
Welcome to the sixth edition of 
Perten Science World. As Perten 
Instruments’ 50th anniversary year 
draws to a close, it is a perfect op-
portunity to refl ect on the contri-

bution of R&D.

Since 1962, researchers at Perten Instruments, co-
operating with researchers all over the world, have 
helped make businesses successful by designing new 
and improved analytical methods and instruments 
for the grain, fl our, food and feed industries.

Thanks to these skilled scientists and engineers real 
problems are solved. They conceive novel and use-
ful ideas and then demonstrate that the ideas work. 
Their creativity leads to improvements that make life 
better and businesses more effective. It is this spirit 
that has made Perten Instruments successful.

Harald Perten began Perten Instruments on a foun-
dation of innovation. The proud tradition continues, 
with an R&D network that spans three continents 
and Applications Development teams in Sweden, 
Germany, China, Australia, and the USA.

In this publication we look at innovative methods, 
product ideas and applications from researchers at 
Perten Instruments as well as other organizations. I 
hope you enjoy reading this issue of Perten Science 
World.

Patrik Hedeklint

SPECIALISTS IN QUALITY CONTROL OF GRAIN, FLOUR, FOOD AND FEED

www.perten.com
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Vale Dr C.E. Walker 1936–2012: 
Remembering his contribution to the RVA 

Dr Charles (Chuck) Walker was in many ways in-
strumental to the success of the RVA through his 
realization that it could be used for pasting as well as 
sprouting tests, and his tireless promotion of it while 
teaching and working at Kansas State University.

Since 1987, Chuck maintained a busy research, te-
aching, graduate student advising, publishing, trave-
ling, and consulting program. Specializing in baking 
technology at the Department of Grain Science & 
Industry at Kansas State University, he published 
more than 100 technical papers and was very invol-
ved in applied rheology of flour products.
 

Introduction
Chuck’s research and consulting travels took him to 
more than a dozen countries, including many exten-
ded trips to Australia. The first was a five-month stay 
commencing in January 1987, when an early batch 
of RVAs was being tested at the CSIRO Wheat Re-
search Laboratory near Sydney, NSW. He described 
being quite excited when he first saw the RVA, and 
convinced Dr Colin Wrigley of the CSIRO to let him 
work on the project: he wanted to see if the instru-
ment could be modified to prepare pasting curves. He 
asked the engineer working on the project, Rodney 
Booth, to add cooling to the instrument, and started 
work on a 12-minute starch pasting procedure. Chuck 
took the modified RVA back to his laboratory that 
year and it was used to study the effect of sugars and 
emulsifiers on starch for cake batters. 

On 8 June 1988 Chuck presented ‘The Australian 
built Rapid Visco-Analyzer and its modification for 
starch pasting analysis’ at the Cereal Chemistry Meet-
ing, Detmold, Germany.(1) He described additional 
applications for the RVA: QC on the production line 
for batter and breading, incoming flour and finished 
product, masa for tortillas, hardness of maize for dry 
milling and snack manufacture, studies of the effect of 
calcium ions and pH on pectin gel strength, different 
sources of starch and normal, waxy and high amylose 
mutants, the effect on starch cooking characteristics of 

A R T I C L E S

cross-linking, substitution and hydrolysis, the effect of 
pH, sugars, emulsifiers and enzyme systems, and the 
cooking of commercial products such as puddings and 
pie fillings.

Also in 1988, ‘Accelerated starch-paste characteri-
sation with the Rapid Visco-Analyzer’ was published 
in Cereal Foods World.(2) In the introduction the au-
thors concluded: ‘We hope this brief report will spark 
additional work in the area of rapid pasting analysis.’

Chuck recognized that the ruggedness and fool-
proof operation of the RVA made it ideal for student 
experiments in carbohydrate and cereal technology, 
experimental foods and food chemistry, and in 1989, 
with Lynn Deffenbaugh, he developed a student lab-
oratory manual of 14 RVA experiments.(3)

The first international presentation to provide a 
forum for workers using the RVA was a symposium 
at AACCI, ‘Application of the Rapid Visco Analyser’, 
sponsored by Rodney Booth and Newport Scientific. 

