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Introduction

Animal species identification is an important means to check food labelling that is required by EU-regulation. Moreover the species of origin can be relevant to consumers for economic, medical and religious reasons. Earlier methods were based on identification of proteins by means of electrophoretic and/or immunological methods [START_REF] Hsieh | Development of a monoclonal antibody specific to cooked mammalian meats[END_REF], Skarpeid et al. 1998). However, these techniques are not reliable for identifying species in complex heated products as a result of deterioration of the proteins. DNA is more stable than proteins during heat processing and although it can be fragmented by heat, modern DNA-techniques still allow us to identify DNA from the different species present in a sample [START_REF] Ebbehøj | The use of a molecular technique for the detection of porcine ingredients in the Malaysian food market[END_REF][START_REF] Lockley | DNA-based methods for food authentication[END_REF]. Also DNA unlike specific proteins is present in all organs and tissues. Hybridization and PCR-techniques are now available for this purpose. In many publications the PCR-RFLP technique has been described for the identification of species. However this technique is inadequate for mixtures [START_REF] Partis | Evaluation of a DNA fingerprinting method for determining the species origin of meats[END_REF][START_REF] Girish | Meat species identification by polymerase chain reactionrestriction fragment length polymorphism (PCR-RFLP) of mitochondrial 12S rRNA gene[END_REF]. Real-time PCR-techniques are especially suitable for heated products because small fragments of DNA can still be amplified and identified [START_REF] Hird | Effect of heat and pressure processing on DNA fragmentation and implications for the detection of meat using real-time polymerase chain reaction[END_REF]. PCR has proved to be a highly specific method for among others, the detection of minor amounts of pork-DNA in Halal-products (Farouk et al. 2006). It is possible to determine the amount of DNA of the different species in the sample although inhibitors can influence the results. Furthermore the amount of DNA from e.g. muscle, liver or connective tissue is different [START_REF] Marx | Die Frischmasse sowie die Konzentration an DNA, RNA und Protein in verschiedenen Geweben von Schweinen unterschiedlichen Alters[END_REF]. Consequently it is possible that for a mixture of equal amounts of lean beef and fat pork the proportion of beef DNA to pork DNA will be 80 to 20 instead of the expected 50 to 50. So in most cases only a semi-quantitative estimate of the meat content of the different species present is possible. In spite of these drawbacks real-time PCR to our opinion is a very sensitive technique for the identification of species in heatprocessed meat products. 

Materials and methods

Method development

Mixtures of 10 to 0.1 % chicken, turkey, pork (lean meat and fat separately), horse and sheep in beef and 10 to 0.1 % beef in pork were prepared and packaged in plastic bags. The mixtures were heated at 100 °C in a water bath for 5, 15 and 45 min or heated in an autoclave at 115 °C for 10 min (table 1). These samples were used for the development and evaluation of a real-time PCR-method. Next crossreactivity of kangaroo, deer, roe, goat, ostrich, pheasant, goose, domestic duck, mallard, guinea fowl, quail and pigeon for the determination of pork, beef, chicken, turkey, mutton and horse was investigated. Finally the method was tested by analysing more than 150 samples of various processed meat products for pork, beef, chicken, turkey, mutton and horse, using both DNA-hybridization and real-time PCR.

These samples were obtained from retail-shops.

[insert table 1 about here]

Design of TaqMan primer and probe sets

Gene sequences for the six species of interest were obtained from GenBank. It concerned five sequences from cytochrome b (cytb) gene for pork, horse, mutton, chicken and turkey and one from satellite IV DNA for beef. Accession numbers for the gene sequences are X56295 (pork), X56284 (mutton), AY235571 (chicken), AY15157979 (turkey), HRSMTCB20 (horse) and AF446392 (beef).

Primers and probes for these species were designed using Primer Express software (Applied Biosystems, Warrington, UK). Primers and probes were obtained from Eurogentec, Seraing, Belgium. Probes were labelled with reporter dye 6carboxyfluorescein (FAM) and Black Hole Quencher (BHQ) (table 2).

