
 

At Perten we strive to bring new and improved 
analytical methods and instruments to the 
industry. Most of the time through efforts in 
product and application development, and 
often in cooperation with external researchers. 
Recently we did it by acquiring a small,  
innovative company - TexVol Instruments.

TexVol had developed advanced equipment 
for texture analysis and bread volume analysis, 
but lacked local presence and direct contact 
with many customers. With TexVol as a part of 
the Perten Instruments Group, more of you will 
be able to learn first hand of the opportunities 
these new analytical instruments bring to  
industry and research institutes.

We hope to establish projects involving the 
TexVol analyzers, which result in articles in 
coming issues of Perten Science World.

Stefan Tordenmalm, Business Area Manager 
Perten Instruments AB, Sweden 
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Perten Instruments has acquired the 
Sweden-based instrument manufacturer 
TexVol Instruments to deliver the BVM 
range of volume measuring instruments 
and the TVT range of texture analysis  
instruments to the food industry under 
the Perten Instruments brand. The 
complementary nature of the instrument 
ranges from Perten Instruments and  
TexVol Instruments makes a wider range 
of analytical solutions available to the 
food industry from a single source.

Perten Instruments has established 
sales and service operations in Italy. With 
close to 1000 Perten Instruments products 
already serving the grain, milling and 
food industries in Italy, this deepens the 
relationships with Italian customers. Italian 
sales and service operations are based in 
Rome and Edoardo Cardinale and staff will 
continue to serve their customers, now as 
part of Perten Italia.

Perten Instruments of Australia 
will deliver 78 Falling Number instru-
ments for placement throughout Viterra’s 
Australian grain handling system. Viterra 
is strengthening their support to growers 
delivering grain into their handling system 
by providing the option of having weather-
affected wheat assessed by the Falling 
Number test. This is possibly the world‘s 
largest contract ever for Falling Number 
instruments.
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A R T I C L E S

RVA and the degree of starch  
gelatinization in liquorice extrusion

The desired sensory aspects of liquorice such as tex-
ture, mouth feel and appearance are related to pro-
cessing parameters such as thermal input and shear 
from extrusion or die effects. 

Modern extruded liquorice has evolved from the 
traditional black logs to the rainbow of multico-
loured, appealing products seen today. The RVA is a 
powerful analytical technique to measure the starch 
cooking relative to liquorice quality. 

Commercial liquorice is cooked and extruded us-
ing alternative methods including batch or continuous 
scraped surface heat exchanger (SSHE)/low-pressure 
extrusion and twin screw (TS) cooker-extrusion. 

Liquorice Production Methods
Batch-cooking in a heavily built, scraped kettle is the 
oldest method of producing single color/flavor ex-
truded liquorice. The process starts with cooking a 
wheat flour slurry, containing around 40–50% mois-
ture, both swelling and gelatinizing the starch gran-
ules. The sugars, colors and flavors are added after 
the starch is gelatinized. The moisture is gradually re-

duced and after the mass has formed it is extruded to 
form ropes which are finished by oven drying. Batch-
cooking is inconsistent, labour-intensive, messy and 
slow, but produces an excellent short-biting product 
with a glossy finish. (Figure 1. Samples A and B.)

The continuous-cooking method with SSHE 
continuously cooks and extrudes single color/flavor 
liquorice at approximately the final moisture, reduc-
ing the manufacturing time from days to minutes, 
and producing a more consistent product than the 
batch method. The product contains more fractured 
starch granules than batch product. It is initially satin 
and soft and undercooked product tends to harden 
after packaging. (Figure 1. Sample C.)

Powerful TS extruders deliver high shear and heat 
which can cause considerable damage to starch, frac-
turing granules and breaking down starch chains 
(dextrinization). Cooling is often undertaken by ap-
plying a vacuum to the dough, part of the way down 
the barrel. Cooking time in the extruder is a mat-
ter of seconds. These extruders can produce multiple 
colored/flavored liquorice, but products tend to be 
dough-like in texture with a dull, sticky finish that 

Chris Hannaford, Hardware and Design, Inc., Golden Valley, MN, USA. 
Dr Paul Whalen, Whalen Consulting, Inc., Rapid City, SD, USA.

