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ABSTRACT
Biocrystallization images are formed in reaction with foods; in the course of
the evaporation of the water from food extracts in presence of copper
chloride, crystalline structures are formed. The structures are known to
reflect food quality, such as degree of decomposition. Individual expert
evaluators have suggested that crystallization images of samples from
organic production contain fewer signs of decomposition and that this
feature can distinguish organic foods from their conventional counterparts.
To further assess the scientific merits of this methodology, a panel of nine
evaluators was trained in the visual assessment of biocrystallization images
and asked to rank the visual Gestalt decomposition level of encoded images
of wheat extracts from i) the same production system at five different
decomposition stages and ii) organic production systems vs. conventional
production systems aged for the same amount of time. The panel was
trained by supervised classification on the basis of defined criteria and
intra- and inter-personal variation was assessed. Statistical evaluation
showed that the panel was highly reliable, and that the method was
appropriate for ranking biocrystallization images of five different decom-
position levels. Furthermore, images of samples from organic or conven-
tional production systems could be distinguished with high agreement
according to their Gestalt decomposition level with fewer signs of decom-
position in the images of organic samples. The rank order between the
organic systems vs. the conventional systems was significant.
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Introduction

The organic market share has grown over several years worldwide, resulting in an interest to
authenticate, describe and characterize product quality of organically produced food.
Although standard analytical approaches have been unable to consistently classify food
production systems (Langenkämper et al. 2006; Mäder et al. 2007; Stracke et al. 2009;
reviews on the topic: Woese et al. 1997; Williams 2002), metabolite profiling can, with
some limitations, successfully distinguish organic versus conventional samples (Röhlig and
Engel 2010; Bonte et al. 2014; Kessler et al. 2015). The biocrystallization method, which is
based on evaluating additive-specific crystallization images formed by an extract of the food

CONTACT Jürgen Fritz j.fritz@uni-bonn.de Department of Organic Farming and Cropping Systems, University of
Kassel, Nordbahnhofstr. 1a, D-37213 Witzenhausen, Germany

BIOLOGICAL AGRICULTURE & HORTICULTURE
https://doi.org/10.1080/01448765.2018.1492457

© 2018 Informa UK Limited, trading as Taylor & Francis Group

http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/01448765.2018.1492457&domain=pdf


sample and aqueous dihydrate cupric chloride (CuCl2 · 2H2O) (Busscher et al. 2010a; b;
Kahl et al. 2013; Busscher et al. 2014), was shown to successfully distinguish foods from
different productions systems. While some of these studies distinguished images of samples
from different production systems by means of computerized texture and structure analysis
(wheat: Szulc et al. 2010; Kahl et al. 2015; milk:, 2009), other authors evaluated biocrystalli-
zation images visually (wheat: Mäder et al. 2007; Fritz et al. 2011a; beetroot: Mäder et al.
1993; apples: Weibel et al. 2000; rocket lettuce: Athmann 2011; grape juice: Fritz et al.
2011b; Meissner 2015; Fritz et al. 2017; wine:, 2014). In the latter studies, the evaluated
images were compared to images of the same product with known ripening or decomposi-
tion stages. For decomposition, the product juice or flour suspension was aged at 8°C. The
consensus among these studies, for all products and varieties evaluated, was that images of
samples from organic production showed fewer signs of decomposition than those from
conventional production. In the visual evaluation of biocrystallization images, physiological
processes like growth, ripening, decomposition reflected in Gestalt criteria are essential for
discriminating and classifying different samples. Four levels of evaluation criteria reflecting a
hierarchical complexity can be distinguished: (1) single morphological features, e.g. length of
side needles (2) descriptive criteria connected to single features, e.g. regularity of ramifica-
tions, (3) gestures or implicit motions in the whole image, e.g. ‘center coordination’ or
‘integration’, and (4) Gestalt criteria (Doesburg et al. 2015; adopted from Huber et al. 2010).
Visual assessment based on criteria 1 to 3 was developed and standardized by Huber et al.
(2010) according to ISO 11035 (1994) for sensory analysis and was adapted for visual
evaluation of biocrystallization images. Gestalt criteria relate to the image as a whole. A
Gestalt is defined as ‘a perceptual pattern or structure possessing qualities as a whole that
cannot be described merely as a sum of its parts’ (Sinclair 2001). With regard to crystal-
lization images, Gestalt evaluation is based on characteristics such as image depth or
impression of a whole. These characteristics emerge from single morphological features
but cannot be described by simply compiling accounts of their individual features
(Doesburg et al. 2015).

