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USE OF XYLOGLUCAN IN GLUTEN-FREE BREAD

This invention relates to a method for preparing bread using gluten-free flour and
xyloglucan.

Gluten is a protein complex found in some grains, including wheat, barley and rye.
The gluten content in wheat flour provides desirable organoleptic properties, such as texture
and taste, and also improves processing qualities. It is very difficult to make bread using
gluten-free flours. When dough containing gluten is fermented with yeast, the carbon
dioxide generated by fermentation is retained by the gluten so that the dough rises. In the
case of dough using gluten-free flour, the carbon dioxide is not retained within the dough so
that the dough does not rise efficiently.

However, gluten has its drawbacks. The gluten protein complex, upon entering the
digestive tract, breaks down into peptide chains which, in some people, trigger an immune
response commonly referred to as celiac disease. Accordingly, much research has been
spent on finding gluten-free food products.

The use of xyloglucan in dough containing gluten is known. For example, T. Maeda
et al., Carbohydrate Polymers, 68 (2007) pp. 658 — 664 reports use of xyloglucan in normal
breadmaking. However, this reference does not address the problems in processing of
gluten-free bread.

Statement of the Invention

The present invention is directed to a method for making gluten-free bread; said
method comprising incorporating into a gluten-free dough formulation comprising gluten-
free flour from 0.1 to 2 wt% xyloglucan.

The present invention is further directed to a composition which is a gluten-free
dough formulation comprising gluten-free flour and from 0.1 to 2 wt% xyloglucan.
Detailed Description of the Invention

Unless specified otherwise, all percentages are weight percentages (wt%), all
temperatures are in °C and all operations are performed at room temperature (20-25°C).
Weight percentages are based on the entire weight of the dough formulation unless
otherwise specified. The “dough formulation™ is the mixture of ingredients which forms the
dough. The composition of the dough formulation is substantially identical to that of the
dough, although the dough will contain some carbon dioxide from the activity of the yeast
and possibly slightly less sugar due to its consumption by yeast. The term “gluten-free

flour” as used herein is a powder made by grinding cereal grains or other seeds, roots (like
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cassava) or other parts of gluten-free plants. “Gluten-free” flour or bread may contain
traces of gluten, although typically not above the current regulatory threshold of 20 ppm.
The term “a gluten-free flour” or “the gluten-free flour” is not limited to flour from a single
source but also encompasses a mixture of flours of difference sources. The term “gluten-
free flour” as used herein also encompasses starches in powder form extracted from gluten-
free plants, such as tapioca starch or potato starch. This means that the composition itself
and food products comprising or produced from the composition typically are also gluten-
free. A typical method of making gluten-free food products consists of using only
ingredients derived from gluten-free starting materials, rather than using flour derived from
a gluten-containing grain, such as wheat. Accordingly, the composition of the present
invention comprises a) a gluten-free flour, such as: amaranth flour, arrowroot flour, rice
flour, buckwheat flour, corn flour, polenta flour, sweet potato flour, lentil flour, grape seed
flour, garbanzo bean flour, garfava flour (a flour produced by Authentic Foods which is
made from a combination of garbanzo beans and fava beans), millet flour, oat flour, potato
flour, quinoa flour, Romano bean flour, sorghum flour, soy flour, sweet rice flour, tapioca
flour, psyllium husk powder, powder produced from bamboo fibers or teff flour or a
combination of two or more such flours. Preferred are tapioca starch, rice flour, maize
flour, potato starch, power produced from bamboo fibers and psyllium husk powder.
Preferably the composition of the present invention comprises at least three, preferably at
least four, preferably at least five gluten-free flours selected from the group consisting of
tapioca starch, corn starch, rice flour, maize flour, potato starch, power produced from
bamboo fibers and psyllium husk powder.

The dough formulation preferably comprises gluten-free flour in an amount of from
30 to 70 wt%; preferably at least 33 wt%, preferably at least 36 wt%; preferably no more
than 65 wt%, preferably no more than 60 wt%, preferably no more than 55 wt%.

