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Abstract
Background
When a dihydrate cupric chloride solution is crystallized in a petri dish in the presence of extracts of food products, dendritic crystal patterns emerge. The degree of growth, ripening and decomposition of the product is reflected in these patterns as salient unities (gestalts) of phenomenological features. In the present study we evaluated wheat, grape, and rocket (arugula) samples grown under different farming systems, fertilization treatments or horn silica application. The hypothesis of the present study was: samples are more precisely differentiated with a kinesthetic engagement in the perception of the gestalt decomposition than with ranking solely based on analytical criteria.

Results
In six out of seven panel tests with three different agricultural products grown with different methods, the following rankings for accelerated decomposability were derived:	i.
For wheat: biodynamic < organic < conventional (mineral fertilization and manure) < mineral (mineral fertilization only)

 

	ii.
For grapes: biodynamic < organic < conventional (mineral fertilization and compost)

 

	iii.
For rocket (arugula): biodynamic < organic < mineral

 

	iv.
For rocket (arugula): with horn silica < without horn silica application.

 




Analytical assessment was compared with kinesthetic priming of the evaluation panel. In six out of seven tests kinesthetic assessments (i) yielded more highly significant differences in ranking between the cultivation methods; (ii) clearly improved matching of the samples in a confusion matrix to the ranking of the cultivation methods; and (iii) generated lower RMSE values.

Conclusions
Kinesthetic engagement in gestalt evaluation proved superior to an evaluation based on analytical perception. Highly significant differences between biodynamic and organic variants and also between treatments with and without horn silica application were found in six out of seven tests. In five of the six tests the only difference between organic and biodynamic variants was the application of the biodynamic preparations. The results indicate increased resistance to deterioration of the biodynamic variants, in terms of lower degradation in the crystallization images. This prompts additional research to establish whether the crystallization method can serve as a universal test to monitor the stress resistance of plants.
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Introduction
There is a growing interest in a systems approach to food quality. This interest is triggered by needs for better understanding the interface between nutrition and health [1, 2], and understanding organic food quality [3, 4]. For a long time, health effects of foods have been assigned solely according to their chemical composition, i.e., quantities of health promoting compounds like vitamins or secondary metabolites, or to compounds that may pose a threat to human health like, e.g., nitrate, mycotoxins or acrylamide. However, in the last decade, increasing evidence suggests that not only total amounts, but also bio-availability, bio-absorption and processing of individual compounds in the human body are relevant for human health. These properties have been shown to be linked to the food structural matrix, including its physical, sensorial, and nutritional characteristics [2].
Maintenance of the outer and inner structure of foods is an important aspect of their shelf-life. Aging of whole foods, food extracts, or juices is clearly connected with a loss in quality, on the level of chemical composition (degradation of health promoting compounds), microbiology (increase in the abundance of decomposing microorganisms), and structure (change in physical properties like texture or viscosity). Complementary to direct rating of a food’s outer appearance (e.g., color change, signs of microbial mediated decay), resistance to deterioration during aging can also be assessed via evaluating patterns that arise when a food juice or extract is mixed with an aqueous copper chloride solution and allowed to co-crystallize on a Petri dish [5]. Autolytic aging of the food juice or extract is represented by characteristic and reproducible changes in the crystal structures [6, 7]. As opposed to chemical analyses, the resulting crystal structures exhibit properties of the whole food. Basic work on crystallization methods was done by Pfeiffer [8], Selawry & Selawry [9], Engquist [10], Pettersson [11] and Balzer-Graf [12], among others.
Many studies have demonstrated the potential of the crystallization method as an indicator for systemic effects of processing, feeding regime, and production systems across a broad range of agricultural products [3, 6, 13–24]. Kahl et al. [3, 25] discussed validation strategies for systemic approaches to organic food quality determination, including the method of copper chloride crystallization with additives. In the last two decades, these validation strategies stimulated the development of a standardized methodology for crystallization with additives. This addressed sample preparation [14, 25], crystallization conditions [14, 26–28], data evaluation including multivariate statistical analysis of computerized image analysis [19, 29, 30], and visual evaluation using defined morphological criteria [7, 31, 32]. The crystallization method was documented and standardized for several food classes, including apple juice [20], wheat [3, 22], milk [18] and carrots [5].
Nevertheless, there is still a lack of knowledge concerning the physical basis of the pattern formation process. Building upon previous work [33–36], Busscher et al. [37] defined a minimum set of physical parameters to evaluate the basic processes during evaporation and crystallization that influence the overall structure of the copper chloride crystallization patterns, with and without addition of additives [5, 38]. The crystallization patterns depend on the amount and type of additive and the amount of dihydrate cupric chloride [38]. The food sample modulates the conditions affecting dendritic branching, resulting in sample-specific crystallization patterns. The additives influence the structure formation of the cupric chloride crystals without being incorporated into the crystals [37]. When assessing the quality of agricultural products, copper chloride crystallization patterns have been used in conjunction with chemical compound analyses and sensory tasting tests [3, 14, 15, 22, 39]. Using the copper chloride crystallization method, it was possible to visually characterize and rank samples from wheat, carrots, cabbage, tomato and lettuce according to the degree of ripening and tendency to decompose by using coded images [7]. Samples from different cultivation methods could be grouped, characterized and classified according to the criterion associated with decomposition by individual assessors [6, 15, 21, 23, 39, 40] and by an ISO-standardized visual evaluation panel [32, 41]. Conceptually, this relates to estimating the samples’ resistance to autolytic deterioration in the sense of ‘resilience’ (elasticity, capacity to cope) in response to controlled aging of the samples [42].
Although the results from Fritz et al. [32, 40] and Athmann et al. [41] were encouraging, the accuracy varied considerably among panel members, likely due to the different strategies applied by panel members in the perception of the gestalt decomposition. To confirm whether, and if so, which different perceptual strategies were utilized by the different panel members, a qualitative think-aloud methodology was performed [43]. Additionally an “exit interview” was conducted to help interpret the think-aloud utterances.
It became apparent that two perceptual strategies were deployed: (i) analytical perception using mainly ‘atomic features’ that characterize the gestalt decomposition (predominantly levels 1 and 2 in Table 1) and (ii) a more global perception applying kinesthetic engagement in the perception of the gestalt decomposition, with a subsequent confirmatory analytical evaluation.Table 1Characteristic features of increased decomposition in wheat copper chloride crystallization images based on four levels of evaluation criteria, reflecting a hierarchical complexity


	1. Level
Quantifiable single morphological and local features
	2. Level
Quantifiable, descriptive single morphological features
	3. Level
Gestures or implicit motions in the whole pattern
	4. Level
Kinesthetic criteria

	Decrease of coarse structural features
	Increase of ‘Flechtwerke’
	Decrease of integration
	Decrease of fluent interconnected movement

	Decrease of side needles
	Increase of the angle of side needles
	Decrease of ‘Durchstrahlung’
	Decrease of a sense of presence in the image

	 	 	Decrease of center coordination
	Decrease of tension in the needle branches from the center to the periphery

	 	 	Decrease of ‘Beweglichkeit’
	Decrease of a consistent dynamic in the filling of the plate


Nomenclature level 1–3 according to Huber et al. [31] and Doesburg et al. [7], level 4 according to Doesburg et al. [47]



