RAPID TEST FOR TETRACYCLINE DETECTION IN HONEY.

Lemmens B., Matton A-M., Mareque-Faez J. and Granier* B.
Unisensor S.A. 27 rue E. Solvay, B-4000 Liège, Belgium. info@unisensor.be
*Corresponding author.

Abstract.

Antibiotics have become indispensable to the development of our modern apiculture. To safe public health, the use of antibiotic is regulated and EC directives have set tolerances of maximal residue limits in food products. Beekeepers must assure consumers that honey are free of antibiotics when enter in the food chain.

Unisensor have developed the first rapid test for tetracycline detection in honey. Tetrasensor allows detection of all tetracycline molecules at 25 ppb. The test exploits the activity of a biological receptor together with the use of a dipstick. The very fast and easy detection of tetracycline allows one to carry out direct checks for antibiotic contamination in honey. While visual interpretation is easy, optical quantification of the developed dipstick is more reliable. Moreover, optional Quantisensor system automatically stores results in a computer file for further display, print or exportation.

Introduction.

Tetracycline molecules are routinely used in some countries for the prevention and control of American and European Foulbrood (AEF), the most serious disease of honeybee brood caused by the Paenibacillus larvea bacterium. The disease is transmitted by spores stage of the bacterium remaining them viable indefinitely.

Because widespread resistance to tetracycline has been reported (Evans JD, 2003), practice in the use of antibiotic for honey production is legislated and considered illegal in Europe and many other countries. Terramycin (oxytetracycline) for instance is the only one licensed in the US for use in honeybees however there is no official withdrawal period. The current policy for tetracycline residues in honey is “No Tolerance” and there is “No MRL” for antibiotic in honey in Europe (EEC 2377/90) while limits are set for other animal tissues.

Today, for honey control, samples have to be sent to analytical laboratory. Sending a sample and waiting the analytical results is a long procedure that does not help to easily manage and secure the honey product. This multiple stage procedure does not allow primary detection for routine inspection that ensures effective control and quick isolation of the suspected product avoiding further contamination. 

Many times honey are collected and centralised from multiple small producers which wants to know immediately if the delivered product complains with the regulation. Moreover sometimes quality determines the pricing.

HPLC methods are often used but these are time consuming and need high equipment and maintenance costs. These methods must be performed in an expert lab where the sample has to be sent for analysis. Getting reports takes a few days. Other less time consuming tests, like Elisa RIDASCREEN (R-Biopharm GmbH, Germany), or CHARM II Tetracyclines Honey assay (Charm Sciences Inc., USA) requires minimum laboratory equipment too. These tests are not applied for field-testing in the industry or honey collect centre for checking the incoming honey on residues of tetracycline.

The concept of rapid testing we have developed address everyone who wants to make a rapid screening of any honey almost anywhere. Tetrasensor can be performed on the honey barrel itself or in the expert lab for screening before proceeding to further confirmatory methods. 

The aim was to develop something rapid and simple to use for tetracycline detection in crude honey avoiding: compound extraction, sophisticate manipulation, heating incubator, instrumental system, ... 

To fit this concept, receptor based assay combined with immunochromatographic like dipstick was the first choice.

Principe.

The test is based on the recognition of tetracycline molecules by one specific receptor protein (Schnappinger D, 1996). On one hand the receptor present in the vial is able to make a specific binding with any tetracycline molecules and on the other hand, specific ligand to active receptor is fixed in a first capture line on the membrane of the dipstick. The diluted honey sample is first added for 15 minutes together with the receptor where incubation takes place at room temperature. After 15 minutes the dipstick is dipped into the vial and a second incubation take place for 15 minutes. When the solution runs-up on the membrane, remaining active receptor binds to the first capture line on the membrane of the dipstick. When there is tetracycline in the sample, the receptor is quickly inactivated during the first incubation and inactivated receptor is unable to bind the immobilised ligand during the second incubation. In this case no capture occurs in the first line located on the membrane. This competitor assay, gives rise to a red line in the first capture zone when no tetracycline molecule is present in the honey sample and no line when there is tetracycline in the sample.

While the first line captures the remaining active receptor, the second control line takes a certain amount of the excess of reagent that has passed through the first line. The second line becomes visible in all cases. When TEST line is equal or lower to the CTRL line, sample is considered to contain as much as tetracycline than shown in the tab n°1.

Tab n°1: 

Tab n°1: Honey Tetrasensor Sensitivity.

Chlortetracycline
10 - 15 ppb

Doxycycline
  5 - 10 ppb

Methacycline
10 - 15 ppb

Oxytetracycline
20 - 25 ppb

Tetracycline
20 - 25 ppb

Product description.