[insert table 2 about here] Sample DNA extraction and purification DNA was extracted by mixing 5 g of the homogenized sample in 20 ml buffer (0.4 M NaCl, 0.01 M Tris-HCl, 0.002 M EDTA, pH 8.0) in a Waring Blender. From this homogenate 750 µl was added to 50 µl of 10% SDS and 100 µl of 0.2% proteinase K and incubated at 65°C overnight. For severely heated samples, the Wizard DNA Clean-up System (Promega, Southampton, UK) was used according to the manufacturer's instructions. Small fragments from highly damaged DNA were better recovered in this way [START_REF] Janssen | Species identification in meat by using PCR-generated satellite probes[END_REF]. In all other cases DNA was obtained by adding 250 µl of saturated NaCl solution to the incubated mixture, centrifuging for 15 min at 10 000 x g. To 500 µl of the supernatant 1 ml of cold (-20°C) ethanol was added and after centrifuging for 15 min at 10 000 x g the pellet was dried and dissolved in Tris-EDTA buffer, pH 7.5 and kept at -20°C until used. This solution and the solution obtained with the Wizard Clean-up System were diluted to a level of 0.1 to 0.15 µg/µl with Milli Q water. In the real-time PCR assay 2.5 µl of this solution (DNA template) was used in the reaction mixture.

Real time PCR assays

The Lightcycler 2.0 (Roche Diagnostics, Mannheim, Germany) was used for the species identification of pork, chicken, turkey, mutton and horse. Amplification reactions were performed with the LightcyclerTaqMan Master Mix (Roche Diagnostics, Mannheim, Germany), containing 2.5 µl template, 500 nM sense and antisense primer and 250 nM probe in 20 µl. The following cycling protocols were used: 95°C for 10 min, followed by 28 cycles for pork, 30 cycles for chicken and turkey, 32 cycles for mutton and 35 cycles for horse, consisting of 95°C for 10 sec and 60°C for 15 sec per cycle and finally cooling to 40°C for 30 sec.

For the species identification of beef the ABI 7000 SDS (Applied Biosystems, Warrington, UK) was used as the reagents for the Lightcycler contained Bovine Serum Albumin (BSA) to prevent adhesion of DNA to the glass-capillaries. Amplification reactions were performed with the qPCR Master Mix (Eurogentec, Seraing, Belgium), containing 2.5 µl template, 500 nM sense and antisense primer and 250 nM probe in 25 µl. For the detection of beef the following cycling protocol was used: 50°C for 5 min, 95°C for 10 min, followed by 25 cycles of 95°C for 15 sec and 60°C for 1 min.

Hybridization assays

Samples were also examined with DNA hybridization using a previous described method [START_REF] Janssen | Species identification in meat by using PCR-generated satellite probes[END_REF]. Shortly 2 µl (2µg) of sample DNA and 2 µl (2 µg -2 ng) of a serial dilution of the DNA to be determined were spotted on a positively charged nylon membrane and hybridization with species-specific probes labelled with digoxigenin took place overnight. After stringency washings (2xSSC 300mM NaCl, 30 mM Na 3 citrate, 0.1% SDS at 42°C), the hybrids (bound probes) were detected by an immunochemical procedure, using an anti-digoxigenin antibody conjugated with alkaline phosphatase and a chromogenic alkaline phosphatase substrate. After comparison of the spots the sample was classified as positive (+), negative (-) or inconclusive (+/-).

Results and discussion

We have described a convenient, sensitive and specific real-time PCR system for the species identification in meat products using the Lightcycler 2.0 (Roche) for pork, mutton, horse, chicken and turkey and using the ABI Prism 7000 SDS (Applied Biosystems) for beef by using TaqMan probes. The primers and probes were designed to work at an annealing temperature of 60 °C, the reagents used allow the polymerase to perform at an extension temperature of 60 °C. The method can be adjusted to the users interest. When high sensitivity is needed the number of cycles can be increased. On the other hand, all species can be analysed using the same number of cycles. In that case the sensitivity for each species will be different. The species identification was set up on the Lightcycler 2.0 for most of the species because this type of apparatus is more sensitive and the software is user-friendlier than the ABI Prism. Species identification of the species mentioned can be performed on the ABI Prism although detection limits are higher (results not shown). It was not possible to use the Lightcycler 2.0 for beef due to the fact that Bovine Serum Albumin In this study we prepared mixtures (table 1) of 10 to 0.1 % chicken, turkey, pork (meat and fat separately), horse and mutton in beef (table 1: A-E and L-P) and 10 to 0.1 % beef in pork (table 1: F-K). The mixtures were heated as described earlier.

