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STABILIZED WHOLE GRAIN FLOUR AND METHOD OF MAKING 

FIELD OF THE INVENTION 

[I] The present invention relates to compositions and methods for the production of 

stabilized whole grain flour and related products.  

BACKGROUND 

[2] Food products containing whole grain flour ingredients having large particle sizes 

may exhibit a coarse, gritty appearance and texture from the whole grain flour ingredient. As 

such, the mass production of whole grain flour involves milling of whole grains to obtain smaller 

particle sizes and particle size distributions similar to white flour. The increased amount of 

grinding needed to obtain smaller particle sizes, however, tends to increase instability of the 

whole grain flour and increase starch damage, resulting in poor food processing performance.  

The functionality of whole grain flour, especially for cookie, cracker and cereal production, can 

be greatly compromised in terms of dough machinability and cookie spread due to significant 

amounts of gelatinized and damaged starch in the flour resulting from fine-grinding.  

[3] It is generally known that whole grain wheat flours containing bran and germ are 

less stable than white refined wheat flours. Storage of whole grain wheat flours for as little as 30 

days at 75*F can result in the development of undesirable odors and flavors in products made 

with the whole grain flour. Concurrent with the development of off-flavors is an increase in the 

amount of free fatty acids in the flours, correlated with an increased rate of oxygen uptake in the 

flours and the formation of the oxidative components of rancidity. Decreasing particle size 

increases the rate and extent of the deterioration of grain components. While heat and moisture 

treatment is commonly used to inactivate enzymes responsible for flour deterioration, it has been 

recently shown to contribute to oxidative rancidity as measured by hexanal formation, a common 

marker used to detect oxidative rancidity, in oat flour. Accordingly, as the demand for whole 

grain products grows, there is an increasing need for a whole grain flour with enhanced shelf 
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stability and expanded food processing capabilities that can also meet the texture, appearance 

and mouth-feel that consumers prefer.  

SUMMARY 

[3A] In one aspect, the present invention provides a method for the production of stabilized 

whole grain flour comprising: 

a) milling whole grains to obtain a separate endosperm fraction, a low ash fine bran and 

germ fraction separate from the endosperm fraction, and a coarse bran and germ fraction separate 

from the endosperm fraction and the low ash fine bran and germ fraction, 

b) grinding said coarse bran and germ fraction without grinding said low ash fine bran 

and germ fraction to obtain a ground coarse bran and germ fraction, 

c) stabilizing said low ash fine bran and germ fraction and said ground coarse bran and 

germ fraction, to obtain a stabilized fine bran and germ fraction, and 

d) combining said stabilized fine bran and germ fraction with said endosperm fraction to 

obtain a stabilized whole grain flour having a particle size distribution of 0% by weight on a No.  

35 (500 micron) U.S. Standard Sieve, and less than or equal to about 20% by weight on a No. 70 

(210 micron) U.S, Standard Sieve, wherein said low ash fine bran and germ fraction is from 3% 

by weight to 15% by weight and is not ground thereby reducing starch damage and increasing 

production efficiency, 

wherein said endosperm fraction has an ash content of about 0.5 wt. % to about 0.6 wt. % 

and a particle size distribution of at least about 65% by weight having a particle size of less than 

or equal to 149 microns, and less than or equal to 5% by weight having a particle size of greater 

than 250 microns, said low ash fine bran and germ fraction has an ash content of about 0.6 wt. % 

to about 2.0 wt. % and a particle size distribution of at least 6 5% by weight having a particle size 

of less than or equal to 149 microns, and less than or equal to 10% by weight having a particle 

size of greater than 250 microns, and said coarse bran and germ fraction has an ash content of 

above 2 wt. % and a particle size distribution of at least 75% by weight having a particle size of 

greater than or equal to 500 microns, less than or equal to 5% by weight having a particle size of 
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less than 149 microns, and 15% by weight to 25% by weight having a particle size of less than 

500 microns but greater than or equal to 149 microns.  

[3B] In another aspect, the present invention provides a method for producing a stabilized 

whole grain flour comprising: 

a) milling whole grains to obtain a separate endosperm fraction, a low ash fine bran and 

germ fraction separate from the endosperm fraction and which is not subjected to further particle 

size reduction, and a coarse bran and germ fraction separate from the endosperm fraction and the 

low ash fine bran and germ fraction and which is subjected to further particle size reduction, 

b) grinding said coarse bran and germ fraction without grinding said low ash fine bran 

and germ fraction using a two stage grinding process, wherein a first grinding stage comprises 

particle-to-particle collisions and a second grinding stage comprises grinding by mechanical size 

reduction and wherein particles finer than a first particle fineness are not subjected to said second 

grinding stage, to produce a ground coarse bran and germ fraction, 

c) stabilizing said ground coarse bran and germ fraction and said low ash fine bran and 

germ fraction, to obtain a stabilized fine bran and germ fraction which has a sodium carbonate

water solvent retention capacity of less than 200%, and 

d) combining said stabilized fine bran and germ fraction with said endosperm fraction to 

obtain a stabilized whole grain flour which has a sodium carbonate-water solvent retention 

capacity of less than 90% and a hexanal content of less than about 10 ppm after 1 month 

accelerated storage at 950 C, based upon the weight of the stabilized whole grain flour, 

wherein said endosperm fraction has an ash content of about 0.5 wt. % to about 0.6 wt. % 

and a particle size distribution of at least about 65% by weight having a particle size of less than 

or equal to 149 microns, and less than or equal to 5% by weight having a particle size of greater 

than 250 microns, said low ash fine bran and germ fraction has an ash content of about 0.6 wt. % 

to about 2.0 wt. % and a particle size distribution of at least 6 5% by weight having a particle size 

of less than or equal to 149 microns, and less than or equal to 10% by weight having a particle 

size of greater than 250 microns, and said coarse bran and germ fraction has an ash content of 

above 2 wt. % and a particle size distribution of at least 75% by weight having a particle size of 
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greater than or equal to 500 microns, less than or equal to 5% by weight having a particle size of 

less than 149 microns, and 15% by weight to 25% by weight having a particle size of less than 

500 microns but greater than or equal to 149 microns.  

[3C] In another aspect, the present invention provides a stabilized whole grain flour 

comprising: 

a. an endosperm fraction, a low ash fine bran and germ fraction, and a coarse bran and 

germ fraction, 

b. a lipase activity of less than 250 units/g/hour of the stabilized whole grain flour, where 

a unit is the number of micromoles (jam) of 4-methylumbelliferyl heptanonate (4-MUH) 

hydrolyzed per hour per gram of stabilized whole grain flour, 

c. an acrylamide content less than 45 ppb, based upon the weight of stabilized whole 

grain flour, 

d. a sodium carbonate-water solvent retention capacity (SRC sodium carbonate) of less 

than 9 0 %, 

e. a free fatty acid content of less than 10% by weight of total flour lipids at three months 

or less than 3,000 ppm, based upon the weight of the stabilized whole grain flour, and 

f a hexanal content of less than 10 ppm after 1 month accelerated storage at 950 C., based 

upon the weight of the stabilized whole grain flour, and a particle size distribution of 0% by 

weight on a No. 35 (500 micron) U.S. Standard Sieve, and less than or equal to about 10% by 

weight on a No. 70 (210 micron) U.S. Standard Sieve, wherein the stabilized whole grain flour 

includes an endosperm fraction having an ash content of about 0.5 wt. % to about 0.6% wt. %, a 

low ash fine bran and germ fraction having an ash content of about 0.6 wt. % to about 2.0 wt. %, 

and a coarse bran and germ fraction having an ash content of above 2 wt. %.  

[3D] In another aspect, the present invention provides a food product comprising a stabilized 

whole grain wheat flour as described above or produced by the method as described above.  

[3E] In another aspect, the present invention provides a method for producing stabilized whole 

grain flour including endosperm, bran and germ comprising: 
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a) milling whole grains to obtain a separate endosperm fraction, a low ash fine bran and 

germ fraction separate from the endosperm fraction, and a coarse bran and germ fraction separate 

from the endosperm fraction and the low ash fine bran and germ fraction, the coarse bran and 

germ fraction having a residue of endosperm, 

b) grinding said coarse bran and germ fraction including said endosperm residue in an 

amount of 5-10% of the endosperm in the whole grains, without grinding said low ash fine bran 

and germ fraction, to produce a ground coarse bran and germ fraction, 

c) hydrating said ground coarse bran and germ fraction and said low ash fine bran and 

germ fraction to a moisture content of 10% to 20% by weight, based upon the weight of the 

fraction, 

d) subjecting up to 10% of said endosperm residue from said ground coarse bran and 

germ fraction to stabilization to avoid starch gelatinization, and 

e) subjecting 80-100% of the bran and germ to stabilization to reduce lipase and 

lipxoygenase activity, to produce a stabilized whole grain flour which has a sodium carbonate

water solvent retention capacity of less than 90% and a hexanal content of less than about 10 

ppm after 1 month accelerated storage at 950 C., based upon the weight of the stabilized whole 

grain flour, 

wherein said endosperm fraction has an ash content of about 0.5 wt. % to about 0.6 wt. % 

and a particle size distribution of at least about 65% by weight having a particle size of less than 

or equal to 149 microns, and less than or equal to 5% by weight having a particle size of greater 

than 250 microns, said low ash fine bran and germ fraction has an ash content of about 0.6 wt. % 

to about 2.0 wt. % and a particle size distribution of at least 65% by weight having a particle size 

of less than or equal to 149 microns, and less than or equal to 10% by weight having a particle 

size of greater than 250 microns, and said coarse bran and germ fraction has an ash content of 

above 2 wt. % and a particle size distribution of at least 75% by weight having a particle size of 

greater than or equal to 500 microns, less than or equal to 5% by weight having a particle size of 

less than 149 microns, and 15% by weight to 2 5% by weight having a particle size of less than 

500 microns but greater than or equal to 149 microns.  
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[3F] In another aspect, the present invention provides a method for the production of stabilized 

whole grain flour comprising: 

a) milling whole grains to obtain a separate endosperm fraction, a low ash fine bran and 

germ fraction separate from the endosperm fraction, and a coarse bran and germ fraction separate 

from the endosperm fraction and the low ash fine bran and germ fraction, 

b) grinding said coarse bran and germ fraction without grinding said low ash fine bran 

and germ fraction to obtain a ground coarse bran and germ fraction, 

c) hydrating said endosperm fraction to obtain a moisture content of from 10% to 14.5% 

by weight, based upon the weight of said endosperm fraction, 

d) hydrating said ground coarse bran and germ fraction to obtain a moisture content of 

from 10% to 20% by weight, based up on the weight of said ground coarse bran and germ 

fraction; 

e) stabilizing said low ash fine bran and germ fraction and said ground coarse bran and 

germ fraction, to obtain a stabilized combined fine bran and germ fraction, and 

f) combining said stabilized fine bran and germ fraction with said endosperm fraction to 

obtain a stabilized whole grain flour with reduced starch damage, 

wherein said endosperm fraction has an ash content of about 0.5 wt. % to about 0.6 wt. % 

and a particle size distribution of at least about 65% by weight having a particle size of less than 

or equal to 149 microns, and less than or equal to 5% by weight having a particle size of greater 

than 250 microns, said low ash fine bran and germ fraction has an ash content of about 0.6 wt. % 

to about 2.0 wt. % and a particle size distribution of at least 6 5% by weight having a particle size 

of less than or equal to 149 microns, and less than or equal to 10% by weight having a particle 

size of greater than 250 microns, and said coarse bran and germ fraction has an ash content of 

above 2 wt. % and a particle size distribution of at least 75% by weight having a particle size of 

greater than or equal to 500 microns, less than or equal to 5% by weight having a particle size of 

less than 149 microns, and 15% by weight to 25% by weight having a particle size of less than 

500 microns but greater than or equal to 149 microns.  
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[3G] In another aspect, the present invention provides a method for the production of stabilized 

whole grain flour comprising: 

a) milling whole grains to obtain a separate endosperm fraction, a low ash fine bran and 

germ fraction separate from the endosperm fraction, and a coarse bran and germ fraction separate 

from the endosperm fraction and the low ash fine bran and germ fraction, 

b) grinding said coarse bran and germ fraction without grinding said low ash fine bran 

and germ fraction using a two-stage grinding process, wherein a first grinding stage comprises 

grinding by particle-to-particle collisions and a second grinding stage comprises grinding by 

mechanical size reduction, wherein particles of a first particle fineness are sorted during or after 

said first grinding stage and not subjected to said second grinding stage, to create a ground 

coarse bran and germ fraction with reduced starch damage, 

c) stabilizing said low ash fine bran and germ fraction and said ground coarse bran and 

germ fraction, to obtain a stabilized combined fine bran and germ fraction, and 

d) combining said stabilized combined fine bran and germ fraction with said endosperm 

fraction to obtain a stabilized whole grain flour with reduced starch damage, 

wherein said endosperm fraction has an ash content of about 0.5 wt. % to about 0.6 wt. % 

and a particle size distribution of at least about 65% by weight having a particle size of less than 

or equal to 149 microns, and less than or equal to 5% by weight having a particle size of greater 

than 250 microns, said low ash fine bran and germ fraction has an ash content of about 0.6 wt. % 

to about 2.0 wt. % and a particle size distribution of at least 6 5% by weight having a particle size 

of less than or equal to 149 microns, and less than or equal to 10% by weight having a particle 

size of greater than 250 microns, and said coarse bran and germ fraction has an ash content of 

above 2 wt. % and a particle size distribution of at least 75% by weight having a particle size of 

greater than or equal to 500 microns, less than or equal to 5% by weight having a particle size of 

less than 149 microns, and 15% by weight to 25% by weight having a particle size of less than 

500 microns but greater than or equal to 149 microns.  

[4] In an embodiment, a method for the production of stabilized whole grain flour is 

disclosed, including the steps of: a) milling whole grains to obtain an endosperm fraction, a low 

ash fine bran and germ fraction, and a coarse bran and germ fraction, b) grinding the coarse bran 
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and germ fraction without substantially damaging starch of the coarse bran and germ fraction to 

obtain a ground coarse bran and germ fraction, c) stabilizing the low ash fine bran and germ 

fraction and the ground coarse bran and germ fraction, to obtain a stabilized fine bran and germ 

fraction, and d) combining the stabilized fine bran and germ fraction with the endosperm fraction 

to obtain a stabilized whole grain flour having a particle size distribution of 0 % by weight on a 

No. 35 (500 micron) U.S. Standard Sieve, and less than or equal to about 20% by weight on a 

No. 70 (210 micron) U.S. Standard Sieve, wherein the low ash fine bran and germ fraction is 

from 3% by weight to 15% by weight and is not ground thereby reducing starch damage and 

increasing production efficiency.  

