
          

       

Figure 1:  Texture Analyzer:  
TPA Test on Bread

Figure 2a:  Dough Pot Assembly
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Dough is the staple of the bakery world.  Producing “good” dough consistently 
in manufacturing is the challenge.  Test methods have arisen that standardize 
how dough is evaluated for acceptability using a Texture Analyzer.  This 
instrument can either compress or stretch the dough to evaluate flow behavior.  
Specially designed fixtures that measure firmness, stickiness, and extensibility 
are available for assessing dough performance and consistency.  This article 
identifies and explains some of the most popular test methods.

The Texture Analyzer makes physical measurements on dough and the 
resulting baked goods that correlate with the sensory properties of mouth 
feel.  See Figure 1.  Sensory science employs human panelists under controlled 
test conditions to focus on specific sensory attributes of each bakery item that 
they evaluate.  The Texture Analyzer mimics actions of human testers who 
handle the dough with their hands: squeeze it, roll it, pull on it, twirl it (pizza), 
extrude it, etc.  Baked goods, like loaves of bread, are tested by panelists for 
hand feel and subsequently mouth feel when they bite into it and then chew 
and swallow.  When measuring firmness, stickiness and extensibility of dough, 
recorded data is compared to human judgements for both dough and resulting 
bakery products to create benchmark values for acceptability.

Dough Make-up     Dough can be described as visco-elastic by exhibiting both 
solid-like (cohesiveness, elasticity) and liquid-like (viscous or unrecoverable 
deformation) properties.  Visco-elasticity of dough is related to multiple factors, 
such as water absorption, nature of flour, added ingredients, temperature, air 
incorporation, and type of mixing.  

When dough is deformed by an applied external force, it undergoes both 
plastic and elastic deformation.  The latter is the change in shape of dough 
that is recoverable after the load has been removed.  Internal bonds within 
the dough are stretched, but not broken.  Plastic deformation, by contrast, 
is permanent deformation of dough which occurs when sufficiently large 
load/stress has been applied and internal bonds are broken.  The extent of 
deformation within a dough sample depends on its elasticity, cohesiveness 
and viscosity.

Visco-elastic behavior of dough is mainly attributed to the gluten protein.  The 
gliadin fraction of gluten is responsible for the viscous and extensibility-related 
properties.  The glutenin fraction influences dough elasticity.

Measuring Dough Firmness     Figure 2a shows an apparatus called “Dough 
Pot Assembly” which is used to contain the dough sample taken from a 
batch prepared on the production floor in accordance with standard bakery 
procedures.  The Dough Pot is filled with freshly prepared dough.  To minimize 
variability in test results, the Aeration Plunger is pressed into the Dough Pot 
to extract air pockets.  After removing the Plunger, the Flattening Plunger is 
inserted into the Dough Pot and firmly compressed into the sample, thereby 
creating a level surface.  Now the sample is ready for testing.
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Figure 2b:  Test Set Up for Dough 
Firmness Measurement

 

	         Figure 3a:  Load vs. Time

      

	     Figure 3b:  Load vs. Distance
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Sample preparation technique is very important for consistency of test results.  
Highly variable test data may relate to degree of air removal when using 
the Dough Pot Assembly.  Proper instruction for test personnel is critical for 
consistent data.

The test sample is placed onto the base table beneath a 6mm cylinder probe 
attached to the Texture Analyzer.  The probe is positioned 20mm above the 
sample for start of test.  See Figure 2b.  Once the test commences, the probe 
moves downward at speed of 1mm/sec, makes contact with the sample 
surface, and penetrates to a depth of 15mm.  Trigger load to initiate data 
recording after probe makes contact is set at 5 grams.  Total test time is on the 
order of 30 seconds from start to finish.

Figure 3 illustrates 2 graphs that show test data for Dough Firmness 
Measurement.  The first graph (Figure 3a) shows load vs. time.  Hardness, or 
“firmness”, is the “Peak Load” force value recorded and occurs when the probe 
reaches depth of 15mm.  As the probe retracts, the measured force reduces 
to 0, then goes negative as the dough applies a resistive force to the probe 
moving upward out of the sample.  The negative force is called “adhesive” force 
and reaches a steady state value when the probe is half way extracted.  The 
force then returns to 0 as the probe fully extricates itself from the sample.

