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1. Introduction

This report covers the new version of the milling index model developed on
data acquired from analyses performed on maize cultivar trials over three
seasons. These trials included a range of hardness levels. Samples were
supplied by the ARC - GCI and by commercial seed breeders for inclusion in
the statistical modelling. Spectral calibrations of two and three seasons’
combined data are shown followed by their first validations for use with near
infrared transmission (NIT) spectroscopy. All the models were developed on
FOSS Infratec 1241 units. Two different FOSS units/models were compared
to establish the possibility of combining spectral data from more than one
instrument into a single model. Direct transfer of calibration models between
instruments are much easier to implement in industry if no significant
measurable differences in raw spectra exist between instruments. If spectra
between different instruments do not vary, it gives an indication of instrument
robustness and technological soundness, essential for large-scale quality
control applications in industry.

Calibrations were done between NIT spectra and various Roff Milling
parameters including the ARC Roff milling formula. From these, the best
solution was selected based on multivariate regression (Partial Least Square
Regression). The samples used for the model were all pure cultivar samples
and initial validation was conducted using pure cultivars. The testing of mixed
samples was not part of this project.

For the purpose of this report, the data is named as:

Year 1: season 1(2009/10)
Year 2: season 2(2011/12)
Year 3: season 3(2012/13)

Samples from the 2010/11 season were excluded because it was stored under
refrigerated conditions for an extended period of time which could have
influenced milling properties (described in this report).For further detailed
technical background descriptions and literature summaries please refer to the
year 1, year 2 and year 3 progress reports available from the Maize Trust.
Only relevant extracts are included in this report which is the final report
describing the first calibration. SAGL can be contacted directly for an
electronic copy of this and previous reports.

2. Description of the Milling Index test and infrared calibration systems:

2.1 Roff Milling as a predictor of milling performance
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A well-maintained Roff mill is in use at SAGL. Detailed maintenance
procedures have been included in the previous reports. The same
methodologies for the experiments were applied for all three seasons.

2.2 Evaluation of the Model and data needed for determining Milling Index

The Milling Index model for calibration, developed by the ARC - GCI, is
calculated based on the positive and negative traits in terms of product stream
yield determined by Roff Milling. Although the Index basically adds the weight
fractions of the positives (vield of a specific grade of meal) and subtracts the
weight fractions of the negatives (yield of bran and fine flour), the formula is
complicated because of the inclusion of statistical constants. The purpose of
these constants might have been to increase sensitivity of the NIT calibration
by mathematical means. Unfortunately, no evidence could be found
describing the methodology for the development of these constants and with
the Maize Trust's support it was decided to remodel the entire calibration and
develop new constants. At the same time the focus was to develop a
simplified Miling Index (MI) formula that will be easy to understand and
implement without the need for unnecessary mathematical adjustments that
may risk making the calibration artificial. In this report the “old” Milling Index
model which is the complex one still loaded on all NIT FOSS units used in the
industry will be referred to as the ARC model or MIO (Milling Index Old).
Experimental new models each have a different code and are described
individually in this report while the new simplified milling index model wilt be
referred to as NMI (New Milling index) or the SAGL modei.

For ease of reference, the ARC model is described below:

2.2.1 The summarised version:

Milling Index = (Sum of positive traits) - (Sum of negative traits) + 100.

The addition of the 100 at the end is to linearly transpose the data to a larger number
as the differences between the traits often give a smail number which is difficuit to
work with and interpret. The model is calculated on a dry base.

Positive traits from the Roff Milling Negative traits from the Roff Milling
Break 2 meal (B2) Break 1 meal (B1)

Break 3 meal (B3) Bran and Germ (combined fractions)
Break 3 grit
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2.3 NIT calibration (Near Infra-Red Transmittance) for whole kernels

Near infrared (NIR) spectroscopy is a spectroscopic technique that utilizes the
part of the electromagnetic spectrum between the visible and infrared regions
between 700 and 2500 nm. The technique is based on the measurement of
bond vibrations between the atoms of organic molecules consisting mainly of
C-H, C=0, O-H and N-H. NIR spectroscopy can be utilised using different
modes of detection such as Near Infrared Transmittance (NIT) and Near
Infrared Reflectance (NIR). With NIT the detector is positioned behind the
sample. Light passes through the sample and then hits the detector as
illustrated in Figure 1. This mode of measurement uses the lower range of the
NIR frequency that is higher in energy and allows for deeper sample
penetration, making it suitabie for bulk analyses of whole grains.