The kit contains everything to perform one test.

Because Honey is unable to run on a membrane, honey sample has to be diluted 4 times in a derivative of McIlvain universal buffer recommended by the AOAC for tetracycline extraction from tissue sample ( Horwitz D, 2002). To simplify dilution and avoid weighing, one brim full cap of liquid honey, containing about 600 mg of honey, is to be diluted 4 times in 1800µl of honey buffer. To be more accurate, operator can place exactly 600 mg of honey into the dilution tube. Individual tube buffer, calibrated cap and disposable pipette are provided within the kit.

As said before, the test requires the use of two elements. First, the reagent vial, that contains a certain amount of active receptor that is labelled with colloidal gold particles (red colour). The receptor is freeze-dried in a disposable vial together with buffer to ensure that with any honey, reaction will take place with tetracycline and receptor. Second is a dipstick consisting of a set of membrane where two capture lines are printed in green. The first line, close to the sample edge (orange arrows), is the TEST line that captures the remaining active labelled receptor. The second line serves as a control (CTRL) line. White absorbent paper helps to soak the liquid from bottom to top. On this paper, man can write a number for sample identification.

Test Procedure.

1. Wash and dry hands thoroughly and take the box out of the fridge.

2. Take one Honey Dilution Tube, tap the tube against a solid surface to bring liquid down to the bottom to avoid presence of liquid into the cap.

3. Unscrew the cap, take one Disposable Pipette and fill to the brim the inner hollow of the cap with liquid honey. Go slowly to avoid introducing air bubbles.

4. Replace the cap on the tube and mix vigorously to get homogeneous dilution.

5. Take out one individual Reagent Vial and tear off the aluminium seal if present and remove rubber cap.

6. Place a fresh Yellow Tip on the provided Minipet.  Push the piston all the way, bring the yellow tip into the honey dilution and let the piston return slowly with the spring action. Transfer the sample of honey dilution completely (200µl) into the Reagent Vial.

7. Spin gently 3 times to dissolve the dried pellet of reagent.

8. Incubate fifteen (15) minutes at room temperature.

9. Open the Dipsticks bottle, take one Dipstick and close the bottle. Do not forget to write on each Dipstick, the appropriate honey sample identification number. 

10. After 15 minutes of incubation, dip one dipstick into the Vial in a way to submerge the bottom edge of the Dipstick (arrows downward) and continue incubation over fifteen (15) minutes at room temperature.

11. After 15 minutes, take out the Dipstick of the Vial. You get one or two coloured red lines printed on your strip that must be interpreted immediately.

Results analysis.

Comparing the intensity between the bottom «TEST line» and the upper weak «CTRL line» does eyes interpretation of the result (see picture n°1 & 2).

· If no red line occurs, the test is non valid.

· As being valid, the upper control (CTRL) line must turn to red.

· If the bottom « TEST » line is more visible than the upper « CTRL » line, the sample is considered to be NEGATIVE for tetracycline.

· If the bottom « TEST » line is as visible or less visible than the upper « CTRL » line, the sample is considered to be POSITIVE for tetracycline.

· No bottom « TEST » line indicates a HIGHLY POSITIVE sample for tetracycline.

· When hesitating, consider positive and confirm by making a second interpretation a few minutes later.




Picture n°1: Visual inspection.
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Picture n°2: Dipstick from honey spiked with various tetracycline concentration.

To get a more objective interpretation of the result, the developed dipstick can be immediately quantified with the optical “Quantisensor” within 3 hours from the end of the procedure.


In 3 mouse clicks the result appears on the computer screen and the information is definitively stored. The generated analytical report including dipstick picture, integrates the result of the optical measurement together with additional information (sample identification, reagents lot number, operator name, date, …). At any time you can either recover or print any specific report or measurement. Moreover files of results can be electronically exported to any central data logger.

Results from semi-quantitative measurements will help to draw a titration curve where the line area units are plotted regarding antibiotic concentration (see picture n°3). 
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Picture n°3: Titration curve with tetracycline in Honey.

Conclusions.

Tetrasensor is a rapid test to screen the presence of Tetracycline in honey sample. The sensitivity is about 20 to 25 ppb for Oxytetracycline and Tetracycline, about 10 to 15 ppb for Chlortetracycline and Methacycline and about 5 to 10 ppb for Doxycycline. If sample contain more than this, the result will be positive. This test is simple, ease of use and can be performed almost everywhere. It does not need to be performed by skilled people and takes 30 minutes to get the answer with liquid honey. Tetrasensor will not tell the exact amount of tetracycline present in the sample nor tells what tetracycline is present. It will indicate if the sample contains more or less tetracycline than the test sensitivity shown in tab n°1. If the sample is considered POSITIVE using Tetrasensor, the sample does not complain to the minimum limit of 20 - 25 ppb of tetracycline. In this case, we recommend confirming the result by a more advanced method.