These samples were used for the evaluation of the real-time PCR determinations (table 3a-d). In these tables and in table 4 the crossing points (CP-values) for the LightCycler and the crossing threshold (Ct-values) for the ABI Prism are given. The identification of species is performed in complex products; therefore cross-reactivity and sensitivity were studied for a large panel of species. In addition to beef, pork, mutton, horse, chicken and turkey, the following species were also tested: kangaroo, deer, roe, goat, ostrich, pheasant, goose, domestic duck, mallard, guinea fowl, quail and pigeon (table 4). By adjusting the number of cycles it was possible to detect levels as low as 0.1 ng for pork, mutton, horse, chicken and turkey and 0.2 ng for beef. No cross-reaction was observed with pork, mutton and horse. Cross-reaction was only observed with chicken (dear ≥ 125 ng), turkey (horse 250ng) and beef (pigeon ≥ 50 ng). In practice this is no problem as these high amounts of DNA are not likely to be present in meat samples.

[insert table 3a-d and table 4 about here ]

It was possible to detect all species in the test sample down to 0.1 % irrespective the heat treatment. Taking into account some cross-reactivity of high amounts of DNA (≥ 125 ng) from other species, sensitivity could be increased by increasing the number of cycles. In this way it was possible to determine small amounts of DNA of beef in protein hydrolysates, used as additives in chicken and fish. Also small amounts of pork could be determined in Halal products. At the cost of specificity amounts as small as 0.001% of the species evaluated could be detected.

Quantification of the meat content was not possible due to the fact that the amount of DNA and inhibitors in muscle meat and fat is not the same and the composition and processing conditions of the commercial samples were not known. The practicability of the method was tested by analysing more than 150 samples of various processed meat products. The real-time PCR results were compared with the DNA-hybridization results. There was overall similarity (figure 5). Compared to DNA-hybridization the real-time PCR proved to score better for sensitivity, specificity, time and interpretation.

[insert table 5 about here]

Conclusions

A highly sensitive and specific real-time PCR system for the species identification in products of animal origin has been presented. The use of primers resulting in small (< 100bp) amplicons makes the method very suitable for the determination in severely processed meats, where DNA is highly fragmented. Using the speciesspecific primers and probes it is possible to detect amounts of 0.25 ng DNA of beef, pork, mutton, horse, chicken and turkey. Only amounts of more than 50 ng DNA of pigeon, more than 125ng DNA of deer and of 250ng DNA of horse show crossreactivity in the determination of respectively beef, chicken and turkey. For routine examination species of pork, lard, horse, mutton, chicken and turkey in mixtures can be detected down to a level of about 0.05% and beef to a level of about 0.1 %. By fine-tuning the number of cycles sensitivity can be adjusted, so using this real-time PCR system minimal amounts down to 0.001% of the species evaluated can be detected in all kinds of processed food products. By comparison of DNA-hybridization it was found that the real-time PCR gives a better sensitivity and specificity. Furthermore real-time PCR is saving time and the interpretation of the results is easier. 95ºC for 10 min., X cycles (95ºC 10 sec.; 60ºC 15 sec.) and cooling at 40ºC for 30 sec., program on the ABI Prism 7000 SDS for beef exists of the following steps: 50ºC for 5 min., 95ºC for 10 min and 25 cycles (95ºC 15 sec.; 60ºC 1 min.).
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  is added to the reaction mixture to prevent adhesion of DNA to the glasscapillaries.

  a = forward primer; b = reverse primer; c = Probe; d = Nucleotide positions for pork are in reference to the genomes of S. sucrofa mitochondrial cytb gene (X56295), for beef to the genomes of Bos Taurus satellite IV DNA (AF446392), for mutton to the genomes of Ovis aries mitochondrion cytb gene for cytochrome b (X56284), for chicken to the genomes of Gallus gallus mitochondrion complete genome (AY235571), for turkey to the genomes of Meleagris gallopavo cytochrome b gene (AY157979), for horse to the genomes of Equus caballus mitochondrial gene for cytochrome b (HRSMTCB20); e = program on the Lightcycler 2.0 for pork, mutton, chicken, turkey and horse exists of the following steps:

Table 3a .