This is a summary of an article and is reprinted here by kind permission of Kennedy’s Publication Ltd UK.
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adheres to teeth. These qualities are indicative of too 
much shear during manufacture. (Figure 1. Sample 
D.) Emulsifier is almost always added to the formula-
tion in an attempt to mitigate shear damage.

Low shear extrusion can be used to produce multi-
colored products cooked in batch or continuous 
cookers in a manner akin to a TS extruder system, 
however, it does not result in massive shear damage 
to starch. This method can be used to extrude higher 
viscosity formulations than the TS method, produc-
ing a glossy, short-biting final product 

Discussion
The best quality liquorice contains a fairly high pro-
portion of starch gelatinization with a high molec-
ular weight. It takes a long cooking time to swell 
and gelatinize the starch granules, exerting minimal 
shear so the chains remain intact to produce the de-
sired texture. Undercooked product contains a large 
amount of residual crystalline starch and tends to be 
dull in appearance, hardening after packaging. Over-
cooked product tends to be shiny, limp and elastic.

The RVA determines the degree of cooking and 
shear damage to the starch in a product by forming it 
into a slurry with water. The RVA gradually increases 
the temperature to completely cook the starch, while 
monitoring the torque required for constant stirring. 

Sample A
Commercial batch-cooked liquorice which was ex-
truded when hot. The sharp single peak represents 
even treatment in the extruder and demonstrates its 
homogeneity. There is no broadening of the peak or 
other peaks, and the low setback and final viscosity 
confirm that the product is not raw starch or partially 
cooked starch. There is no evidence of retrogradati-
on (starch recrystallization). It is a very good product.

Sample B 
A fairly raw, batch-cooked commercial liquorice that 
was permitted to gel and cool before extrusion. The 
cooling hold time has allowed the starch to extensively 
recrystallize (retrograde). The extended peak around 
95°C is retrogradation and is likely to result from mul-
tiple bonding of chains from both amylose and amylo-
pectin. This is indicated by continued gelling (i.e. that 
never peaks) in the 95°C region. The first peak, early 
in the heating profile, is a shear product.

Sample C
A SSHE and low shear forming die product. The 
peak is higher and broader than sample A, which 
is indicative of lower shear and preserved structure. 
This is confirmed by the higher final viscosity and 
setback. This continuously processed product is ex-
cellent liquorice. equivalent in quality to the hot ex-
truded batch product (sample A). The RVA profile 
displays the key characteristics that contribute to the 
product’s desired attributes. 

Sample D
A TS extruded product with emulsifiers. There is 
significant cold viscosity at around 25°C indicative 
of dextrins. This profile is strongly influenced by 
the emulsifier used as a processing aid. Emulsifiers 
are used to tie up dextrins and reduce the effects of 
shear. They preserve starch integrity, yet do not per-
mit starch swelling. Emulsifiers are strongly reflected 
in the low RVA curve. They also tend to have an 
unpleasant flavour.

Conclusion
RVA analysis is an excellent method for determining 
degree of cooking, shear damage and starch retrogra-
dation. The RVA enables the producer to measure, 
observe and control the degree of starch gelatiniza-
tion in the liquorice to optimise the product.

Figure 1. RVA profiles of liquorice using different cooking processes 

A R T I C L E S
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New RVA method 
for pregelatinized 
starches 

Modifications made to starches need to be monitored 
and characterized. The RVA can be used to test the pro-
perties of pregelatinized starches simply and quickly. 

Pregelatinized starch is a modified starch which 
easily takes up water and swells at room tempera-
ture. It is used in instant desserts, allowing the food 
to thicken when cold water is added. Other appli-
cations include cold prepared foods such as dairy 
products, beverages, including reduced sugar variet-
ies, confectionery, cold mixes such as fruit and cream 
fillings, glazes, frostings and icing for bakery products 
and snacks, instant foods, soups, sauces, dressings and 
as a binder and texturizer in meat products. There 
are also industrial and pharmaceutical applications 
for pregelatinized starches.

Method
Rapid and uneven swelling of pregelatinized starch 
can cause dispersion problems (clumping) during 
testing. A cold initial temperature and cold solvent 
(distilled water) slow the rate of water uptake by the 
starch. This also differentiates samples. 