Presentation at the XXXVIIIth Apimondia Congress, Ljubljana, Slovenia, August 24-29, 2003, will summarised results from first Tetrasensor validation in honey.
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Physico_tetra

				Charm II		Tetrasensor		HPLC-MS/MS		Compound

								µg / Kg

		61		ND		NEG		< 5

		62		ND		NEG		< 5

		83		POS		NEG		10

		63		ND		NEG		10		TC

		65		ND		NEG		12		TC

		359		POS		POS		25

		55		POS		NEG		25

		69		ND		POS		30		TC

		11		ND		POS		39		TC

		66		POS		POS		40

		12		ND		POS		45		TC

		13		ND		POS		49 - 23		TC - CTC

		14		ND		POS		59		TC

		15		ND		POS		65		TC

		94		POS		POS		75

		53		POS		POS		75

		16		ND		POS		79		TC

		64		ND		POS		116		TC

		70		ND		POS		136		TC

		67		ND		POS		144		TC

		81		POS		POS		170

		68		ND		POS		288		TC
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oxytetracycline

		OXYTETRA

		ng/g		TEST		CTRL		TEST / CTRL

		0		316		108		2.93		NEG

		5		290		131		2.21		NEG

		10		270		152		1.78		NEG

		15		226		157		1.44		NEG

		20		207		170		1.22		NEG

		25		184		193		0.95		LOW POS

		30		131		220		0.60		POS

		35		110		274		0.40		POS

		40		82		280		0.29		POS

		45		65		282		0.23		POS

		50		59		299		0.20		POS
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tetracycline

		TETRACYCLINE										TETRACYCLINE										TETRACYCLINE

		ng/g		TEST		CTRL		TEST / CTRL				ng/g		TEST		CTRL		TEST / CTRL				ng/g		TEST		CTRL		TEST / CTRL				ng/g		T 0 min		T 15 min		T 30 min		T 150 min

		0		366		122		3.00		NEG		0		503		101		4.98				0		503		178		2.83				0		4.98				2.83		2.61

		5		325		128		2.54		NEG		5										5										15		2.19				1.19		1.09

		10		295		175		1.69		NEG		10										10										20		1.26		1.01		0.78		0.72

		15		235		198		1.19		NEG		15		287		131		2.19				15		343		289		1.19				25		1.18		0.84		0.63		0.58

		20		180		210		0.86		POS		20		238		189		1.26				20		247		318		0.78				30		0.89				0.44		0.48

		25		120		233		0.52		POS		25		194		164		1.18				25		199		317		0.63				35		0.64				0.40		0.44

		30		82		252		0.33		POS		30		164		184		0.89				30		150		340		0.44				50		0.34				0.16		0.15

		35		56		274		0.20		POS		35		114		178		0.64				35		137		341		0.40				100		0.06				0.01

		40		33		281		0.12		POS		50		66		196		0.34				50		58		357		0.16				200		0.04				0.00

												100		12		213		0.06				100		4		393		0.01

												200		8		225		0.04				200		0		381		0.00
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		CHLORTETRA

		ng/g		TEST		CTRL		TEST / CTRL

		0		364		117		3.11		NEG

		2.5		321		122		2.63		NEG

		5		285		143		1.99		NEG

		7.5		248		156		1.59		NEG

		10		198		172		1.15		NEG

		12.5		162		186		0.87		POS

		15		89		211		0.42		POS

		17.5		46		246		0.19		POS

		20		28		254		0.11		POS
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		METHACYCLINE

		ng/g		TEST		CTRL		TEST / CTRL

		0		391		134		2.92		NEG

		2.5		296		122		2.43		NEG

		5		254		134		1.90		NEG

		7.5		225		154		1.46		NEG

		10		181		162		1.12		NEG

		12.5		156		186		0.84		POS

		15		130		211		0.62		POS

		17.5		96		246		0.39		POS

		20		49		254		0.19		POS
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		DOXYCYCLINE

		ng/g		TEST		CTRL		TEST / CTRL

		0		301		112		2.69		NEG

		1		270		128		2.11		NEG

		2		247		152		1.63		NEG

		3		216		170		1.27		NEG

		4		189		172		1.10		NEG

		5		159		180		0.88		POS

		6		127		220		0.58		POS

		7		116		229		0.51		POS

		8		70		250		0.28		POS
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