 3a Skarpeid, H.J., Kvaal, K., and Hildrum, K.I., 1998, Identification of animal species in ground meat mixtures by multivariate analysis of isoelectricfocusing protein profiles. Sensitivity of the real-time PCR for species identification.

		Species	Pork	Beef	Mutton	Horse Chicken Turkey
	Number of cycles Electrophoresis, 19, 3103-3109. threshold 0.1 28	25 0.5	32 0.1	35 0.1	30 0.1	30 0.1
		primers/probe:	Var	bossatIV	ovis	Equus	gallus Mgal cytb
	Species	DNA-conc ng/ul *) CP-value Ct-value CP-value CP-value CP-value CP-value
		100	17.09	12.35	20.12	21.02	17.94	17.90
		10	20.77	15.69	23.59	24.75	21.13	20.80
		1	24.75	19.90	28.08	29,35	25.20	25.32
		0,1	27.76	23.11	31.82	32.18	29.45	27,78
	o r F o r F o r 0,05 *) Vial containes 2.5 µl F o r	28.80	neg	32.10	35.60	30.25	28.63
		P P P P					
		e e e e				
		e r e r e r e r			
			R R R R			
				e e e e			
				v i e v i e v i e v i e		
					w w w w		
					O n l O n l O n l O n l
							y y y y

Table 3b .

 3b Sensitivity of heated mixtures in beef.

	Mixture of beef with		pork	mutton	horse chicken	turkey
	chicken, turkey, pork	primers/probe:	Var P/F/R ovis P/F/R Equus P/F/R gallus P/F/R Mgal cytb P/F/R
	horse, mutton (%)	Heat-treatment CP-value CP-value CP-value CP-value	CP-value
		10% 5 min 100 °C	20,75	20,66	22,84	20,94	21,45
	A		15 min 100 °C	20,52	19,84	21,16	n.d.	21,34
			45 min 100 °C	20,69	20,30	21,62	n.d.	21,90
			10 min 115 °C	21,49	21,34	22,78	n.d.	21,20
	B	5% 5 min 100 °C 15 min 100 °C 45 min 100 °C 10 min 115 °C 1% 5 min 100 °C F o r	22,80 22,69 21,68 22,86 26,84	22,84 22,81 21,92 23,09 29,55	23,68 24,04 23,03 23,27 32,36	22,52 20,49 22,18 21,88 27,92	22,91 22,43 22,57 22,70 26,97
	C		15 min 100 °C	26,48	27,46	29,91	26,36	25,98
			45 min 100 °C 10 min 115 °C P	26,45 27,06	25,20 25,22	28,76 29,95	24,24 25,04	24,71 25,30
	D	0.5 % 5 min 100 °C 15 min 100 °C e 45 min 100 °C 10 min 115 °C 0.1 % 5 min 100 °C e 24,80 25,42 25,52 26,01 26,15 r	25,01 25,52 25,69 26,01 26,78	26,81 27,64 27,76 27,99 29,22	24,69 25,46 25,82 25,30 26,98	25,10 25,75 25,96 26,19 27,30
	E		15 min 100 °C 45 min 100 °C	27,58 27,24 R	28,92 28,12	30,07 29,99	27,54 27,77	27,67 27,85
			10 min 115 °C	28,49 e 30,33	30,13	28,05	28,64
	n.d. : not determined		v i e	
					w	
						O n l
							y

Table 3c .

 3c Sensitivity of heated lard in beef.

	Mixture of beef	primers/probe:	Var P/F/R
	with pork-lard (%)	Heat-treatment CP-value
		10% 5 min 100 °C	20,75
	L		15 min 100 °C	20,52
			45 min 100 °C	20,69
			10 min 115 °C	21,49
		5% 5 min 100 °C	22,80
	M N	15 min 100 °C 45 min 100 °C 10 min 115 °C 1% 5 min 100 °C 15 min 100 °C F o r	22,69 21,68 22,86 26,84 26,48
			45 min 100 °C	26,45
		10 min 115 °C 0.5 % 5 min 100 °C P	27,06 24,80
	O P	15 min 100 °C 45 min 100 °C e 25,42 25,52 10 min 115 °C 26,01 0.1 % 5 min 100 °C 26,15 15 min 100 °C 27,58 e r
			45 min 100 °C 10 min 115 °C	27,24 28,49 R
				e
				v i e
				w
				O n l
				y

Table 3d .