[5] In another embodiment, a method for producing a stabilized whole grain flour 

without substantially damaging starch includes the steps of. a) milling whole grains to obtain an 

endosperm fraction, a low ash fine bran and germ fraction which is not subjected to further 

particle size reduction, and a coarse bran and germ fraction which is subjected to further particle 

size reduction, b) grinding the coarse bran and germ fraction using a two stage grinding process, 

wherein a first grinding stage comprises particle-to-particle collisions and a second grinding 

stage comprises grinding by mechanical size reduction and wherein particles finer than a first 

particle fineness are not subjected to the second grinding stage, to produce a ground coarse bran 

and germ fraction, c) stabilizing the ground coarse bran and germ fraction and the low ash fine 

bran and germ fraction, to obtain a stabilized fine bran and germ fraction which has a sodium 

carbonate-water solvent retention capacity of less than 200 %, and d) combining the stabilized 

fine bran and germ fraction with the endosperm fraction to obtain a stabilized whole grain flour 
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which has a sodium carbonate-water solvent retention capacity of less than 90% and a hexanal 

content of less than about 10 ppm after I month accelerated storage at 95 *C, based upon the 

weight of the stabilized whole grain flour.  

[6] In another inventive aspect, a stabilized whole grain flour comprising bran, germ 

and endosperm, includes the following: a) a lipase activity of less than 250 units/g/hour of the 

stabilized whole grain flour, where a unit is the number of micromoles (jam) of 4

methylumbelliferyl heptanonate (4-MUH) hydrolyzed per hour per gram of stabilized whole 

grain flour, b) an acrylamide content less than 45 ppb, based upon the weight of stabilized whole 

grain flour, c) a sodium carbonate-water solvent retention capacity (SRC sodium carbonate) of 

less than 90%, d) a free fatty acid content of less than 10% by weight of total flour lipids at three 

months or less than 3,000 ppm, based upon the weight of the stabilized whole grain flour, and e) 

a hexanal content of less than 10 ppm after I month accelerated storage at 95 'C, based upon the 

weight of the stabilized whole grain flour, and a particle size distribution of 0% by weight on a 

No. 35 (500 micron) U.S. Standard Sieve, and less than or equal to about 10% by weight on a 

No. 70 (210 micron) U.S. Standard Sieve.  

[71 In yet another aspect, a method for increasing the production of a stabilized bran 

component without substantially damaging starch includes the steps of: a) milling whole grains 

to obtain an endosperm fraction, a low ash fine bran and germ fraction which is not subjected to 

further particle size reduction, and a coarse bran and germ fraction which is subjected to further 

particle size reduction, b) grinding the coarse bran and germ fraction to obtain a first ground 

coarse bran and germ fraction and a second ground coarse bran and germ fraction, wherein 

grinding of the coarse bran and germ fraction to obtain the second ground coarse fraction 

comprises a first grinding stage and a second grinding stage, the first grinding stage comprising 

grinding by particle-to-particle collisions, and the second grinding stage comprising grinding by 

mechanical size reduction, the first grinding stage producing both the first ground coarse bran 

and germ fraction, and a first stage ground coarse fraction, wherein the first stage ground coarse 

fraction is subjected to the second grinding stage to obtain the second ground coarse fraction, and 

the first ground coarse fraction is not subjected to said second grinding stage, c) combining the 

3



WO 2012/148543 PCT/US2012/026490 

low ash bran and germ fraction, the first ground coarse bran and germ fraction, and the second 

ground coarse bran and germ fraction to obtain a combined fine bran and germ fraction, and d) 

stabilizing the combined fine bran and genn fraction to obtain a stabilized combined fine bran 

and germ fraction.  

[81 Another embodiment includes a stabilized bran component comprising bran, germ 

and starch, the amount of bran being at least 50% by weight, and the amount of starch being 

from 10% by weight to 40% by weight, based upon the weight of the stabilized bran component, 

the stabilized bran component having: a) a particle size distribution of less than or equal to 15 % 

by weight on a No. 35 (500 micron) U.S. Standard Sieve, and greater than or equal to 75% by 

weight less than or equal to 149 microns, b) a lipase activity of less than 250 units/g/hour of the 

stabilized bran component, where a unit is the number of micromoles (~tm) of 4

methylumbelliferyl heptanonate (4-MUH) hydrolyzed per hour per gram of stabilized bran 

component, c) an acrylamide content less than or equal to 150 ppb, based upon the weight of the 

stabilized bran component, d) a starch melting enthalpy of greater than 2 Jig, based upon the 

weight of the stabilized ground coarse fraction, as measured by differential scanning calorimetry 

(DSC), at a peak temperature of from 60*C to 65*C, and e) a sodium carbonate-water solvent 

retention capacity (SRC sodium carbonate) of less than 200%.  

[9] In yet another aspect, a method is disclosed for producing stabilized whole grain 

flour including endosperm, bran and germ, without substantially damaging starch comprising: a) 

milling whole grains to obtain an endospenn fraction, a low ash fine bran and germ fraction and 

a coarse bran and germ fraction having a residue of endosperm, b) grinding the coarse bran and 

germ fraction including the endosperm residue in an amount of 5-10% of the endosperm in the 

whole grains, to minimize starch damage and produce a ground coarse bran and germ fraction, c) 

hydrating the ground coarse bran and germ fraction and the low ash fine bran and germ fraction 

to a moisture content of 10% to 20% by weight, based upon the weight of the fraction, d) 

subjecting up to 10 % of the endosperm residue from the ground coarse bran and germ fraction 

to stabilization to avoid starch gelatinization, and e) subjecting 80-100 % of the bran and germ to 

stabilization to reduce lipase and lipxoygenase activity, to produce a stabilized whole grain flour 
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which has a sodium carbonate-water solvent retention capacity of less than 90% and a hexanal 

content of less than about 10 ppm after I month accelerated storage at 95 *C, based upon the 

weight of the stabilized whole grain flour.  

[10] In another embodiment, a method for the production of stabilized whole grain 

flour is disclosed, including the steps of: a) milling whole grains to obtain an endosperm fraction, 

a low ash fine bran and germ fraction, and a coarse bran and germ fraction, b) grinding the 

coarse bran and germ fraction without substantially damaging starch of the coarse bran and germ 

fraction to obtain a ground coarse bran and germ fraction, (c) hydrating the endosperm fraction 

to obtain a moisture content of from 10% to 14.5% by weight, based upon the weight of the 

endospenn fraction,. (d) hydrating the ground coarse bran and germ fraction to obtain a moisture 

content of from 10% to 20% by weight, based up on the weight of the ground coarse bran and 

germ fraction; e) stabilizing the low ash fine bran and germ fraction and the ground coarse bran 

and germ fraction, to obtain a stabilized combined fine bran and gern fraction, and f) combining 

the stabilized fine bran and germ fraction with said endosperm fraction to obtain a stabilized 

whole grain flour with reduced starch damage.  

[11] Another inventive aspect is directed to a method for the production of stabilized 

whole grain flour comprising: a) milling whole grains to obtain an endosperm fraction, a low ash 

fine bran and germ fraction, and a coarse bran and germ fraction, b) grinding the coarse bran and 

germ fraction using a two-stage grinding process, wherein a first grinding stage comprises 

grinding by particle-to-particle collisions and a second grinding stage comprises grinding by 

mechanical size reduction, wherein particles of a first particle fineness are sorted during or after 

the first grinding stage and not subjected to the second grinding stage, to create a ground coarse 

bran and germ fraction with reduced starch damage, d) stabilizing the low ash fine bran and germ 

fraction and the ground coarse bran and germ fraction, to obtain a stabilized combined fine bran 

and germ fraction, and e) combining the stabilized combined fine bran and germ fraction with 

the endosperm fraction to obtain a stabilized whole grain flour with reduced starch damage.  
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[12] An additional embodiment discloses a method of milling bran and germ from 

whole grain, comprising: a) milling a low ash fine bran and germ fraction, and a coarse bran and 

germ fraction, b) grinding said coarse bran and germ fraction without substantially damaging 

starch of the coarse bran and germ fraction to obtain a ground coarse bran and germ fraction, (c) 

hydrating the ground coarse bran and germ fraction to obtain a moisture content of from 10% to 

20% by weight, based up on the weight of the ground coarse bran and germ fraction, and d) 

stabilizing the low ash fine bran and germ fraction and the ground coarse bran and germ fraction, 

to obtain a stabilized fine bran and germ fraction, which has a sodium carbonate-water solvent 

retention capacity (SRC sodium carbonate) of less than about 200 %.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[131 FIG. I shows a block flow process schematic diagram for the production of 

stabilized whole grain flour in accordance with an embodiment of the invention.  

[14] FIG. 2 shows a schematic diagram of an apparatus which may be employed in one 

embodiment of the invention for producing stabilized whole grain flour.  

DETAILED DESCRIPTION OF THE INVENTION 

[15] Reference now will be made to certain detailed aspects of various embodiments of 

the invention. It is to be understood that the disclosed embodiments are merely exemplary of the 

invention that may be embodied in numerous and alternative forms, Therefore, specific details 

disclosed herein are not to be interpreted as limiting, but merely as a representative basis for any 

aspect of the invention and/or as a representative basis for teaching one skilled in the art to 

variously employ the invention.  
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[16] Except in the examples, or where otherwise expressly indicated, all numerical 

quantities in this description indicating amounts of material and/or use are to be understood as 

modified by the word "about" in describing the broadest scope of the invention. Practice within 

the numerical limits stated is generally preferred.  

[17] It is also to be understood that this invention is not limited to the specific 

embodiments and methods described below, as specific. components and/or conditions may, of 

course, vary. Furthermore, the terminology used herein is used only for the purpose of 

describing particular embodiments of the present invention and is not intended to be limiting in 

any way. Notably, the figures are not to scale.  

[18] It must also be noted that, as used in the specification and the appended claims, 
the singular form "a", "an", and "the" comprise plural referents unless the context clearly 

indicates otherwise. For example, reference to a component in the singular is intended to 

comprise a plurality of components.  

[191 Throughout this application, where publications are referenced, the disclosures of 

these publications in their entireties are hereby incorporated by reference into this application in 

their entirety to more fully describe the state of the art to which this invention pertains.  

[20] The term "whole grain" includes the grain in its entirety, for example as a wheat 

berry or kernel, prior to any processing. As indicated in the U.S. Food and Drug Administration 

(FDA) February 15, 2006 draft guidance and as used herein, the term "whole grain" includes 

cereal grains that consist of the intact, ground, cracked or flaked fruit of the grains whose 

principal components - the starchy endosperm, germ and bran - are present in the same relative 

proportions as they exist in the intact grain. The FDA outlined that such grains may include 

barley, buckwheat, bulgur, corn, millet, flee, rye, oats, sorghum, wheat and wild rice 
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[211 The term "refined wheat flour product" is a wheat flour that meets the FDA 

standards for a refined wheat flour product of a particle size in which not less than 98 % passes 

through a U.S. Wire 70 sieve (210 microns).  

[22] The term "milling" as used herein includes the steps of rolling, breaking sifting 

and sorting the whole grain to separate it into its constituent parts, which may also result in some 

reduction of particle size of the constituent parts.  

[231 The term "grinding" as used herein includes any process directed to reducing 

particle size, including but not limited to colliding particles against one another or mechanically 

reducing the particle size.  

[241 The term "tempering" as used herein is the process of adding water to wheat 

before milling to toughen the bran and mellow the endosperm of the kernel and thus improve 

flour separation efficiency.  

1251 The term "post-hydration" as used herein refers to the step of adjusting hydration 

post-milling or post-grinding to adjust the moisture content of an individual constituent and/or to 

adjust the moisture content of the final flour.  

Whole Grain Flour and the Problem of Rancidity 

[261 As set forth above, the problem of rancidity is a problem that limits the shelf-life 

of whole grain flours. Several theories have been propounded, some of which are outlined 

below, but none of which are intended to limit any of the embodiments described herein.  

[271 Rancidity in cereal products may be due to hydrolytic (enzymatic) or oxidative 

degradation reactions, or both, Often, hydrolysis may predispose products to subsequent 

oxidative rancidity. Nature has provided a number of protective features in seeds to prevent 

rancidity and spoilage, enabling seeds to survive periods of adverse conditions before attaining 
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an appropriate environment for germination and growth. Rancidity is less likely to develop when 

lipid materials, for example, seed oil, are unable to interact with reactants or catalysts such as air 

and enzymes. One protective feature in cereal grains is the provision of separate compartments 

for storing lipids and enzymes so that they cannot interact.  

[281 Milling cereal grains involves breaking down the separate compartments, bran, 
germ and endosperm, such that the lipid and enzymatic components of the grain are able to 

interact, greatly increasing the development of rancidity. Increasing milling to reduce grittiness 

caused by bran particles tends to increase surface area, reduce natural encapsulation of lipids, 

and increase interaction between the lipids and enzymatic components thereby increasing the 

development of rancidity.  

[291 Thus, high-extraction flours, that is, those containing substantial amounts of bran 

and germ, are less stable than white flours. Prolonged storage of high-extraction flours often 

leads to the development of rancidity. Rancidity includes adverse quality factors arising directly 

or indirectly from reactions with endogenous lipids, producing a reduction in baking quality of 

the flour, undesirable tastes and odors, and/or unacceptable functional properties. A main reason 

for the development of rancidity in high-extraction flours is the enzymatic degradation of 

unstable natural oils. Rich supplies of unstable natural oils are contained in the germ portion of 

grains used to make high-extraction flours. White flours, on the other hand, contain little or no 

unstable natural oils or fats because they are made predominantly from the endosperm portion of 

grains and are generally substantially free of bran and germ.  

1301 Another reason rancidity is a greater problem in products derived from bran and 

germ-containing flour is that bran and germ contain the enzymes involved in enzyme-catalyzed 

lipid degradation. One of the enzymes, lipase, causes hydrolytic rancidity in milled products of 

sound, ungerminated wheat. Lipase is found almost exclusively in the bran component. The 

other key lipid degrading enzyme, lipoxygenase (LPO), is present almost exclusively in the germ 

and also is involved in the development of rancidity. Thus, bran-containing wheat flours or 
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graham flours are much more susceptible to the development of rancidity than are white flours 

which contain little or no bran and germ.  

1311 Enzyme-catalyzed lipid degradation that occurs in high extraction wheat flour, 
causing rancidity in such flour, is believed to occur by the action of lipase followed by the action 

of LPO. When lipase, the enzyme found almost exclusively in the bran portion of the grain, is 

activated during milling, it reacts with unstable oils naturally occurring in the grain and breaks 

down the unstable oils to free fatty acids (FFA). This process may take weeks or even months.  