Doesburg et al. (2015) first attempted to train a panel to evaluate Gestalt features of
biocrystallization images according to ISO 8587 (2006): I) a panel was formed, II) reference
images indicative of both decomposed and ripened Gestalt levels were selected, III) the panel
was trained and IV) the panel evaluated ripening levels of tomato, carrot and lettuce as well as
decomposition levels of cabbage, carrot and wheat. The panel members evaluated the encoded
crystallization images independently in a sensory laboratory. The ranking of encoded biocrys-
tallization images according to levels of ripening and decomposition was successfully learned
by all panel members (n = 9), as indicated by significant agreement and high percentages of
correct ranking (90–100% for tomato, lettuce, carrot, and cabbage samples and 72–85% for
wheat samples). Ranking accuracy consistently improved for all products tested in the second
panel test, which was most likely achieved via the iterative effect of a prolonged period of
concept-learning.

The current study was a continuation of the work of Doesburg et al. (2015), advancing the
panel training. Both studies focused on the learnability of the visual Gestalt evaluation method
for ranking biocrystallization images. The process of concept learning by supervised classifica-
tion, as described by Doesburg et al. (2015), was continued under the hypothesis that
agreement among assessors can be further increased by extending the number of decomposi-
tion levels that were included in the training on and had to be ranked from three to five. The
current study further aimed to determine if visual Gestalt evaluation of crystallization images
by a trained panel could consistently rank the different degradation levels of wheat samples
collected from different production systems, with the hypothesis that images of samples from
organic production show fewer signs of decomposition than those from conventional
production.

2 J. FRITZ ET AL.



Materials and methods

Origin of the wheat samples

Eight wheat grain samples (Triticum aestivum L. cv. ‘Titlis’) were taken from a long-term field
trial comparing different farming systems in Oberwil/Switzerland (the so-called DOK trial; Mäder
et al. 2002) from harvest year 2005 (sowing date: 4 November 2004, harvest date: 23 July 2005).
The eight samples consisted of two replicate samples obtained from four different cultivation
methods. These were the same samples as used in the study by Doesburg et al. (2015). Both
biodynamic (BIODYN) and bioorganic (BIOORG) fields were fertilized with manure, differing
among other things in the use of the biodynamic compost and field preparations. Conventional
cultivation methods included mineral fertilizer combined with manure (CONFYM) and only
mineral fertilization (CONMIN). The samples were mixed samples obtained from the four
replicates of the DOK trial (Mäder et al. 2002).

Biocrystallization method

The samples were crystallized in the crystallization laboratory at the University of Bonn in Germany (see
Fritz et al. 2011a). 5 g of wheat whole flour was extracted with 25 ml distilled water at 28°C for 3.5 h or
14 h. The 3.5 h extracted samples were subsequently stored at 8°C for 3, 8 or 12 days. By varying
extraction time (at 28°C), aging time (at 8°C) and mixing ratios of flour extract with CuCl2 (Table 1), 15
images were constructed for each sample. After crystallization, all images were photographed and saved
in JPEG format (2268x1512) and printed on paper for Gestalt evaluation. Altogether, with 3mixtures per
sample, 8 samples per series, and 5 series, a total of 120 images were evaluated.

Visual evaluation

Crystallization image analysis was established by Huber et al. (2010) and has been comprehen-
sively described by Doesburg et al. (2015). Briefly, the main steps include forming a standardized
panel for sensory profiles according to ISO 11035 (1994) and adapting this norm for utilization in
the visual evaluation of biocrystallization images (Huber et al. 2010). ISO 8587 (2006): ‘Sensory
Analysis – Methodology – Ranking’ was adapted for the development of a ranking measurement
instrument for Gestalt evaluation. This norm allows for assessing differences among several
samples based on the intensity of an overall impression, which complies more closely with the
concept of Gestalt evaluation than the mono-dimensional descriptor evaluation (i.e. ISO 11035
1994). The norm aims at placing a series of test samples in a ranked order, which implements an
apparent inner order of Gestalt decomposition from fresh to decomposed.

The procedure of the adapted ISO 8587 (2006; see Doesburg et al. 2015) was as follows:

(I) Formation of the panel: the nine panelists chosen were the same individuals as in the
former study (Doesburg et al. 2015). All panelists were experienced in the visual evalua-
tion of biocrystallization images.

Table 1. Extraction and aging times, and reagent composition of the sample images.

