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Abstract

Organic and conventional wheat grain samples from a long-term field trial were tested with standardised biocrystallization method. In 1999-2006 the organic samples can be separated from the conventional samples using computerized texture analysis and standardised visual evaluation of the crystallization patterns. Moreover the organic samples can be classified in 2005-2006 after training in 2003.
Introduction

The market for organic food is growing. The further growth of the market depends on whether the consumer still places a higher value on the quality of organic produce than on that of traditional produce. It is thus a question of the exposure given to these foodstuffs and how authentic they are. Studies indicate that holistic methods, such as biocrystallization, are especially suitable for authenticity tests of organic produce, hence a validation of the methods has been demanded (Siderer et al. 2005). Reproducible crystallization patterns emerge when a watery dihydrate cupric chloride (CuCl2) solution with plant extract is crystallized on a glass dish. The emerging patterns are characteristic of sample material. It is a two step process: first, the preparation of the samples in the laboratory with subsequent evaporation and crystallization in close climate chambers (Kahl, 2007); second, the evaluation of the patterns (Andersen et al., 1999). The process of pattern formation has so far not been elucidated. Earlier studies hitherto indicate that, in particular, physical-chemical processes affect the pattern formation during the evaporation. The validation process and scope have been described for biocrystallization (Kahl, 2007) and a suitable statistical model was developed (Meelursarn, 2007). The DOC-trial has been conducted continuously since 1978 (Mäder et al., 2007). The experiment uses a field plot design where different conventional and organic farming systems with identical crop varieties are run together in order to eliminate variation in climatic conditions and soil types. Wheat grain samples from this long-term field trial provide an excellent basis for authentication of organic crop samples.
Materials and methods

Samples: Wheat grains (Triticum aestivum L., cv. ‘Tamaro’ (in 1999 and 2002), ‘Titlis’ (in 2003 and 2005), ‘Runal’ (in 2006)) were harvested in 1999, 2002, 2003, 2005, 2006 from the DOC field trial conducted near Basel, Switzerland (Mäder et al., 2007). Material was used from two organic farming systems defined as bio-dynamic (D2) and bio-organic (O2) and two conventional systems, one with mineral fertilizer plus farmyard manure (K2) and the other with mineral fertiliser only (M). Additionally, wheat grains from plots without fertilization (N) were included. Samples were taken from an independent source, divided, coded and delivered to the laboratory. The decoding took place after submission of the results.

Biocrystallization procedure: In 1999-2003 bulk samples of the four field replicates were crystallized and 2005-2006 the four field replicates separately. The sample preparation was repeated 2-3 times per sample (sub-samples) and is described in Kahl (2007). For every chamber run a wheat standard is applied (Busscher et al. 2008). The crystallization solution is prepared by mixing the filtered wheat extract with a 10 % CuCl2 solution to a final concentration of 90 mg CuCl2 and 90 (70) mg extract (denoted as 90/90 and 70/90 respectively) per dish (volume is 6.0mL). Construction and function of the crystallization chambers used here are documented in Busscher et al. (2008). 3-6 dishes of each sample preparation (chamber solution) per chamber are crystallized in parallel. Because both chambers are used in parallel for all samples described here, the result is a dish repetition of 6-12 dishes per sample preparation and thus at least 12-24 dishes per sample. For the evaluation of the trials all dishes per sample are grouped together.

To evaluate the patterns the texture analysis developed by Andersen et al. (1999) is used. Only variables of a second order (because of histogram matching) on Scale 1 are considered. The variables are described in Carstensen (1992, ref. in Andersen et al. 1999). Here 15 variables are applied by plotting them relative to circular regions of interest (ROIs) 20-100 %. This plotting is also done for the results of the statistical evaluation (F- and p-values). Only those variables are considered which show a monotonous course with ROI. The image analysis results are presented using one region of interest of the picture (ROI = 90 %), but they have also been calculated for interim stages. For detailled description ref. Meelursarn, 2007. The Linear Discriminant Analysis (LDA) was performed in JMP applying all 15 different variables of the texture analysis. In addition to the texture analysis the patterns were visually evaluated in that all patterns from the samples prepared on one day and in one chamber were placed in parallel with increasing evaporation time (which is recorded with a camera during evaporation) on a light box and evaluated by trained people (for detailled description ref. Kretschmer, 2003, Kahl, 2007). 
Results
When the patterns from the harvest 1999 where analysed with texture analysis followed by LDA, all samples can be separated, while the two organic and the one conventional with mineral fertilizer plus farmyard manure (K2) are near together (Figure 1). The misclassification is 32%, when all five samples are taken separately. In 2002 the five samples can be grouped into three classes (results not shown). After decoding the three classes are the two organic and the two conventional, whereas the control represents its own class. The results of the statistical evaluation on the basis of the single variables show that there is a significant effect (p<0.05). In 2003 the two organic and the two conventional are grouped, whereas the control belongs to the samples grown conventionally (Figure 2). When the two conventional and the two organic were grouped, the missclassification is 21%. The results of the statistical evaluation on the basis of a single variable reflect the results derived with the LDA and show that there is a significant effect (p<0.05). The samples from harvest 2005 and 2006 where evaluated both with computerized texture analysis as well as visual evaluation. Based on single texture variable calculation the organic samples can be differentiated from the conventional samples as statistical significant (p<0.05). 
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Figure 1: Canonical plot (LDA) using variables of the biocrystallization texture analysis for five blinded samples of the DOC-trial, harvest 1999 (1: O2; 2: M; 3: D2; 4: K2; 5: N). X- and y-axis are the canonicals 1 and 2 of the LDA.
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Figure 2: Canonical plot (LDA) using variables of the biocrystallization texture analysis for five blinded samples of the DOC-trial, harvest 2003 (1: K2; 2: O2; 3: D2; 4: M; 5: N). X- and y-axis are the canonicals 1 and 2 of the LDA.

When the visual evaluation was trained on the patterns received from the samples from 2003 and applied on the samples from 2005 and 2006 the classification of the organic samples where 100% correct in both years (Table 1).
Tab. 1: Classification of the five samples from DOC-trial with visual evaluation of the biocrystallization patterns (field replicates tested)
	
	N
	D2
	O2
	K2
	M

	2005
	N
	D2
	O2
	K2
	M

	2006
	N
	D2
	O2
	M
	K2


Discussion
The organic and the conventional wheat samples from the DOC-trial can be differentiated using standardised biocrystallization with computerized texture analysis. Moreover the samples from 2005 and 2006 can be classified by visual evaluation. In 1999-2003 bulk samples where crystallized which allows to improve the method ability for differentiation of samples only. The results from the field replicate measurements in 2005 and 2006 show that the method is able to differentiate and classify samples according to the treatment (farming systems). To what degree each of the evaluation tools can be applied separately or in combination has to be tested in further investigations. The method variation is still too high for being applied in routine analysis, here the crystallization step has to be optimized.  
Conclusions 
The standardised biocrystallization method can separate and classify defined organic wheat samples from conventional ones (long-term field trial). Texture analysis and visual evaluation of the patterns were applied in parallel. For routine analysis the method has to be optimised and samples from the praxis have to be tested. 
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