Then, LPO, the enzyme found almost exclusively in the germ portion of the grain, oxidizes FFA 

in the presence of oxygen, producing volatile breakdown products such as peroxides that, in turn, 
generate rancid aldehydes. In the absence of moisture, oxidation of FFA is also a very slow 

process and can take up to several weeks until noticeable amounts of rancid aldehydes can be 

detected. However, in the presence of moisture, or water, that is normally added to wheat flour in 

large amounts during the dough work-up stage, enzyme catalyzed oxidation of free fatty acids 

tends to proceed to a great extent very quickly, causing formation of large amounts of rancid 

aldehydes in a matter ofjust a few minutes.  

A Solution to Rancidity and the Related Problems 

[32] In reference to the problem of rancidity and the related problems with flour 

instability, various processes are disclosed for making stabilized whole grain flours containing 

natural proportions of bran, germ, and endosperm, at high production rates or throughput even 

with very fine particle size, such as production of a whole grain wheat flour in which not less 

than 98 % passes through a U.S. Wire 70 sieve (210 microns). In various embodiments, the 

stabilized whole grain flours are produced with low degrees of starch damage due to abrasion 

and low degrees of starch gelatinization due to heat and moisture treatment. Such stabilized 

whole wheat flours exhibit dough and baking functionalities, and particle sizes approaching 

those of white refined wheat flour. They may be used in the consistent mass production of 

highly machinable, sheetable doughs for making baked goods such as cookies, crackers, and 

snacks with excellent oven spread and appearance, and a non-gritty mouthfeel.  
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[331 In various embodiments, stabilized whole grain flours, such as a very finely 

ground whole wheat flour, and a very finely ground stabilized bran component exhibit 

unexpectedly low sodium carbonate-water sorption, and an unexpectedly long shelf life, with 

unexpectedly low free fatty acid contents and hexanal contents at I month or more under 

accelerated storage conditions. A high level of enzyme inactivation is achieved, while retaining 

unexpectedly high levels of essential nutrients, such as antioxidants and vitamins that are lost 

with high temperature stabilization treatments. Furthermore, acrylande formation is controlled 

to unexpectedly low levels. The disclosures of copending cases U.S. Patent Application 

Publication No. 20070292583, and International Patent Application Publication No.  

WO/2007/149320 each to Haynes et al, are each herein incorporated by reference in their 

entireties.  

[34] One aspect of the invention provides methods for the high speed production of a 

finely ground stabilized bran component, such as a wheat component highly enriched in bran, 
and a finely ground stabilized whole grain flour containing the stabilized bran component, such 

as a stabilized whole grain wheat flour containing the stabilized wheat bran component, without 

substantially damaging starch or adversely affecting baking functionality. Production of three 

fractions, and separation of ground bran and germ which is sufficiently fine for the end product 

whole grain flour or bran component so as to avoid repeated grinding of bran and germ increases 

throughput, avoids starch damage and reduces release of enzymes such as lipase and 

lipoxygenase which may be present therein from the grinding or milling, which can cause 

rancidity. The milling, grinding and the stabilization process provide a substantial reduction in 

lipase activity and lipoxygenase activity, and unexpectedly low free fatty acid, hexanal and 

acrylamide formation. Furthermore, an unexpectedly high retention of natural nutrients, such as 

vitamins and antioxidants in the stabilized bran component and stabilized whole grain flour, such 

as stabilized whole grain wheat flour, is achieved. The grinding and milling conditions and the 

stabilization conditions do not adversely affect dough machinability or baking functionality of 

the stabilized whole grain flour even though fine whole grain flour particle sizes are obtained.  

The stabilized bran component has a low content of starch with a low iodine binding ratio, low 

starch damage and starch gelatinization, and low solvent retention capacity (SRC) even though 
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fine bran component particle sizes are obtained. The finely ground whole grain wheat flour, 
which contains natural proportions of endosperni, bran and germ as in the intact grain, has 

unexpectedly low solvent retention capacity (SRC), low starch damage and low degree of 

gelatinization, and an unexpectedly long shelf life.  

[35] In accordance with an inventive aspect, only a small portion of the endosperni of 

the whole grain flour, such as whole grain wheat flour, is subjected to grinding in the presence of 

the bran and germ, and only portions of the bran and germ are subjected to multistage grinding in 

order to reduce starch damage. Also, only that small portion of endosperm is subjected to 

stabilization by heating, in order to substantially reduce starch gelatinization. However, at least a 

substantial portion of the bran and germ of the whole grain flour, such as whole wheat flour, is 

subjected to stabilization by heating, in order to substantially reduce lipase and lipoxygenase 

activity, A whole grain product can be made from the stabilized whole grain flour, such as 

stabilized whole grain wheat flour, having an unexpectedly superior non-gritty texture, and 

cookie oven spread. In embodiments of the invention, production rates for the fine ground 

stabilized whole grain flour, such as stabilized whole grain wheat flour, may be at least about 

30,000 lbs/hr, preferably at least about 45,000 lbs/hr.  

[361 The three fractions employed include two bran and germ fractions and an 

endosperm fraction, which are obtained by milling whole cereal grains in breaking operations, 
smooth rolling operations and sifting operations. Only one of the three fractions or streams, a 

coarse bran and germ fraction is subjected to grinding. The two remaining fractions, an 

endosperin fraction and a low ash, fine bran and germ fraction are not subjected to grinding. The 

low ash, fine bran and germ fraction is sufficiently fine so that it does not need to be subjected to 

grinding thereby reducing starch damage and increasing production with reduced grinding 

equipment load. The low ash fine bran and germ fraction is obtained from smooth rolling 

operations and sifting operations where grinding by grinding mills is not employed. Tile ground 

coarse bran and germ fraction, and the low ash, fine bran and germ fraction may be combined, 

subjected to stabilization, and the stabilized bran and germ fraction may be combined with the 

endosperm fraction to obtain a stabilized whole grain flour.  
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[37] As shown schematically in FIG, 1, stabilized whole grain flour may be produced 

by milling whole grains to obtain an endosperm fraction I or stream 4, a low ash fine bran and 

germ fraction 2 or stream 5, and a coarse bran and germ fraction 3 or stream 6. The coarse bran 

and germ fraction 3 is ground without substantially damaging starch of the coarse bran and germ 

fraction 3 to obtain a first ground coarse bran and germ fraction 8 and a second ground coarse 

bran and germ fraction 11. The low ash fine bran and germ fraction 2 which is obtained by 

milling the whole grains is not ground thereby reducing starch damage and increasing throughput 

or production of the whole grain stabilized flour 17.  

[38] In a preferred embodiment, each of the first ground coarse bran and germ fraction 

8, the second ground coarse bran and germ fraction 11, and the low ash fine bran and germ 

fraction 2 may have a fine particle size distribution substantially the same as the particle size 

distribution of the endosperm fraction 1. For example, each of fractions 2, 8, and 11 may have a 

particle size distribution of 0 % by weight on a No. 35 (500 micron) U.S. Standard Sieve, and 

less than or equal to about 20% by weight, preferably less than or equal to about 10 or more 

preferably 5% by weight on a No. 70 (210 micron) U.S. Standard Sieve.  

[39] The low ash fine bran and germ fraction 2, the first ground coarse bran and germ 

fraction 8, and the second ground coarse bran and germ fraction 11 may be transported through 

the use of conventional piping and conveying equipment, and combined using conventional 

mixing and conveying equipment, such as a screw conveyer, to obtain a combined fine bran and 

germ fraction 12. The combined fine bran and germ fraction 12 may stabilized in a stabilizer 

operation 14 to obtain a stabilized combined fine bran and germ fraction 15. The stabilized fine 

bran and germ fraction 15 may be combined with the endosperm fraction 1 using conventional 

mixing and conveying equipment 16, such as a screw conveyer, to obtain a stabilized whole 

grain flour 17.  

[40] The stabilized whole grain flour 17 may have a particle size distribution of 0 % by 
weight on a No. 35 (500 micron) U.S. Standard Sieve, and less than or equal to about 20% by 

weight, preferably less than or equal to about 10 or 5% by weight on a No. 70 (210 micron) U.S.  
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Standard Sieve. In a further embodiment of the invention, the stabilized whole grain flour 17 

may have a particle size distribution of up to about 100% by weight through a No. 70 (210 

micron) U.S. Standard Sieve. Also, the stabilized whole grain flour 17 may also have a particle 

size distribution of at least 75% by weight, preferably at least 85% by weight, for example from 

about 90% by weight to about 98% by weight, less than or equal to 149 microns and less than or 

equal to 5% by weight greater than 250 microns.  

Production of the Three Fractions 

[41] In one embodiment for making a stabilized whole grain flour, such as stabilized 

whole grain wheat flour, and a stabilized bran component, whole cereal grains may be milled to 

obtain the endosperm fraction 1, the low ash fine bran and germ fraction 2, and the coarse bran 

and germ fraction 3.  

[42] In another embodiment, the endosperm fraction I may have a particle size 

distribution of 0 % by weight on a No. 35 (500 micron) U.S. Standard Sieve, and less than or 

equal to about 20% by weight, preferably less than or equal to about 5% by weight on a No. 70 

(210 micron) U.S. Standard Sieve. The endosperm fraction I may also have a particle size 

distribution of at least about 65% by weight, for example at least about 75% by weight, 

preferably at least about 85% by weight having a particle size of less than or equal to 149 

microns, and less than or equal to about 5% by weight having a particle size of greater than 250 

microns. The endosperm fraction 1 may have, on a solids basis, a starch content of from about 

85% by weight to about 95% by weight starch, and an ash content of from about 0.5% by weight 

to about 0.6% by weight ash, based upon the weight of the endosperm fraction 1. The amount of 

germ present in the endosperm fraction I may be about the same relative amount to the bran as it 

is in the intact grain. The amount of the endosperm fraction I may be from about 60% by weight 

to about 80% by weight, generally from about 60% by weight to about 75% by weight, 

preferably from about 60% by weight to about 69% by weight, most preferably from about 65% 

by weight to about 68% by weight, based upon the total weight of the endosperm fraction 1, the 
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low ash fine bran and germ fraction 2. and the coarse bran and gern fraction 3. or the weight of 

the whole grain.  

[43] In a further embodiment, the low ash fine bran and germ fraction 2 may have a 

particle size distribution of less than or equal to 15% by weight, preferably less than or equal to 

12% by weight, most preferably 0 % by weight on a No. 35 (500 micron) U.S. Standard Sieve, 
and less than or equal to about 40% by weight, for example less than or equal to about 35% by 
weight, preferably less than or equal to about 20% by weight, most preferably less than or equal 

to about 10% by weight on a No. 70 (210 micron) U.S. Standard Sieve. The low ash fine bran 

and germ fraction 2 may also have a particle size distribution of at least about 65% by weight, 

preferably at least about 75% by weight, most preferably at least about 85% by weight having a 

particle size of less than or equal to 149 microns, and less than or equal to about 10% by weight, 
preferably less than or equal to about 7% by weight, most preferably less than or equal to about 

5% by weight having a particle size of greater than 250 microns. The low ash fine bran and germ 

fraction 2 may have, on a solids basis, a starch content of from about 10% by weight to about 

75% by weight, preferably about 20% by weight to about 70% by weight, more preferably about 

30% by weight to about 50% by weight starch, and an ash content of above 0.6% by weight, 
generally from about 0.75% by weight to about 2.0% by weight ash, based upon the weight of 

the low ash fine bran and germ fraction 2, The amount of germ present in the low ash fine bran 

and germ fraction 2 may be about the same relative amount to the bran as it is in the intact grain.  

The amount of the low ash fine bran and germ fraction 2 may be from about 3% by weight to 

about 15% by weight, preferably from about 5% by weight to about 10% by weight, based upon 

the total weight of the endosperm fraction I, the low ash fine bran and germ fraction 2, and the 

coarse bran and germ fraction 3, or the weight of the whole grain.  

[44] In yet another embodiment, the coarse bran and germ fraction 3 may have a 

particle size distribution of at least about 75 % by weight having a particle size of greater than or 

equal to 500 microns, less than or equal to about 10% by weight, preferably less than or equal to 

about 5% by weight having a particle size of less than 149 microns, and from about 10% by 

weight, preferably from about 15% by weight to about 25% by weight having a particle size of 
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less than 500 microns but greater than or equal to 149 microns. The coarse bran and germ 

fraction 3 may have, on a solids basis, a starch content of from about 10% by weight to about 

40% by weight, and an ash content of above 2% by weight, based upon the weight of the coarse 

bran and germ fraction 3. The amount of germ present in the coarse bran and germ fraction 3 

may be about the same relative amount to the bran as it is in the intact grain. The amount of the 

coarse bran and germ fraction 3 may be from about 10% by weight to about 37% by weight, for 

example from about 22% by weight to about 28% by weight, based upon the total weight of the 

endosnerm fraction 1, the low ash fine bran and germ fraction 2, and the coarse bran and germ 

fraction 3, or the weight of the whole grain.  

[45] Accordingly, in one embodiment, milling of the whole grain, such as wheat., 

yields about 60% by weight to about 80% by weight, generally about 60% by weight to about 75 

% by weight, preferably about 60% by weight to about 69 % by weight, from about 3% by 

weight to about 15% by weight, preferably from about 5% by weight to about 10% by weight of 

the low ash fine bran and germ fraction 2, and from about 10% by weight to about 37% by 

weight, for example from about 22% by weight to about 28% by weight of coarse bran and germ 

traction 3, based upon the weight of the whole grain, with the weight percentages for the three 

fractions adding up to 100% by weight.  

[461 In another embodiment, the endosperm fraction 1, the low ash fine bran and germ 

fraction 2., and the coarse bran and germ fraction 3 for making a stabilized whole grain flour, 
such as stabilized whole grain wheat flour, and a stabilized bran component, may be obtained 

from whole cereal grains 322 as shown in FIG. 2. The whole cereal grains 322 may be tempered 

or untempered, but are preferably untempered, raw whole cereal grains, which have been cleaned 

by washing with water. Whole cereal grains with moisture contents of from about 8% to about 

15% by weight may be employed, with moisture contents of about 10% by weight to about 

14.5% by weight being preferred for milling and/or grinding purposes, and moisture contents of 

about 12.5% by weight to about 13.5% by weight being particularly preferred. If there is too 

little moisture in the grains, the grains may undesirably shatter and create damaged starch. Too 

high an amount of moisture may render the grains susceptible to excessive starch gelatinization 
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and may also cause the grains to be difficult to mill and/or grind. For these reasons, grain 

moisture contents of from about 10% by weight to about 14.5% by weight are preferred just prior 

to the steps of milling or grinding. If the moisture content of the grains is too low, moisture may 

be added to the dry grains prior to the steps of milling or grinding to increase the moisture 

content to an acceptable level. Moisture addition may be achieved in conventional manner by 

tempering the grains by spraying their surfaces with water and permitting them to soak. Natural 

whole grains such as wheat berries generally have a moisture content of from about 10% by 

weight to about 14.5% by weight. Accordingly, in a preferred embodiment, it is not necessary to 

temper the whole berries to achieve a desired moisture content for the steps of milling or 

grinding.  