Preferably, xyloglucan has Mw from 500,000 to 1,500,000, preferably from 700,000
to 1,300,000. Preferably, the xyloglucan is present in the dough formulation in an amount
of at least 0.15 wt%, preferably at least 0.2 wt%, preferably at least 0.3 wt%, preferably at
least 0.4 wt%; preferably no more than 1.8 wt%, preferably no more than 1.6 wt%,
preferably no more than 1.4 wt%. In an embodiment of the invention, xyloglucan is
enzymatically modified. Enzymatic modification is believed to remove side-chain galactose
units from the basic hemicellulose backbone of xyloglucan. A preferred enzyme is J3-
galactosidase. Preferably, the enzymatic modification produces non-gelling xyloglucan,

i.e., xyloglucan which is not a gel in the range from 30-75°C. Times for enzymatic
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modification depend on other parameters but can easily be determined. Preferably, from 0
to 30% of the galactose units are removed, preferably 0 to 15%.

Preferably, the composition of the present invention comprises a carboxymethyl
cellulose. The term “carboxymethyl cellulose” or “CMC” as used herein encompasses
cellulose substituted with groups of the formula -CH>CO2A, wherein A is hydrogen or a
monovalent cation, such as K* or preferably Na*. Preferably the carboxymethyl cellulose is
in the form of its sodium salt, i.e., A is Na*. Typically, the carboxymethyl cellulose has a
degree of substitution of from 0.20 to 0.95, preferably from 0.40 to 0.95, preferably from
0.65 to 0.95. The degree of substitution is the average number of OH groups that have been
substituted in one anhydroglucose unit. It is determined according to ASTM D 1439-03
“Standard Test Methods for Sodium Carboxymethylcellulose; Degree of Etherification, Test
Method B: Nonaqueous Titration”. The treatment of a solid sample of the CMC with
glacial acetic acid at boiling temperature releases an acetate ion quantity equivalent to the
sodium carboxymethyl groups. These acetate ions can be titrated as a strong base in
anhydrous acetic acid using a perchloric acid standard solution. The titration end point is
determined potentiometrically. Other alkaline salts of carboxylic acids (e. g. sodium
glycolate and di-sodium diglycolate) behave similarly and are co-titrated. The viscosity of
the carboxymethyl cellulose generally is from 20 to 30,000 mPa-s, preferably from 25 to
12,000 mPa-s, more preferably from 100 to 5,000 mPa-s, and most preferably from 500 to
4000 mPa-s, determined in a 1% by weight solution in water at 20°C, using a Brookfield
LVT viscosimeter, spindle No. 3, at 30 rpm. Preferably, carboxymethyl cellulose is present
in the dough composition in an amount from 0.01 to 5 wt%; preferably at least 0.1 wt%,
preferably at least 0.2 wt%, preferably at least 0.3 wt%; preferably no more than 3 wt%,
preferably no more than 2 wt%, preferably no more than 1 wt%, preferably no more than
0.8 wt%. In a preferred embodiment of the invention, carboxymethyl cellulose is
substantially absent from the composition, i.e., the composition comprises no more than 0.1
wt% carboxymethyl cellulose, preferably no more than 0.05 wt%, preferably no more than
0.01 wt%.

Preferably, the dough composition comprises from 30 to 70 wt% water; preferably at
least 32 wt%, preferably at least 34 wt%, preferably at least 35 wt%; preferably no more
than 65 wt%, preferably no more than 60 wt%, preferably no more than 55 wt%.

Examples of other optional ingredients in gluten-free compositions and food
products are as follows: gums, including xanthan gum and guar gum; gelatin; eggs, such as

egg white; egg replacers; sweeteners, including sugars, molasses, and honey; salt; yeast;
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chemical leavening agents, including baking powder and baking soda; fats, including
margarine and butter; oils, including vegetable oil; vinegar; dough enhancer; dairy products,
including milk, powdered milk, and yogurt; soy milk; nut ingredients, including almond
meal, nut milk, and nut meats; seeds, including flaxseed, poppy seeds, and sesame seeds;
fruit and vegetable ingredients, including fruit puree and fruit juice; and flavorings,
including vanilla, cocoa powder, and cinnamon. However, this is not a comprehensive list
of all ingredients that can be used to make gluten-free food products, such as gluten-free
bakery products. Preferably, the total amount of optional ingredients is no more than 20
wt%, preferably no more than 15 wt%, preferably no more than 12 wt%; preferably at least
2 wt%, preferably at least 3 wt %, preferably at least 4 wt%, preferably at least 5 wt%,
preferably at least 6 wt%. Preferably, the composition comprises from 1 to 5 wt% vegetable
oil; preferably at least 1.5 wt%, preferably at least 2 wt%; preferably no more than 4.5 wt%,
preferably no more than 4 wt%.

