Summer School of Food Hygiene 2019
Practical Seminar: Methods for detection residues of inhibitory substances in milk
1. Preface


The reasons for monitoring veterinary drug residues in foodstuffs and food of animal origin include ethical ones (preventing undesired exposition of healthy consumers to therapeutical doses of drugs in food), hygienic (protection against possible harmful effects of the residues on the consumer’s health), technological (preventing the disruption of fermenting processes) and ecological.


Detection of antibiotic residues in milk is an area of increasing focus to the dairy industry. Antibiotic residues constitute a problem to the dairy industry because they can damage the production fermented milk products by inhibiting acidification and thus coagulation. Traces of antibiotics inhibit lactic-acid bacteria, thereby seriously disrupting the manufacture of cheese, yogurt, sour cream, butter and other fermented products. The effects hereof may lead to substantial financial losses to dairies. More important – and indeed more severe – are the consequences that arise from the fact that antibiotic residues have a negative influence on human health. Such concerns include the potential for allergic reactions in sensitized individuals, toxicity, effects on the human gut microbial populations, the emergence of resistant bacteria within animals and the transfer of antibiotics resistance genes to human pathogens. 

To protect consumers and assure safety along the food chain, limits have been established for drug residues in foods in the form of maximum residue limits (MRLs). Within the European Union, each member state is obliged to monitor food-producing animals and their products for residues of legally and illegally used veterinary drugs.

In general, antimicrobial agent control system can be divided into two steps. The first of them is general monitoring of these agents during which tests are used making it possible to establish rapidly the presence of inhibitory agents. The second step is a specific analysis which makes use of methods which enable the identification and quantification of inhibitory agents. For general monitoring of antimicrobial agents in milk, there is an established common use of microbial inhibitor methods and rapid specific tests. 

Antibiotic residue testing can be performed at different steps of the milk production process. Rapid tests should be used for screening the milk for antibiotics residues. This can be done either at farm level or before the milk is pumped from the tanks of the collecting truck into the silos (in dairy industry). Microbial growth inhibition tests should be performed at the farm level or before the milk is pumped from the silos into the production plant. Microbial growth inhibition tests can also be used at official laboratories as reference tests for food inspection. Rapid and microbial antibiotic residues testing should be considered to be complementary actions. A proper protocol of routine analysis in dairies should be designed in order to combine the results of the rapid tests with the wider spectrum of analysis of the microbial inhibitory tests. Positive results obtained by a rapid test kit should be verified by a microbial test.


Currently there are six types of detection methods commonly used for detection of antibiotics residues in foodstuffs including microbial growth inhibition assays, microbial receptor assays, enzymatic colourimetric assays, receptor binding assays, chromatographic methods and immunoassays. 

Most assays commercially available for field applications are qualitative or semiqualitative and are cllasified as screening assays. Screening assay= assay that gives a reliable and accurate indication that the analyte of interest is not present in the sample at unsafe or violative levels. Screening assays be developed with a detection level optimized below the unsafe or violative levels (MRLs).

There has been an increase in the number of the rapid tests on the market during the last decade. With these test the results are obtained within 10 minutes, there are easy perform, sensitive and specific. 
2. Microbial inhibition assays 

2.1. Plate methods

2.1.1. Practical determination residues of antibacterial substances by plate method
This protocol describes a test method (reference method) for detecting residues of antibacterial substances in milk using sensitive bacterial strains.

Principle:

This test is based on the following principle:

- a sensitive bacterial microorganism to antibacterial substances is inoculated into agar medium in a Petri dish,

- for milk analysis, paper discs containing an antibacterial substance as a control test and milk to analyse are placed on the surface of the inoculated medium, and then incubated at the optimal temperature for growth of the test organism.

After diffusion the presence of antibacterial substance may produce an inhibition zone around the sample by inhibiting the growth of the test organism.