Kinesthetic engagement is an observer’s kinesthetic sensation, or motoric response, towards observed motions or implicit motions of human, non-human and even inanimate objects [44, 45]. Kinesthetic engagement in crystallization image evaluation involves an embodied simulation of the growth, curvature and tension of the tree-like branches of the crystallization images [46]. Noteworthy, the best scoring panel members predominantly utilized the kinesthetic perceptual strategy. Recently, the authors demonstrated that ranking of crystallization patterns of diverse agricultural products according to their degree of induced decomposition could be improved by kinesthetic engagement [47].
The aim of the present study was to determine whether kinesthetic engagement will improve the evaluation of encoded copper chloride crystallization images from conventional, organic, and biodynamic cultivation methods according to the gestalt decomposition. Based on the experience with aging series [47] our first hypothesis was that kinesthetic priming of the panel will improve the performance of the ranking tests. Based on the outcome of previous studies with cultivation methods [6, 15, 21, 23, 32, 39–41] our second hypothesis was that, according to the criterion of increasing decomposition, we expect the tested treatments to rank in the order biodynamic < organic < conventional with mineral fertilization < mineral fertilization.
Materials and methods
Origin of the wheat samples
Wheat grain samples (cv. ‘Titlis’) were collected from a long-term field trial comparing different farming systems in Oberwil, Switzerland, (the so-called DOK trial) [48] from harvest year 2005. The eight samples consisted of two replicate samples obtained from four different cultivation methods. Both biodynamic (BioDyn) and bioorganic (BioOrg) field plots were fertilized with manure, but these two systems differed among other things in the use of the biodynamic compost and field preparations. Conventional cultivation methods included mineral fertilizer combined with manure (ConFym) or only mineral fertilization (ConMin), respectively. The grain samples tested were mixed samples obtained from the four replicates of the DOK trial [48]. For more detailed descriptions see Fritz et al. [6].
Origin of the grape juice samples
Grape samples from harvest year 2010 were taken from a long-term field trial established at Geisenheim University, Germany, comparing different cultivation methods [49, 50]. The experimental site is a 0.8 ha Riesling vineyard. The vines were planted in 1991 at a spacing of 1.2 m within rows and 2 m between rows. Starting January 2006, the vineyard was divided into replicate plots of conventional (mineral fertilization and compost; Conv), organic (BioOrg) and biodynamic (BioDyn) viticulture (both EU 834/07) in a randomized block design with 4 field replications. The organic and the biodynamic treatment differed only in the application of the biodynamic preparations. For more detailed descriptions, see Fritz et al. [15].
Origin of the rocket samples
The rocket samples (Eruca sativa L.) were derived from a field trial carried out in autumn 2009 at the Wiesengut experimental farm of the University of Bonn. The experimental design was a randomized four factorial split plot design with 4 field replications and the factors i. light intensity (100% photosynthetically active radiation PAR or 55% PAR); ii. N supply (low: 15 kg N/ha or high: 60 kg N/ha; iii. fertilizer type (mineral (ConMin); organic: composted cow manure (BioOrg); biodynamic: composted cow manure with biodynamic compost preparations (BioDyn)); iv. horn silica (with or without). In the present study, only the factors fertilization type and horn silica application (organic samples with or without hornsilica) were considered. The organic and the biodynamic treatment differed only in the application of the biodynamic preparations. For more detailed descriptions, see Athmann [13, 41].
Autolytic decomposition and copper chloride crystallization methods
For the wheat samples, 5 g of wheat whole flour was extracted with 25 ml distilled water and incubated at 28 °C for 3.5 or 14 h. Subsequently, samples extracted for 3.5 h at 28 °C were stored at 8 °C for 3, 8 and 12 days or for 14 h at 28 °C before crystallization. Grape juice was pressed at Geisenheim University, then stored for 1, 2, 3, 5 and 6 days at 5 °C before being crystallized. The rocket leaves were pressed. The pressed rocket juice was stored for 1, 4, 6 and 10 days at 4 °C before being crystallized. For more detailed methodological descriptions see Fritz et al. [6, wheat], Fritz et al. [15, grape juice] and Athmann [13, rocket]. All samples were co-crystallized in the crystallization laboratory at the University of Bonn, Germany. After crystallization, all images were photographed and printed on paper for visual evaluation.
Basics of visual evaluation
In order to evaluate crystallization images, a visual evaluation panel was formed and validated according to ISO-norm 11,035 (establishing sensory profiles by a multidimensional approach) [31, 51]. A set of analytical morphological descriptors were selected and defined. This analytical morphological level of evaluation was subsequently extended towards the perception of crystallization pictures which appear as coherent ‘meaningful wholes’ or gestalts [7]. Here, ISO 8587 [52] “Sensory Analysis–Methodology–Ranking” was adapted for the development of a ranking for gestalt evaluation. The norm aims at placing a series of test samples in a ranked order based on the intensity of an overall impression. This was utilized for evaluating the crystal gestalts associated with co-crystallizations with fresh to fully decomposed products. The modified ISO 8587 procedure was described by Doesburg et al. [7]. In the present study, the decomposition of gestalt was assessed in order to rank crystallization images of wheat, grape juice and rocket leaves that originating from the field trials testing biodynamic, organic, and conventional management. The use of the gestalt decomposition in this context is tenable within the framework of organic agriculture and food quality research, which argues that the coherence or resilience of organisms is influenced by production measures, including the agricultural management system [53].
The training of the panel to evaluate gestalt decomposition was described in detail by Doesburg et al. [7] and Fritz et al. [32]. Briefly, crystallization pictures from fresh and aged samples (Table 1, Fig. 1) were used to characterize the decomposition of the gestalts for different products. These aging series were used as references. The perception of gestalt decomposition was practiced on these decomposition series. Subsequently, for the tests, evaluation sets containing crystallization images originating from the available treatments were used. For each treatment, three crystallization images were presented to the visual evaluation panel, each comprising three increasing additive amounts (Fig. 2). For the assessment, the gestalt of the images was perceived and assessed on the basis of the practiced series of decomposition. The crystallization images used for training and panel tests were obtained from the same experimental series according to ISO-norm 11,035 [51].[image: ]
Fig. 1Example crystallization images of wheat with increasing intensity of controlled decomposition (3.5 h and additional 3 d, 8 d and 12 days storage of the wheat extract). Per plate, the amount of CuCl2 2H2O was 160 mg and the amount of wheat extract was 0.22 ml, 0.24 ml and 0.26 ml, respectively. The images were made from one sample from the conventional production method

[image: ]
Fig. 2Example of an evaluation set for the ranking of encoded wheat crystallization images (14 h aged) originating from four different cultivation methods. Image coding is as follows: 304.1 = ConFym, 304.2 = ConMin, 304.3 = BioDyn, 304.4 = BioOrg. The amount of extract per image was 0.22 ml, 0.24 ml, 0.26 ml. All images contained 160 mg CuCl2 2H2O per plate