 3d Sensitivity of heated beef in pork on the ABI 7000.

			number of cycles	25
			Treshold:	0.5
	Mixture of pork	primers/probe:	bossatIV P/F/R
	with beef (%)		Behandeling	Ct-value
		10%	5 min 100	15.54
	F		15 min 100	15.65
			45 min 100	15.91
			10 min 115	15.85
		5%	5 min 100	17.37
	G		15 min 100	17.76
			45 min 100	17.89
	H I	10 min 115 5 min 100 15 min 100 45 min 100 10 min 115 5 min 100 15 min 100 o 1% 0.5 % F r	18.33 19.03 19.27 19.42 19.86 20.61 20.30
	K	0.1 %	45 min 100 10 min 115 5 min 100 P 15 min 100 45 min 100 e 10 min 115 e r 20.39 20.53 21.85 21.91 22.15 22.33
				R
				e
				v i e
				w
				O n l
				y

Table 4 .

 4 Cross-reaction of the real-time PCR for species identification.

	cross-reactions Species	Pork	Beef	Mutton	Horse Chicken Turkey
		Number of cycles	28	25	32	35	30	30
		threshold	0.1	0.5	0.1	0.1	0.1	0.1
		primers/probe:	Var	bossatIV	ovis	Equus	gallus Mgal cytb
	Species	DNA-conc ng/ul *) CP-value Ct-value CP-value CP-value CP-value CP-value

Table 5 .

 5 Comparison of the results for hybridization and real-time PCR.

	Primers + probe	Number of samples tested	Hybridisation results		Real-time results
				pos	neg	+/-	pos	neg
	Chicken		20 (chicken indicated)	19	1	-	20	-
			32 (chicken not indicated)	-	32	-	5	27
	Turkey		13 (turkey indicated)	11	1	1	12	1
			115 (turkey not indicated)	3	111	1	18	97
	Pork		27 (pork indicated)	25	-	2	27	-
			72 (pork not indicated)	2	64	6	6	66
	Mutton		65 (mutton not indicated)	1	63	1	3	62
	Horse		65 (horse not indicated)	-	64	1	4	61
	Beef		70 (beef indicated)	38	28	4	68	2
			41 (beef not indicated)	4	33	4	13	28
	pos :	species identification positive				
	neg :	species identification negative				
	+/-: species identification inconclusive				

Table 1 .

 1 Composition of test samples made by mixing lean (muscle) meat.

			Food Additives and Contaminants
	Beef with five species added:				
		A	B	C	D	E
	Beef %	33.7	58.7	78.7	81.2	83.2
	Chicken %	10	5	1	0.5	0.1
	Turkey %	10	5	1	0.5	0.1
	Pork %	10	5	1	0.5	0.1
	Horse %	10	5	1	0.5	0.1
	Mutton %	10	5	1	0.5	0.1
	Additives a %	16.3	16.3	16.3	16.3	16.3
	Pork with admixture of beef:				
		F	G	H	I	K
	Pork %	73.3	78.7	82.7	83.2	83.6
	Beef %	10	5	1	0.5	0.1
	Additives a %	16.3	16.3	16.3	16.3	16.3
	Beef with admixture of lard:				
		L	M	N	O	P
	Beef %	73.3	78.7	82.7	83.2	83.6
	Lard %	10	5	1	0.5	0.1
	Additives a %	16.3	16.3	16.3	16.3	16.3
	a Additives 16.3% = 9.25% water + 2% NaCl/NaNO 2 + 5% starch + 0.05% ascorbic acid.
	Portions of all mixtures were heated for 5, 15 or 45 min at 100°C or for 10 min at 115 °C.
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Table 2 .

 2 Primers and probes for species identification in products.

	Species	Target	Pr.&Probe DNA sequence 5'→ → → → 3'
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