The frequency and intensity of the absorption bands can be related to
macromolecules having the functional groups mentioned. Proteins, for
example often have many —-SH groups in combination with —NH groups.
These unique spectra can then be correlated with a reference method such as
endosperm yield during milling or wet chemistry i.e. Kjeldahl nitrogen content.
For this project, spectra were collected between 85C to 1048 nm at 2 nm
intervals.

The difference between NIR and NIT is illustrated in Figures 1 and 2.

b ——  —
—_— —_—
rays rays
Infra-red source Sample Detector

Figure 1.  Transmittance — near infrared light going THROUGH sample

[ D
rays

Infra-red source rays Sample
4

{F v

———1

Detector

Figure 2. Reflectance ~ near infrared light reflected FROM sample
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NIT is the preferred technique because of the better penetration depth and
simpler spectra, suitable for whole grain analysis. The higher level of
background noise associated with NIT spectra necessitate the use of large
data sets for calibration models, often thousands of samples are needed to
refine a calibration set. Calibration sets can, however, be improved by adding
additional data to the existing calibration on a continuous basis, therefore
model development will always be a continuous process. Powerful statistical
packages such as The Unscrambler, Statistica and others are used to do
Principal Component Analysis followed by PLS Regression to develop these
linear calibration models. Most instruments (for example the FOSS Infratec)
have equipment-specific software for the building and development of
calibration models. Models can be transferred between instruments providing
that prescribed procedures are being followed to allow for model validation
and standardisation.

2.4  Moisture measurements of Roff fractions

For the new calibration, the moisture measurements of the Roff milling
fractions were done on primary AACC oven methods. Every 20t sample was
measured using the primary oven method. The various milling indexes were
all calibrated on a 14% moisture base except for the ARC index (MIO) which
was traditionally calibrated o @ 0% moisture base. The ARC 0% calibration
method was used as the reference system.

2.5  Current Industry use of Milling Index
The Maize Grading course (Ybema, 2013) describes the Milling Index (MI) as:

“The Milling Index is viewed as the most important factor in good milling
quality. Milling index values vary between 60 (lowest end of the scale) and
130 (highest end of the scale) units.”

In the grading environment white maize with a milling index of 96 and higher
and yellow maize with a milling index of 90 or higher are seen as “Good
Milling Quality” maize. To calculate the “Good Milling Quality” factor using the
‘Good Milling Quality formula”, the MI is given a weight of 50% (higher MI
better), defective kernels a weight of 25% (lower % defective better) and
maize kemels above 8mm round hole sieve a weight of 25% (higher % above
8 mm sieve better). Maize with a factor of 85% or higher is considered to be
of good milling quality. Refer to the course manual of the Maize Grading
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course (Ybema, 2013) for more detail.

This report only deals with the MI calibration done on NIT which represents
50% of the Good Milling Quality formula. Although the Milling Quality does
not dictate that a premium price be paid to a farmer, the Silo Industry often
uses the formula to measure milling quality of maize at intake, since millers
prefer maize with a higher milling yield.

Although the grading course refers to Milling Index values between 60 and
130, values outside of this range were found in this study. Therefore these
values cannot be seen as a fixed range.

3. Methods
3.7 Equipment servicing for year 3 work and background data summaries

Roff Industries serviced the SAGL mill and made the following adiustments:
* Mills were firmly secured and tightened to reduce vibration
* Mill levelling were adjusted for even flow of flour across sieves
» Sieves and vibration plates inspected and replaced where necessary
¢ All fan belts replaced/checked
¢ Roller distances and grooves tested and adjusted

Resuits of regular tests on all rolling parts’ RPM and a control sample’s
fraction yields are plotted on control charts. Any deviations on the control
chart are addressed before any tests are performed on samples.

3.2  First NIT calibration model

“The Unscrambler”, a chemometric and multivariate data analysis software
package, suitable for model development of raw NIT spectra irrespective of
the mode of data collection or the instrument used was procured. This
software can also be used in future calibration development projects using
both NIT and NIR spectra. Dr. Paul Williams assisted with the selection of the
best software package to be tested and implemented at SAGL.