Figure 3b shows the same data but displays load vs. distance of penetration.  
The “Work Done” is the area under the test data curve which lies above the 
0-axis and represents the energy expended to penetrate the probe to the 
15mm depth.  “Adhesiveness” is the area beneath the 0-axis and the test data 
curve which represents probe removal from the sample.  The numerical value is 
equivalent to the energy expended during probe extraction.

After the test, probe cleaning may be necessary.  Once completed, rotate the 
dough pot to the next locking position.  A total of 6 separate tests can be 
conducted on each Dough Pot sample.

Measuring Dough Stickiness     Stickiness is a visco-elastic property resulting 
from the balance between adhesive and cohesive forces within the dough.  
Stickiness becomes problematical, especially in large mechanized bakery 
operations, when dough adheres to surfaces, thereby causing disruption to the 
production schedule and potentially impacting final product quality.  

The Dough Stickiness Fixture consists of a chamber (cell) for the dough sample 
and a lid with extrusion hole on top.  Fill the chamber with freshly prepared 
dough, use a spatula to scrape of a level surface, screw on the lid, and allow a 
few seconds for dough to extrude through the hole.  Remove the initial dough 
that appears (approximately 1mm in height), rotate the lid again, and allow 30 
seconds for more dough to extrude through.  The final quantity will have height 
up to 10mm.  

Place the cell on the Texture Analyzer base table and affix 25.4mm diameter
cylinder probe.  Position the probe above the sample and start the test.  Move 
the probe downward at a speed of 0.5mm/sec onto the extruded dough.  Set 
a target load of 1000g which allows the probe to compress the sample and 
hold in place for 5 seconds.  The probe will then automatically retract from the 
sample and return to its start position above the cell.

Test data from the stickiness test is graphically recorded similar to the first 
test for dough firmness.  Peak force during probe downward movement is 
the target load of 1000 grams which occurs when the dough sample is fully 
compressed.  The load reduces over the subsequent 5-second hold time which
indicates that the stress build-up in the dough is reducing; this is referred to 
as “stress relaxation”.  As the probe begins to withdraw from the sample, the 
measured force goes negative.  The maximum negative force occurs



               Figure 4:  Kieffer Dough and Gluten
               Extensibility Fixture
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instantaneously and is called the “Adhesive Force”.  This represents the force of 
attraction between the dough sample and a surface making contact with the 
dough. 

Area beneath the measured load curve during probe downward movement 
represents the “Work Done” to compress the dough sample.  Area above the 
measured load curve during probe retraction (upward movement) represents 
“Adhesiveness” which is the energy to separate probe from dough, or in other 
words, the “stickiness” of the sample.

Measuring Dough Extensibility     Considerable amounts of extensional 
deformation take place during baking.  Expansion of gas cells at baking 
temperatures result in extensional strain on surrounding dough pockets.  Good 
quality dough must remain extensible throughout the baking process to 
prevent premature rupture of dough membranes between gas cells.

Figure 4 shows the Kieffer fixture used to test dough sample strips for 
extensibility.  The Kieffer kit comes with a Dough Press Accessory that serves 
to create multiple test strips for evaluating each batch of dough.  The test 
procedure involves the use of a “hook” probe attached to the Texture Analyzer 
which raises the clamped sample strip at its midpoint.  The formal test method 
raises the hook upward at 2mm/sec to a target distance of 70mm.  The Texture 
Analyzer measures the amount of tensile force experienced by the dough as it 
stretches.

Test data for tensile load vs. time from the extensibility test quantifies 
maximum tensile force applied to the dough during extension and is referred 
to as “elastic limit”.  Once the elastic limit has been reached, plastic deformation 
begins, and the dough undergoes strain hardening.  As the tensile load exceeds 
the dough strength, necking begins followed by the dough reaching break 
point and rupturing.  Graphical data, similar to dough firmness, provides the 
basis for calculation which quantifies area under the curve, namely “Work Done” 
to extend and break the sample.  The distance to breaking point is a measure of 
dough extensibility.

Summary
These three tests are commonly used in baking operations to quantify batches 
of dough prior to baking.  Users of these methods have benchmark limits 
for maximum and minimum values of “Hardness” (firmness), “Work Done”, 
“Adhesive Force”, and “Adhesiveness” that pass/fail each batch.  Failure will 
oftentimes lead to rework before the baking process commences.

The fortunate news for bakers is that Texture Analyzers with the fixtures 
identified above are affordable and easy to use.  This investment usually pays 
for itself within the first year of operation.  Given the push for consistent quality 
of product, there is no reason not to incorporate these simple test methods 
into your bakery operation.
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