Visual evaluation—training and exam
Consensus training was initiated via email and telephone conferences. The encoded training sets were given to the panel in random order as PDF (Portable Document Format) files. Images included three different ratios of CuCl2·2H2O and additive per sample (e.g., Fig. 2). The images were ranked by each panel member independently according to the perceived intensity of the gestalt decomposition. During the training in six sessions over 6 weeks, the pictures were subsequently decoded in order to discuss discrepancies in interpretation and to reach a full consensus in the ranking.
Panel tests (exams) were performed for wheat on April 4–6 2016 and repeated on October 4–5 2016; for grape juice on April 3–5 2017; for rocket on March 13–14 2018 and repeated on September 27–28 2018 for the ranking of the respective treatments (according to the criterion of increasing decomposition). Before the second test for each food product, which typically occurred 6 months after the first exam, the panel received additional training that occurred over six sessions over 6 weeks. Each panel test was performed in isolated compartments in the Sensory Testing Laboratory at the University of Kassel, Germany, in accordance with ISO 8589 [54]. The wheat panel tests consisted of 14 sets, the grape juice panel tests consisted of 30 sets (15 sets printed in the original layout and 15 sets where the pictures were mirrored on the vertical axis), the rocket panel tests consisted of 16 sets for the ranking of the fertilizer treatments and 32 sets for the ranking of the horn silica treatments.
Analytical perception and kinesthetic engagement in gestalt evaluation
The effect of contextual sensitivity in the visual evaluation of crystallization images originating from different farming methods was tested by comparing subjects’ performance while primed according to the two perceptional strategies (analytical vs. kinesthetic engagement), as described previously for decomposition series by Doesburg et al. [47]. Subjects were assigned randomly to either group A or B. Subjects of group A were instructed to evaluate the crystallization images according to an analytical perceptual strategy (single object recognition) by adhering to the use of ‘atomistic features’ (i.e., utilizing solely the criteria of the levels 1 and 2 in Table 1). Subjects of group B were instructed to evaluate the images according to a kinesthetic engagement in gestalt perception and a subsequent secondary, confirmatory ‘atomistic’ evaluation (i.e., mainly levels 3 and 4 in Table 1). On day two, the perceptual strategy was switched between the groups.
Decomposition of the samples was perceivable on all four levels of visual evaluation criteria (Table 1; Figs. 2, 3). On the two levels of single morphological features, decomposition resulted in a decrease of the number and length of the side needles. Additionally, the side needles and branches exhibited a larger ramification angle. In the example given for evaluation of wheat cultivation methods in Fig. 3, the crystallization image of the ConMin sample (Fig. 3) failed to form any clear branches. On the gesture level (Table 1; Level 3), a decrease was observed in the coordination ability from the crystallization center, in combination with a decrease in the perradiation and the organic curvature. The needle branches became less apparent, and were less able to extend to the periphery of the dish. On the level of kinesthetic criteria, a loss of tension in the needle branches running from the center to the periphery and a decrease of a consistent dynamic in the filling of the plate was notable.[image: ]
Fig. 3Decoding of exemplary crystallization pictures of wheat of Fig. 2 to illustrate the criteria of Table 1. The amount of extract per image was 0.24 ml and 14 h aging. All images contained 160 mg CuCl2 2H2O per plate


Statistical analysis
SPSS statistical software (version 19.0, SPSS Inc., Chicago, IL, USA) was used to perform statistical analyses. The average rank order of the samples was calculated. As recommended in ISO 8587 [52], the Friedman test was applied for ranking. “In a very general manner, this test gives the maximum opportunities for demonstrating recognition of differences among the samples by the assessors” [52, p. 6]. In addition to testing the ranking order for significance, the Friedman test was also used for pairwise comparisons between adjacent ranks.
To determine the classification error in the ranking order, the root mean square error (RMSE) was used, calculated on the basis of the subjects’ confusion matrices. A confusion matrix is an N x N matrix used for evaluating the performance of the subjects’ ranking, where N is the number of target classes. The matrix compares the actual target values with those predicted by the subject. The missclassified outcomes are represented on the off-diagonals of the confusion matrix. Based on the outcome of previous studies [6, 15, 16, 21, 23, 32, 39, 40], target values were defined according to the hypothesized order of increased decomposition: BioDyn < BioOrg < ConFym < ConMin. Additionally, RMSE values were calculated for all other possible orders. The RMSE gives extra weight to larger classification errors compared to the more commonly used mean absolute error. A lower RMSE score indicates a lower classification error.
RMSE scores were evaluated with Rstudio Version 1.3.1093 [55]. “The mean RMSEs for the two perceptual strategies were compared by means of a paired sample t-test from the “rstatix” Rcran package version 0.7.0 (https://​www.​rdocumentation.​org/​packages/​rstatix). Graphs were plotted with the RStudio packages “ggplot2” version 3.2.1 [56] “ggpubr” version 0.4.0 (https://​www.​rdocumentation.​org/​packages/​ggpubr), and “cvms” version 1.2.1 (https://​www.​rdocumentation.​org/​packages/​cvms/​versions/​0.​2.​0)” [47].
Results
Ranking wheat production methods according to the perceived degree of decomposition
In the first wheat exam in April 2016, the perceived degree of decomposition by both priming groups yielded the ranking order (from fresh to decomposed): BioDyn < BioOrg < ConMin < ConFym, which conflicted with the hypothesized ranking. The differentiation between the BioOrg and ConMin samples was highly significant (post hoc pairwise comparison p < 0.001; Appendix Table 6). Post hoc pairwise comparisons between BioDyn and BioOrg or ConFym and ConMin was not significant for either type of perceptual priming. The summed classifications of the evaluation panel were plotted in confusion matrices to assess the effect of perceptual priming (Appendix Fig. 8). The overall degree of consensus between the classification increased tendentiously in response to a kinesthetic priming of the panel (p = 0.44; Appendix Fig. 9). This is reflected in a slightly lower RMSE value for the kinesthetic priming results (0.838) than analytical priming (RMSE = 0.926; Appendix Fig. 9), which can also be deduced from the decreased coloring of the off-diagonals of the confusion matrix (Appendix Fig. 8).
Motivated by the results of the best performing evaluators during the wheat exam, in October 2016, panel training in analytical perception and kinesthetic engagement in gestalt evaluation of wheat crystallization pictures was augmented with 6 additional online sessions over 6 weeks. In the second exam, 6 months later, the ranking of the cultivation methods according to increasing decomposition changed for both types of perception, such that the ranking corresponded to the hypothetical ranking: BioDyn < BioOrg < ConFym < ConMin (Table 2). The confusion matrix depicts a clearly improved matching of the samples to the cultivation methods with kinesthetic priming (Fig. 6a). The mean RMSE values of the two perceptual strategies were significantly different (p = 0.047; Fig. 7). The lower RMSE value for kinesthetic engagement (0.681) indicated a significantly lower classification error than analytical priming (RMSE = 0.919; Fig. 7a). This can also be seen in the lighter color of the off-diagonals of the confusion matrix in kinesthetic perception compared to analytic perception (Fig. 6a). With analytical perception, only the cultivation methods BioOrg versus ConFym could be significantly separated in ranking decomposition (Table 2). With kinesthetic engagement in gestalt evaluation, all cultivation methods could significantly be distinguished in the hypothesized ranking order. The error rate of classification using kinesthetic gestalt perception decreased for the second exam to 7% on average (Table 2). The results of the wheat exam in October 2016 supported the working hypothesis of the current investigation.Table 2Results of the wheat exam in October 2016


[image: ]
Ranking of crystallization images by analytical and kinesthetic perception according to the perception of increasing decomposition
Post hoc Friedman test pairwise comparisons were performed between adjacent ranks when applicable
BioDyn biodynamic, BioOrg bioorganic, ConFym conventional mineral fertilizer + manure, ConMin conventional mineral fertilizer