Superfine (castor) sugar is used as a dispersion aid 
without significantly affecting the curve shape. The 
better dispersal is due to even distribution of small wa-
ter-absorbing sugar granules between sample particles.

Results
The Final Viscosity (cP) is the RVA Pregel Starch In-
dex. The Cold Peak (peak prior to heating) (cP) is 
the RVA Cold Swelling Index. The Hot Peak (peak 
after commencement of heating and prior to cooling 
and holding) (cP) may also be recorded.

Cold viscosities increase through a pregelatini-
zation effect, and then eventually decrease through 
granule rupture and dextrinization. 

Conclusion
RVA applications include monitoring consistency 
of starches between production batches, trouble-
shooting product manufacture and quality control of 
starches used in food manufacture.

A R T I C L E S

Time Type Value

00:00:00   Temperature 15°C

00:00:00   Speed 960 rpm

00:00:10 Speed 160 rpm

00:02:00 Temperature 15°C

00:07:43 Temperature 95°C

00:10:00 Temperature 95°C

00:15:00 Temperature 25°C

00:20:00 End

Table 1. Idle Temperature: 15±1°C. Time Between Readings: 4s

Figure 1. Effect of dispersion aid on RVA pasting curves of pregelatinized 
starch. Sugar improved the dispersion of the sample, without affecting 
curve shape. The higher overall viscosity when sugar was added indicates 
that it was successful in dispersing the sample throughout the water.

RVA Profile

Sugar 5g

Sugar 2g

Water only

Ethanol

Propanol
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doughLAB

doughLAB helps flour/dough  
rheological testing evolve

The doughLAB produces flour analysis results statisti-
cally identical to those of industry standard tests. It is 
a modern flour and dough rheometer with expanded 
capabilities, provides enhanced testing capabilities on 
low moisture products, and can speed up testing. 

In two separate check sample programs organized 
by the American Association of Cereal Chemists In-
ternational (AACCI) and the Bureau InterProfession-
nel d‘Etude Analytique (BIPEA), the results of dough-
LAB water absorption (WA), dough development time 
(DDT), stability, mixing tolerance index at 5 min. after 
peak (MTI) (AACCI samples only), and softening at 12 
min. after peak (BIPEA samples only) are impossible to 
distinguish from the population of Farinograph results.

While the doughLAB can be programmed to mim-
ic the AACC Method 54–21 Farinograph Method, its 
enhancements make it easier to perform and more re-
peatable by automating as many procedures as possible 
and removing some of the sources of error.

The doughLAB’s increasing popularity  
and use can be attributed to three reasons:
1. there is extensive data demonstrating its  

equivalence to historical methods
2. advanced design allows for analysis of products  

requiring exceptionally high torque – such as pasta, 
dog biscuits, and other low-moisture doughs

3. programmable temperature and z-arm mixing 
provide data that’s more relatable to modern 
high-speed commercial mixers.

Flour Analysis
The doughLAB is an evolution of conventional ge-
ometry z-arm dough mixer that evaluates the per-
formance of flour as it becomes a dough, and char-
acterizes the resultant dough. It measures the water 
and mixing energy requirements of flour to achieve 
a target dough consistency. 

The doughLAB features fully automated, pro-
grammable mixing, water dispensing, and tempera-

A R T I C L E S

ture control. It can perform industry standard meth-
ods for flour quality, or it can be programmed for 
customized methods. A high-speed, high-torque 
motor mimics newer commercial scale mixers and 
provides analysis capabilities of low moisture dough.

In the results summarized below, the first 20 samples 
are from BIPEA, and the remaining samples are from 
AACCI. Samples are tested as per instructions from 
AACCI and BIPEA, on a doughLAB fitted with a 
300g sigma-arm bowl, using the industry standard mix-
ing and temperature profile (30°C, 63 rpm; see AACCI 
Method 54-21; AACCI, 2000). Statistical z-scores (us-
ing the median and normalized interquartile range) of 
doughLAB results are calculated from all data obtained 
from participants for both check sample services. 

doughLAB Check  
Sample Comparison 
The BIPEA check sample service includes approxi-
mately 100 subscribers, with the majority of participants 
using a Farinograph 300-g mixing bowl. Mixing pa-
rameters collected for the BIPEA check sample service 
include WA, DDT, stability, and softening at 12 min. af-
ter peak. The AACCI has approximately 50 subscrib-
ers, with the majority of participants using a Brabender 
Farinograph and a 300-g bowl. Mixing parameters col-
lected for the AACCI check sample service include WA, 
DDT, stability, and MTI at 5 min. after peak.