[47] Whole grains contain primarily the endosperm, bran, and germ, in diminishing 

proportions, respectively. In whole wheat grains, for example, at field moisture of about 13 % by 

weight, the endosperm or starch is about 83 % by weight, the bran is about 14.5 % by weight, 

and the germ is about 2.5 % by weight, based upon the weight of the intact grain. The endosperm 

contains the starch, and is lower in protein content than the germ and the bran. It is also low in 

crude fat and ash constituents. The bran (pericarp or hull) is the mature ovary wall which is 

beneath the cuticle, and comprises all the outer cell layers down to the seed coat. It is high in 

non-starch-polysaccharides, such as cellulose and pentosans. The bran or pericarp tends to be 

very tough due to its high fiber content and imparts a dry, gritty mouthfeel, particularly when 

present in large particle sizes. It also contains most of the lipase and lipoxygenase of the grain 

and needs to be stabilized. As the extent of the grinding or milling increases, the bran particle 

size approaches the particle size of the starch, making the bran and starch harder to separate.  

Also, starch damage tends to increase due to more mechanical energy input, and abrasiveness of 

the bran compared to the endosperi, and rupturing of the starch granules. Also, mechanically 

damaged starch tends to be more susceptible to gelatinization, The germ is characterized by its 

high fatty oil content. It is also rich in crude proteins, sugars, and ash constituents. The germ is 

preferably subjected to the stabilization with the bran to inactivate any lipase and lipoxygenase 

which may present therein from the grinding or milling, while avoiding substantial destruction of 

the natural nutrients.  
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[481 As shown in FIG. 2, the production of the three fractions 1, 2, and 3 can include 

conducting, via conventional piping and conveying equipment, a quantity of whole grains 322 

such as wheat, through a plurality of sets of break rolls or roller mills, and smooth rolls and 

sifters piping to provide milled grains. As more break rolls are employed more starch or 

endosperm is released, and the bran tends to remain in larger, coarser particles than the 

endosperm. During the breaking operation the bran particles tend to flatten while the endosperm 

tends to fragment into individual starch granules. The milled grains may be sifted through sifters, 

screeners or classifiers to collect particles with a first fine particle distribution and/or further 

particle size distributions as needed. The first fine particle size distribution and other 

distributions retain particles with a coarse particle size distribution for further milling and 

grinding and likewise particles finer than the first particle size distribution are not subjected to 

said second grinding stage to produce a ground coarse fraction. In preferred embodiments of the 

invention, the milling of the whole grains 322 may include subjecting untempered whole grains 

or berries to four or more breaking and rolling operations and four or more sifting operations. As 

shown in FIG. 2, the whole grains or 322 may be subjected to a plurality of breaking operations, 

300, 302, a plurality of rolling operations 304, 306, 308, and a plurality of sifting operations 301, 
303, 305, 307, 309 to obtain the endosperm fraction 1, low ash fine bran and germ fraction 2, and 

coarse bran and germ fraction 3, 332, 333. The sifters 301, 303, 305, 307, 309 are alternatingly 

arranged in series with the breaking rolls 300, 302, and smooth rolls 304, 306, 308 as shown in 

FIG. 2.  

[491 The output streams 323, 325, 327, 329, and 330 from break rolls and smooth rolls 

300, 302, 304, 306, 308, respectively, are generally progressively increasingly enriched in bran 

as endosperm is removed by sifters 301, 303, 305, 307, and 309, respectively. The sifter coarser, 

or overs output streams 324, 326, 328, 330, and 332/333 from sifters 301, 303, 305, 307, and 

309, respectively may be generally increasingly enriched in bran coarser and have been subjected 

to progressively more size reduction in rollers without the use of a grinding mill.  
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[501 In another inventive aspect, a stabilized bran component having bran, germ and 

starch, with the amount of bran being at least about 50% by weight, and the amount of starch 

being from about 10% by weight to about 40% by weight, based upon the weight of the 

stabilized bran component is provided with a fine particle size distribution of 0 % by weight on a 

No. 35 (500 micron) U.S. Standard Sieve, and less than or equal to about 20% by weight on a 

No. 70 (210 micron) U.S. Standard Sieve.  

[51] As shown in FIG. 2, the endosperm fraction I may be produced by breaks 300 

and 302, each of which may include two sets of break rolls, and smooth rolls 304, 306, but not 

the final smooth rolls 308, and by sifting operations 301, 303, 305, and 307, but not sifting 

operation 309. As shown in FIG. 2, sifter finer output streams 360, 362, 364, and 366 from 

sifters 301, 303, 305, and 307, respectively contribute to the production of the endosperm 

fraction 1. In embodiments of the invention, dull corrugations on each roll of each pair of break 

rolls may be employed to reduce dispersion of endosperm upon breaking of the grains, reduce 

starch damage during the breaking operations, and to attain a larger particle size distribution for 

the fractions.  

[521 The low ash bran and germ fraction 2, as shown in FIG. 2, may also be produced 

by smooth rolls 304, 306, 308 and sifting operations 305, 307, 309, but is not produced by breaks 

300, 302, or their respective sifting operations 301 and 303. As shown in FIG. 2, sifter fine 

output streams 370, 372, and 374, from sifters 305, 307, and 309, respectively contribute to the 

production of the low ash bran and germ fraction 2. Generally, the sifter fine output streams 370, 
372, may be coarser than the sifter finer output streams 360, 362, respectively, from the sifter 

operations 305 and 307 and may be obtained from different screens within the same sifter 

operation. As shown in FIG. 2, the sifter fine output stream 374 from sifter 309 contributes to the 

low ash bran and germ fraction 2, but the sifter coarser or overs output streams 332 and 333 from 

sifting operation 309 make up the coarse bran and germ fraction 3. The low ash bran and germ 

fraction may also be produced from the stream 381 produced following sifting operation 313 

downstream of gap mills 310, 311 or from the stream 382 produced following sifting operation 

314 downstream of gap mill 312.  
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[53] The output stream 331 from the last set of smooth rolls 308 is input to the sifter 

309 for obtaining the coarse bran and germ fraction 3. In embodiments of the invention, the 

output stream 331 from the last set of smooth rolls 308 may have a particle size distribution 

which is about the same or coarser than the particle size distribution of the coarse bran and germ 

fraction 3, and about the same or lower starch content than the coarse bran and gern fraction 3 

due to removal of finer particles as stream 374 by sifter 309, For example, smooth roller 308 

output stream 331 which is fed into sifter 309 may have a particle size distribution of at least 

about 75 % by weight having a particle size of greater than or equal to 500 microns, less than or 

equal to about 5% by weight having a particle size of less than 149 microns, and about 15% by 

weight to about 25% by weight having a particle size of less than 500 microns but greater than or 

equal to 149 microns. Also, smooth roller 309 output stream 331 may have, on a solids basis, a 

starch content of from about 10% by weight to about 40% by weight, based upon the weight of 

the output stream 3 31. The amount of germ present in the output stream 331 may be about the 

same relative amount to the bran as it is in the intact grain. The amount of the output stream 331 

may be from about 18% by weight to about 37% by weight, preferably from about 20% by 

weight to about 30% by weight, based upon the total weight of the endosperm fraction 1, the low 

ash fine bran and germ fraction 2, and the coarse bran and genn fraction 3, or the weight of the 

whole grain.  

[54] The sifter coarser or overs output from sifting operation 309 may be one stream 3 

or a plurality of streams 332 and 333 which may be obtained by splitting the coarser or overs 

output stream 3 evenly into two streams 332 and 333 for grinding in a plurality of gaps mills in 

accordance with a preferred embodiment.  

rinding of the Coarse Bran and Genn Fraction 

[551 The retained or recovered coarse bran and germ fraction 3, 332, 333 is subjected 

to grinding in a plurality of grinding mills to substantially reduce grittiness without substantially 
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damaging the starch present in the coarse fraction by machine abrasion or by abrasion between 

the bran particles and the starch particles.  

[56] As shown in FIGS. I and 2, the grinding of the coarse bran and germ fraction 3, 
332, 333 to obtain a first ground coarse bran and germ fraction 8, and a second ground coarse 

bran and germ fraction 11, 340 includes a first grinding stage 7 and a second grinding stage 10, 

wherein the first grinding stage comprises grinding by particle-to-particle collisions, and the 

second grinding stage comprises grinding by mechanical size reduction. Under the first grinding 

stage, grinding can be accomplished by any apparatus which reduces the particle size through 

particle-to-particle collisions, including but not limited to whirl milling, air classifiers, jet mills, 
gap mills and tornado in a can. Under the second grinding stage, grinding can be accomplished 

by any apparatus that mechanically reduces the size of the particles, such as for example a 

hammermill, cone mill, universal mill or a Fitz mill. The first grinding stage 7 produces both the 

first ground coarse bran and germ fraction 8, and a first stage ground coarse fraction 9, 338. The 

first stage ground coarse fraction 9, 338 is subjected to the second grinding stage 10 to obtain the 

second ground coarse fraction 11, 340. The first ground coarse bran and germ fraction 8 is 

sufficiently fine so that it is not subjected to the second grinding stage 10.  

[57] In another embodiment, the first ground coarse bran and germ fraction 8 may 

generally have about the same as or slightly larger particle size distribution compared to the 

second ground coarse bran and germ fraction 11, 340. Also, the first ground coarse bran and 

germ fraction 8 may generally have a higher starch content and its quantity may generally be 

substantially larger than those of the second ground coarse bran and gern fraction 11,340.  

[58] In a further embodiment, the first ground coarse bran and germ fraction 8 may 

have a particle size distribution of less than or equal to 15% by weight, preferably less than or 

equal to 12% by weight, most preferably 0 % by weight on a No. 35 (500 micron) U.S. Standard 

Sieve, and less than or equal to about 40% by weight, for example less than or equal to about 

35% by weight, preferably less than or equal to about 20% by weight, most preferably less than 

or equal to about 10% or 5% by weight on a No. 70 (210 micron) U.S. Standard Sieve. Also, in 
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embodiments the first ground coarse bran and germ fraction 8 may have a particle size 

distribution of at least about 75 % by weight, preferably at least about 85% by weight having a 

particle size of less than or equal to 149 microns, and less than or equal to about 15% by weight, 

preferably less than equal to about 5% by weight having a particle size of greater than 250 

microns, 

[59] The first ground coarse bran and germ fraction 8 may have, on a solids basis, a 

starch content of from about 15% by weight to about 45% by weight, based upon the weight of 

the first ground coarse bran and germ fraction 8. The amount of germ present in the first ground 

coarse bran and germ fraction 8 may be about the same relative amount to the bran as it is in the 

intact grain. The amount of the first ground coarse bran and germ fraction 8 may be from about 

85% by weight to about 97% by weight, based upon the weight of the coarse bran and gen 

fraction 3.  

[60] In yet another embodiment, the second ground coarse bran and germ fraction 

11,340 may have a particle size distribution of less than or equal to 15% by weight, preferably 

less than or equal to 12% by weight, most preferably 0 % by weight on a No. 35 (500 micron) 

U.S. Standard Sieve, and less than or equal to about 40% by weight, for example less than or 

equal to about 35% by weight, preferably less than or equal to about 20% by weight, most 

preferably less than or equal to about 5% by weight on a No. 70 (210 micron) U.S. Standard 

Sieve. Also, in embodiments the second ground coarse bran and gern fraction II, 340 may have 

a particle size distribution of at least 60% by weight, for example at least about 75 % by weight, 

preferably at least about 85% by weight having a particle size of less than or equal to 149 

microns, and less than or equal to about 25% by weight, for example less than or equal to about 

10% by weight, preferably less than equal to about 45% by weight having a particle size of greater 

than 250 microns, and up to about 25% by weight having a particle size of greater than 149 

microns but less than or equal to 250 microns.  

[61] The second ground coarse bran and germ fraction 11, 340 may have, on a solids 

basis, a starch content of from about 10% by weight to about 40% by weight, based upon the 
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weight of the second ground coarse bran and germ fraction 11, 340. The amount of germ present 

in the second ground coarse bran and germ fraction 11, 340 may be about the same relative 

amount to the bran as it is in the intact grain. The amount of the second ground coarse bran and 

germ fraction 11, 340 may be from about 3% by weight to about 15% by weight, preferably from 

about 5% by weight to about 10% by weight, based upon the weight of the coarse bran and germ 

fraction 3.  

[62] In an embodiment, the first stage ground coarse bran and germ fraction 9, 338 

although rather finer than the coarse bran and germ fraction, the former may generally have a 

substantially larger particle size distribution compared to both the first ground coarse bran and 

germ fraction 8 and the second ground coarse bran and germ fraction 11, 340. Also, the first 

stage ground coarse bran and germ fraction 9, 338 may generally have a lower starch content and 

its quantity may generally be substantially smaller than those of the first ground coarse bran and 

germ fraction 8 due to removal of finer particles and endosperm by sifters 313 and 314 for 

production of the first ground coarse bran and germ fraction 8. Also, the first stage ground coarse 

bran and germ fraction 9, 338 may generally have a lower starch content and its quantity may 

generally be about the same as or lower compared to those of the second ground coarse bran and 

germ fraction 11, 340 due to removal of the coarser bran particles by sifter 316 for recycling 

back to the first stage grinding 7.  

[63] In another inventive aspect, the first stage ground coarse bran and germ fraction 9, 

338 may have a particle size distribution of about 30% by weight to about 60% by weight having 

a particle size of greater than or equal to 500 microns, less than or equal to about 10% by weight 

having a particle size of less than 149 microns, and about 30% by weight to about 70% by 

weight having a particle size of less than 500 microns but greater than or equal to 149 microns.  

[64] The first stage ground coarse bran and germ fraction 9, 338 may have, on a solids 

basis, a starch content of from about 5% by weight to about 25% by weight, based upon the 

weight of the first stage ground coarse bran and germ fraction 9, 338. The amount of germ 

present in the first stage ground coarse bran and germ fraction 9, 338 may be about the same 
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relative amount to the bran as it is in the intact grain. The amount of the first stage ground coarse 

bran and germ fraction 9,338 may be from about 3% by weight to about 15% by weight, 
preferably from about 5% by weight to about 10% by weight, based upon the weight of the 

coarse bran and germ fraction 3.  