Ranking grape juice production methods according to the perceived degree of decomposition
In a grape juice examination performed in April 2017, the ranking of decomposition in cultivation methods was the same for both types of perception: BioDyn < BioOrg < Conv (Table 3, Fig. 4a). With analytical perception, significant differences were observed only for the variants BioDyn and BioOrg (Table 3). Kinesthetic priming of the panel resulted in highly significant differences for all variants according to the hypothesized correct ranking order. Compared to analytical perception, the error of the assignment BioDyn and BioOrg versus Conv decreased from 55 to 37% with kinesthetic engagement in gestalt evaluation.Table 3Ranking of grape juice crystallization images according to increasing decomposition during the analytical perception and kinesthetic engagement exams in April 2017


[image: ]
Friedman test pairwise comparisons were performed between adjacent ranks
BioDyn biodynamic, BioOrg bioorganic, Conv conventional—mineral fertilizer and compost



The significantly lower RMSE value for kinesthetic engagement (RMSE = 0.742) indicated a lower classification error than analytical priming (RMSE = 0.989; p = 0.039; Fig. 7b). This can also be seen in the reduced coloring of the outer diagonals of the confusion matrix in kinesthetic perception compared to analytic perception (Fig. 6b). The confusion matrix indicates a considerably better classification of the samples when the panel is primed according to a kinesthetic perception. The results of the grape juice exam in April 2017 supported the working hypothesis.
[image: ]
Fig. 4Crystallization pictures of grape juice (left) and rocket juice (right) to illustrate the criteria of Table 1. The amount of extract per image was a grape juice 0.24 ml, after 3 days of juice aging, and b rocket juice 0.30 ml, after 4 days of juice aging. All grape images contained 160 mgCuCl2 2H2O per plate and all rocket images contained 150 mg CuCl2 2H2O per plate


Ranking rocket fertilization treatments according to the perceived degree of decomposition
Coded pictures of three fertilization methods of rocket (Fig. 4b) were ranked according to the criterion of increasing decomposition during two exams occurring 6 months apart. After the first exam, there were six additional online training sessions provided over 6 weeks. The Friedman test revealed no significant differences in the analytical perception of rocket crystallization images for either exam. The error of the classification of the two organic variants compared to the conventional variant was with 65% and 70%, close to the randomly expected classification of 67% (Table 4, Appendix Table 7). Application of kinesthetic perception in gestalt evaluation, led to a ranking of the fertilization methods in the order: BioDyn < BioOrg < ConMin in both exams. The difference between BioDyn and BioOrg was highly significant in both panel tests, whereas the difference between BioOrg and ConMin was not significant. The error in the classification of the two organic variants compared to the conventional variant was 52% in both exams. The additional training before the second exam did not improve the results (Table 4, Appendix Table 7) [41].[image: ]
Fig. 5Crystallization pictures of rocket to illustrate the criteria of Table 1. The amount of extract per image was 0, 30 ml, the juice had been aged for 4 days. All images contained 150 mg CuCl2 2H2O per plate

Table 4Ranking of crystallization images according to analytical or kinesthetic perception of increasing decomposition of rocket salad in March 2018


[image: ]
Friedman test pairwise comparisons were performed between adjacent ranks (table taken from Athmann et al. [41])
BioDyn biodynamic, BioOrg bioorganic, ConMin conventional mineral fertilizer



The difference in mean RMSE values of the two perceptual strategies in both panel tests were close to the significance threshold (p = 0.064; p = 0.048). The lower RMSE value of the kinesthetic engagement indicates a lower classification error (Fig. 7c, Appendix Fig. 9b; first panel test RMSE 1.103 versus 0.923 and second panel test RMSE 1.139 versus 0.901 for, respectively, an analytical versus a kinesthetic priming). This can also be seen in the reduced coloring of the off-diagonals of the kinesthetic perception versus analytic perception confusion matrices (Fig. 6c, Appendix Fig. 8b). When comparing the error rate of different samples, it was noticeable that the error rate was much higher for rocket than for wheat, implying that the panel experienced significantly more difficulties with the ranking of rocket crystallization images, compared to wheat crystallization images.
[image: ]
Fig. 6Confusion matrices for ranking test a wheat in October 2016 with classes 1: BioDyn, 2: BioOrg, 3: ConFym, 4: ConMin, b grape juice in April2017 with classes 1: BioDyn, 2: BioOrg, 3: Conv, c rocket in March 2018 with classes 1: biodynamic fertilization, 2: organic fertilization, 3: mineral fertilization, d rocket in September 2018 with classes 1: with horn silica and 2: without horn silica, representing the performance of the panels’ summed classifications according to analytical (left) or kinesthetic priming (right). Both the prediction and the target values are given. Each tile contains the number of observations and the column percentage. The diagonal indicates the correct classification counts. Color intensity is based on the number of counts

[image: ]
Fig. 7Mean RMSE values for analytical perception (1) and kinesthetic engagement (2) for a wheat cultivation methods in October 2016, b grape juice cultivation methods in April 2017, c rocket fertilization treatments in March 2018 and d rocket horn silica treatments in September 2018

Ranking according to decomposition levels—rocket horn silica application
All panel examinations of horn silica treatments (Fig. 5) were consistent with the hypothesized decomposition ranking: with horn silica < no horn silica (Table 5, Appendix Table 8). Using analytical perception only, differentiation between the crystallization images of the two variants was significant in both exams (Table 5, Appendix Table 8). The error in classification was 43% in both panel tests. With additional kinesthetic engagement in gestalt evaluation, the difference was highly significant in both panel tests, with an error in classification of 30% and 29%, respectively. The two exams, performed 6 months apart yielded very similar results, suggesting that the additional training had no impact on image evaluation of these treatments [see also 41].Table 5Ranking of crystallization images of rocket with or without horn silica treatment according to increasing decomposition via analytical or kinesthetic perception, in September 2018


[image: ]
Friedman test pairwise comparisons were performed between adjacent ranks (table taken from Athmann et al. [41])



In both exams, the assignment of samples to horn silica variants was improved with kinesthetic engagement compared to analytical perception, as can be observed in the confusion matrices (Fig. 6d, Appendix Fig. 10). The two perceptual strategies were significantly different in the first exam (p = 0.022) and just above the significance level in the second exam (p = 0.053; Fig. 7d, Appendix Fig. 11). For both test dates, the lower mean RMSE values achieved with kinesthetic engagement (0.540 and 0.522) compared to analytical perception (0.656 and 0.638) indicate improved classification of the crystallization images to their respective treatment (Fig. 7d, Appendix Fig. 11).

