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The recovery of information about the hardness of cereal grains, to be utilized both scientifically and technologically, is an excellent example of the multifaceted challenges which arise in dealing with biological Big Data investigations.
The three basic Big Data stages that are involved are:
(i) the growing and harvesting of the wheat and the collection and cataloging
of the seeds,
(ii) the measurement of the individual crush response profiles (iCRPs) of the
collected seeds, the averaging of a suitably large number of iCRPs to
obtain the average crush response profiles (aCRPs) and the deconvolution
of the aCRPs to obtain their rheological phenotype phases (RPPs) for the
various wheat varieties under investigation [1], and
(iii) the development of an electronic database for all the iCRPs recorded,
for all the various situations examined, so that they can be subsequently
utilized to track how wheat responds to changing environmental conditions
such as global warming.
The situation (i) represents an example of the type of big data problem that
arises in plant breeding, where, for example, in a wheat breeding experiment, a
large system of plots are planted using an appropriate experimental design [3]
which involves considerable resources in terms of the associated infrastructure
and the management of the multitude of activities involved.
Here, the main focus is (ii), where the extent is examined to which the information contained in the RPPs can be used to monitor the effect of environment
locality and environmental changes on wheat. The recovery of the RPPs from
the iCRPs can be viewed as a bagging-and-boosting process where weak images
are averaged to give strong images.
The situation in (iii) highlights that modern technology allows information
to be utilized for subsequent investigation and partially reduces the need to
keep large collections of seeds, as their rheological properties, though reasonable stable if stored at -20o C, do change with time. The iCRPs recorded for
the same wheat over a number of years and at different locations allows new
grain hardness questions, which arise in subsequent scientific and technological
deliberations, to be tested on historic wheats.
What is already known [5, 6] is that the RPPs change when the circumstances
with respect to the grain (e.g. wheat) change such as for different varieties in
the same environment (the genotype effect) and for different environments for
the same wheat (the environmental effect).
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In part, the focus for the talk is an assessment of the extent to which grain
hardness can be used to monitor environmental change.
The underlying rationale on which this assessment is based includes:
(a) Various publications [1, 5, 6] have established that the RPP’s are quite
sensitive to genotype, with the protein and starch compositions defining
indirectly the genotype.
(b) The environment, in which the grain is grown, affects the composition and
relative proportions of the various protein groups (e.g. gliadin to glutenin
ratio) and starch granule types within the grains [2, 4, 10].
(c) The RPPs correspond to indirect measurements of the protein and starch
composition of the botanical layers that form wheat grains as well as other
properties such as milling performance [1, 5, 6].
(d) Consequently, the RPPs can be used to characterize how different environments affect grain structure, and, thereby, how observed changes in
the RPPs of different grains have been affected by the environment.
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How should grain hardness be determined?

How grain hardness is measured is important. For example, Surma et al. [9]
conclude that grain hardness is independent of environment which contradicts
the comments in various papers [2, 4, 10].
This is a consequence of Surma et al. using the SKCS hardnes index (HI) to
measure grain hardness which is known to be a highly problematic procedure,
as explained in Anderssen and Haraszi [1], which can, due to the way that HI
is calculated, even generate negative meaningless values.
In addition to the results presented in [5], which support the need for an improved grain hardness measure, such as their rheological hardness index (RHI),
the problematic nature of HI also represents motivation for having a more clearly
defined measure of grain hardness which relates to the rheological response of
grains to their compression on an SKCS4100 device. The end-use properties of
wheat flours are strongly influenced by grain hardness, such as biscuit texture
[8] and bread volume.
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Measuring grain hardness using the SKCS4100 device.

Using a Perten Instrument’s SKCS 4100 device, one can measure for individual cereal grains (such as wheat) the force with which the grains resist their
compressive crushing as a function of time. The resulting profiles are called
individual crush response profiles (iCRPs). The huge variability in the iCRPs
is illustrated in Figure 1.
As explained by Osborne and Anderssen [7], Anderssen and Haraszi [1] and
others, if a suitably large number of iCRPs are averaged, the resulting averaged
CRP (aCRP) yields a rheological encapsulation of the strength and fragmentaion of the internal botanical layers in the grains being crushed, as shown in
2
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Figure 1: iCRPs for some representative durum wheats

Figure 2: aCRPs for representative soft, hard and durum wheats, where these
aCRPs have been obtained by averaging more than 1000 iCRPs.
Figure 2. In particular, from a cereal science perspective, the aCRPs represent
independent rheological validation that the internal botanical layers in different
wheat varieties behave in quite different ways and therefore can be viewed as
indirect measurements of the differences in terms of their internal molecular
structures.
The key features in the aCRPs can be summarized as the rheological phenotype phases (RPPs) as explained and illustrated in Haraszi et al. [5, 6]. Their
importance relates to the fact that they yield a simple and quantitative basis
for comparing the response to their crushing of different wheat varieties which
in turn can be related to milling performance [6].
The successive steps starting with the measurement of the iCRPs, followed
by the averaging of a suitably large number to generate the aCRPs and finishing
with the cataloging of the RPPs can be viewed as a hierarchical “bagging and
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boosting” process where the weak images of the current stage generate the strong
images of the next stage.
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