From the left: Dr Charles Walker and Rodney Booth (PIAU).
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The symposium was coordinated by Chuck Walker, 
Janet Hazelton and Tony Blakeney and the proceed-
ings were published by Newport Scientific and edited 
by Chuck Walker and Janet Hazelton in 1996.

We remember his contribution to the RVA, but 
most of all we remember him as a gentle, good-hu-
mored and enthusiastic scientist — a good friend. 

For those interested in the history of the RVA:
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Changes in starch molecular structure 
during pasting
J. Doutch1, E.P. Gilbert1 and M.L. Bason2

1Bragg Institute, Australian Nuclear Science and Technology Organ-
isation, Locked Bag 2001, Kirrawee DC NSW 2232, Australia
2Perten Instruments Australia, PO Box 70, North Ryde BC, NSW 
1670, Australia

Starch pasting rheology plays a critical role in de-
termining the processing and end-use properties of 
many foods and industrial products like paper and 
biofuels. However the corresponding changes in 
starch structure at the nanometre scale are not well 
understood. Small-angle neutron scattering (SANS) 
is well suited for studying the structure of polymer 
systems like starch at this scale (Figure 1a) becau-
se of its high penetration through dense media or 
sample environments, limited radiation damage and 
real time analysis during modification. Rapid visco 
analysis is a well-established technique for studying 
starch pasting properties (Figure 1b). In this study we 
report results of simultaneous SANS and RVA rela-
ting structural to functional changes in starch during 
cooking. 

Materials and Methods
An RVA and paddle were modified to provide a suit-
able neutron path through the sample and cooking 
chamber, and fitted to the Quokka SANS instru-
ment at ANSTO Australia (Figure 2) running at wave 
length (λ) = 5.078Å. 3.00g of six commercial starch-
es (Table 1) were each added to 47.8g of D2O and 
pasted in the RVA using the AACC method 76-21 
‘standard 1’ profile modified to start and end at 25oC. 
Neutron scattering (q = 0.018 – 0.200 Å-1) and vis-
cosity data were collected simultaneously during the 
13-minute starch pasting tests. The scattering vector 
q = (4π/λ) sin θ where 2θ is the scattering angle.

Scattering data from each test was fitted with 
power law (0–4 min.) and fractal (5–13 min.) models

where I(q) is the scattering intensity, A is the po-
wer law prefactor, δ is the power law decay, I0 is the 
height of the peak, B is the half width at half ma-
ximum and β is the background for the power law 
model; and Df is the fractal dimension, ξ is the corre-
lation length, R0 is the average radius of the building 
block particles, and P(q) is the form factor scattering 
for the fractal model (Doutch et al. 2012).

Results and Discussion
Combined SANS and viscosity data showed a 
marked shift in the q intensity spectrum before and 
after viscosity development (Figure 3a). Prior to vis-
cosity onset, the well-known lamellar scattering pat-
tern of raw starch was observed (Figure 3b) with fit-
ted power-law values around -2 and lamellar repeat 
spacing of 90–100Å.  

Subsequent pasting led to a sudden loss of lamel-
lar structure and a dramatic increase in scattering at 
low q values indicating progressive formation of a 
network of larger aggregates (Figure 3c). Modelling 
of this phase (Figure 3d) indicated network building 
blocks of ca. 1nm forming fractal structures with di-
mensions consistent with distorted chain structures 
and occupying a sample volume fraction of approx. 
4.4%. 

Potato, tapioca and waxy maize, which gave the 
highest viscosities, appeared to form more extensive 
but less complex structures (Df values nearer to 2, Ta-
ble 1). By contrast, regular cereal starches apparently 
formed more complex and polydisperse aggregates 
but smaller networks with possible phase disconti-
nuities due to granule ghosts restricting viscosity de-
velopment.