Series A B C D E

Extraction time at 28°C 3.5 h 14 h 3.5 h 3.5 h 3.5 h
Aging time at 8°C - - 3 d 8 d 12 d
Dilution per sample in each series Extract1 (ml) H2O dist. (ml) CuCl2 · 2 H2O 20% (ml)

0.22 2.98 0.80
0.24 2.96 0.80
0.26 2.94 0.80

Note: 1 Extract: 5 g wheat flour + 25 ml distilled H2O.

BIOLOGICAL AGRICULTURE & HORTICULTURE 3



(II) Reference: biocrystallization images of wheat ranking from fresh to decomposed (3.5 hours,
3 days, 12 days; Figure 1) were collected. For characterization, the relevant features for Gestalt
evaluation of wheat were prioritized within three levels of evaluation criteria as described by
Doesburg et al. (2015; Table 2). From the pictures of the fresh extract to the pictures with the
most aged extract on a single morphological level, fewer clear stems are formed, and needles
become brittle. On the level of descriptive criteria connected to single features, the angle of
side needles is increased, and ‘Flechtwerke’ are increased. On the level of gestures, center
coordination and the connection of center and periphery are decreased. These criteria were
used to describe the extent to which the image was perceived as a consistent ‘whole’. Gestures,
such as low center coordination, as well as single morphological features, such as fewer clear
stems, may impair the perception of the image as a whole.

(III) Training: a process of concept-learning according to supervised classification (Ashby and
Maddox 2005; Galotti 2014) started via email and telephone conferences. Encoded training
sets were presented in random order to the panel as portable document format (PDF) files.
Images of the three mixing ratios of CuCl2 · 2H2O and additive per sample were shown as in
the reference images (Figure 1). The training set for ranking decomposition level included 12

Figure 1. Wheat biocrystallization reference images for the Gestalt decomposition of flour extracted with distilled water at 28°C
for 3.5 hours: Left fresh; middle after aging three days at 8°C; right after aging 12 days at 8°C. Extract volume used per image
was 0.22 ml, 0.24 ml, 0.26 ml. All images are of samples collected from the biodynamic production system with 0.16 g
CuCl2 per plate.
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series of sample extracts with images from three mixture ratios each (see Table 1) collected
from one of the four production systems that were aged at five different levels, over 3.5 h,
14 h, 3 d, 8 d or 12 d. The training set for identifying production system (i.e. BIODYN,
BIOORG, CONFYM or CONMIN) consisted of 14 sets of samples, each set consisting of one
series per production system collected at one of the five aging times. An answer form was
established for assessors to rank Gestalt decomposition level from fresh to decomposed.
During training, the reference images (Figure 1) could be used, as well as the list of described
features (Table 2). The images were evaluated by each panel member independently, then
decoded and discussed (concept learning by supervised classification).

(IV) Exam: two panel tests (exams) were performed on 28th and 29 September 2011 (Exam I and
II). Each panel test occurred over one day in the sensory laboratory at University of Kassel,
Germany. Both panel tests were performed without using the reference images and the list of
characterizing features. Each of the nine now further trained panel members simultaneously
received 13 encoded evaluation sets in random order. Out of the 13 sets, five were sets with
different aging levels (each set consisting of five series with the aging levels 3.5 h, 14 h, 3 d, 8 d,
12 d from one of the four production systems) and eight were sets of samples collected from
the four different production systems at one of the five aging times. The panel was asked to
rank the biocrystallization images according to the specified criteria of global intensity of
decomposition (Table 2). The biocrystallization images used for training and panel tests were
obtained from the same experimental series. On the second day, the same image sets were
evaluated again, but all images were vertically reversed to derive new sets of pictures.

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
(2006), the Friedman test was applied as an overall measure for correct ranking. ‘In a very general
manner, this test gives the maximum opportunities for demonstrating recognition of differences
among the samples by the assessors’ (ISO 8587 2006, p. 6). In addition to testing the ranking order
for significance, the Friedman test was also used for pairwise comparisons between adjacent ranks.
As an overall measure for agreement between the assessors, Kendall’s coefficient of concordance
(W) was calculated (Siegel and Castellan 1988). The coefficient varies between 0 (no agreement)
and 1 (complete agreement).

Results

Ranking decomposition levels

In each of the two exams, five series featuring five decomposition levels were ranked. The rank
order test was highly significant for all evaluators. The evaluators were able to correctly classify 56

Table 2. Characteristic features of increased decomposition in wheat biocrystallization images (according to Doesburg et al. 2015).