Discussion
Perception in evaluation and accuracy of the results
The current study investigated the potential underlying sources of variability in accurately recognizing patterns of gestalt decomposition in crystallization images of extracts of wheat, grape, and rocket (arugula) by trained and experienced panel members [32]. We questioned whether different perceptual strategies were used among the panel members, and if so, whether the panel could be trained and improved by adopting to the perceptional strategy deployed by the best performing panel members. By means of a qualitative think-aloud methodology [43], it became apparent that two perceptual strategies were deployed: (i) analytical perception using mainly ‘atomic features’ that characterize the gestalt decomposition (predominantly levels 1 and 2 in Table 1) and (ii) a more global perception applying kinesthetic engagement in the perception of the gestalt decomposition, with a subsequent confirmatory analytical evaluation. Noteworthy is that the best scoring panel members predominantly utilized the global (ii) perceptual strategy. The kinesthetic engagement was previously characterized and added as level 4 to Table 1 [47]. The panel was subsequently trained on the perception of the gestalt decomposition, imbued with kinesthetic criteria.
Recently, the authors demonstrated that an ISO-standardized visual evaluation panel could correctly rank crystallization patterns of diverse agricultural products according to their degree of induced decomposition. Moreover, the panels performance improved by adopting a kinesthetic engagement [47]. In the present study, we examined whether this also holds true for the ranking of products from different cultivation methods. To this end, we compared subjects’ performance, based on the perception of the gestalt “Decomposition”, while primed according to two perceptional strategies (levels: analytical vs. kinesthetic engagement), according to a within-subject design.
Over a period of three years, a total of seven exams with three different agricultural products and different farming methods were conducted. In April 2016, the first exam of different cultivation methods of wheat yielded no significant differences between the use of analytical perception or kinesthetic engagement in gestalt evaluation approaches. After additional training, the second panel test observed significant differences between the evaluation methods and produced results that were consistent with the hypothesized ranking of wheat decomposition.
Quantifiable atomic features could be significantly distinguished in the ranking of wheat cultivation methods (BioOrg and ConFym; p < 0.001) in the second panel test, and in the ranking of BioDyn and BioOrg treatments of grape juice in the third panel test (p < 0.001). In contrast, none of the rocket fertilization methods could be significantly differentiated by the fourth and fifth panels test. The application of kinesthetic gestalt perception improved panel evaluations, such that the second panel test could distinguish all four wheat cultivation methods (p = 0.004; p < 0.001; p = 0.017), the third panel test could differentiate all three grape juice cultivation methods (p < 0.001; p < 0.001), and the fourth and fifth panel exams of rocket crystallization images identified significant differences between the biodynamic and the organic fertilization treatment (p < 0.001). Since the second panel test, RMSE values have indicated that ranking/classification error was consistently lower for kinesthetic evaluations than for analytical evaluations.
In general, the classification of cultivation methods according to the criterion of increasing decomposition was more difficult in all exams than the classification of aging series in Doesburg et al. [47]. It is possible that in the first exam, the panel was not yet sufficiently trained for the selective application of the two types of perception for cultivation methods. Intensive training took place before the second exam with wheat, during which the assessment criteria were further developed. These results suggest that the reliability of visual evaluation of copper chloride crystallization images can be strongly influenced and improved by intensive training. In the last exams with rocket, a repetition of the training did not lead to any further improvement of the results, suggesting that the panel was already well trained and the crystallization images were more difficult to differentiate. From the seven conducted exams, six exams supported the first hypothesis that kinesthetic priming of the panel improved the performance in the ranking tests.
Ranking of cultivation methods according to gestalt decomposition
The ranking of cultivation methods/fertilization treatments according to increasing decomposition was biodynamic < organic < conventional < mineral in four out of five exams. The ranking ConMin < ConFym was observed only in the first exam, in both types of perception to evaluate crystallization images from wheat. However, the differences were small and not significant. After more training, the ranking of cultivation methods according to increasing decomposition in the second exam with wheat was ConFym < ConMin. With kinesthetic perception, the difference between ConFym and ConMin was significant. This result indicates that intensive training is important for high accuracy of visual evaluation of copper chloride crystallization images.
The combined results generally confirmed our second hypothesis that, according to the criterion of increasing decomposition, the samples were ranked biodynamic < organic < conventional with farmyard manure < mineral. This ranking is in accordance with the results of previous studies with cultivation methods [6, 15, 21, 23, 32, 39–41]. Fewer decomposition criteria in the crystallization images were indicators of higher resistance of the sample to decomposition. High decomposition resistance indicates a high ability to maintain the structure under stress in the sense of "resilience" (elasticity, ability to withstand stress). The experimental results support the concept of food quality, which is expressed in organic farming in a higher stress tolerance and a higher resilience, respectively [42].
Highly significant differences between biodynamic and organic variants were found with kinesthetic perception in the 2nd panel test with wheat, the 3rd panel test with grape juice, and in the 4th + 5th panel test with rocket salad. Also, highly significant differences were found in the 6th and 7th panel test with rocket lettuce and horn silica. In the 3rd to 7th panel tests, the only difference between the biodynamic and organic variants was the application of biodynamic preparations. The results indicate increased resilience of the biodynamic variants in terms of the absence of degradation tendencies in the crystallization images.
Inter-subjective kinesthetic perception
Subjective, kinesthetic perception has previously been shown to result in greater accuracy than analytical perception in the evaluation of copper chloride crystallization images [47]. The visual perception of complex objects is described by two approaches [57, 58]. On the one hand, object recognition occurs via a selective pathway, which corresponds to analytical perception. On the other hand, object recognition occurs via a global perception of the whole image [59]. Kinesthetic gestalt perception is a form of global perception [47]. Kinesthetic engagement means that while observing a movement, the movement is experienced [45]. Kinesthetic engagement can also be experienced while viewing static images exhibiting an apparent movement [44, 45]. In this case, the embodied simulation that underlies kinesthetic perception occurs on the psychological level for which the mirror neuron system provides the underlying neurological basis [44, 60].
In sensory analysis, subjective perception becomes inter-subjective through the training and standardization of a panel [51]. For panel training in visual evaluation of copper chloride crystallization images, ISO standards for sensory analysis were applied to make individual subjective perceptions inter-subjective [7, 47]. The results of the present study suggest that inter-subjective evaluation of kinesthetic perceptions is also possible with crystallization images.
Conclusions
In the present study, kinesthetic engagement in gestalt evaluation improved the classification of cultivation methods of copper chloride crystallization images compared to analytical perception. Encoded copper chloride crystallization images of different cultivation, fertilization or horn silica application treatments were accurately ranked according to the hypothesized order of decomposition (biodynamic < organic < (conventional with farmyard manure) < mineral) in six out of seven tests. These results are consistent with the findings of Doesburg et al. [47], who used kinesthetic perception to evaluate a decomposition series. Kinesthetic engagement in gestalt evaluation can be a useful tool to improve the visual assessment of copper chloride crystallization images.
Less evidence of decomposition in the images indicated greater resistance to decomposition. High aging resistance indicated greater ability to maintain structure under stress. It is therefore an indicator of higher stress tolerance of agricultural products, an important concept of organic food quality [42]. Future experiments should investigate whether the higher decomposition resistance in the crystallization images reflects a higher resistance to decomposition during storage. Possibly, the copper chloride crystallization method can indicate the decomposition or stress resistance ability of plants .
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Appendix
See Tables 6, 7 and 8.Table 6Ranking of wheat crystallization images according to increasing decomposition in April 2016, based on analytical perception or kinesthetic engagement in Gestalt evaluation
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Friedman test pairwise comparisons were performed between adjacent ranks
BioDyn biodynamic, BioOrg bioorganic, ConFym conventional mineral fertilizer + manure, ConMin conventional mineral fertilizer


Table 7Ranking of crystallization images according to analytical or kinesthetic perception of increasing decomposition of rocket in September 2018
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Friedman test pairwise comparisons were performed between adjacent ranks (table taken from Athmann et al. [41])
BioDyn biodynamic, BioOrg bioorganic, ConMin conventional mineral fertilizer


Table 8Ranking of crystallization images of rocket salad with or without horn silica treatment according to increasing decomposition via analytical or kinesthetic perception in March 2018
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Friedman test pairwise comparisons were performed between adjacent ranks (table taken from Athmann et al. [41])