The composition of the present invention is useful for preparing gluten-free food
products, such as gluten-free bakery products, like breads, muffins, cakes, cookies or pizza
crusts; gluten-free pasta, cereal products, crackers, and bar products. The composition of the
present invention can be processed to the gluten-free food product in a conventional
manner, for example by producing a dough or a batter from the composition of the present
invention, subjecting it to molding or casting, optionally leavening the composition, and
optionally baking it, depending on the kind of food product to be produced.

Preferably, the xyloglucan comprises less than 0.5 wt% organic solvents, preferably
less than 0.2 wt%, preferably less than 0.1 wt%. Preferably, the xyloglucan comprises less
than 1 wt% chitosan, preferably less than 0.5 wt%, preferably less than 0.2 wt%, preferably
less than 0.1 wt%. Preferably, the xyloglucan comprises less than 1 wt% pectin, preferably

less than 0.5 wt%, preferably less than 0.2 wt%, preferably less than 0.1 wt%.
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Examples

Enzymatic modification process: 1mg/ml of B-galactosidase is added into 3% of xyloglucan
(in PBS buffer, pH 5.5), the reaction is conducted in oven (55-60 °C). Then the
enzymatically modified xyloglucan is freeze-dried.

In gluten free bread application, both enzymatically modified xyloglucan and non-
modified xyloglucan were tested, and it turned out the non-enzymatically modified
xyloglucan and the non-gelling enzymatically modified xyloglucan showing texture
enhancement (volume increase). The intention of doing enzymatic modification is to obtain
a thermal gelling xyloglucan.

Unless otherwise mentioned, all parts and percentages are by weight. In the Examples

the following test procedures are used.

Firmness of Bread Crumb

The firmness measured 1 day after baking is designated as “initial firmness”. The
firmness measured later than 1 day after baking is called firmness over storage time and is a
measure for determining shelf life. In the time period between i) baking and cooling and ii)
the firmness measurement the bread loaves are stored in polyethylene bags. A low initial
firmness and/or a low firmness over storage time are desirable.

For texture analysis, a modified version of AACC method 74-09 (American Association
of Cereal Chemists) was applied. Firmness of wheat bread and gluten-free bread was
measured with a texture analyzer TA.XT plus (Stable Microsystems Ltd., Godalming, Surrey,
UK) using the following settings:

- Sample preparation: bread slices of 25 mm thickness freshly cut from the center of
loaves;
- Skgloadcell;
- Round probe diameter 40 mm;
- Speed 1 mm/s.
The firmness is defined as force needed to press the probe 6.25 mm (25 % of the slice’s

thickness) into the bread crumb.



10

WO 2018/148131

Example 1. GF strip down bread

PCT/US2018/016789

Table 1. GF strip down bread formulation (basic formulation).

A C D E F G
Control
w K4M; 1.67% 1.14% 0.7% 0.2% Negative
CMC | Xyloglucan | Xyloglucan | Xyloglucan | Xyloglucan | Control

wt wt

percent | wt percent | wt percent | wt percent | wt percent | percent
Rice Flour 30.00% 30.00% 30.00% 30.00% 30.00% | 30.00%
Tapioca Flour 10.00% 10.00% 10.00% 10.00% 10.00% | 10.00%
Potato Flour 10.00% 10.00% 10.00% 10.00% 10.00% | 10.00%
METHOCEL
K4M 1.14% 0.00% 0.00% 0.00% 0.00% 0.00%
Xyloglucan 0.00% 1.67% 1.14% 0.70% 0.20% 0.00%
WALOCEL CRT
20000 PA 0.53% 0.00% 0.00% 0.00% 0.00% 0.00%
Salt 1.00% 1.00% 1.00% 1.00% 1.00% 1.00%
Sugar 4.00% 4.00% 4.00% 4.00% 4.00% 4.00%
Vegetable oil 3.00% 3.00% 3.00% 3.00% 3.00% 3.00%
Yeast 1.00% 1.00% 1.00% 1.00% 1.00% 1.00%
Water 39.33% 39.33% 39.86% 40.30% 40.80% | 41.00%
Total 100.00% 100.00% 100.00% 100.00% 100.00% | 100.00%

Bread heights were as follows: A-E were all from 9-10 cm, F was 8 cm and G was 3 cm.