[65j As shown in FIG. 2, the first grinding stage 7 preferably includes grinding the 

coarse bran and germ fraction 3, 332 and 333 in one or more "particle-to-particle collision" 

mills, preferably placed in series and/or parallel with one another as needed to achieve a 

particular throughput. In one embodiment, a pair of gap mills 310, 311 arranged in parallel with 

each other and in series with a third gap mill 312. The pair of gap mills 310, 311 arranged in 

parallel produce a first gap mill output stream 334 from a first gap mill 310 and a second gap 

mill output stream 335 from a second gap mill 311, and the third gap mill produces a third gap 

mill output stream 337. The first and second gap mill output streams 334, 335 may be sifted in 

sifting operation 313 to obtain an input stream 336 to the third gap mill 312. The third gap mill 

output stream 337 may be sifted in a sifting operation 314 to obtain the first stage ground coarse 

fraction 9, 338. The sifting in sifting operation 313 of the first and second gap mill output 

streams 334, 335 also contributes as sifter 313 output stream 380 to the production of the first 

ground coarse fraction 8. in addition, the sifting in sifting operation 314 of the third gap mill 

output stream 337 contributes as sifter 314 output stream 385 to the production of the first 

ground coarse fraction 8. As shown in FIG. 2, a gap mill recycle loop is not employed from any 

of the three gap mills 310, 311, 312.  

[661 As shown in FIGS. I and 2, the second grinding stage 10 preferably includes 

grinding the first stage ground coarse fraction 9, 338 in a mill that reduces the particles 

mechanically such as an impact mill, for example a hammer mill, cone mill, a Fitz mill or 

preferably a universal mill 10, 315 to obtain the second ground coarse fraction 11, 340. The 

output 339 from the mechanical size-reducing mill 10, 315 may optionally be sifted in sifting 

operation 316 to obtain the second ground coarse fraction stream 11, 340, and an optional 

recycle stream 390 for recycling larger particles back to the first and second gap mills 310, 311 
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of first grinding stage 7 for further grinding. In embodiments of the invention, the recycle stream 

390 and sifting operation 316 may not be employed.  

[67] The coarse bran and germ fraction stream 332 which feeds into gap mill 310, and 

the coarse bran and germ fraction stream 333 which feeds into gap mill 311 may each have the 

same particle size distribution of at least about 75 % by weight having a particle size of greater 

than or equal to 500 microns, less than or equal to about 5% by weight having a particle size of 

less than 149 microns, and about 15% by weight to about 25% by weight having a particle size 

of less than 500 microns but greater than or equal to 149 microns. The two streams 332 and 333 

may also each have, on a solids basis, a starch content of from about 10% by weight to about 

40% by weight, and an ash content of above 2% by weight, based upon the weight of the stream 

332 or 333. The amount of germ present in each stream 332, 333 may be about the same relative 

amount to the bran as it is in the intact grain. The amount of each coarse bran and germ fraction 

stream 332, 333 may each be about one half the amount given for coarse bran and germ fl-action 

3 which was from about 10% by weight to about 37% by weight, for example from about 22% 

by weight to about 28% by weight, based upon the total weight of the endospern fraction 1, the 

low ash fine bran and germ fraction 2, and the coarse bran and germ fraction 3, or the weight of 

the whole grain.  

[68] In embodiments of the invention, the first gap mill output stream 334 and the 

second gap mill output stream 335 may each have a particle size distribution of from about 5% 

by weight, preferably from about 10% by weight to about 40% by weight having a particle size 

of greater than or equal to 500 microns, about 30% by weight to about 70% by weight, 

preferably to about 60% by weight having a particle size of less than 149 microns, and about 5% 

by weight to about 30% by weight having a particle size of less than 500 microns but greater 

than or equal to 149 microns, and a starch content of from about 10% by weight to about 40% by 

weight starch. Also, the amount of each coarse bran and germ fraction stream 332, 333 may be 

about one half the amount of the coarse bran and germ fraction 3.  
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[691 The input stream 336 to the third gap mill 312 may generally have a coarser 

particle size and lower starch content than those of the first and second gap mill output streams 

334 and 335 because fines are removed by sifting operation 313 as stream 380 for production of 

the first ground coarse bran and germ fraction 8. In embodiments of the invention, the input 

stream 336 to the third gap mill 312 may have a particle size distribution of about 40 % by 

weight to about 70% by weight having a particle size of greater than or equal to 500 microns, 
about 0% by weight to about 10% by weight having a particle size of less than 149 microns, and 

about 25% by weight to about 55% by weight having a particle size of less than 500 microns but 

greater than or equal to 149 microns, and a starch content of from about 5% by weight, 

preferably from about 10% by weight to about 30% by weight starch, based upon the weight of 

input stream 336, Also, the amount of the third gap mill 312 input stream 336 may be about 6% 

by weight to about 30% by weight, preferably about 10% by weight to about 20% by weight, 

based upon the weight of the coarse bran and germ fraction 3.  

[70] The third gap mill output stream 337 may generally have a finer particle size and 

higher starch content than those of the first stage ground coarse bran and germ fraction 9, 338 

which is input to the mechanical size reduction - mill 315 because fines are removed by sifting 

operation 314 as stream 385 for production of the first ground coarse bran and germ fraction 8 by 

combination with stream 380 from stream 313. In embodiments of the invention, the third gap 

mill output stream 337 may have a particle size distribution of about 5% by weight to about 25 

by weight, preferably to about 20% by weight having a particle size of greater than or equal to 

500 microns, from about 25% by weight, preferably from about 30% by weight to about 60% by 

weight having a particle size of less than 149 microns, and about 45% by weight to about 65% 

by weight having a particle size of less than 500 microns but greater than or equal to 149 

microns, and a starch content of from about 5% by weight, preferably from about 10% by weight 

to about 30% by weight starch, based upon the weight of output stream 337. Also, the amount of 

the third gap mill output stream 337 may be about 6% by weight to about 30% by weight, 

preferably about 10% by weight to about 20% by weight, based upon the weight of the coarse 

bran and germ fraction 3.  
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[71] The output stream 339 from the mechanical size - reduction mill 315 prior to 

sifting in sifting operation 316 may generally have a coarser particle size distribution and lower 

starch content than those of the second ground coarse bran and germ fraction 11, 340, and the 

combined fine bran and germ fraction 12, 341 a, 341 b, and the stabilized combined fine bran and 

germ fraction 15, 344, 345, and stabilized whole grain flour because the mechanical size 

reduction mill output stream 339 may contain coarse bran for recycle to the gap mills of first 

grinding stage 7. In embodiments of the invention, the output stream 339 from the mechanical 

size - reduction mill 315, prior to sifting operation 316 to obtain the second ground coarse bran 

and germ fraction 11, 340, may have a starch content of from about 5% by weight to about 25% 

by weight, and a particle size distribution of at least about 25% by weight, for example at least 

about 55% by weight, preferably at least about 60% by weight, more preferably at least about 

65% by weight, most preferably at least about 75% by weight, for example at least about 85% by 

weight having a particle size of less than or equal to 149 microns, and less than or equal to about 

10% by weight, preferably less than equal to about 5% by weight having a particle size of greater 

than 250 microns, and up to about 45% by weight having a particle size of greater than 149 

microns but less than or equal to 250 microns, Also, the amount of the mechanical size 

reduction mill output stream 339 may be about 3% by weight to about 15% by weight, preferably 

about 5% by weight to about 10% by weight, based upon the weight of the coarse bra n and germ 

fraction 3.  

[72] In embodiments of the invention, the mechanical size - reduction mill recycle 

stream 390 from sifter 316 back to the gap mills 310, 311 may have a particle size distribution of 

at least about 85% by weight greater than 475 microns, for example at least about 95% by weight 

greater than 500 microns.  

[73] In a preferred embodiment, a commercially available gap mill, such as a 

Bauerneister Gap Mill (Bauermeister, Inc., Memphis, Tenn.) may be employed. The 

Bauermeister gap mill is designed for fine grinding and includes an adjustable grinding gap 

between a conical shaped rotor and a corrugated baffle. The coarse bran and germ fraction 6, 
332, 333, may be continuously conveyed to the inlet of gap mills 310, 311 and the fraction 336 
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from sifter 313 may be continuously conveyed to the inlet of the gap mill and the ground 

fractions 334, 335, and 337 may then be discharged out of the bottoms of the gap mills by 

gravity.  

[74] In a preferred embodiment, a commercially available universal mill may be 

employed, such as a Bauermeister Universal Mill (Bauermeister, Inc., Memphis, Tenm). The 

Bauermeister Universal Mill is designed for maximum grinding flexibility for fine and ultra-fine 

particle size reduction, w4ith interchangeable grinding elements, with grinding ability to the 325 

mesh (44 micron) range and below, and capacities to over 30 tons per hour. Optional grinding 

elements which may be employed are a turbo mill for efficient grinding to a high degree of 

fineness, a pin mill for fine grinding of materials with high fat content, a pinned disc mill for 

somewhat coarser grinding, and material containing hard or large particles, a cross beater mill for 

coarse to medium-fine grinding, and sieve ring assemblies available with a variety of different 

size screens and grinding jaws. The first stage ground course bran and germ fraction 9, 338 may 

be continuously conveyed to the inlet of the Universal Mill, and the ground fraction 11,339 may 

then be discharged from the output end of the universal mill for optional sifting in sifting 

operation 316.  

Combining of the Bran Fractions 

[75] As shown in FIGS. I and 2, the second ground coarse bran and germ fraction 11, 

340, may be combined in a conventional mixing and conveying device, such as a screw conveyer 

400, with the low ash fine bran and germ fraction 2, and the first ground coarse bran and germ 

fraction 8 to obtain a combined fine bran and germ fraction 12. The combined fine bran and 

germ fraction 12 may be split for hydration in a plurality of hydrators, preferably about evenly 

into two combined fine bran and germ fraction streams 341a, 341b for hydration in parallel 

hydrators 317, 318.  

[76] In embodiments of the invention, the three bran fractions 2, 8, and 11 which are 

combined to obtain the combined fine bran and germ fraction 12 are each preferably obtained 
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with about the same fine particle size distribution. In embodiments of the invention, the 

combined fine bran and germ fraction 12, 341a, 341b may have a particle size distribution of less 

than or equal to 15% by weight, preferably less than or equal to 12% by weight, most preferably 

0 % by weight on a No. 35 (500 micron) U.S. Standard Sieve, and less than or equal to about 

40% by weight, for example less than or equal to about 35% by weight, preferably less than or 

equal to about 20% by weight, most preferably less than or equal to about 10% by weight on a 

No. 70 (210 micron) U.S. Standard Sieve. Also, in embodiments the combined fine bran and 

germ fraction 12, 341a, 341b may have a particle size distribution of at least about 65% by 

weight, for example at least about 75% by weight, preferably at least about 85% by weight 

having a particle size of less than or equal to 149 microns, and less than or equal to about 15% 

by weight, for example less than or equal to about 10% by weight, preferably less than equal to 

about 5% by weight having a particle size of greater than 250 microns, and up to about 40%by 

weight, for example up to about 25% by weight having a particle size of greater than 149 

microns but less than or equal to 250 microns.  

[77] The combined fine bran and germ fraction 12, 341 a, 341b may have, on a solids 

basis, a starch content of from about 10% by weight to about 60% by weight, for example from 

about 10% by weight to about 45% by weight, based upon the weight of the combined fine bran 

and germ fraction 12, 341 a, 341 b. The amount of germ present in the second ground coarse 

bran and germ fraction 11, 340 may be about the same relative amount to the bran as it is in the 

intact grain. The amount of the combined fine bran and germ fraction 12, 341a, 341b may be 

from about 20% by weight to about 40% by weight, generally from about 25% by weight to 

about 40% by weight, preferably from about 31% by weight to about 40% by weight, most 

preferably from about 32% by weight to about 35% by weight, based upon the total weight of the 

endosperm fraction 1, the low ash fine bran and germ fraction 2, and the coarse bran and germ 

fraction 3, or the weight of the whole grain.  

[78] In embodiments of the invention, the combined fine bran and germ fraction after 

hydration 13, 342, 343, and the stabilized combined fine bran and germ fraction 15, 344, 345, 
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346 may have the same particle size distributions, starch contents, and amounts as those for the 

combined fine bran and germ fraction prior to hydration 12, 341 a, 341 b.  

Ldrtion of the Endosgerm and the Combined Bran and Germ Fractions 

[791 In an aspect of the present invention, the shelf life of whole grain flour may be 

extended and improved flour functionality may be obtained through hydrating and cooling 

during the milling process or flour production. Whole grain flour contains increased free fatty 

acid (FA) due to high lipid content and enzyme activity such as lipase, Higher storage 

temperature accelerates the increase in free fatty acids. The increased FFA tends to oxidize 

during flour or bran component storage and produces undesirable rancid flavor and therefore 

shortens the flour shelf life. Whole grain flour also tends to have lower moisture (11% or lower) 

compared to refined flour, which generally has a moisture content of 13 % by weight to 14% by 

weight, due to the additional grinding of bran material. The decreased moisture negatively 

impacts the whole grain flour or bran component in two aspects: 1) it increases the FFA 

oxidation; and 2) it changes the flour fuinctionality.  

1801 In an embodiment the moisture content in whole grain flour (made from tempered 

or un tempered wheat) may be increased, for example from 10% by weight up to 14% by weight 

to substantially reduce FFA oxidation, and improve functionality for flour based product 

production. The increased flour moisture also improves the efficiency of the enzyme inactivation 

process and reduces FFA generation during flour storage. Whole grain flour produced in 

accordance with the hydration process of present process has improved shelf life and 

functionality. Also, in other embodiments, cooling the flour during milling, to a temperature of 

less than about 904F helps to maintain the flour FFA lower than about 2500 ppm for at least 30 

days, to further improve the whole grain flour stability.  

[81] For example, whole grain flour, both enzyme reduced and un-reduced, when flour 

is hydrated to a moisture content above 13% by weight, the oxidation (measured by hexanal 

production) may be almost none existent, Also, for example,: when flour moisture content is 
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increased from I1% by weight to 14% by weight, the lipase activity decreases from II Ou/g/hr to 

70 u/g/hr during a subsequent enzyme inactivation process. Additionally, if the flour temperature 

is cooled down to 904F or lower, preferably 85F or lower, the flour FFA is maintained lower 

than 2500 ppm for at least 30 days. Also, cookie spread increases with the final whole grain flour 

moisture, which indicates the flour quality is improved for cookie baking.  