Quantifiable single morphological and local
features

Quantifiable, descriptive single
morphological features

Gestures or implicit motions
in the whole pattern

Decrease of coarse structural features Increase of ‘Flechtwerke’ Decrease of integration
Decrease of side needles Increase of the angle of side

needles
Decrease of ‘Durchstrahlung’

Decrease of center coordination
Decrease of ‘Beweglichkeit’

Note: Nomenclature according to Huber et al. (2010).

BIOLOGICAL AGRICULTURE & HORTICULTURE 5



to 92% of the images in their respective age rank order. On average, 70% were correctly classified
(Table 3). In the pairwise comparison of adjacent aging levels, the differences between 3.5 h and
14 h as well as between 3 d and 8 d were highly significant. Kendall´s coefficient of concordance
(W) as an overall measure for agreement between assessors was 0.851 and 0.820 for the first and
second exam, respectively.

Ranking production systems according to gestalt decomposition level

In terms of the perceived Gestalt decomposition level of samples collected from all four produc-
tion systems after 12 days of extract aging (e.g. Figure 2), the panel consistently ranked images
from conventional cultivation methods as more decomposed (Table 4). The samples were ranked
in the following order according to their average Gestalt decomposition level (from fresh to
degraded): BIODYN < BIOORG < CONMIN < CONFYM. The separation of ranking between
BIODYN and BIOORG versus CONMIN and CONFYM (averaged of all evaluators) was highly
significant, with 90.2% of all images assigned to the combined groups BIODYN+ BIOORG or
CONFYM+ CONMIN (Table 4). Two evaluators had a separation rate of 100% (Table 4). The
rank order between BIODYN and BIOORG or between CONFYM and CONMIN was not
significant.

Table 3. Average rank order of the decomposition samples evaluated according to the intensity of the perceived Gestalt
decomposition level from fresh to degraded. Exam I: non-vertically reversed images. Exam II: vertically reversed images. The
Friedman test was significant in both exams (p < 0.001). Additional Friedman pairwise comparison between adjacent ranks is
provided.

3.5 h 14 h 3.5 h + 3 d 3.5 h + 8 d 3.5 h+12 d Correct ranking

Person 1–9
Exam I 1.04 2.36 2.82 4.09 4.69 68.4%
Pairw. comp. └> p < 0.001<┘└> p = 0.162<┘└> p < 0.001<┘└> p = 0.072 <┘
Exam II 1.00 2.49 2.80 4.02 4.69 71.6%
Pairw. comp. └> p < 0.001<┘ └> p = 0.361<┘└> p < 0.001<┘ └> p = 0.046 <┘
Person 1
Exam I 1.0 2.6 2.8 3.6 5.0 72%
Exam II 1.0 2.6 2.8 3.8 4.8 64%
Person 2
Exam I 1.0 2.4 2.6 4.2 4.8 76%
Exam II 1.0 2.6 2.6 4.0 4.8 72%
Person 3
Exam I 1.0 2.6 2.4 4.4 4.6 60%
Exam II 1.0 3.0 3.2 3.6 4.2 60%
Person 4
Exam I 1.0 2.4 3.0 4.2 4.2 60%
Exam II 1.0 2.6 2.4 4.4 4.6 60%
Person 5
Exam I 1.4 2.2 2.4 4.2 4.8 60%
Exam II 1.0 2.4 3.2 4.2 4.2 60%
Person 6
Exam I 1.0 2.0 3.4 4.4 4.2 64%
Exam II 1.0 2.4 2.6 4.0 5.0 84%
Person 7
Exam I 1.0 2.2 3.0 3.8 5.0 84%
Exam II 1.0 2.2 2.8 4.0 5.0 92%
Person 8
Exam I 1.0 2.6 2.8 4.0 4.6 56%
Exam II 1.0 2.4 2.6 4.4 4.6 68%
Person 9
Exam I 1.0 2.2 3.0 3.8 5.0 84%
Exam II 1.0 2.6 2.4 4.4 5.0 84%
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Discussion

Similar to the results of the previous attempt to evaluate biocrystallization images according to
their Gestalt decomposition level (Doesburg et al. 2015), a trained panel was able to correctly rank
samples according to their extract aging time (Table 3). The agreement among assessors in the
current study (Kendall’s W = 0.851 and 0.820 for the first and second exam) was greater than in
previous reports (i.e. 0.447 and 0.716; Doesburg et al. 2015). The low variability between the first
and second exam in rank order of the images and in agreement among assessors, despite the fact
that the images had been vertically reversed, underlined the increased stability of the results of
visual evaluation. This may be attributed to the extension of decomposition levels from three to
five. With five aging levels, differences between the images become smaller, making ranking more
challenging and therefore requiring the training group to discriminate at a deeper qualitative level.
Thus, five aging levels in combination with the continuation of concept learning by supervised
classification, with constant supervision by experienced evaluators during the training process,
presumably improved evaluation skills of the panel members more than if the training had been
repeated with three decomposition levels. These evaluation methods should therefore be imple-
mented to increase reliability of the evaluation panel.

