normal composition 
and a positive Charm Blue Yellow II test result. 
 

Sample 

Charm Blue 
Yellow II 
(score) 

 

CMT, Copan 
Milk Test 

(CIF) 

Delvotest 
Accelerator 

(z-value) 

Eclipse 3G 
(abs / cut off) 

eta-s.t.a.r. 
100 

(ratio) 

Monimilk samples (n= 135) 

2011/3173 + (10.0) - - - - 

2011/3226 + (7.5)   - - + (1.852) - 

 
- Milk with a somatic cell count between 5 105 and 106 ml-1. 
 
Raw milk samples with a somatic cell count between 5 105 and  106 (n=202) were tested 
with 4 microbiological inhibitor tests (CMT, Charm Blue Yellow II, Delvotest Accelerator and 
Eclipse 3G). Four samples were containing incurred antibiotics, all detected by the Charm 
Blue-Yellow II (no false negative results); of the remaining 198 blank samples were 12 
samples (6.1%) causing a false positive result.  
 
Table 26. Results for residue testing for raw milk samples with a somatic cell count 
between 5 105 and  106 ml-1 and a positive Charm Blue-Yellow II test result. 
 

Sample 

SCC 
(x1000  
ml-1) 

Charm Blue 
Yellow II 

CMT, Copan 
Milk Test 

Delvo 
Accelerator 

Eclipse 3G 
eta-s.t.a.r. 

100 
(ratio) 

Blank samples 

9 551 + - - + NT 

20 520 + - + - NT 

71 539 + - + - NT 

84 752 + - + + NT 

86 663 + - + + NT 

95 906 + - - + NT 

100 807 + - - + NT 
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103 690 + - + + NT 

123 832 + - + + NT 

148 630 + - + + NT 

175 718 + - + + NT 

201 923 + + + + - (5,949) 

Incurred samples  

12 730 + + + + + (0.018) 

16 539 + + + + + (0.004) 

137 647 + + - + + (0.003) 

192 915 + + + + + (0.005) 

Note: NT: not tested 
- Milk with a somatic cell count >106 ml-1. 
 
Raw milk samples with a somatic cell count >106 (n=117) were tested with 4 
microbiological inhibitor tests (CMT, Charm Blue Yellow II, Delvotest Accelerator and 
Eclipse 3G). 
Four samples were containing incurred antibiotics, all detected by the Charm Blue-Yellow II 
(no false negative results); of the remaining 113 blank samples were 28 samples (24.8%) 
causing a false positive result. 
 
 
Table 27. Results for residue testing for raw milk samples with a somatic cell count >106 
ml-1 and a positive Charm Blue Yellow II test result. 
 

Sample 

SCC 
(x1000  
ml-1) 

Charm Blue 
Yellow II 

CMT, Copan 
Milk Test 

Delvo 
Accelerator 

Eclipse 3G 
eta-s.t.a.r. 

100 
(ratio) 

Blank samples 

12 2248 + - − + NT 

16 4149 + - + + NT 

44 3978 + - + + NT 

45 3051 + - + + NT 

46 3575 + - + + NT 

49 8145 + - + + NT 

50 3671 + - - + NT 

53 2175 + - - - NT 

58 2154 + - + + NT 

59 15174 + - + + NT 

64 1940 + - - + NT 

71 2216 + - + - NT 

76 1541 + - + + NT 

77 2280 + - + + NT 

79 3648 + - + + NT 

92 15803 + - + - NT 
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94 1128 + - + + NT 

99 1355 + - + - NT 

100 1036 + - - - NT 

102 1386 + - + + NT 

104 10954 + - + - NT 

106 3442 + - - + NT 

107 1850 + - - - NT 

108 5264 + - + + NT 

110 3807 + - + + NT 

111 4579 + - + + NT 

114 1029 + - - - NT 

116 3273 + - + + NT 

Incurred samples  

23 6791 + + + + + (0.000) 

27 1241 + + + + + (0.005) 

28 1085 + + + + + (0.004) 

105 1216 + + + + + (0.003) 

Note: NT: not tested 
 
 
- Milk with a fat content >6%. 
 
Raw milk samples with a fat content >6% (n=72) were tested with 4 microbiological 
inhibitor tests (CMT, Charm Blue Yellow II, Delvotest Accelerator and Eclipse 3G). 
Two samples were containing incurred antibiotics, both detected by the Charm Blue-Yellow 
II (no false negative results); of the remaining 70 blank samples were 8 samples (11.4%) 
causing a false positive result. 
 
 
Table 28. Results for residue testing for raw milk samples with a fat content >6% and a 
positive Charm Blue Yellow II test result. 
 

Sample 
FAT 
(%) 

Charm Blue 
Yellow II 

CMT, Copan 
Milk Test 

Delvo 
Accelerator 

Eclipse 3G 
eta-s.t.a.r. 

100 
(ratio) 

Blank samples 

2 6.46 + - + + NT 

3 8.61 + - + + NT 

4 8.76 + - - + NT 

9 6.31 + - - - NT 

10 6.04 + - + + NT 

24 7.75 + - + - NT 

34 7.79 + - + + NT 

46 10.63 + - + - NT 
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Incurred samples  

16 6.95 + + + + + (0.002) 

69 6.84 + + + + + (0.002) 

Note: NT: not tested 
 
 
Summary of all tests regarding false negative/false positive results 
 
Table 29. Overview of the false positive / false negative results obtained with the Charm 
Blue Yellow II. 
 

Blank milk samples 

Type of milk n False positive results Rate of false results 

high SCC (5 105 - 106 ml-1) 30 3 10.0% 

high SCC (>106 ml-1) 28 21 75.0% 

high bacterial count (>108 CFU ml-1) 20 0 0% 

low fat 10 0 0% 

high fat 10 2 20.0% 

low protein 10 3 30.0% 

high protein 10 4 40.0% 

farm milk  522 0 0% 

tanker milk 162 0 0% 

UHT milk 20 0 0% 

reconstituted milk powder 16 0 0% 

pasteurized milk 1 0 0% 

sterilized milk 1 0 0% 

blank control samples (raw milk) 560 2 0.4% 

raw milk 300 0 0% 

Monimilk farm milk samples 122 2 1.6% 

Monimilk tanker milk samples 13 0 0% 

high SCC (5 105 - 106 ml-1) 202 12 5.9% 

high SCC (>106 ml-1) 117 28 23.9% 

high fat 72 8 11.1% 

Total blank milk samples 2226 85 3.8% 

 

Incurred samples 

Type of milk n False negative results Rate of false results 

high SCC (>106 ml-1) 2 0 0% 

high SCC (5 105 - 106 ml-1) 4 0 0% 

high SCC (>106 ml-1) 4 0 0% 

high fat  2 0 0% 

Total incurred samples 12 0 0% 
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It’s obvious that when testing milk of abnormal composition/quality the Charm Blue Yellow 
II is causing false positive results. Hence it is advisable not to use the test for testing of milk 
from individual quarters or from individual cows.   
The results also implicate that if the Charm Blue Yellow II would be used as a screening 
test at the interprofessional organisations the overall test procedure should be adapted in 
order to avoid that false positive test results could lead to penalties. 
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