Conclusions
Simultaneous SANS/RVA indicate loss of starch 
lamellar structure with gelatinization abruptly fol-
lowed by the progressive formation of complex frac-
tal structures during starch pasting and retrograda-
tion. Significant botanic variation was evident with 
less complex but more extensive networks correlat-
ing with higher viscosity starches. 
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Time 5 6 7 8 9 10 11 12 (13)

Waxy    2.28 2.29 2.24 2.32 2.27 2.40 2.31 2.28 2.31 
Maize 2.82 2.80 2.68 2.81 2.88 2.88 2.85 2.78 2.71 
Wheat 2.78 2.81 2.73 2.69 2.86 2.90 2.76 2.78 2.79 
Potatoa* 2.11 2.15 2.15 2.12 2.18 2.19 2.21 2.21 2.26 
Tapiocaa* 2.04 2.19 2.12 2.15 2.10 2.14 2.19 2.21 2.26 
Acid 2.65 2.68 2.59 2.89 2.93 2.92 2.95 2.80 2.78 

Table 1. Fractal dimensions of starch pastes during cooking.

Figure 1. Granule structure (a) and pasting curve (b) of starch.

Reference

Doutch, J., Bason, M.L., Franceschini, F., James, K., 
Clowes, D, and Gilbert, E.P. 2012. Carbohydrate Poly-
mers 88: 1061–71.
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Figure 3. 
SANS data of waxy maize starch during RVA showing viscosity overlay (a), progressive time scans (b), 2-minute scan fitted with power-law 
model (c) and 6-minute scan fitted with fractal model (d).

Figure 2. ANSTO Quokka SANS facility showing the full beam-line instrument (a), RVA (b), detector (c), sample scatter (d) and principle of 
measurement (e).
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Global calibrations for animal feed

Background and Aim
Feed producers often manufacture various products 
with different recipes for a range of animal species. 
Traditionally, multiple product-specific NIR calibra-
tions have been used to predict the protein contents 
of the feed pellets. Although the recipes vary, there 
are similarities between the products. Thus, it would 
be possible and more practical to develop a few po-
werful global calibrations instead of a multitude of 
small local calibrations. While having a global cali-
bration simplifies the calibration management and 
maintenance, it often requires more powerful regres-
sion techniques in order to account for the additio-
nal between-product variations.

Moreover, the applications and the spectra change 
over time, for example due to sampling differences, 
instrumental aging, sample differences, different sam-
ple presentations, and different crop years. Therefore 
it is important to update and teach the calibrations to 
adapt to the new conditions. Ideally, the calibration 
update procedure should be as straightforward and 
effective as possible.

The aim of this study is to evaluate the accuracy 
and adaptability of some global calibration tech-
niques on a feed dataset with samples from around 
the world.

Materials and Methods
Samples and NIR data
Monogastric (literally ‘one stomach’) feed is inten-
ded for pigs and poultry, and ruminant feed is for 
cattle and horses. A total of 10,815 unique mono-
gastric and ruminant feed samples were collected 
from more than 40 different feed producers located 
in more than 15 countries over more than 10 ye-
ars. The data comprise NIR measurements on dif-
ferent sizes and types of pellets. The protein levels 
were determined at various local laboratories using 
different laboratory methods and reported on an ‘as 
is’ moisture basis.

The spectra of these samples were measured using 
Perten Instruments spectrometers models DA 7200 

and DA 7300. These photo diode array spectrom-
eters record the spectra in diffuse reflectance over the 
wavelength range of 950–1650 nm.

Calibration methods
Three different regression techniques were evaluated 
in this study: Partial Least Squares Regression (PLS), 
Least-Squares Support Vector Machine Regression 
(LS-SVM), and Honigs Regression (HR). PLS is 
a standard tool for NIR calibrations that is useful 
for regular linear calibration problems. LS-SVM is a 
powerful non-linear regression technique for com-
plex applications. HR is tailored to cope with bet-
ween-product variations (e.g. clusters). In HR, each 
unknown spectra is compared to and corrected with 
respect to a library of samples.