[821 However, when hydrating an endosperm fraction, to increase whole grain flour 

stability, the endosperm fraction tends to lump. When hydrating the bran and germ fraction alone 

to provide the desired final moisture content in the whole grain flour, excessively high water 

contents for the bran germ fraction may be needed in view of the large amount of endosperm or 

size of the endosperm fraction compared to the amount of bran and germ fraction. Hydrating the 

bran and germ fraction to excessively high amounts may cause clumping or may adversely affect 

stabilization effectiveness for inactivation of lipase and lipoxygenase or may promote free fatty 

acid production. Accordingly, in embodiments of the invention, hydration of both the endosperm 

and one or more of the bran fractions and cooling may be employed to achieve a shelf stable 

whole grain flour moisture content without adversely affecting shelf stability while avoiding 

lumping of the endosperm fracture and bran and genn fractions.  

[831 In embodiments of the invention for the production of a stabilized whole grain 

flour and extending the shelf life of the stabilized whole grain flour without substantially 

damaging starch, whole grains may be subjected to a plurality of breaking and sifting operations 

and grinding operations to obtain an endosperm fraction. The endosperm fraction may be 

hydrated by spraying with mixing to a moisture content which is sufficiently low to avoid 

lumping of the endosperm fraction. The hydrated endosperm fraction may be combined with a 

stabilized hydrated fine bran and germ fraction having a moisture content which is sufficiently 

high so that the resulting stabilized whole grain flour has a moisture content of 10% by weight to 

14.5% by weight, preferably from 12% by weight to 14% by weight, more preferably from 

12.5% by weight to 13.5% by weight, based upon the weight of the stabilized whole grain flour.  
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[84] In embodiments of the invention, the endosperm fraction I or stream 4, 347 may 

be hydrated to obtain a moisture content of the endospen fraction of from 10% by weight to 

14.5% by weight, preferably from 12% by weight to 14% by weight, more preferably from 

12.5% by weight to 13.5% by weight, based upon the weight of the endosperm fraction prior to 

combining with the stabilized combined fine bran and germ fraction 15, 344, 345.  

[85] As shown in FIG. 2 the hydration of the endosperm fraction 1, 4 may be 

conducted in a hydrator 20. The hydrator 20 may be a conventional continuous vessel, such as 

continuous mixer, or rotating drum for spraying and stirring the endosperm fraction 1, 4 to obtain 

a substantially homogeneously hydrated endosperm fraction 22.  

[86] As shown in FIG. 2, in preferred embodiments the hydration of the fine bran and 

genn fraction may be conducted in a plurality of hydrators 317, 318. The hydrators may be 

conventional continuous vessels, such as continuous mixers, or rotating drums for spraying and 

stirring the combined fine bran and germ fraction 12, 341 a, 341b to obtain a substantially 

homogeneously hydrated combined fine bran and germ fraction 13, 342, 343, In embodiments of 

the invention, the combined fine bran and germ fraction streams 12, 341a, 341b may be hydrated 

to such an extent so that the hydrated combined fine bran and gern fractions 13, 342, 343 have a 

moisture content of about 10% by weight to about 20% by weight, based upon the weight of the 

hydrated fine bran and germ fraction 13, 342, 343 prior to stabilization.  

[87] As shown in FIG. 2, in preferred embodiments, the stabilized hydrated fine bran 

and germ fraction 15, 344, 345 may be cooled in a bran and germ cooling unit 321 to a 

temperature of less than about 90*F, preferably less than about 85*F prior to combining with the 

hydrated endosperm fraction 347. The cooling unit 321 may be a conventional continuous 

cooling device such as a shell and tube heat exchanger or jacketed continuous mixer, or cooling 

tunnel, 

[88] In embodiments of the invention, the endosperm fraction 1, 4 may be cooled in an 

endosperm cooling unit 24 to a temperature of less than about 90*F, preferably less than about 
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854F to obtain a cooled endospern fraction 26, 347 prior to combining with the stabilized 

hydrated fine bran and germ fraction 15, 344, 345. The endosperm cooling unit 24 may be a 

conventional continuous cooling device such as a shell and tube heat exchanger or jacketed 

continuous mixer, or cooling tunnel.  

[89] In embodiments of the invention, the hydrated endosperm fraction 22, 347 and the 

stabilized hydrated fine bran and germ fraction 15, 344, 345 may be separately cooled and then 

combined, or they may be mixed together and then cooled to a temperature of less than about 

90*F, preferably less than about 854F to obtain a stabilized hydrated whole grain flour 17, 348 

with extended shelf life.  

Stabilization of the Combined Bran and Germ Fraction 

[901 In various embodiments of the invention, stabilization of the coarse bran and 

germ fraction 3, 6, 332, 333 to inactivate lipase and lipoxygenase may be performed before, 
during, or after the steps of milling or grinding of the coarse bran and genn fraction 3, 6, 332, 
333. In embodiments of the invention, stabilization may be by any combination of inactivation, 

preferably inactivation by heating, before, during and after steps of milling and grinding. The 

stabilization or inactivation is preferably performed after grinding of the coarse fraction 3, 6, 
332, 333. The stabilization is most preferably performed on the combined fine bran and germ 

fraction 12, 341a, 341b which is obtained by combining the low ash fine bran and germ fraction 

2, the first ground coarse bran and germ fraction 8, and the second ground coarse bran and germ 

fraction 11, 340, and the stabilization or inactivation is preferably performed by heating. in 

embodiments of the invention, the stabilization may be performed before, after, during, or 

without hydration of the bran and germ fraction. In preferred embodiments, the stabilization is 

conducted after hydration of the combined fine bran and germ fraction 12, 341a, 341b, or upon 

the hydrated combined fine bran and germ fraction 13, 342, 343.  

[91] Irrespective of when it is conducted, stabilization of the coarse fraction may be 

achieved by heating the coarse fraction under temperature conditions, moisture content, and 
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treatment times which are sufficient to at least substantially inactivate the lipase, and the more 

easily inactivated lipoxygenase. The moisture content of the coarse fraction during the heat 

treatment stabilization should preferably be high enough to avoid substantial acrylamide 

production. Formation of acrylamide is believed to result after a Strecker degradation of 

asparagine and methionine in the presence of dicarbonyl Maillard browning products. High 

moisture contents are believed to inhibit acrylamide formation because water is more 

nucleophilic than asparagine and reduces the activity of the primary amino group on the 

asparagine. Lower stabilization temperatures and shorter stabilization times also result in lower 

acrylamide production. However, increasing the moisture content of the combined fine bran and 

germ fraction 12, 341 a, 341 b during stabilization so as to reduce acrylamide production tends to 

increase starch gelatinization or may require excessive poststabilization drying to reduce the risk 

of mold growth. The moisture content of the combined fine bran and germ fraction 12, 341a, 

341b during stabilization should not be so high so as to result in excessive starch gelatinization 

or to require extensive drying to achieve a shelf stable moisture content. In embodiments of the 

invention, the moisture content of the combined fine bran and germ fraction 12, 341a, 34lb 

subjected to the stabilization maybe from about 10% by weight to about 20% by weight, based 

upon the weight of the hydrated fine bran and germ fraction prior to stabilization.  

[92] During the stabilization it is preferred that the coarse fraction neither gain nor lose 

moisture. In some embodiments the fraction may lose from about 10 % by weight to about 70 % 

by weight moisture, for example from about 15% by weight to about 25 % by weight moisture 

during stabilization. In other embodiments, the coarse fraction may gain moisture, in the same 

amounts, as a result of steam injection throughout the stabilization process. However, moisture 

loss and moisture gain may be controlled in known manner so that the moisture content of the 

fraction during stabilization is within the desired range for controlling acrylamide production, 

gelatinization, and drying requirements, and lipase activity, and preferably which is sufficient so 

that when combined with the hydrated endosperm, the resulting stabilized whole grain flour 17 

has a moisture content of 10% by weight to 14.5% by weight, preferably 12% by weight to 14% 

by weight, more preferably 12.5% by weight to 13.5% by weight based upon the weight of the 

stabilized whole grain flour 17.  
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[931 In embodiments of the invention, the moisture content of the bran fraction may 

be controlled by tempering the grains such that exterior portions are moistened without 

substantially moistening interior portions thereof. Tempering methods w hich can be used to 

accomplish a surface or bran moistening include soaking the whole grains for limited time 

periods in a bath or vat, for example. In other embodiments, the whole grain may be surface 

sprayed with water and permitted to temper. Tempering times of from about 10 minutes to about 

24 hours may be employed according to some embodiments of the invention. Tempering the 

grains for a longer time period is not desirable because it may result in deep penetration of water 

into the grain, moistening the interior portion of the grain.  

194] In other embodiments, one or more bran and germ fractions, preferably the 

combined fine bran and germ fraction, rather than or in addition to the whole grain may be 

moistened so as to achieve a desired moisture content in the combined fine bran and germ 

fraction, Post-milling or post-grinding hydration of the combined fine bran & genn content is 

preferred over tempering of the whole germ.  

[951 Natural whole wheat berries generally have a moisture content of from about 10% 

by weight to about 14.5 % by weight. Accordingly, tempering or post-grinding hydration may be 

optional and used when needed. Accordingly, in embodiments of the invention, moistening or 

tempering of the whole grains or moistening of a bran and germ fraction to achieve a desired 

moisture content for stabilization may not be needed or employed.  

1961 While lower stabilization temperatures and shorter stabilization times help to 

reduce acrylamide production, starch gelatinization, and vitamin and antioxidant destruction, the 

lower temperatures reduce the arnount of lipase and lipoxygenase which is destroyed. In 

embodiments of the invention, the stabilization temperature may be from about 100*C to about 

1404C, preferably from about 11 5*C to about 125*C. The stabilization temperature may be 

measured with a temperature probe inserted into and centrally positioned within the lot of the 

treated coarse fraction. In embodiments of the invention, the heat treatment time may be from 
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about 0.25 minutes to about 12 minutes, preferably from about 1 minute to about 7 minutes, 
generally with the longer treatment times being employed with the lower temperatures and lower 

moisture contents.  

[97] In embodiments of the invention, the stabilization temperature and stabilization 

time, and moisture contents may be controlled so that starch gelatinization resulting from the 

stabilization in the stabilized ground or milled coarse fraction or bran component may be less 

than about 25 %, preferably less than about 10%, most preferably less than about 5%, as 

measured by differential scanning calorimetry (DSC). The low degree of starch gelatinization 

and low degree of starch damage achieved in the present invention are exemplified by a starch 

melting enthalpy of greater than about 4 J/g, preferably greater than about 5 J/g, based upon the 

weight of starch in the stabilized bran component or ground coarse fraction, as measured by 

differential scanning calorimetry (DSC), at a peak temperature of from about 65 'C to about 70 

*C. In embodiments the stabilized bran component may have a starch inciting enthalpy of greater 

than about 2 Ji/g, based upon the weight of the stabilized ground coarse fraction, as measured by 

differential scanning calorimetry (DSC), at a peak temperature of from about 60*C to about 

65*C. Generally, starch gelatinization occurs when: a) water in a sufficient amount, generally at 

least about 30% by weight, based upon the weight of the starch, is added to and mixed with 

starch and. b) the temperature of the starch is raised to at least about 80'C (176'F), preferably 

100 0C (212*F) or more. The gelatinization temperature depends upon the amount of water 

available for interaction with the starch. The lower the amount of available water, generally, the 

higher the gelatinization temperature. Gelatinization may be defined as the collapse (disruption) 

of molecular orders within the starch granule, manifested in irreversible changes in properties 

such as granular swelling, native crystallite melting, loss ofbirefringence, and starch 

solubilization. The temperature of the initial stage of gelatinization and the temperature range 

over which it occurs are governed by starch concentration, method of observation, granule type, 

and heterogeneities within the granule population under observation. Pasting is the second-stage 

phenomenon following the first stage of gelatinization in the dissolution of starch. It involves 

increased granular swelling, exudation of molecular components (i.e. amylose, followed by 

amylopectin) from the granule, and eventually, total disruption of the granules. See Atwell et aL, 
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"The Terminology And Methodology Associated With Basic Starch Phenomena," Cereal Foods 

World, Vol. 33, No. 3, pgs. 306- 311 (March 1988).  

[98] The low degree of starch gelatinization and low amount of starch damage due to 

abrasion during grinding may be measured by the sodium carbonate-water solvent retention 

capacity (SRC sodium carbonate). Solvent retention capacity (SRC) may be measured by mixing 

a sample of the ingredient or component, such as the stabilized ground coarse fraction or bran 

component, or a stabilized whole-grain wheat flour, having a weight (A), e.g., about 5 g, with a 

large excess of water or other solvent, such as an aqueous solution of sodium carbonate (e.g. 5 % 

by weight sodium carbonate) and centrifuging the solvent-flour mixture. The supernatant liquid 

may then be decanted and the sample may be weighed to obtain the weight of the centrifuged 

wet sample (B), wherein the SRC value is calculated by the following equation: SRC value= 

((BA)/A))x 100, In embodiments of the invention, the stabilized ground or milled coarse fraction 

or bran component may have a sodium carbonate-water solvent retention capacity (SRC sodium 

carbonate) of less than about 200 %, preferably less than about 180 %.  

[99] Although starch gelatinization, acrylamide production, and vitamin and 

antioxidant destruction are substantially limited, the heat stabilization and moisture content 

control achieve unexpectedly superior inactivation of lipase and lipoxygenase for whole grain 

flours and bran components having very small particle sizes. These two components are believed 

to be primarily responsible for enzyme catalyzed rancidity of whole grain flour. In embodiments 

of the invention, a stabilized bran component which includes a ground or milled, heat treated 

coarse fraction may have a lipase activity of less than about 3, preferably less than about 2, most 

preferably less than about I micromole butyrate free acid formed per hour per 0.1 gram of the 

stabilized bran component or stabilized ground or milled coarse fraction, wet basis or dry basis.  