Chemometric software packages are extremely powerful, capable of
processing thousands of data points and do complex mathematical modelling.
it is a requirement that the packages are compatible with more commonly
understood spread sheet programs such as Excel. Since seamless
conversions of datasheets are necessary. Transfer between Excel, The

SAGL FINAL REPORT — CALIBRATION MODEL FOR MAIZE MILLING - 9 JUNE 2014 Page 9 of 35



Unscrambler and the NIT spectral data is achieved using Odin (for spectral
files) and Statistica (for Excel/Unscrambler conversions). These software
packages have all been purchased and are licensed to the SAGL. One license
for The Unscrambler, four licenses for Statistica and the unrestricted Odin
license.

The first calibration models were tested on spectra collected from one FOSS
Infratec (a newer model) and correlated with two years of Roff Milling data.
The ARC Milling Index model was used as a reference and four new milling
index formulae were compared in terms of model fitting. These were:

¢ MIO -ARC Milling Index calculated on a dry base (sum of B2 and B3
minus sum of B1and bran) + 100
* MIA — ARC Milling Index similar to MIO but adjusted to a 14% moisture

basis
e GYA — Grit Yield All, 14% moisture basis, sum of B2, B3 and Grit
(mass %)

o TEA — Total Extraction All, 14% moisture basis. It includes all fractions
except bran and germ

¢ NMS — New Miling System, same as MIO but without the ARC
constants and adjusted linearly for scale. Similar to MIO and MIA it
excludes the Grit fraction.

GYA was calculated as the sum of the mass% of Break 2 meal, the mass% of
Break 3 meal and the mass% of coarse Grits (also from Break 3) at a 14%
moisture basis. Please note that although the term GYA stands for “Grit Yield
All" it includes Break 2 and Break 3 meals, which are essentially very fine hard
endosperm fractions similar to super and special maize meal in granulation
except for slightly higher bran and fat levels than the commercial products.

TEA was calculated as 100 minus the % of bran and germ on a 14% moisture
base.

GYA and TEA values are expressed as a mass% while MIO, MIA and NMS
are dimensionless index numbers. For detail on these calculations the SAGL
can be contacted directly.

In addition, the models were also tested using raw spectra data as well as

mathematically treated spectral data. The mathematical treatments “SNV”
and “Savgol” were used (refer to 3.4 for more detail).
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3.3  Second NIT calibration model with refinement

The second model was done using spectral data collected over three years
based on the selection of the best fit obtained in the first model described in
section 3.2. An additional model, namely NMI (New Milling Index) which uses
the GYA model and the germ and Break 1 fractions to give one representative
index value was tested. The model development is described in section 4.3.2
and followed logically from the first model.

3.4  Multivariate modeliing

Partial least squares (PLS) regression models were calculated for all the
milling parameters using no pre-processing, standard normal variate (SNV)
and Savitzky-Golay (SavGol) derivatives. The mathematical data treatments
were applied to remove effects of light scattering, due to particle size
differences, and to eliminate baseline inconsistencies. The models were then
compared to each other to determine if data pre-treatment had meaningfu!
effects on the calibration results. In addition, PLS models for each milling
parameter were analysed to establish which one was best described and
modeled.

3.5 Milling Index determinations (Roff and NIT)

Milling Index determinations were carried out according to the SAGL Roff in-
house milling index test. Please refer to the previous reports for details.

3.6 Additional tests o evaluate errors in data

In order to test the efficiency of the NIT calibration the following comparative
tests were done on all samples:

° Testing the same samples on the same instrument before and after a six
month storage period (completed in year 2)

° Testing the same samples on two FOSS Infratec instruments at the
same time (old and new model), in order to test spectra robustness and
the possibility of transferring models between different instruments

. Comparing correlations of these same samples with the Roff Ml
reference method

. Comparing histogram patterns of the various tests to identify possible
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sources of variation

Work on explaining and quantifying sources of analytical error in order to
increase model robustness is in progress on the 2013/2014 season’s
samples.

4, Results

4.1  Roff Milling and NIT Correlations background data

Before any new calibrations could be developed, the ARC model had to be
tested. These background tests are shown in Figures 3, 4, 5 and 6.