Procedure
The 10,815 sample spectra were divided into four 
separate groups: one set of ruminant feed samples 
(n = 2343) to train the initial calibrations, one set 
of monogastric feed samples to update the calibra-
tions (n = 5274), and two sets of dedicated samples 
to validate the calibrations (ruminant n = 788), and 
monogastric (n = 2410) to:

1. develop calibrations for protein in ruminant 
feed on an ‘as is’ basis using the calibration 
samples

2. update the calibrations with a few monogas-
tric samples. The PLS and LS-SVM calibra-
tions are recalculated without changing the 
number of PLS factors or the LS-SVM tun-
ing parameters. For HR, the new samples are 
added to the library, but the calibration is not 
recalculated (the regression vector is fixed)

3. estimate the performance using the validation 
samples

4. repeat points 2–3 until all monogastric update 
samples are added to the calibrations.

All calculations were made in Matlab environ-
ment using in-house code, the Statistics Toolbox, the 
LS-SVMlab Toolbox, and the PLS_Toolbox.

Peter Åberg1 & David Honigs2

1Perten Instruments, Stockholm, Sweden
2Perten Instruments, Springfield, IL, USA
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Results
The root mean square error of prediction (RMSEP) 
values for the monogastric and ruminant validati-
on samples as a function of the number of added 
monogastric samples are shown in Figure 1, and the 
performances of the final calibrations are shown in 
Figure 2.

Discussion
This study showed that compared to regular PLS 
the accuracies of LS-SVM and HR are significantly 
improved. The data also indicated that the LS-SVM 
and HR calibrations adapt better to new applications 
than PLS. In fact, the LS-SVM and the HR accura-
cies for ruminant feed are consistent, but the PLS ac-
curacy declines as more monogastric data are added. 

This occurs because of the nature of the problem. 
PLS is based on a linear regression model. Monogas-
tric and ruminant feed are really quite different from 
each other. The best line fit is going to be a compro-
mise between the best fit of the monogastric and the 
best fit of the ruminant data when using PLS. The 
other two techniques are non-linear methods. They 
each have a way of grouping the samples so that the 
best fit for the monogastric data does not interfere 
with the best fit line for the ruminant data. 

Figure 1. RMSEP of the ruminant and monogastric validation samples during the calibration update procedure. Note that the RMSEP for monogastric 
feed drops when the calibrations are updated with monogastric samples. Also note that the accuracy for ruminant feed is almost constant for LS-SVM 
and HR as the calibrations evolve whereas the RMSEP of the PLS increase.

 
With LS-SVM and HR the calibration line can 

be bent to fit both groups. The LS-SVM and HR 
predictions depend on the distance between the cali-
bration and the validation samples. The monogastric 
and ruminant samples are not entirely overlapping, 
and therefore the predictions of the ruminant vali-
dation samples are not significantly affected by the 
extra monogastric samples.

The HR adapts without recalculating the calibra-
tion, which is not the case for PLS or LS-SVM. The 
HR calibration update procedure is therefore more 
straightforward than for PLS and LS-SVM. As long 
as the spectra are representative and the laboratory 
assessments are accurate, the users can easily update 
their HR calibrations themselves by adding new 
samples to the library. 
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Figure 2. Scatter plots of the observed vs predicted protein ‘as is’ levels for ruminant feed (top) and monogastric feed (bottom) using the final PLS 
(left), LS-SVM (middle), and HR (right) calibrations. The samples with yellow marks were identified as possible outliers. Note that the accuracies 
are systematically better for LS-SVM and HR than for PLS.
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The new DA 7250 - 3rd Generation Diode 
Array Based nIR Analysis System

The DA 7250 is a new 
NIR instrument designed 
for superior analysis ac-
curacy of many product 
types, for many parame-
ters, in all types of envi-
ronments. The design in-
corporates non-moving 
optical components, in-
ternal temperature stabili-
zation, a static hard drive 
encased in an IP65 rated 
(dust proof/water resi-
stant) housing. The design 
is optimized to create ma-

ximum instrument up-time while allowing users to 
place the instrument where it‘s needed most.