Statistical z-scores of the doughLAB results for the 
various mixing parameters are calculated from all data 
obtained from participants for both check sample ser-
vices. The z-score compares results between participating 
laboratories. Each z-score is calculated using the median 
and normalized interquartile range (NIQR). Like the 

This article is adapted from a paper presented at the International Association 
of Operative Millers North American Meeting, 2011, based on a study by  
Dr Jennifer Dang and Mark Bason at Perten Instruments of Australia.

Wes Shadow, Charlie Kauffman, Perten Instruments Inc., Springfield IL, USA
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Mahalonobis distance calculation used for NIR spectra, 
an outlier is defined as any result with an absolute z-score 
greater than 3. This outlier criterion has a confidence 
level of about 99%, that is, there is a less than 1% chance 
of the result being a true member of the population.

From results to date, absolute z-scores for mixing re-
sults obtained from the doughLAB are all less than 3. 
Mixing results from the doughLAB therefore fall within 
the normal range for all parameters compared to those 
from other similar instruments in the check sample ser-
vices. To re-state, it is impossible to distinguish the dough-
LAB results from the population of Farinograph results.

High Torque
Low moisture dough products such as noodles, pasta, 
dog biscuits and non-traditional breads require greater 
work to properly develop. This requires higher mixing 
speeds and higher torque.

This plot demonstrates the effect of water on torque 
in semolina. Note the high torque required to work at 
typical water levels for pasta. Pasta and noodle doughs 
typically are formed with 28–33% water absorption.

High Speed
A method is in the AACCI approval process for a 9-mi-
nute flour analysis using the doughLAB. In addition to 
the benefits associated with a faster test, it is also easier 
to detect peaks as demonstrated in the plot below.
The above graph demonstrates effect of speed on the 
plots of a reduction stream of a hard wheat flour. 
Note that the second peak is actually the mixing 
peak and that the fist peak is associated with hydra-
tion. Thus the higher speed mixing provides faster 
tests with better resolution and peak detection. Ad-
ditionally, it relates better to new large-scale mixers 
which often mix dough in as little as 3 minutes.

Ongoing work with the doughLAB includes anal-
ysis of non-traditional bread formulations (non-wheat 
flour based products) and in process monitoring of 
finished dough throughout the proofing process.

A R T I C L E S
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Comparing the doughLAB and Farinograph

The doughLAB flour and dough rheometer produces flour analysis results statistically identical to those  
of industry standard tests. The doughLAB is becoming increasingly popular and there is extensive data  
demonstrating its equivalence to historical methods. The following publications include comparisons  
between the doughLAB and Farinograph:

Allen, H.M., Pumpa, J.K. and Blakeney, A.B. 2004.  
Dough mixing using a high speed dough mixer – the doughLAB, in 
Black, C.K., Panozzo, J.F. and Rebetzke, G.J. (eds), Proceedings of the 54th 
Australian Cereal Chemistry Conference and 11th Wheat Breeders Assembly,  
21–24 September, 2004, Canberra, ACT, pp.256–258. (NSOrig968)

Arpas, R., Derrett, L., Bason, M.L., Trumper, A., Miskelly, D. 2008. 
A mini comparison of the Newport DoughLab and Brabender Farinograph. 
Proceedings of the RACI Cereal Chemistry Conference, 2008. (NSOrig1172)

Bason, M.L., Dang, J.M.C. and Booth, R.I. 2004.  
Summary of the paper: ‘Dough mixing on the Newport Scientific 
doughLAB compared to the standard Brabender Farinograph’.  
Newport Scientific World 1:2–4. (NSOrig926)