Scatierplot of Roff Ml three years against Old Foss NIT total
Infratec comparisons for three years correct dataset for report 4#*848c
Roff MI three years = -3.5572+0.8841*x; 0.95 Conf.Int.
140

Old Foss NIT total:Roff MI three years: y = -3.5572 + 0.8041*x . *
r = 0.6877, p = 0.0000; r* = 0.4729 -

120 t

Y
o
o

Roff Ml three years
e
<)

(=]
o

50 60 70 80 Q0 100 110 120 130 140
Old Foss NIT total

Figure 3: The correlation between ARC NIT Milling Index (MI) and Roff Ml for
three seasons on the old FOSS Infratec. N=774

With an R2 of only 0.4729, using three seasons’ data (Figure 3), it is clear that
the correlation between the NIT measurements and the ARC Roff Milling
Index can be improved. However, this does not imply that the Roff Milling itself
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is problematic, rather that the ARC complex Milling Index formula may induce
artificial errors in a poor NIT model. After evaluating this and the data shown
in Figures 4, 5 and 6, a direct correlation between various milling parameters
as obtained from the Roff mill and the raw NIT spectra was done. The slope
of the graph in Figure 3 and the relatively narrow 95% confidence intervals
suggested that a new calibration may solve the poor fit problem of the existing

model.
Scatterplot of Roff Ml two years against New Foss NIT total
Infratec comparisens for three years correct dataset for report 4v*848c
Roff Ml two years = 4.2578+0.8728"x; 0.95 Conf.Int
160 .
140
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L = ":. ’:‘
» 120 . R Rl
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60— .
New Foss NIT total:Roff Ml two years: y = 4.2578 + 0.8728"c r = 0.6496, p = 0.0000;
r? = 0.4219
40 : - : : : : .
60 70 80 90 100 110 120 130 140

New Foss NIT total

Figure 4: The correlation between NIT Milling Index (M!) and Roff Ml as
calculated by the ARC method for two seasons on the new FOSS Infratec.

N=556.

The poor fit of the model in Figure 3 was confirmed when it was repeated on
another FOSS Infratec unit, with an R%f only 0.4219 (Figure 4). This dataset
was smaller than the dataset for the old FOSS.
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Figure 5: The effect of storage time and machine model on the distribution of
NIT measured milling index (M) values as compared to the reference Roff M.

In Figure 5 the purple/pink shows the distribution of the Roff Ml values for
season 1 and season 2. The blue and green show the same samples (MI)
measured on the older FOSS Infratec unit, after a six month storage period.
The orange shows the same samples (Ml) measured on a new FOSS Infratec
unit at the same time the blue samples were scanned. The difference in
values between the blue (FOSS Old 2013) and orange (FOSS New 2013)
shows the variability between the two Infratec models. The same calibration
was loaded on both instruments and the samples were measured on the
same day therefore no storage effect is expected.

The effect of storage is shown when comparing the green (FOSS Old 2012)
and Blue (FOSS Old 2013). This confirms the trend detected in the first year
of the project, namely that storage of samples causes the maize
measurements on the NIT to produce lower Ml vaiues. Because the samples
are of a biological nature, the chemical constituents change during storage,
probably due to small changes and migration of moisture, affecting the
transmission of the NIT radiation.
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Old Foss NIT total = 770*10*normal(x, 107.6261, 10.3879) ~.| Old Foss NIT total

Roff Ml three years = 770*10*normal(x, 92.676, 13.5071) 8 Roff Ml three years

Roff Ml two years = 578*10*normal(x, 98.5544, 11.8797) M Roff Ml two years

New Foss NIT total = 577*10*normal(x, 108.0584, 8.8414) I New Foss NIT total
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Figure 6: Normal distributions of NIT Ml and Roff MI data for the complete

project, three years for the old NIT machine and two years for the new NIT

machine.

In Figure 6 the average NIT MI measurements of the two FOSS units (purple
and pink) are almost identical, but the trend is less so for their corresponding
Roff MI reference values (green and red). The difference between the
averages of the two sets of Roff Ml measurements cannot be seen as
significant unless more work is done. It did show, however, that the NIT Ml
consistently measures higher than the Roff Ml values.
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4.2 Milling Index by NIT: Calibration Development and Testing, first model

4.2.1 New Instrument data and mathematics treatment selection tests

Figure 7shows the raw spectra (as taken from the instrument) of samples for
two seasons (Year 2 and 3) on the new instrument.

Figure 7:  Unprocessed spectra as taken from instrument. The differences in
the baseline and gaps between individual spectra are caused by light

scattering.