The DA 7250 removes and reduces many sourc-
es of error common to other NIR instruments. It 
employs a large spot-size, even larger analysis area, 
averages many sub-samples, and uses high energy 
throughput diode array optics to ensure accurate and 
representative analysis of heterogeneous samples. The 
wavelength and absorbance scales are monitored 
and standardized automatically. Many sample types 
are analyzed using non-contact sampling - requir-
ing little or no sample prep and little or no clean-
ing – removing cross-contamination and sample cell 
errors. The instrument workflow is uncomplicated 
encouraging correct and frequent analysis by opera-
tors interested in monitoring and controlling plant 
processes. 
Large, transferable calibrations and databases cover 
many products and parameters enabling rapid imple-
mentation. Existing applications include dairy, grain 
processing, feed, flour, oilseeds, meat, snackood, pet-
food, starch, and ethanol production. Versatility co-
vers products type – grains, powders, pastes, slurries, 
liquids - as well as sample size – ranging from as little 
as a few grams to as much as 350 grams.

The DA 7250 incorporates new and updated soft-
ware features and functionality. The instruments can 

be networked and administered remotely. Connec-
tivity to 3rd party LIMS systems or processing soft-
ware is a simple process. Results are accessible any-
time from any large-screened web connected device 
via WEB reporting.

The DA 7250 provides the accuracy required to 
improve quality and control processes, the versatility 
to analyze nearly any product, the robustness to be 
placed nearly anywhere, the speed to measure any-
time, and the advanced features required by research-
ers while maintaining simplicity of routine opera-
tion.
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harald Perten Prize 

The 2012 Harald Perten Prize, announced at ICC 
Beijing, was awarded to Chinese scientists Professor 
Mr Wang Qiang and Professor Ms Hui Sun for their 
contributions to Cereal Chemistry.

Professor Mr Wang Qiang is Deputy Director of the 
Institute of Agro-Products Processing Science and 
Technology, Chinese Agricultural Academy and Sci-
ence (IAPPST-CAAS), China, and Professor Ms Hui 
Sun is from the Academy of State Administration of 
Grain (ASAG), China.

The Harald Perten Prize was established in 1990 and 
recognizes outstanding achievements in science, re-
search, teaching or transmission of knowledge which 
serves cereal science and technology. It was awarded 

this year at the 14th ICC Cereal and Bread Congress 
held in conjunction with the Chinese Cereals and Oil 
association in Beijing, China, August 6–9. 

Mark Bason Elected to ICC General 
Assembly

Mark Bason, R&D Manager at 
Perten Instruments Australia, 
will join the ICC (International 
Association for Cereal Science 
and Technology) General As-

sembly.
ICC is one of the foremost interna-

tional organisations in our field dedicated to interna-
tional cooperation, the dissemination of knowledge, 

and the improvement in safety and quality of cereal-
based foods. Founded in 1955, ICC addresses issues 
that contribute to improved food quality, food safety 
and food security for the health and wellbeing of all 
people. 
At present some 40 countries from five continents 
are represented in the ICC. Mark Bason will repre-
sent Australia, a member country of ICC since 1959.

Perten Instruments on YouTube 

You can now find instructional videos for the RVA, 
Falling Number, Glutomatic, and Bread Volume Me-
ter at www.youtube.com/Perteninstruments 

Designed with users in mind, the videos are a valu-
able introduction to the methods and demonstrate 
correct operation of the instruments. 

You will also find product information videos on the

site, describing online NIR, DA 
7300 (French and English versions), 
IM 9500 whole grain analyzer, and 
USDA-GIPSA Officially Certified/
NTEP Approved AM 5200-A Grain 
Moisture Meter.

BreadVolume Meter



                  C A L E n D A R

Come and see Perten Instruments products and meet Perten Instruments 
representatives.

FoodPharmaTech: Denmark, Herning, Nov 13–15
Bakery technology meeting: Germany, Detmold, Nov 13–15
IAOM Mideast & Africa: UAE, Abu Dhabi, Dec 5–8
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