Bason, M.L., Dang, J.M.C. and Charrié, C. 2004.  
Comparison of the doughLAB and Farinograph for testing flour quality. 
Proceedings of the 12th ICC Cereal and Bread Congress, 23–26 May 2004, 
Harrogate, UK. (NSOrig937)

Dang, J.M.C., Bason, M.L. and Booth, R.I. 2009.  
Comparing micro-doughLAB and doughLAB mixing results for  
assessing flour properties. Proceedings of the Australian Cereal Chemistry 
Conference, 27–30 September 2009, Wagga Wagga (in press). (NSOrig1215)

Dang, J.M.C., Sissons, M. and Bason, M.L. 2004.  
High speed dough tests on semolina using the Newport Scientific 
doughLAB, in Black, C.K., Panozzo, J.F. and Rebetzke, G.J. (eds),  
Proceedings of the 54th Australian Cereal Chemistry Conference and 11th 
Wheat Breeders Assembly, 21–24 September, 2004, Canberra, ACT,  
pp.263–266. (NSOrig955)

A R T I C L E S
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The new Inframatic 9500 grain analyzer

Perten presents the Inframatic 
9500 grain analyzer. Based 
on industry standard scan-
ning grating transmittance 
technology, it incorporates 
modern electronics and 

signal amplification for un-
surpassed accuracy, and a large 

color touch screen to meet today’s 
expectations of easy handling. The IM 9500 comes 
pre-calibrated for moisture, protein and fat in a wide 
range of grains and oilseeds, and is offered with the 
option of integrated Hectoliter Weight/Test Weight. 
With an analysis time of less than 1 minute and a rug-

ged design, the Infra-
matic 9500 is built 
for the harsh envi-
ronments of many 
grain receivals. The 
Turkish Grain Board 
(TMO) has already 
taken delivery of 
300 Inframatic 9500 
grain analyzers and it 
was presented at the 
AACC Annual meet-
ing in Palm Springs, 
USA, on October 16. 

T E C H N I C A L  N E W S

AM 5200 - A second generation, 150 MHz, 
grain moisture meter, has been launched.

A second generation, 
150 MHz, grain mois-
ture meter, AM 5200, 
has been launched by 
Perten Instruments. Its 
predecessor, AM 5100, 
is used by more than 

1000 grain traders and processors around the world. 
The new AM 5200 offers a larger sample size for im-
proved repeatability, a modern color touch screen for 
improved handling, flow-through analysis for use in 
automatic sampling systems and is equipped to meet 
the speed and connectivity requirements of today’s 
grain industry.
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IAOM: Bali, Indonesia, Oct 30 – Nov 1, 2011
Process Expo: Chicago, IL, USA, Nov 1–4, 2011
World Tobacco: Munich, Germany, Nov 8–10, 2011
Vietstock 2011: Ho Chi Minh City,  Vietnam, Nov 9–11, 2011
IFT: Chicago, IL, USA, Nov 9, 2011
Tabexpo: Prague, Czech Republic, Nov 15–18, 2011
1st ICC India Grains Conference: New Delhi, India,  
Jan 16–18, 2011
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C O N F E R E N C E  N E W S

Perten Instruments staff have been busy with R&D, publishing and 
presenting at conferences. The following papers are now available:

Process relevant methods using the doughLAB to  

evaluate the effect of salt on bread dough development. 
B. Elliott, J.M.C. Dang and M.L. Bason. Presented at ICC,  
Opatija, Croatia, October 2010.

Simultaneous Rapid-visco analysis and Small-angle  

Neutron scattering study of starch pasting. James Doutch, 
M.L. Bason, Ferdi Franceshcini, Kevin James, Douglas Clowes, Elliot P.  
Gilbert. Bragg Institute, Australian Nuclear Science and Technology  
Organisation, New Illawarra Road, Lucas Heights, NSW 2234,  
Australia, and Perten Instruments of Australia. Presented at ACCC,  
Tweed Heads, NSW Australia, October 2010.

Utilisation du doughLAB pour évaluer l’effet de la  

teneur en sel et des conditions de pétrissage sur les  

caractéristiques des pâtes. B. Elliott, M.L. Bason, J. M.C. 
Dang et C. Charrié. Presented at the French Milling Conference, 
Reims, France, October 2011.