Without xyloglucan, the control bread doesn’t rise during proving, which results in a flat

and dense brick-like biscuit texture. With the addition of 1.14% of METHOCEL K4M and

0.53% of WALOCEL CRT 20000PA, the GF bread rises to an appropriate volume by

trapping the yeast released carbon dioxide with the thermal gelling property. Similar to

K4AM/CMC, when either xyloglucan (Glyloid 3S5) or enzymatically modified xyloglucan

(EM-Glyloid 3S) which has no gelling property was used, only at lower dosage level

(1.14% vs. 1.67%), similar volume was obtained in GF bread, suggesting that xyloglucan

helps in improving the GF bread texture, which can be used in replacement of K4M/CMC.
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Example 2. GF white dough bread
Table 2. GF white dough bread formula.
A B C D
Gelling Negative
Control | Xyloglucan | Xyloglucan | Control
Weight Weight
INGREDIENTS % Weight % | Weight % %
Water 50.97 515 51.67 52.64
Tapioca Starch 10.61 10.61 10.61 10.61
Rice Starch 9.09 9.09 9.09 9.09
Bamboo Fiber 5.68 5.68 5.68 5.68
Egg White Powder 4.17 4.17 4.17 4.17
Canola Oil 3.79 3.79 3.79 3.79
Potato Starch 3.41 341 3.41 341
Psyllium Husk
Powder 3.03 3.03 3.03 3.03
Maize Flour 2.27 2.27 2.27 2.27
Sugar 2.27 2.27 2.27 2.27
Yeast-Cake 1.9 1.9 1.9 1.9
METHOCEL K4M 1.14 0 0 0
Xyloglucan 0 1.14 0 0
Gelling Xyloglucan 0 0 0.975 0
Salt 1.14 1.14 1.14 1.14
WALOCE 20000 PA 0.53 0 0 0
Total % | Total % Total % Total %
100 100 100 100
Specific Volume
(cm’/g) 1.67 1.70 1.61 1.68
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TPA data indicate that in the characteristics of hardness, adhesiveness, springiness,
cohesiveness, chewiness and resilience of GF white dough bread slices made with
xyloglucan is very similar to the bread made with K4M. This suggests that xyloglucan
could be used as a clean label additive in GF bread to replace METHOCEL K4M.

H. g C, ratio A, gs C.g S, ratio R, ratio
METHOCEL 174 + 0.79 £ -0.82 + 198 £ 87 143 £ 041+

7.7 0.00 0.19 0.60 0.01
Xyloglucan 135+ 0.79 £ -0.79 + 182 +£90 1.67 £ 042+
(Glyloid 3S) 114 0.00 0.19 0.76 0.01
Negative 195 + 0.80 -2.19 % 238 £83 1.56 £ 043 £
Control 35 0.00 0.19 0.58 0.01
Gelling- 375+ 0.78 £ 210+ 411 £ 165 051+ 044 +
xyloglucan 33.6 0.00 0.19 0.23 0.01
(EM-Glyloid
3S)

= ,C= v , A= v , C’=chewi , S=springi ,
H=hardness, C=Cohesiveness, A=Adhesiveness, C’=chewiness, S=springiness

R=resilience
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Claims
1. A method for making gluten-free bread; said method comprising incorporating into a

gluten-free dough formulation comprising gluten-free flour from 0.1 to 2 wt% xyloglucan.

2. The method of claim 1 in which the dough formulation comprises from 30 to 70

wt% gluten-free flour and from 30 to 70 wt% water.

3. The method of claim 2 in which the dough formulation comprises from 0.3 to 1.8

wt% xyloglucan.

4. The method of claim 1 in which the dough formulation further comprises

carboxymethyl cellulose in an amount from 0.01 to 5 wt%.

5. The method of claim 4 in which the dough formulation comprises from 30 to 65

wt% gluten-free flour and from 30 to 65 wt% water.

6. The method of claim 1 wherein the dough formulation is substantially free of

carboxymethyl cellulose.

7. The method of claim 6 in which the dough formulation comprises from 30 to 65

wt% gluten-free flour and from 30 to 65 wt% water.

8. A composition suitable for making gluten-free bread; said composition comprising
30 to 65 wt% gluten-free flour, from 30 to 65 wt% water, from 1 to 5 wt% vegetable oil and
from 0.1 to 2 wt% xyloglucan.

9. The composition claim 8 comprising from 0.3 to 1.8 wt% xyloglucan.

10. The composition of claim 9 further comprising carboxymethyl cellulose in an

amount from 0.01 to 5 wt%.
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