Spectra on top are from soft maize and spectra at the bottom are from hard
maize. The spread indicates a dataset with potential for regression modeling.

In Table 1 the results of the first regression models using the spectra from
years 2 and 3 and the milling index models (MIO, MIA, GYA, TEA, NMS) are
shown. The objective is to find the models with the highest R-square and the
lowest Root Mean Square Error of Cross Validation (RMSECV). Dramatic
improvement of the R-square can be seen for GYA (highlighted in bold).

SAGL FINAL REPORT — CALIBRATION MODEL FOR MAIZE MILLING — 9 JUNE 2014 Page 16 of 35



Table 1. PLS calibration results for the various milling parameters with and
without data pre-processing (SNV and SavGol, see 3.4 for description).
Graphical illustrations of the results and mathematical treatments are shown

in Appendix A.

MILLING PARAMETER MAT:::::;:::'TPRE' R? RMSECV
MIO None 0.59 7.33
MIA None 0.62 8.26
GYA None 0.1 1.49
TEA None 0.53 1.42
NMS None 0.57 8.46
MIO SNV 0.59 7.33
MIA SNV 0.62 8.25
GYA SNV 0.70 1.52
TEA SNV 0.49 1.46
NMS SNV 0.57 8.46
MIO SavGol 0.58 7.44
MIA SavGol 0.61 8.28
GYA SavGol 0.69 1.55
TEA SavGol 0.55 1.38
NMS SavGol 0.57 8.48

The SNV and SavGol data treatments did not have meaningful effects on the
R2 nor the RMSECV. This probably means that the effects of particle size on
light scattering did not negatively impact the models. Particle size in this
context means the size of the whole maize kemels. Visible variations in
maize kernel size were observed between samples and the fact that kemnel
size can possibly be ignored in this context is positive for practical
implementation. However, this will be tested again on the 2013/2014 season
samples to confirm whether maize kernel size measurements should be
excluded from the new calibration. Also, the effect of kernel size on Roff
milling data (fraction yield) has not been quantified and is currently being
investigated in another project.

The GYA milling parameter had the best R2 and RMSECV without any data
treatment. For all the data pre-treatments and all the milling parameters
evaluated, GYA always performed best with the highest R2 and lowest error.
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These were evaluated simultaneously to select a model with the best fit and
lowest error.

All the models were validated using cross-validation testing the data on itself.
This technique works by removing blocks of the data while calculating the
model, and then inserting the blocks to test the model (all done within The
Unscrambler software). This process is repeated until all the samples have
been modeled and tested. Although a useful technique for initial model
testing, the next step is to validate the model with a set of data that was not
used during calibration. This will be done on the 2013/2014 season's project
on error quantification.

4.2.2 Comparing instrument spectra

In order to test whether a calibration model developed on one instrument can
be transferred to another, spectral data from two instruments (an old and a
new FOSS Infratec model) using maize data from two seasons were
compared. Figure 8 illustrates the average spectra from the old and new
machines. It clearly shows that spectral differences are negligible and that
spectra from two different instruments on different samples can be combined
in order to increase the size of a dataset for model development. This will
simplify the transfer of models between instruments in the industry. In Figure 9
a combined dataset is illustrated, one season on an old instrument and two
subsequent seasons done on a new instrument, resulting in data for three
seasons combined.
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Figure 8. The average spectra of maize from two seasons compared between

two FOSS Infratec NIT units.

Figure 9. Combined spectral dataset for three seasons acquired from two

instruments, showing a wide spread desirable for a good calibration.
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4.3 Second NIT model and refinement

4.3.1_Adjusted models using all data from combined instruments, three seasons,

comparing ARC model (MIO) with GYA (preferred selection from Table below)

Table 2: Results of calibrations with three season’s data

MIO 0.71

26.78 7.39 0.71
MEA 0.72 26.05 8.34 0.72
GYA 0.80 13.48 1.53 0.80
TEA 0.54 36.80 1.36 0.53
NMS 0.70 27.50 8.50 0.70

The graphical illustrations of the MIO and GYA calibrations are shown in Figures 10
and 11. The rest of the graphs are shown in Appendix B.