A microbiological multiplate system can be used to evaluate the milk residue state near the established EU- MRLs for beta-lactam, tetracyclines, macrolides, aminoglycosides, polymyxins and other antibiotics. The multiplate system consist of a Bacillus subtilis plates at pH 8 and pH 6, a Bacillus subtilis plate (with trimethoprim) at pH 7.2, a Kocuria rhizophila plate at pH 8 and E. coli plate. Based on the inhibition diameters obtained on the various plates an indication of the type of antibiotic residue present can be given. 
Table 1 Basic information about the plate method

	Test strain


	pH of the test agar
	Incubation temperature, time of incubation
	Residue detection objective

	G. stearothermophilus var. Calidolactis
	
	64 °C, 
	beta-lactam antibiotics,
aminoglycosides

	Bacillus subtilis
	8
	30 °C, 18-24 hours
	aminoglycosides

	Bacillus subtilis
	6
	30 °C, 18-24 hours
	tetracyclines

	Bacillus subtilis
	7.2
	30 °C, 18-24 hours
	sulfonamids, tetracyclines

	Kocuria rhizophila 
	8
	37 °C, 24 hours
	macrolides, beta-lactam antibiotics

	E. coli
	8
	37°C, 18 hours
	quinolones


Figure 1 Growth inhibition zone around paper disc
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2.2. Microbial inhibition assays – commercial test kits

Principle:
The microbial test kit [Copan test, Eclipse test, Delvo T test] is composed by a gel matrix containing Geobacillus stearothermophilus var. calidolactis spores, nutrients and a pH indicator. G. stearothermophilus spores are very stable at room temperature and need nutrients and heat to germinate and grow in its vegetative form. When G. stearothermophilus grows, it consumes the sugar present in the medium, releasing acid as a metabolite. The consequent drop of pH is revealed by the change of colour of the pH indicator, from purple to yelow. The sensitivity of G. stearothermophilus to some antibiotics is also stable and high, hence it is used as biological sensor for detection of antibiotics in milk. When adding a sample of milk on the agar surface, it diffuses into the media, carrying all the substances dissolved in the milk. When the system is incubated at the proper temperature, the G. stearothermophilus spores will germinate and multiplicate, acidifying the agar medium and changing its colour, unless an inhibitory compound is present in milk sample in an amount able to inhibit vegetative cells growth. By varying the parameters of the test performance [spores concentration, nutrients, incubation temperature and time, amount of milk added etc.] it is possible to set up the colour change in order to detect fixed amounts of selected inhibitory substances. A threshold of sensitivity for these substances is characteristic of the test and milk containing one of those substances in a concentration higher than that threshold will inhibit the colour change of the test in standard conditions.
2.2.1. DELVOTEST T 

Procedure:
1. Cut off the required number of ampoules with a pair of scissors, be careful not to damage the foil of the remaining ampoules.

2. Open the ampoules carefully by punching a hole in the aluminium seal with the syringe.

3. Withdraw 0.1 ml of milk. Tip off any surplus milk against the side of the milk sample container.

4. Empty the milk sample slowly into the ampoule.

5. Check the temperature of the block heater 64 °C. Put the ampoules in the block heater. 

6. Incubate the test for the required time:

· control time at which the blanc control has just changed to yellow

or 3 hours.

7. Withdraw the ampoules from the block heater after 3 hours and determine the colour of the lower 2/3 part. 
The test result must be read immediately after the test is taken out of the incubator. When a negative control sample is used this test should be read first. 

Positive + purple colour

Negative - yellow colour

Figure 2 Positive and negative results (Delvo T test)
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3. Practical determination of antimicrobial drug residues in milk by rapid tests 
3.2. Beta Star 25

Principle:

The Beta Star kit is a receptor assay for rapid determination of β-lactam antibiotics in milk. The test uses a specific β-lactam receptor (R), a protein, linked to gold particles. The receptor protein is mixed with the milk sample and during a short incubation step the receptor will react with any free β -lactams in the sample. The sample is transferred to a filter paper strip where migrates towards a test field and any free receptor will be captured by a biomolecule at the test field. The test field contains a band of a biomolecule which recognize the receptor. Since the receptor protein is linked to gold particles the protein is directly visualized and can be seen as a pink band. For a sample where the receptor protein has already reacted with free β - lactam molecules, the protein will not be captured at the test field and no band can be observed. The colour intensity of the test band is visually compared with that of a reference band, if the colour intensity of the band is weaker than that of the reference band the sample is classified as positive.