In the current study, Gestalt evaluation of biocrystallization images according to their decom-
position level successfully distinguished samples from different production systems. This
approach was previously employed by single evaluators (Mäder et al. 1993, 2007; Weibel et al.
2000; Kahl et al. 2008; Athmann 2011; Fritz et al. 2011a, 2011b, 2014, 2017), but to our knowledge,
this was the first time that independent evaluators of a panel were able to consistently distinguish
samples from different production systems according to their Gestalt ranking. This result was
especially remarkable as unlike previous individual investigators, who used the complete sets of all

Figure 2. Wheat biocrystallization image for examining production systems after decoding. Flour was extracted with distilled
water at 28°C for 3.5 hours and subsequently aged for 12 days at 8°C. Images from left to right: BIODYN, BIOORG, CONFYM,
CONMIN. Extract per image 0.22 ml, 0.24 ml, 0.26 ml. All images with 0.16 g CuCl2 per plate.

BIOLOGICAL AGRICULTURE & HORTICULTURE 7



extract incubation times and aging days simultaneously to arrive at an overall ranking, the panel
members in this study had to rank only one set at a time. This meant that the overall ranking was
derived from forming the mean of five separate rankings of aging levels and eight separate
rankings of production systems.

The differences in treatments of wheat samples from the DOK trial (Mäder et al. 2002) have
been investigated based on their sensory profile (Arncken et al. 2012), chemical composition
(Langenkämper et al. 2006; Zörb et al. 2006, 2009a, 2009b, Bonte et al. 2014) and biocrystallization
images, both with computerized texture and structure analysis (Kahl et al. 2008, 2015) and with
visual evaluation (Mäder et al. 2007; Kahl et al. 2008; Fritz et al. 2011a; this study). While the main
objective of some of these studies was to find markers suitable for authentication of organic
produce, regardless of the implication of these markers for food quality, other studies have
attempted to identify differences in product quality.

With respect to authentication, both chemical analyses and computerized evaluation of biocrys-
tallization images have been successful in discriminating organic from conventional systems. For
example, Zörb et al. (2009b) used protein profiling techniques to identify 16 ‘diagnostic proteins’,
whose signature could prove the authenticity of organic wheat; however, this signature was not stable
over different harvest years and cultivars (Bonte et al. 2014). For a single year and cultivar, organic
and conventional samples could be distinguished by machine-learning algorithms on a metabolomics
analysis platform (Kessler et al. 2015). Similarly, structural variables from biocrystallization images

Table 4. Average rank order of the four production systems evaluated according to the intensity of the perceived Gestalt
decomposition level from fresh to degraded. Averages of the entire panel and of the individual evaluators are provided. Exam I:
non-vertically reversed images. Exam II: vertically reversed images. The Friedman test was significant in both exams p < 0.001.
Additional Friedman pairwise comparisons were performed between adjacent ranks.

BIODYN BIOORG CONMIN CONFYM
Correct separation BIODYN+ BIOORG vs.