 See (Figs. 8, 9, 10 and 11)
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Fig. 8Confusion matrices for the ranking test. a Wheat in April 2016, b rocket September 2018, representing the performance of the panels’ summed classifications after analytical (left) or kinesthetic priming (right). The classes 1–4 indicate the different farming methods (1: Biodynamic; 2: Bioorganic; 3: Conventional mineral fertilizer + manure; 4: Conventional mineral fertilizer) for both the prediction and the target (hypothesized class: 1–2-3–4) values. Each tile contains the number of observations and the column percentage. The diagonal indicates the correct classification counts. Color intensity is based on the number of counts
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Fig. 9Mean RMSE values for analytical perception (1) and kinesthetic engagement (2) strategies during the ranking test a wheat in April 2016, b rocket salad in September 2018
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Fig. 10Confusion matrices for the rocket ranking test in March 2018, with horn silica application, representing the performance of the panels’ summed classifications according to analytical (left) or kinesthetic priming (right). The classes 1–2 indicate the different horn silica applications (1: without horn silica; 2: with horn silica application) for both the prediction and the target (hypothesized class: 1–2) values. Each tile contains the number of observations and the column percentage. The diagonal indicates the correct classification counts. Color intensity is based on the number of counts
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Fig. 11Mean RMSE values of analytical perception (1) and kinesthetic engagement (2). Ranking tests of rocket salad with and without horn silica in March 2018



References
	1.
Jacobs DR, Tapsell LC. Food, not nutrients, is the fundamental unit in nutrition. Nutr Rev. 2007;65(10):439–50.

	2.
Aguilera JM. The food matrix: implications in processing, nutrition and health. Crit Rev Food Sci Nutr. 2019;59(22):3612–29.

	3.
Kahl J, Bodroza-Solarov M, Busscher N, Hajslova J, Kneifel W, Kokornaczyk MO, et al. Status quo and future research challenges on organic food quality determination with focus on laboratory methods. J Sci Food Agric. 2014;94(13):2595–9.

	4.
Capuano E, Boerrigter-Eenling R, van der Veer G, van Ruth SM. Analytical authentication of organic products: an overview of markers. J Sci Food Agric. 2013;93(1):12–28.

	5.
Busscher N, Kahl J, Doesburg P, Mergardt G, Ploeger A. Evaporation influences on the crystallization of an aqueous dihydrate cupric chloride solution with additives. J Colloid Interface Sci. 2010;344(2):556–62.

	6.
Fritz J, Athmann M, Kautz T, Köpke U. Grouping and classification of wheat from organic and conventional production systems by combining three image forming methods. Biol Agric Hortic. 2011;27(3–4):320–36.

	7.
Doesburg P, Huber M, Andersen J-O, Athmann M, van der Bie G, Fritz J, et al. Standardization and performance of a visual Gestalt evaluation of biocrystallization patterns reflecting ripening and decomposition processes in food samples. Biol Agric Hortic. 2015;31(2):128–45.

	8.
Pfeiffer, E. Studium von Formkräften an Kristallisationen mit besonderer Berücksichtigung landwirtschaftlicher Gesichtspunkte. Naturwissenschaftliche Sektion am Goetheanum, Dornach/Schweiz. 1931.

	9.
Selawry, A. und Selawry, O. Die Kupferchlorid-Kristallisation. [The copper chloride crystallization.] Gustav Fischer Verlag, Stuttgart. 1957.

	10.
Engquist M. Gestaltkräfte des Lebendigen. [Formative forces of the living.] Vittorio Klostermann, Frankfurt am Main. 1970.

	11.
Pettersson BD. Der Einfluss von Standort, Düngung und wachstumsbeeinflussenden Stoffen auf die Qualitätsmerkmale von Kartoffeln [The influence of location, fertilization and growth-influencing substances on the quality characteristics of potatoes.]. Leb Erde. 1970;21:134–40.

	12.
Balzer-Graf U. Vitalqualität von Weizen aus unterschiedlichem Anbau. [Vital quality of wheat originating from different farming systems.] Beiträge zur Förderung der biologisch-dynamischen Landwirtschaft. Sonderheft Forschung. 1996;44:440–50.

	13.
Athmann M. Produktqualität von Salatrauke (Eruca sativa L.) und Weizen (Triticum aestivum L.): Einfluss von Einstrahlungsintensität, Stickstoffangebot, Düngungsart und Hornkieselapplikation auf Wachstum und Differenzierung. Influence of irradiance, nitrogen supply, fertilization type, and horn silica application on growth and differentiation. PhD thesis, University Bonn; 2011.

	14.
Busscher N, Kahl J, Andersen J-O, Huber M, Mergardt G, Doesburg P, et al. Standardization of the biocrystallization method for carrot samples. Biol Agric Hortic. 2010;27(1):1–23.

	15.
Fritz J, Athmann M, Meissner G, Kauer R, Köpke U. Quality characterisation via image forming methods differentiates grape juice produced from integrated, organic or biodynamic vineyards in the first year after conversion. Biol Agric Hortic. 2017;33(3):195–213.

	16.
Fritz J, Döring J, Athmann M, Meissner G, Kauer R, Schultz HR. Wine quality under integrated, organic and biodynamic management using image forming methods and sensory analysis. Chem Biol Technol Agric. 2021. https://​doi.​org/​10.​1186/​s40538-021-00261-4.Crossref

	17.
Kahl J, Busscher N, Doesburg P, Mergardt G, Huber M, Ploeger A. First tests of standardized biocrystallization on milk and milk products. Eur Food Res Technol. 2009;229:175–8.

	18.
Kahl J, Busscher N, Hoffmann W, Mergardt G, Clawin-Raedecker I, Kiesner C, et al. Development and performance of crystallization with additives applied on different milk samples. Food Anal Methods. 2013;7(7):1373–80.

	19.
Kahl J, Busscher N, Mergardt G, Mader P, Torp T, Ploeger A. Differentiation of organic and non-organic winter wheat cultivars from a controlled field trial by crystallization patterns. J Sci Food Agric. 2015;95(1):53–8.

	20.
Kahl J, Busscher N, Doesburg P, Mergardt G, Will F, Schulzova V, et al. Application of crystallization with additives to cloudy and clear apple Juice. Food Anal Methods. 2016;10(1):247–55.

	21.
Mäder P, Pfiffner L, Niggli U, Balzer U, Balzer FM, Plochberger A, Velimirov A, Besson JM. Effect of three farming systems (bio-dynamic, bio-organic, conventional) on yield and quality of beetroot (Beta vulgaris L. Var. sculenta L.) in a seven year crop rotation. Acta Hortic. 1993;339:10–31.

	22.
Szulc M, Kahl J, Busscher N, Mergardt G, Doesburg P, Ploeger A. Discrimination between organically and conventionally grown winter wheat farm pair samples using the copper chloride crystallisation method in combination with computerised image analysis. Comput Electron Agric. 2010;74(2):218–22.

	23.
Weibel F, Bickel R, Leuthold S, Alföldi T, Balzer-Graf U. Are organically grown apples tastier and healthier? A comparative study using conventional and alternative methods to measure fruit quality. Acta Hortic. 2000;517:417–27.

	24.
Unluturk S, Pelvan M, Unluturk MS. The discrimination of raw and UHT milk samples contaminated with penicillin G and ampicillin using image processing neural network and biocrystallization methods. J Food Compost Anal. 2013;32(1):12–9.

	25.
Kahl J, Busscher N, Ploeger A. Questions on the validation of holistic methods of testing organic food quality. Biol Agric Hortic. 2010;27(1):81–94.

	26.
Andersen JO, Huber M, Kahl J, Busscher N, Meier-Ploeger A. A concentration matrix procedure for determining optimal combinations of concentrations in biocrystallization. Elem Nat Wiss. 2003;79:97.