In embodiments of the invention, this may be a reduction from a lipase activity of about 4 to 6 

micromole butyrate free acid formed per hour per 0.1 gram of the unstabilized bran component 

or unstabilized ground fraction, or lipase reduction of at least about 25%. Most preferably, both 

lipase and lipoxygenase activities are completely eliminated. In embodiments of the invention, 

known analytical techniques may be employed to determine whole grain flour and bran 
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component properties or characteristics, such as acrylaiide content, lipase activity, enthalpy, 
SRC, free fatty acid content, and hexanal content. Known analytical tecimiques which may be 

employed herein are disclosed in U.S. Patent Application Publication No. 20070292583, and 

International Patent Application Publication No. WO/2007/149320 each to Haynes et al, the 

disclosures of which are each herein incorporated by reference in their entireties. In preferred 

embodiments the lipase activity is preferably measured using a fluorescence method, which is a 

very sensitive method for the detennination of lipase activity, in which heptanoyl esters of 4

methylumbelliferone (7-hydroxy- 4-methylcoumarin or 4-MU) serve as fluorogenic substrates 

for lipase. Using such a method, the stabilized whole grain flours of the present invention may 

have a lipase activity of less than about 250 units/g/hour, preferably less than about 100 

units/g/hour of the stabilized whole grain flour, where a unit is the number of micromoles (~tm) 

of 4-methylumbelliferyl heptanonate (4-MUH) hydrolyzed per hour per gram of stabilized whole 

grain flour. Also, using such a method a stabilized bran component of the present invention may 

have a about 250 units/g/hour. of the stabilized combined fine bran and germ fraction, where a 

unit is the number of micromoles (lam) of 4-methylumbelliferyl heptanonate (4-MUlH) 

hydrolyzed per hour per gram of stabilized combined fine bran and germ fraction. Also, 
acrylamide content may be limited to less than or equal to about 150 ppb, preferably less than or 

equal to about 100 ppb, based upon the weight of the stabilized bran component or stabilized 

coarse fraction, Natural antioxidants are maintained so that the stabilized coarse fraction may 

have an antioxidant free radical scavenging capacity of not less than about 150 micromoles 

Trolox equivalents per gram. Vitamin retention, such as retention of Vitamins E, B 1 and B2 

may be at least about 80% by weight, based upon the vitamin content in the bran component 

before stabilization.  

[1001 The stabilization and hydration method employed certain aspects of the invention 

may be performed without substantial or any alteration of the particle size distribution of the 

fraction or component subjected to the stabilization or hydration.  

[101] Stabilization may performed on a batch, semi-batch or continuous basis, with the 

latter being preferred. Known heating vessels, such as batch cookers, mixers, rotating drums, 
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continuous mixers, and extruders may be employed for heating the coarse fraction to stabilize it.  

The heating apparatus may be jacketed vessels equipped with heating or cooling jackets for 

external control of the stabilization temperature and/or steam injection nozzles for direct 

injection of moisture and heat into the coarse fraction. In other embodiments, infrared (IR) 

radiation or energy may be employed to heat the coarse bran fraction to stabilize it. In a preferred 

embodiment, a Bepex stabilizer manufactured by Bepex, or a Lauhoff bran cooker, manufactured 

by Lauhoff may be employed for stabilization of a fraction on a continuous basis. In 

embodiments where grinding or milling is performed simultaneously with heat stabilization, 

heated rollers may be employed. In such embodiments, the temperature and moisture content 

may be adjusted upward to shorten the stabilization time to conform to a desired grinding time 

for achieving a targeted particle size distribution.  

[102] In other embodiments of the invention, at least one, or all, of the retained or 

recovered ground bran and germ fractions may be stabilized or enzymatically inactivated using 

an edible stabilizing agent or treatment alone or in combination with thermal treatment.  

Exemplary of edible stabilizing agents which may be employed in a stabilizing effective amount 

to a stabilizing extent prior to mixing of a bran and germ fraction with the fine endosperm 

fraction are edible alkali bisulfates, bisulfites, metabisulfites, and metabisulfates, such as sodium 

metabisulfite, organic acids, such as sorbic acid, sulfur dioxide, cysteine, thioglycolic acid, 
glutathione, hydrogen sulfide, other edible reducing agents, and mixtures thereof.  

[103] In embodiments of the invention, the heat-treated fraction may be permitted to 

cool in ambient air. In other embodiments, cooling of a ground or milled bran and germ fraction 

or bran component after heat treatment may optionally be controlled to further minimize 

undesired gelatinization of starch. Generally, no further significant gelatinization occurs in the 

stabilized bran component at temperatures lower than about 60*C. Then the heat-treated coarse 

fraction may be cooled to room temperature, or about 25C. In embodiments of the invention, 

the average cooling rate used to achieve a surface temperature of about 250 C may be a 

temperature decrease of from about I *C/min to about 34C/min, 
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[104] The cooling rate should be selected to minimize further gelatinization of starch in 

the coarse fraction after beat-treatment, but should not be so fast as to prevent further 

inactivation of lipase and LPO, if needed. If no further inactivation of lipase or LPO is desired, 

cooling may be conducted to quickly reduce the temperature of the heat-treated coarse fraction to 

less than about 60*C.  

[105] In embodiments of the invention, coolers which may be used for the processes of 

the invention include cooling tubes or cooling tunnels through which the heat-treated coarse 

fraction passes under the force of gravity or on a conveyor device. While the heat-treated coarse 

fraction passes through the device, cooled air may be passed over and through the coarse fraction 

or bran component. The spent cooling air may then be collected or suctioned off, for example, by 

a hood, and further treated in a cyclone separator. A preferred cooler supplies cooling air to 

various regions along the length of a cooling tube or tunnel. Preferably, the cooling air is passed 

through a chilling device prior to contacting the heat-treated coarse fraction to achieve a 

temperature which is lower than that of ambient air.  

[106] After cooling, the moisture content of the heat-treated coarse fraction may 

optionally be further reduced by drying. Drying temperatures of less than about 60*C are 

preferred so that no further gelatinization of starch occurs during the drying process. In 

accordance with the present invention, drying temperatures may range from about 00 C to about 

60*C, However, drying at ambient temperature is less expensive than drying at a cooler 

temperature and will prevent further gelatinization of the starch in the heat-treated coarse 

fraction during drying. Drying is preferably conducted in an atmosphere having a low relative 

humidity, and may preferably be conducted in a reduced pressure atmosphere. If the heat 

treatment, hydration, and optional cooling achieve moisture contents within a desired range, no 

drying step is deemed necessary.  
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Production of the Stabilized Whole Grain Flour 

[107] The stabilized bran component or stabilized combined fine bran and gern fraction 

may be combined with the endosperm fraction to obtain a stabilized whole grain flour, such as a 

stabilized whole grain wheat flour, of the present invention. The stabilized whole grain flour, 
such as stabilized whole grain wheat flour, includes bran, gern and endosperm, where only a 

portion of the endosperm has been subjected to heat stabilization but at least a substantial portion 

of the bran and germ have been subjected to stabilization by heating, and a substantial portion of 

the bran and germ are not subjected to grinding in a grinding mill. The stabilized bran 

component or stabilized combined fine bran and germ fraction are preferably derived from the 

same whole grains from which the endosperm fraction is derived. However, in other 

embodiments, the stabilized bran component or stabilized combined fine bran and germ fraction 

may be combined or blended with an endosperm fraction which is derived or obtained from a 

different source of grains. In each embodiment however, the stabilized bran component and the 

endosperm fraction are combined or blended so as to provide a stabilized whole grain flour 

which contains endosperm, bran and germ in the same or substantially the same relative 

proportions as they exist in the intact grain.  

[108] The stabilized bran fraction which comprises a ground or milled, heat treated 

coarse fraction comprising bran, germ and starch may be blended, combined, or admixed with 

the endosperm fraction using conventional metering and blending apparatus know n in the art to 

obtain an at least substantially homogeneous stabilized whole grain flour.  

[1091 In embodiments of the invention, the stabilized whole grain wheat flour may have 

a lipase activity of a lipase activity of less than about 250 units/g/hour, preferably less than about 

100 units/g/hour of the stabilized whole grain flour, where a unit is the number of micromoles 

(~tm) of 4-methylumbelliferyl heptanonate (4-MUH) hydrolyzed per hour per gram of stabilized 

whole grain flour, or less than about 1.5, preferably less than about 1.25, most preferably less 

than about I micromole butyrate free acid formed per hour per 0.I gram of the stabilized whole 

grain flour, wet basis or dry basis. The acrylamide content of the stabilized whole grain flour 
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may be less than about 45 ppb, preferably less than about 30 ppb, based upon the weight of 
stabilized whole grain flour. The stabilized whole grain wheat flours may have an unexpectedly 

low free fatty acid content of less than about 10% by weight of total flour lipids after one month 
under accelerated storage at 954C, or less than about 3,000 ppm, based upon the weight of the 
stabilized whole grain flour. The stabilized whole grain wheat flours may exhibit an 
unexpectedly low hexanal content of less than about tO ppm after I month accelerated storage at 
950C, based upon the weight of the stabilized whole grain flour.  

[110] The moisture content of the stabilized whole grain flour, such as stabilized whole 
grain wheat flour, may range from about 10 % by weight to about 14.5 % by weight, based upon 
the weight of the stabilized whole grain flour, and the water activity may be less than about 0.7.  
In embodiments, the stabilized whole grain wheat flour may have a protein content of from about 

10% by weight to about 14 % by weight, for example about 12 % by weight, a fat content of 
from about 1% by weight to about 3 % by weight, for example about 2 % by weight, and an ash 

content of from about 1.2 % by weight to about 1.7 % by weight, for example about 1.5 % by 
weight, each of the percentages being based upon the weight of the stabilized whole grain flour.  

[111] The stabilized whole grain flour, such as stabilized whole grain wheat flour, may 

have a substantial portion of starch which is non-gelatinized or essentially non-gelatinized 

because it comes from the fine fraction which does not undergo heat stabilization. A smaller 

portion of the starch may be partially gelatinized to a low degree, because it comes from the 

heat-treated coarse fraction or bran component. In embodiments of the invention, the stabilized 

whole grain flour, such as stabilized whole grain wheat flour, may have a low degree of starch 

gelatinization of less than about 25 %, preferably less than about 10 %, most preferably less than 

about 5 %, as measured by differential scanning calorimetry (DSC). The starch melting enthalpy 

of the starch contained in the stabilized whole grain wheat flour may be greater than about 4 J/g, 
preferably greater than about 5 J/g, based upon the weight of starch in the stabilized whole grain 

flour, as measured by differential scanning calorimetry (DSC), at a peak temperature of from 

about 65 *C to about 70 0C.  
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[1121 The stabilized whole grain wheat flour exhibits excellent baking functionality 

with a sodium carbonate-water solvent retention capacity (SRC sodium carbonate) of less than 

about 90%, preferably less than about 85 %, more preferably less than about 82%, for example 

from about 70 % to about 80 %. In embodiments of the invention, oven spread or cookie spread 

may be at least about 130 % of the original prebaked dough diameter, as measured according to 

the AACC 10-53 bench-top method.  

[1131 The methods disclosed are applicable to any and all types of wheat. Although not 

limited thereto, the wheat berries may be selected from soft/soft and soft/hard wheat berries.  

They may comprise white or red wheat berries, hard wheat berries, soft wheat berries, winter 

wheat berries, spring wheat berries, durum wheat berries, or combinations thereof. Examples of 

other whole grains that may be processed in accordance with various or certain embodiments or 

aspects of this invention include, for example, oats, corn, rice, wild rice, rye, barley, buckwheat, 

bulgar, millet, sorghum, and the like, and mixtures of whole grains.  

[114] The methods disclosed provide an improved raw material stability and greater 

than one month shelf life, for example 2 months or more, under accelerated storage conditions, 
for a stabilized bran component or ingredient and for a stabilized whole grain flour, such as 

stabilized whole grain wheat flour. A more stable food product can be stored under similar 

conditions for a longer period of time than a less stable food product before going rancid. The 

presence of rancidity can be monitored and measured in a multiplicity of different manners, 

including sensory testing (e.g., taste and/or odor analysis), lipoxygenase or lipase activity level 

measurements, free fatty acid level measurements, and/or hexanal level measurements.  

1115] In other embodiments of the invention, the stabilized bran component or the 

stabilized whole grain flour, such as stabilized whole grain wheat flour, may be combined, 

admixed, or blended with refined wheat flour to obtain a fortified flour, product or ingredient, 

such as fortified wheat flour. The fortified wheat flour product may contain the stabilized bran 

component or the stabilized whole grain flour, such as stabilized whole grain wheat flour, in an 

amount of from about 14 % by weight to about 40 % by weight, for example from about 20 % by 
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weight to about 30 % by weight, based upon the total weight of the fortified flour product, sich 

as fortified wheat flour product.  

[116] The stabilized whole grain flour, such as stabilized whole grain wheat flour, may 

be employed to partially or completely replace refined wheat flour, or other flours, in a variety of 

food products. For example, in embodiments of the invention, at least about 10% by weight, at 

most 100 % by weight, for example from about 30% by weight to about 50 % by weight of the 

refined wheat flour, may be replaced by the stabilized whole grain wheat 'flour to increase 

nutritional values of refined wheat flour products with little, if any detriment to product 

appearance, texture, aroma, or taste.  

[117] The stabilized bran components and stabilized whole grain products, such as 

stabilized whole grain wheat products, obtained in the present invention can be packaged, stably 

stored, and subsequently or immediately further used in food production. The stabilized bran 

products and flour products are ready for further processing into the finished food products by 

adding water and other applicable food ingredients, mixing, shaping, and baking or frying, etc.  

Doughs containing the stabilized bran and whole grain flours, such as whole grain wheat flour, 

may be continuously produced and machined, for example sheeted, laminated, molded, extruded, 

or coextruded, and cut, on a mass production basis. The finished whole grain products (e.g., 

biscuits, cookies, crackers, snack bars, etc.) have a pleasant texture with the characteristics of a 

whole grain taste.  

[118] The stabilized bran components and stabilized whole-grain flours products, such 

as stabilized whole-grain wheat flour products, disclosed herein may be used in a wide variety of 

food products. The food products include farinaceous food products, and biscuit type products in 

particular, pasta products, ready-to-eat cereals, and confections. In one embodiment, the food 

products may be bakery products or snack foods. The bakery products may include cookies, 

crackers, pizza crusts, pie crusts, breads, bagels, pretzels, brownies, muffins, waffles, pastries, 

cakes, quickbreads, sweet rolls, donuts, fruit and grain bars, tortillas, and par-baked bakery 

products. The snack products may include snack chips and extruded, puffed snacks. The food 
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product particularly may be selected from cookies, crackers, and cereal crunch bars, The cookies 

may be bar-type products, extruded, coextruded, sheeted and cut, rotary molded, wire cut, or 

sandwich cookies, Exemplary of cookies which may be produced include sugar wafers, fruit 

filled cookies, chocolate chip cookies, sugar cookies, and the like. The crackers may be 

fermented or non-fermented type crackers, and graham crackers. The baked goods produced in 

accordance with the methods disclosed may be crackers or cookies having a full fat content or 

they may be a reduced fat, tow-fat, or no-fat product.  