Predicted vs. Referance

125
120 Slope Offset RMSE R-Square hé}//
1151 0.7159675 26.59343f 7.2739549 0.7159675 e $

{ 0.7137614 26 78016\ 7.3938994 0.7066033|¢ 3%

-y
e
(=]

Predicted Y (MIO, Fagtor-11)
8

30 40 S0 60 70 80 90 100 110 120 130 140
Reference Y (MIO, Factor-11)

Figure 10. Milling Index Old (MIO), which is the ARC Milling Index calibrated
against three seasons’ spectral data on the NIT. Note R-squares of around 0.7.
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Predicted vs. Reference
76 4 — e —
74 | Slope Offsey RMSE R-Square o2
0.8045657 13.3128f9 15030081 0.8045649 P e 3 .
72
T 70 -
g
& 68 -
-
5.
N
362-
g
860
& g ]
(]
56 | /
52 84 56 58 60 62 64 66 68 70 72 74 76 78
Reference Y {GYA, Factor-11)

Figure 11. Grit Yield All (GYA) which is the sum of the B2, B3 and Grit
fractions determined on the SAGL Roff Mill and calculated as a yield % (14%
moisture basis) calibrated against the spectral data on the NIT. Note the
significant improvement in the r-square.

The slopes of the predicted and reference sets in the figures above are not
the same indicating that differences between predicted and true
measurements will be larger for very high and very low values. This is
partially due to a lack of sufficient samples at the extremes of the dataset i.e.
very hard or very soft samples. This distribution problem is illustrated in
Figure 14. Due to the small error (RMSE) of less than 1.5% for all GYA
models, it was decided to focus on the GYA for further calibration
improvements as the basis of the new milling index model described in
section 4.3.2.

4.3.2 Effect of Roff fractions on calibration sensitivity

Although GYA gave the best calibration model (Figure 11), it only includes the
B2, B3 and Grit fractions (Mass %) from the Roff Milling system. In order to
have a better representative Milling Index, a new Milling Index (NMI) was
defined by adding the bran and B1 (fines) fractions to the developed GYA
model and calculate the difference between “good” products and “bad”
products as a mass % index.
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The Index scale was then adjusted to give a new Milling Index (NMI or “New
Milling Index”) corresponding to the old Milling Index value range (see section
2.5 for explanation of how Milling index values are currently applied in the
South African Silo and Milling Industries).

The NMI was also tested in a calibration model and compared to the GYA
model. The results of the NMI model are shown in Figure 14 compared to the
GYA model in Figure 12. Note the green circled statistical parameters
showing no change in the correlation fitting (R-Square) but an increase in the
error (RMSE) when the bran and fines (B1) fractions are included in the
formula. These results therefore show that the break 2, break 3 and grits
fractions of the maize during Roff milling are the main predictors of the NIT
spectral shifts while the bran and fines (B1) fractions add to the error. This is
to be expected since the milling process becomes less efficient with the finer
fractions. It may be possible to improve this by using a milling system with a
higher sensitivity and separating ability than the Roff system, but will have
cost implications (equipment to be imported). It is not known yet whether this
RMSE error on the NMI formula poses a problem within the larger application
of product classification in the silo and milling industries, and will be
investigated further in collaboration with the NIT equipment suppliers. The
alternative would be to only use the GYA formula that excludes the bran and
fines fractions but that may not be representative enough of milling index as a
whole.

76 1 T — .

Stope Offset RMSE R-Square
1 0.8024049 13468935 /1 4866093 0.8024054

2

‘ Predicted vs. Reference

]
L5

-
(=]

3 8

2

Predicted Y (GYA. Fantor-10})
2

¢ % 8 3

e

-----

Reference Y (GYA, Factor-10)

Figure 12.  Grit Yield All (GYA) on three years data, old FOSS Infratec, N=690

SAGL FINAL REPORT — CALIBRATION MODEL FOR MAIZE MILLING — 9 JUNE 2014 Page 22 of 35




Predicted vs. Reference
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Figure 13. New Milling Index (NMI) on three years data, old FOSS Infratec, N-
690

The proposed formula for NMI (New Milling Index) based on the above project
results are:

{(Break 2(%) + Break 3(%) + Grits(%))— (Break 1(%) + Bran(%))} *
2,79

Where:
Blue = positive traits
Red = negative traits
Black = constant

The constant shown here is needed in order to adjust the Milling index (M)
scale to match the existing MI scale of the old formula. This is to ensure
consistency between the old and the new NIT calibrations as implemented in
the industry. The regression constant will be incorporated into the NIT
calibration hence no adjustments will be required by the end-user. It will be
refined during the calibration validation experiments to be conducted on
2013/2014 season samples.
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Since the NIR region is dominated by water peaks, all fraction yields were
expressed on a 14% moisture basis to negate moisture as a source of
variation. The old calibrations done on a dry base do not reflect the
commercial environment. However, this dataset is the raw data, as is, and has
not been cleaned up to optimise the calibration (see Figure 14for a graphical
illustration of “squaring” of the data). More data at the extremes is required
(thus very hard and very soft maize) to reduce the error and to stabilise the
regression slope, which will be addressed in the 2013/14 season. Statistical
selection of values to fall within a square is also possible and will be explored
with the NIT specialists. It is believed that correlations of up to 90% can be
achieved using either the GYA or the NMI milling index formulae.

Typical data histogram:

130 7 "‘"}

Current data distribution I \

£
H ;

Ideal data distribution should

‘ L be in a square or rectangle
| |

10 k 2
e [
52 54 56 58 BO 62 [} 68 58 10 T2 74 76 £ ) 0 -4

Figure 14.Current data distribution histogram showing data for the GYA
parameter for two years.

Figure 14 clearly shows that our current sample set has a normal distribution
which is expected. However, for accurate NIT calibration purposes, the
dataset will have to be selected as a subset in a square as indicated on the
graph. That is to ensure that the error of the regression slope is minimised
otherwise readings of MI on the NIT will only be accurate in a range within the
average M| samples and not at the extremes.
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4.3.3 Relationships between fractions: study case for crop quality data over eleven

seasons (PCA}

4.3.3.1 Background

What is PCA (Principal Component Analysis)

* Principal component analysis (PCA) is the workhorse of
multivariate data analysis

» Suited for large data sets with many samples and variables

* It decomposes large data sets into smaller principal components

* Visual interpretation of plots possible

* Allows for an immediate overview of cormrelations between samples
and variables

4.3.3.2 Results

Loading plot: The loading plot is given in Figure 15.

In order to understand Figure 15, the following statements are
applicable in a PCA loading piot:

* Variables lying close together are highly correlated

= Variables lying far apart are different/not correlated

« Variables in opposite quadrants are negatively correlated

» Variables close to the origin have little to no influence on the model.
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Figure 15. Loading Plot of the Principal Component Analysis (PCA) of white
maize Roff Milling and quality characteristics over eleven seasons.

4.3.3.3 Possible link with the Milling Index formula

The PCA was calculated on a large dataset spanning over eleven
seasons, giving more than 5000 measurements. This has allowed
sufficient sensitivity to test the assumption that certain Roff Milling
fractions are seen as positive traits and others as negative traits in the
Milling Index formula. The original allocation of positive and negative
traits was taken from the ARC model (described in section 2.2.2). In
the ARC model and also our new mode!, the Break 2 (B2) fraction of
the Roff Milling was interpreted as a “Positive” trait, adding to the yield
of good quality hard endosperm products. Therefore in the PCA
analyses it was expected to be highly correlated to the B3 and Grits
fractions or at least to be on the same side of the loading plot.
However, it seems to be better correlated to the Bran and B1 fractions,
which are on the opposite side of the loading plot. it may well be that
the B2 fraction (see red tinted circled area on the plot) has a mixed
effect or a negative effect, which then partly explains why there were
difficulties in the past with the NIT calibration in terms of repeatability.
This further indicates that B2 is not a clean fraction, i.e. it contains a
mix of hard and soft endosperm and possibly some bran particles too.
This observation will be investigated further during the work planned for
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the 2013/14 season’s samples. Detailed statistical analyses need to be
done. The results can be used to refine the MI formula further for a
better R-square.

5. Conclusion

Promising resuits for the first new calibration for Ml on the NIT were obtained
using the GYA and NMI miling performance indicators as the variable
reference data. These were found to be a significant improvement to the ARC
formula, with the R-square now at 0.8 or higher. Additional calibrations are
being developed which may improve the R? further. Once these sets have
been validated, the new model will be transferred to the FOSSNIT unit.

One of the current challenges is the narrow range of Ml values and Roff yields
which may result in lower R2. This can be improved by collecting maize
samples at the extremes and to square the data for improvement of the
model.
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