	27.
Andersen JO, Laursen J, Koelster P. A refined biocrystallization method applied in a pictomorphological investigation of a polymer. Elem Nat Wiss. 1998;68:1–20.

	28.
Kahl J, Busscher N, Mergardt G, Andersen J-O, Doesburg P, Arlai A, et al. Standardization and performance test of crystallization with additives applied to wheat samples. Food Anal Methods. 2015;8(10):2533–40.

	29.
Andersen JO, Henriksen CB, Laursen J, Nielsen AA. Computerised image analysis of biocrystallograms originating from agricultural products. Comput Electron Agric. 1999;22(1):51–69.

	30.
Doesburg P, Nierop AFM. Development of a structure analysis algorithm on structures from CuCl2⋅2H2O crystallization with agricultural products. Comput Electron Agric. 2013;90:63–7.

	31.
Huber M, Andersen J-O, Kahl J, Busscher N, Doesburg P, Mergardt G, et al. Standardization and validation of the visual evaluation of biocrystallizations. Biol Agric Hortic. 2010;27(1):25–40.

	32.
Fritz J, Athmann M, Andersen J-O, Doesburg P, Geier U, Mergardt G. Advanced panel training on visual Gestalt evaluation of biocrystallization images: ranking wheat samples from different extract decomposition stages and different production systems. Biol Agric Hortic. 2018;35(1):21–32.

	33.
Leray JL. Growth kinetics of hydrated cupric chloride. J Cryst Growth. 1968;3:344–9.

	34.
Beckmann H. Über Keimbildung, Einkristallwachstum und Auffächerungswachstum von CuCl2*2H2O in rein-wässerigen und eiweißhaltigen Lösungen. On nucleation, single crystal growth and spreading growth of CuCl2*2H2O in pure aqueous and proteinaceous solutions. PhD thesis, University Bonn; 1959.

	35.
Holleman LWJ. Ein Beitrag zum Verständnis der empfindlichen Kristallisation. A contribution to the understanding of sensitive crystallization. Elem Nat wiss. 1966;4:24–33.

	36.
Gallinet JP, Gauthier-Manuel B. Wetting of a glass surface by protein adsorption induces the crystallization of an aqueous cupric chloride solution. J Colloid Interface Sci. 1992;148(1):155–9.

	37.
Busscher N, Kahl J, Ploeger A. From needles to pattern in food quality determination. J Sci Food Agric. 2014;94(13):2578–81.

	38.
Busscher N, Doesburg P, Mergardt G, Sokol A, Kahl J, Ploeger A. Influence of dewetting on the crystallization behavior of CuCl2 in the presence of BSA during evaporation in a Petri dish. Heliyon. 2019;5(1): e01102.

	39.
Mäder P, Hahn D, Dubois D, Gunst L, Alföldi T, Bergmann H, Oehme M, Amadó R, Schneider H, Graf U, Velimirov A, Fließbach A, Niggli U. Wheat quality in organic and conventional farming: results of a 21 year field experiment. J Sci Food Agric. 2007;87:1826–35.

	40.
Fritz J, Athmann M, Meissner G, Kauer R, Geier U, Bornhütter R, et al. Quality assessment of grape juice from integrated, organic and biodynamic viticulture using image forming methods. OENO One. 2020;54(2):373–91.

	41.
Athmann M, Bornhütter R, Busscher N, Doesburg P, Geier U, Mergardt G, Scherr C, Köpke U, Fritz J. An update on image forming methods: structure analysis and Gestalt evaluation of images from rocket lettuce with shading, N supply, organic or mineral fertilization, and biodynamic preparations. Org Agric. 2022;12:307–323. https://​doi.​org/​10.​1007/​s13165-021-00347-1.Crossref

	42.
Kahl J, Baars T, Bügel S, Busscher N, Huber M, Kusche D, Rembialkowska E, Schmid O, Seidel K, Taupier-Letage B, Velimirov A, Zalecka A. Organic food quality: a framework for concept, definition and evaluation from the European perspective. J Sci Food Agric. 2012;92(14):2760–5. https://​doi.​org/​10.​1002/​jsfa.​5640.Crossref

	43.
Charters E. The use of think-aloud methods in qualitative research an introduction to think-aloud methods. Brock Education J Educational Research and Practice. 2003. https://​doi.​org/​10.​26522/​BROCKED.​V12I2.​38.Crossref

	44.
Freedberg D, Gallese V. Motion, emotion and empathy in esthetic experience. Trends Cogn Sci. 2007;11(5):197–203.

	45.
Miyoshi K. What allows us to kinesthetically empathize with motions of non-anthropomorphic objects? J Somaesthetics. 2019. https://​doi.​org/​10.​5278/​ojs.​jos.​v4i2.​2447.Crossref

	46.
Waldburger B. Morphologie und Empathie—Studien zur Auswertung von Kristallisationsbildern. Elem Nat wiss. 2009;90:80–91.

	47.
Doesburg P, Fritz J, Athmann M, Bornhütter R, Busscher N, Geier U, Mergardt G, Scherr C. Kinesthetic engagement in Gestalt evaluation outscores analytical ‘atomic feature’ evaluation in perceiving aging in crystallization images of agricultural products. PLoS ONE. 2021. https://​doi.​org/​10.​1371/​journal.​pone.​0248124.Crossref

	48.
Mäder P, Fliessbach A, Dubois D, Gunst L, Fried P, Niggli U. Soil fertility and biodiversity in organic farming. Science. 2002;296:1694–7.

	49.
Meissner G, Athmann M, Fritz J, Kauer R, Stoll M, Schultz HR. Conversion to organic and biodynamic viticultural practices: impact on soil, grapevine development and grape quality. OENO one. 2019. https://​doi.​org/​10.​20870/​oeno-one.​2019.​53.​4.​2403.Crossref

	50.
Döring J, Frisch M, Tittmann S, Stoll M, Kauer R. Growth, yield and fruit quality of grapevines under organic and biodynamic management. PLoS ONE. 2015. https://​doi.​org/​10.​1371/​journal.​pone.​0138445.Crossref

	51.
ISO 11035. Sensory analysis — Identification and selection of descriptors for establishing a sensory profile by a multidimensional approach. Geneva: International Organization for Standardization; 1994.

	52.
ISO 8587. Sensory analysis – methodology - ranking. Geneva: International Organization for Standardization; 2006.

	53.
Velimirov A, Huber M, Lauridsen C, Rembiałkowska E, Seidel K, Bügel S. Feeding trials in organic food quality and health research. J Sci Food Agric. 2010;90(2):175–82.

	54.
ISO 8589. Sensory analysis - General guidance for the design of test rooms. Geneva: International Organization for Standardization; 2007.

	55.
Core Team R. R: A language and environment for statistical computing. R Foundation for Statistical Computing. Vienna, Austria: https://​www.​R-project.​org/​ [Google Scholar]. 2017.

	56.
Wickham H. ggplot2: Elegant graphics for data analysis. New York: Springer-Verlag; 2016.

	57.
Drew T, Evans K, Vo ML, Jacobson FL, Wolfe JM. Informatics in radiology: what can you see in a single glance and how might this guide visual search in medical images? Radiographics. 2013;33(1):263–74.