Figure 3 Principle of the Beta Star 25 test
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Test procedure:
1. Take the box out of the refrigerator. Take an individual receptor vial and tap it gently against a hard surface to bring down the solids to the bottom. 

2. Remove tear off seal and rubber cap from receptor vial. 

3. Place a fresh disposable tip firmly on the spring syringe.

4. Completely depress syringe plunger. Place end of the syringe disposable tip one centimeter into the milk sample. Allow syringe plunger to gradually return under pressure of spring (0.2 ml of milk almost completely fills the disposable tip).

5. Transfer sample of milk from syringe to vial by slowly depressing syringe plunger. Ensure complete transfer of milk from syringe to vial. Replace cap. Gently swirl the vial in order to dissolve the solid material.

6. Place the vial into preheated incubator. Incubate 3 minutes at 47.5°C.

7. After 3 minutes of incubation, with clean and dry hands, open the white container, take a dipstick and place it in the incubation vial still in the incubator. The arrows on the dipstick should be oriented downwards in the incubation vial. Continue the incubation at 47.5 °C. Close the white container.

8. After 2 minutes of the second incubation, take the dipstick out of the vial and interpret the results immediately.

9. The dipstick can be saved in a file.

Figure 4 Results of the Beta Star 25 test
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Interpretation of the test:

· if no red band occurs, the test is considered as being non valid;

· if the first band is more intense than the reference band, the sample is interpreted as negative;

· if the first band has an intensity close or lower than that of the reference band, the sample will be interpreted as positive;

· if the first band is absent, the sample will be interpreted as highly positive (see the figure 9.

3.3. Twinsensor

Principle:

Twinsensor is a competitive test involving two receptors in one single operation. The test requires the use of two components the first component is a microwell containing predetermined amounts of receptors linked to gold particles. The second is a dipstick made up of a set of membranes with specific capture lines. For a valid test the red control line has to be visible after the second incubation. The other two are the specific test lines placed on both sides of the control line. The line for beta-lactam antibiotics is located below the control while the line relating to tetracyclines is located above it. When the reagent from the microwell is re-suspended with a milk sample both receptors will bind the corresponding analytes if present during the first 3-minute incubation at 40 °C. afterwards, when the dipstick is dipped into the milk the liquid starts running vertically on the dipstick and passes through capture zones. When the sample is free of antibiotics a colour development occurs at the specific capture lines, indicating the absence of the targeted analytes in the milk sample. On the contrary, the presence of antibiotics in the sample will not cause the coloured signal at the specific capture lines. 
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Procedure:

1. the milk sample must be liquid and homogenous, temperature is between 4 and 20 °C.

2. open the plastic pot and take out as many microwells as there are milk samples to be tested

3. place the microwells in the heating bock which shows 40 °C

4. place a new pipette tip on the micropipette and transfer 200 µl of milk into each of the microwells

5. mix quickly and immediately start the timer by pressing the start button

6. the 3 – minute countdown starts

7. during that time, open the same pot as before, take out as many dipsticks as there are analytes in progress and close the pot. Lay dipsticks on a clean sheet and write down the number that matches the one of the milk sample

8. when the 3 minutes are over after the sound signal press start stop again to stop the ringing tone and dip the corresponding dipstick into each of the microwells laid in the incubator

9. start the timer for second incubation by pressing the start run button, the 3 – minute countdown starts

10. when 3 minutes are over, after sound -signal press start-stop again to stop the ringing tone and take the dipsticks out of the microwells to lay them down on a sheet of paper. 

11. Make visual readings as follows:

First check whether the central control line is present. If it is not, regard the analysis as invalid.

When the central control line can be seen interpret the two test lines as follows:

· examine one test line at a time and compare the intensity of the line colour of the test line with the intensity of the line colour of the control line. If the test line is darker in colour than the control line, the result is negative, which means that given the sensitivity of test the milk sample contains no antibiotics or antibiotics at a lower level than the value stated in enclosed table.

· If the test line is as distinct as or lighter in colour than the control line, the result is positive, which means that given the sensitivity of the test the milk samples contains antibiotics at or above the detection value stated in enclosed table
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