CONFYM+ CONMIN

Person 1–9
Exam I 1.49 1.81 3.31 3.40 89.6%
Pairw. comp. └> p = 0.138 <┘└> p < 0.001 <┘ └> p = 0.651 <┘
Exam II 1.51 1.74 3.33 3.42 91.0%
Pairw. comp. └> p = 0.302 <┘└> p < 0.001 <┘ └> p = 0.699 <┘
Person 1
Exam I 2.00 1.88 2.75 3.38 69%
Exam II 2.00 1.25 3.13 3.63 88%
Person 2
Exam I 1.38 1.88 3.63 3.13 94%
Exam II 1.38 1.88 3.38 3.38 94%
Person 3
Exam I 1.38 1.75 3.25 3.63 94%
Exam II 1.38 1.75 3.38 3.50 94%
Person 4
Exam I 2.13 1.50 3.25 3.13 81%
Exam II 1.75 2.13 3.88 3.25 75%
Person 5
Exam I 1.50 1.75 3.50 3.25 88%
Exam II 1.88 1.25 3.38 3.50 94%
Person 6
Exam I 1.25 2.00 3.25 3.50 94%
Exam II 1.25 2.13 3.38 3.25 88%
Person 7
Exam I 1.13 1.88 3.25 3.75 100%
Exam II 1.38 1.63 3.75 3.25 100%
Person 8
Exam I 1.38 1.63 3.50 3.50 100%
Exam II 1.25 1.75 3.38 3.63 100%
Person 9
Exam I 1.25 2.00 3.38 3.38 88%
Exam II 1.38 1.88 3.38 3.38 88%
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derived from BIODYN and BIOORG samples on the one hand and CONFYM and CONMIN on the
other hand could be identified for fingerprinting (Kahl et al. 2015).

Neither the structural variables in biocrystallization images nor the diagnostic proteins discrimi-
nating organic from conventional wheat in the studies mentioned above were directly related to
product quality. No differences in nutritional quality were detected among wheat samples derived
from all four DOK production systems (Zörb et al. 2006). In contrast, studies using image forming
methods to determine Gestalt decomposition level have consistently ranked and distinguished
BIODYN+ BIOORG > CONFYM+ CONMIN (Mäder et al. 2007; Kahl et al. 2008; Fritz et al.
2011a), as in this study. That is, as indicated by biocrystallization images, organically produced
wheat samples maintain their ability to form crystal structures indicative of lower decomposition in
reaction with an inorganic salt longer than conventionally produced wheat samples.

The characteristics of wheat extract and mechanisms of structure formation remain unknown.
Deterioration is a complex process affecting chemical and physical characteristics of the product:
viscosity and molecular weight decrease, while entropy is assumed to increase (Busscher et al. 2014).
For the polymer polyvinylpyrrolidone, heat conductivity decreased with molecular weight and
viscosity, resulting in decreased branching of crystal needles (Busscher et al. 2014). The influence of
the entropy of the sample on crystallization is less clear. Moreover, for a food such as wheat, these
relations are much more complex, and a direct relation between molecular weight, viscosity, heat
conductivity and image patterns cannot yet be established. Themolecular weight distribution of wheat
extracts between samples from different production systems was not assessed.

The growth-differentiation balance hypothesis (Herms and Mattson 1992) states that in
nutrient-limiting situations, a plant will invest in morphological and chemical differentiation.
Transferred to agricultural systems, it may be argued that nutrient overload due to mineral
fertilization oriented at maximizing crop yields in conventional agriculture hampers morpholo-
gical and chemical differentiation – a concept which was applied by Brandt and Molgaard (2001)
to explain higher concentrations of complex molecules such as secondary metabolites in organic
produce (e.g. Weibel et al. 2000; Carbonaro and Mattera 2001; Bavec et al. 2010; D´Evoli et al.
2010; Maciel et al. 2011). Higher true protein concentrations in wheat fertilized with manure vs
mineral fertilization (Athmann 2011) also indicated an increased formation of more complex
compounds, which was possibly related to higher molecular weight compounds that persist during
decomposition. On the other hand, Stracke et al. (2009) did not find higher concentrations of
phytochemicals in organic wheat. These potential drivers of signals in biocrystallization images
certainly need further investigation. Correlation analysis between other features (e.g. chemical
composition, molecular weight, viscosity and heat conductivity) of fresh versus aged wheat
extract, on the one hand, and organic versus conventional wheat extract on the other hand,
would further test and perhaps strengthen the hypothesis that conventional wheat samples
decompose faster than organic wheat samples.

Conclusions

The accurate and statistically significant ranking of the five different decomposition levels of
wheat extract demonstrated that concept-learning by supervised classification successfully trained
a highly reliable biocrystallization image evaluation panel. Additionally, these individual panel
evaluators consistently and successfully ranked images of wheat samples from organic and
conventional production according to Gestalt decomposition level. Therefore, this biocrystalliza-
tion assessment method has potential to be applied to characterize products from different
production systems. As in former studies, significantly fewer signs of decomposition in the images
of the organic foods suggested that organically produced wheat samples maintained their ability to
resist aging longer than conventionally produced wheat samples. In as much as ranking by
qualitative Gestalt decomposition level indicated resistance to aging, this biocrystallization and
panel evaluation method can serve as a valid indicator of food quality.
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