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Update on Wheat vs. Gluten-Free Bread Properties
This is the second in a series of articles on gluten-free products. Most authorities agree that the
gluten-free market is one of the fastest growing food group segments. While the texture properties,
aka mouth-feel, of wheat-based baked products are difficult to mimic without gluten, new product

development in this market continues every year.

Most gluten-free products are usually made with blends of rice flour and tend to be much more dense
and less compressible than wheat flour products. AMETEK Brookfield published an earlier
investigation of the physical properties of various types of commercially available sliced wheat bread,

comparing those properties with one gluten free bread product.

We have surveyed the gluten-free community, searching for additional gluten-free products we could
test. King Arthur Flour (KA) has introduced a line of gluten-free product mixes intended to be baked

at home.

Mouth-feel is a complex concept implying a mixture of many physical properties. To properly analyze
the complexity of mouth-feel, a rigorous science is required. Sensory science fills this need and is
necessary for adequately describing mouth-feel. Sensory science employs trained, human panelists
under very controlled conditions to focus on specific sensory attributes of the product in question.
Once these sensory attributes are identified and measured however, they can be related to the

product’s mechanical, or physical, properties through what has become known as Texture Analysis.

Measuring physical properties is accomplished by using compression and tensile testing machines
combined with the software necessary to extract sensory related properties from the load profile data
the machine generates. It is the manipulation of the raw instrument data by this software that enables
a compression machine to become a Texture Analyzer. Let’s look at just four sensory properties and
their comparative texture definitions, then we’ll see how the different types of bread measured up

using the two cycle compression test method known as Texture Profile Analysis (TPA).

Hardness

Sensory meaning — the maximum force required to compress a food between the teeth.



Texture meaning — peak force of the first compression cycle

Cohesiveness

Sensory meaning — The strength of the internal bonds comprising the body of the product

Texture meaning — the ratio of the work during compression of the second cycle divided by that of
the first cycle. This is always a number between zero and one. A product that is completely destroyed
by the first compression will have no second peak, while a perfectly elastic product will have two

identical peaks. (Of course, no food is perfectly elastic or it couldn’t be eaten!)

Springiness index
Sensory meaning — Ratio of the height the sample springs back to after the first bite relative to the

initial height.

Texture meaning — Springiness value (how far did the product spring back) divided by its
deformation (how far it was compressed.) This measure enables the comparison between samples of

different sizes.

Chewiness

Sensory meaning — the energy required to chew a solid food to the point required swallowing it.

Texture meaning — the product of hardness, cohesiveness and springiness

Resilience
Sensory meaning — a measure of how the sample recovers from compression given

the speed of deformation and the forces resulting.

Texture meaning - a ratio distinguishing recoverable work done by the first
compression from non-recoverable work done. Calculated by the ratio of work
returned by the product as compressive strain is removed, to the work required for

compression.



These five textural properties are examined for four types of baked bread purchased in a local
grocery store, and one bread mix. The bread types are white, stone-ground, multi-grain and one
gluten free retail product and the KA gluten-free white bread mix, which was baked the previous day.
For comparison, the KA bread was also tested the following day so we show results one day and two
days after baking.

Two slices were used for each test. Because the thickness of the slices varied between the types of
bread, a percent deformation test was used. This is commonly done when the thickness, or sample
length in texture terminology, varies between samples. For each test the samples were compressed
75% of their two-slice sample length. The texture analyzer measures sample length at the beginning

of each test.

Hardness

In the hardness graph we see both stone ground and multi-grain were slightly firmer than was white
bread. Most of us would agree this seems typical. Both gluten-free products are up to ten times more
firm, due in large part to their higher density and reduced compressibility. What effect does this

property imply to springiness index, cohesiveness and chewiness?
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Springiness Index

The springiness graph shows that the retail gluten-free product does not recover well after it is
compressed. Although it is initially firmer, a single compression significantly destroys its structure

preventing any spring-back. The KA product appears to compare quite well with the wheat products,



at least on the day after baking. It’s springiness index falls from 82% to 46% by the second day,
possibly indicating a significant loss of freshness, but it’s still much closer to wheat bread than is the

retail gluten-free product.
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Cohesiveness

Remember that cohesiveness is the ratio of the work for the second compression divided by that of
the first. We might then expect the retail gluten-free product to have almost no cohesiveness because
it has no springiness. This, indeed, is what the data shows. Its structure is severely destroyed by the
first compression. The KA bread compares favorably with the wheat bread even after two days. The
loss of cohesiveness over a day of storage is not as severe as is the loss of springiness. This is
because the product also becomes firmer, as shown in the hardness data, and this contributes to the

cohesiveness result.
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Chewiness

Chewiness of the retail gluten-free product is higher than one might expect given that it is largely
destroyed by one compression, but this is because it is so firm initially. Recall the earlier TPA
definition of chewiness. The King Arthur product stands out as being very much more chewy due to

its higher firmness, density and springiness. Consumers will decide if this is acceptable.
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Resilience

When springiness and cohesiveness are similar between products, so is resilience. If the product
springs back as compressive strain is removed and its structure is maintained, it will give back much
of the work of compression. This is the meaning of resilience. The comparison between the KA
product and the wheat breads is quite favorable. With low springiness and cohesiveness for the retalil

gluten-free product, resilience is also quite low by comparison.

As we can see, the gap is narrowing between the textures of wheat bread and gluten-free bread. This
should be great news to the increasing size of the population who seek alternatives to wheat-based
products. Newly developed gluten-free baked goods continue to be introduced to the marketplace and
are a welcome relief to consumers with gluten intolerance. In addition to bread, there are other new

gluten-free baked goods available. Tests on these products will be presented in upcoming articles.
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