	58.
Krupinski EA. Visual scanning patterns of radiologists searching mammograms. Acad Radiol. 1996;3(2):137–44.

	59.
Wolfe JM, Vo ML, Evans KK, Greene MR. Visual search in scenes involves selective and nonselective pathways. Trends Cogn Sci. 2011;15(2):77–84.

	60.
Keysers C, Wicker B, Gazzola V, Anton JL, Fogassi L, Gallese V. A touching sight: SII/PV activation during the observation and experience of touch. Neuron. 2004;42(2):335–46.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/40538_2022_361_Tab8_HTML.png
Perceptual with no Error

strategy Horn silica Horn silica classification
Analytical perception
Person 1-8 1.43 1.57 43.4 %
Pairw. comp. L> p=0.034 <1

(Analytical) + kinesthetic engagement in gestalt evaluation
Person 1-8 1.30 1.70 30.1%

Pairw. comp. L> p<0.001 </






OEBPS/images/40538_2022_361_Tab5_HTML.png
Perceptual with no Error
strategy Horn silica Horn silica classification

Analytical perception
Person 1-8 1.43 1.57 42.6 %
Pairw. comp. L> p=0.018 <
(Analytical) + kinesthetic engagement in gestalt evaluation
Person 1-8 1.29 1.71 28.5%
Pairw. comp. L> p<0.001 <






OEBPS/images/40538_2022_361_Fig10_HTML.png
Prediction

Analytical perception Kinesthetic perception

Target Target
2 1 2 1
145 111 o 17t 77

c
]

56.6% 43.4% "§ 69.9% 30.1%
e
o
o

= 111 145 ™ i 179

30.1% 69.9%

43.4% 56.6%





OEBPS/images/40538_2022_361_Fig1_HTML.png





OEBPS/images/40538_2022_361_Tab3_HTML.png
Perceptual BioDyn BioOrg Conv Error classification
strategy BioDyn+BioOrg
vs. Conv
Analytical perception
Person 1-6 1.69 2.10 2.22 55 %
Pairw. comp. L> p<0.001 <! > p=0.257 </
(Analytical) + empathic gestalt perception
Person 1-6 1.43 2.04 2.53 37 %

Pairw. comp.

L> p<0.001 <4 L>p<0.001 </






OEBPS/images/40538_2022_361_Tab7_HTML.png
Perceptual BioDyn BioOrg ConMin Error classification

strategy BioDyn+BioOrg
vs. ConMin
Analytical perception
Person 1-8 1.99 2.01 2.00 70.3 %
Pairw. comp. Test not significant

(Analytical) + kinesthetic engagement in gestalt evaluation

Person 1-8 1.58 2.14 2.28 52.3 %

Pairw. comp. L> p<0.001<{  L> p<0.261 </






OEBPS/images/40538_2022_361_Fig4_HTML.png





OEBPS/images/40538_2022_361_Fig7_HTML.png
025

THest p=0047

2

Perceptual shategy

b

050-

o THest p=0.039

"

2

Perceptual srategy

C

Test, p=0.064

Perceptualstrategy

d

RMSE

i

!

Perceptual srategy






OEBPS/css/sidebar.gif





OEBPS/images/40538_2022_361_Figa_HTML.png
conventional organic biodynamic

8- -






OEBPS/navigation.xhtml

    
      Contents


      
        		Analytical perception and kinesthetic engagement in evaluation of copper chloride crystallization patterns of wheat, grape juice and rocket samples from conventional, organic and biodynamic cultivation


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/40538_2022_361_Fig5_HTML.png





OEBPS/images/40538_2022_361_Tab4_HTML.png
Perceptual BioDyn BioOrg ConMin Error classification

strategy BioDyn+BioOrg
vs. ConMin
Analytical perception
Person 1-8 1.95 1.98 2.07 64.8 %
Pairw. comp. Test not significant

(Analytical) + kinesthetic engagement in gestalt evaluation

Person 1-8 1.59 2.14 2.29 51.6 %

Pairw. comp. L> p<0.001<{  L> p<0.169 </






OEBPS/images/40538_2022_361_Tab6_HTML.png
Perceptual BioDyn BioOrg ConMin ConFym Error classification
strategy BioDyn+BioOrg vs.
ConFym+ConMin

Analytical perception
Person 1-6 1.57 1.79 3.19 3.45 13%
Pairw. comp. L> p=0.282 <1 > p<0.001<! L>p=0.189 </

(Analytical) + kinesthetic engagement in gestalt evaluation
Person 1-6 1.49 1.82 3.33 3.36 10%
Pairw. comp. L> p=0.105<1 > p<0.001<! L>p=0.857 <4






OEBPS/images/40538_2022_361_Fig8_HTML.png
Prediction

Prediction

Analytical perception

32

38.1%

38

45.2%

12

14.3%

2.4%

Target
3 2
47 4
56% 4.8%
29 10
34.5% 11.9%
7 34
8.3% 40.5%
1 36
1.2% 42.9%

Analytical perception
Target
2

3
© 38
29.7%
™ 52
40.6%
- 38

29.7%

44

34.4%

41

32%

43

33.6%

1.2%

8.3%

31

36.9%

45

53.6%

85

27.3%

47

36.7%

Prediction

Prediction

Kinesthetic perception

36

43.4%

38

45.8%

10.8%

0%

Target
3 2
39 5
47% 6%
36 5
43.4% 6%
7 43
8.4% 51.8%
1 30
1.2% 36.1%

Kinesthetic perception

o 61

47.7%

o~ 42

32.8%

= 25

19.5%

Target
2

42

32.8%

62

48.4%

24

18.8%

3.6%

4.8%

24

28 9%

52

62.7%

25

19.5%

24

18.8%

i

61.7%





OEBPS/images/40538_2022_361_Fig3_HTML.png





OEBPS/images/40538_2022_361_Fig6_HTML.png
Analytical perception

3

Prediction
2

Prediction

Prediction

Prediction

4

Target
3 2

Analytical perception

3

41

228%

Target
2

49

27.2%

Analytical perception

3

Target
2

Analytical perception

2

Target

109

42.6%

147

57.4%

Kinesthetic perception
Target
3 2

4

s°
=
0
o
[3}
a o«
o 20
1.2% 6% 23.8%
Kinesthetic perception
Target
3 2 1
o
c
]
]
L
o
a
Kinesthetic perception
Target
3 2 1
o
c
9
o
L
o
o
Kinesthetic perception
Target
o~ 183 73
[
K<}
‘G 71.5% 28.5%
£
[
o
b 73 183
28.5% 71.5%





OEBPS/images/40538_2022_361_Fig9_HTML.png
RMSE

08

0.6-

04-

1'

Perceptual strategy

2

RMSE

0.8

06

i

2

Perceptual strategy






OEBPS/images/40538_2022_361_Fig11_HTML.png
RMSE

07

06-

05

04

i

Perceptual strategy

2





OEBPS/css/envelope.png





OEBPS/images/40538_2022_361_Fig2_HTML.png





OEBPS/images/40538_2022_361_Tab2_HTML.png
Perceptual BioDyn BioOrg ConFym ConMin Error classification
strategy BioDyn+BioOrg vs.
ConFym+ConMin

Analytical perception
Person 1-6 1.58 1.92 3.20 3.33 15%
Pairw. comp. L> p=0.076 <1 > p<0.001<! L>p=0.528 </

(Analytical) + kinesthetic engagement in gestalt evaluation

Person 1-6 1.36 1.93 3.12 3.60 7%
Pairw. comp. L> p=0.004 <! 1> p<0.001<! L>p=0.017 <4