[119] In addition to water, cookie, cracker, and snack ingredients which may be 

admixed with the stabilized whole grain flour, such as stabilized whole grain wheat flour, of the 

present invention include enriched wheat flour, vegetable shortening, sugar, salt, high fructose 

corn syrup, leavening agents, flavoring agents and coloring agents. Enriched wheat flours which 

may be used include wheat flours enriched with niacin, reduced iron, thiamine iononitrate and 

riboflavin. Vegetable shortenings which may be used include those made of partially 

hydrogenated soybean oil. Leavening agents which may be used include calcium phosphate and 

baking soda. Coloring agents which may be used include vegetable coloring agents such as 

annatto extract and turmeric oleoresin, 

[120] Dough made in accordance with the methods disclosed include dough comprising 

various combinations of the aforementioned cookie, cracker, and snack ingredients. According to 

some embodiments, all of the foregoing ingredients are homogeneously admixed and the amount 

of water is controlled to form a dough of desired consistency. The dough may then be formed 

into pieces and baked or fried to produce products having excellent moisture, geometry, 
appearance, and texture attributes.  

Aijraratus 

[121] As shown schematically in FIGS. I and 2, an apparatus for the production of a 

stabilized bran component or stabilized whole grain flour without substantially damaging starch 

may include a plurality of breaking rolls 300, 302, and smooth rolls 304, 306, 308 and a plurality 
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of sifters 301,303,305,307, 309 alternatingly arranged in series with the breaking rolls and 

smooth rolls for obtaining an endosperm fraction 1, a low ash fine bran and germ fraction 2, and 

a coarse bran and gern fraction 3, A plurality of gap mills 310, 311, 312 in a first grinding stage 

are employed for grinding the coarse bran and germ fraction 3 to obtain a first ground coarse 

bran and germ fraction 8 and a second ground coarse bran and germ fraction 340, The plurality 

of gap mills includes a pair of gap mills 310, 311 operatively connected and arranged in parallel 

with each other and in series connection with a third gap mill 312. A gap mill recycle loop is not 

employed from any of the three gap mills 310, 311, 312.  

[122] A universal mill 315 in a second grinding stage 10 which grinds by mechanical 

size reduction is operatively connected in series to the third gap mill. The grinding of the coarse 

bran and germ fraction 3 to obtain the second ground coarse fraction 11 includes a first grinding 

stage 7 in the gap mills 310, 311, 312, and a second grinding stage 10 in the universal mill 315.  

Under this embodiment, the first grinding stage 7 equipment produces both the first ground 

coarse bran and germ fraction 8, and a first stage ground coarse fraction 9, 338. The first stage 

ground coarse fraction 9, 338 may be subjected to the second grinding stage 10 in the universal 

mill 315 to obtain the second ground coarse fraction 11, 340 and the first ground coarse fraction 

8 is not subjected to the second grinding stage 10 in the universal mill 315.  

[1231 The apparatus may include mixing and conveying equipment 12, 400 for 

combining the low ash bran and germ fraction 2, 5, the first ground coarse bran and germ 

fraction 8, and the second ground coarse bran and germ fraction 11, 340 to obtain a combined 

fine bran and germ fraction 12, 341a, 341 b.  

[124] In embodiments of the invention, the apparatus includes a sifter 316 for sifting the 

output 339 from the universal mill 315 of the second grinding stage 10 to obtain the second 

ground coarse fraction stream 11, 340, and a recycle loop 390 for recycling a stream of larger 

particles, back to the first and second gap mills 310, 311 of the first grinding stage 7 for further 

grinding.  
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[125] Hydration equipment 28, preferably two hydrators 317, 318 arranged in parallel 

for greater throughput, is provided for hydrating with stirring or mixing the combined fine bran 

and germ fraction 12, 341a, 341b, and may be operatively connected to one or more outlets of 

the mixing and conveying equipment 400. Hydration equipment 20 is also provided for hydrating 

the endosperm fraction 1, 4 to obtain a hydrated endosperm fraction 22.  

[126] Stabilizer equipment 14, preferably two Bepex stabilizers 319, 320 arranged in 

parallel for greater throughput is provided for stabilizing the hydrated combined fine bran and 

germ fraction 13, 342, 343 to obtain a stabilized combined fine bran and germ fraction 15, 344, 

345.  

[127] Cooling equipment 30, 321 may also be provided for cooling the stabilized 

combined fine bran and germ fraction 15, 344, 345 received from the hydrators 319, and 320.  

The apparatus for producing the stabilized whole grain flour 17, 348 may also include cooling 

equipment 24 for cooling of the hydrated endosperm fraction 22 to obtain a cooled, hydrated 

endosperm fraction 26, 347 which may be combined with the stabilized combined fine bran and 

germ fraction 15, 344, 345, 346 in a conveying and mixing device 16, 348 to obtain a stabilized 

whole grain flour.  

[128] In the claims which follow and in the preceding description of the invention, 

except where the context requires otherwise due to express language or necessary implication, 

the word "comprise" or variations such as "comprises" or "comprising" is used in an inclusive 

sense, i.e. to specify the presence of the stated features but not to preclude the presence or 

addition of further features in various embodiments of the invention.  
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WHAT IS CLAIMED IS: 

1. A method for the production of stabilized whole grain flour comprising: 

a) milling whole grains to obtain a separate endosperm fraction, a low ash fine bran 

and germ fraction separate from the endosperm fraction, and a coarse bran and germ fraction 

separate from the endosperm fraction and the low ash fine bran and germ fraction, 

b) grinding said coarse bran and germ fraction without grinding said low ash fine 

bran and germ fraction to obtain a ground coarse bran and germ fraction, 

c) stabilizing said low ash fine bran and germ fraction and said ground coarse bran 

and germ fraction, to obtain a stabilized fine bran and germ fraction, and 

d) combining said stabilized fine bran and germ fraction with said endosperm 

fraction to obtain a stabilized whole grain flour having a particle size distribution of 0 % by 

weight on a No. 35 (500 micron) U.S. Standard Sieve, and less than or equal to about 20% by 

weight on a No. 70 (210 micron) U.S. Standard Sieve, wherein said low ash fine bran and germ 

fraction is from 3% by weight to 15% by weight and is not ground thereby reducing starch 

damage and increasing production efficiency, 

wherein said endosperm fraction has an ash content of about 0.5 wt. % to about 0.6 wt. % 

and a particle size distribution of at least about 65% by weight having a particle size of less than 

or equal to 149 microns, and less than or equal to 5% by weight having a particle size of greater 

than 250 microns, said low ash fine bran and germ fraction has an ash content of about 0.6 wt. % 

to about 2.0 wt. % and a particle size distribution of at least 6 5% by weight having a particle size 

of less than or equal to 149 microns, and less than or equal to 10% by weight having a particle 

size of greater than 250 microns, and said coarse bran and germ fraction has an ash content of 

above 2 wt. % and a particle size distribution of at least 75% by weight having a particle size of 

greater than or equal to 500 microns, less than or equal to 5% by weight having a particle size of 

less than 149 microns, and 15% by weight to 25% by weight having a particle size of less than 

500 microns but greater than or equal to 149 microns.  

2. A method as claimed in claim 1, wherein said endosperm fraction is from 6 0% by 

weight to 75% by weight, said low ash fine bran and germ fraction is from 3% by weight to 
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15% by weight, and said coarse bran and germ fraction is from 10% by weight to 37% by 

weight, said weight percentages being based upon the total weight of said endosperm fraction, 

said low ash fine bran and germ fraction and said coarse bran and germ fraction, and said weight 

percentages add up to 100% by weight.  

3. A method as claimed in claim 1 or claim 2, wherein said endosperm fraction 

comprises from 85% by weight to 95% by weight starch, said low ash fine bran and germ 

fraction comprises from 10% by weight to 50% by weight starch, and said coarse bran and germ 

fraction comprises from 10% by weight to 40% by weight starch, and said low ash fine bran and 

germ fraction has a fine particle size distribution substantially the same as the particle size 

distribution of the endosperm fraction.  

4. A method as claimed in any one of claims 1 to 3, wherein said step of grinding 

said coarse bran and germ fraction further comprises the step of obtaining a first ground coarse 

bran and germ fraction and a second ground coarse bran and germ fraction.  

5. A method as claimed in claim 4, wherein said low ash fine bran and germ 

fraction, said first ground coarse bran and germ fraction and said second ground coarse bran and 

germ fraction are combined to obtain a combined fine bran and germ fraction.  

6. A method as claimed in claim 5, wherein said combined fine bran and germ 

fraction has a particle size distribution of at least 75 % by weight having a particle size of less 

than or equal to 149 microns, and less than or equal to 15% by weight having a particle size of 

greater than 250 microns.  

7. A method as claimed in any one of claims 1 to 6, wherein said milling of the 

whole grains comprises subjecting the whole grains to a plurality of breaking operations, rolling 

operations, and sifting operations to obtain said endosperm fraction, low ash fine bran and germ 

fraction, and coarse bran and germ fraction.  
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8. A method as claimed in claim 7, wherein said plurality of breaking operations 

include the use of dull corrugations to reduce starch damage during the breaking operations and 

to attain a larger particle size distribution for said fractions.  

9. A method as claimed in any one of claims 1 to 8, wherein said endosperm fraction 

is hydrated to obtain a moisture content of from 10% by weight to 14.5% by weight, based upon 

the weight of said endosperm fraction, wherein said hydrated endosperm fraction is combined 

after cooling with said stabilized fine bran and germ fraction to obtain the stabilized whole grain 

flour.  

10. A method as claimed in claim 9, wherein said endosperm fraction is cooled to a 

temperature of less than about 320 (90'F) to obtain a cooled endosperm fraction prior to 

combining with said stabilized fine bran and germ fraction.  

11. A method as claimed in claim 10, wherein said stabilized fine bran and germ 

fraction is cooled to a temperature of less than about 32'C (90'F) prior to combining with said 

cooled endosperm fraction.  

12. A method as claimed in any one of claims 1 to 11, wherein said low ash fine bran 

and germ fraction and said ground coarse bran and germ fraction are hydrated prior to 

stabilization.  

13. A method as claimed in any one of claims 1 to 12, wherein said low ash fine bran 

and germ fraction and said ground coarse bran and germ fraction are hydrated to a moisture 

content of 10% by weight to 20% by weight.  

14. A method as claimed in any one of claims 1 to 13, wherein the stabilized whole 

grain flour has a moisture content of 10% by weight to 14.5% by weight, based upon the weight 

of the stabilized whole grain flour.  
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15. A method as claimed in any one of claims I to 14, wherein stabilizing of said low 

ash fine bran and germ fraction and said ground coarse bran and germ fraction to obtain a 

stabilized fine bran and germ fraction reduces the lipase activity to less than about 250 

units/g/hour, of the stabilized fine bran and germ fraction, where a unit is the number of 

micromoles (-tm) of 4-methylumbelliferyl heptanonate (4-MUH) hydrolyzed per hour per gram 

of stabilized fine bran and germ fraction.  

16. A method as claimed in any one of claims 1 to 15, wherein stabilizing of said low 

ash fine bran and germ fraction and said ground coarse bran and germ fraction avoids an 

acrylamide content of greater than about 150 ppb, based upon the weight of said stabilized fine 

bran and germ fraction, wherein the stabilization comprises heating at a temperature of from 

about 100 0C to about 140'C.  

17. A method as claimed in any one of claims 1 to 16, wherein said stabilized fine 

bran and germ fraction has a sodium carbonate-water solvent retention capacity (SRC sodium 

carbonate) of less than about 200 %, and the stabilized whole grain flour has a sodium carbonate

water solvent retention capacity (SRC sodium carbonate) of less than about 90%, a free fatty acid 

content of less than about 10% by weight of total flour lipids at three months or less than about 

3,000 ppm, based upon the weight of the stabilized whole grain flour, and a hexanal content of 

less than about 10 ppm after 1 month accelerated storage at 95 'C, based upon the weight of the 

stabilized whole grain flour.  

18. A method for producing a stabilized whole grain flour comprising: 

a) milling whole grains to obtain a separate endosperm fraction, a low ash fine bran and 

germ fraction separate from the endosperm fraction and which is not subjected to further particle 

size reduction, and a coarse bran and germ fraction separate from the endosperm fraction and the 

low ash fine bran and germ fraction and which is subjected to further particle size reduction, 

b) grinding said coarse bran and germ fraction without grinding said low ash fine bran 

and germ fraction using a two stage grinding process, wherein a first grinding stage comprises 

particle-to-particle collisions and a second grinding stage comprises grinding by mechanical size 
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reduction and wherein particles finer than a first particle fineness are not subjected to said second 

grinding stage, to produce a ground coarse bran and germ fraction, 

c) stabilizing said ground coarse bran and germ fraction and said low ash fine bran and 

germ fraction, to obtain a stabilized fine bran and germ fraction which has a sodium carbonate

water solvent retention capacity of less than 200 %, and 

d) combining said stabilized fine bran and germ fraction with said endosperm fraction to 

obtain a stabilized whole grain flour which has a sodium carbonate-water solvent retention 

capacity of less than 90% and a hexanal content of less than about 10 ppm after 1 month 

accelerated storage at 95 'C, based upon the weight of the stabilized whole grain flour, 

wherein said endosperm fraction has an ash content of about 0.5 wt. % to about 0.6 wt. % 

and a particle size distribution of at least about 65% by weight having a particle size of less than 

or equal to 149 microns, and less than or equal to 5% by weight having a particle size of greater 

than 250 microns, said low ash fine bran and germ fraction has an ash content of about 0.6 wt. % 

to about 2.0 wt. % and a particle size distribution of at least 6 5% by weight having a particle size 

of less than or equal to 149 microns, and less than or equal to 10% by weight having a particle 

size of greater than 250 microns, and said coarse bran and germ fraction has an ash content of 

above 2 wt. % and a particle size distribution of at least 75% by weight having a particle size of 

greater than or equal to 500 microns, less than or equal to 5% by weight having a particle size of 

less than 149 microns, and 15% by weight to 25% by weight having a particle size of less than 

500 microns but greater than or equal to 149 microns.  

19. A method as claimed in claim 18, wherein said first grinding stage comprises 

grinding the coarse fraction in a gap mill, wherein a gap mill recycle loop is not employed, and 

wherein said second grinding stage comprises grinding in a universal mill.  

20. A stabilized whole grain flour comprising: 

a. an endosperm fraction, a low ash fine bran and germ fraction, and a coarse bran and 

germ fraction, 
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b. a lipase activity of less than 250 units/g/hour of the stabilized whole grain flour, where 

a unit is the number of micromoles (jam) of 4-methylumbelliferyl heptanonate (4-MUH) 

hydrolyzed per hour per gram of stabilized whole grain flour, 

c. an acrylamide content less than 45 ppb, based upon the weight of stabilized whole 

grain flour, 

d. a sodium carbonate-water solvent retention capacity (SRC sodium carbonate) of less 

than 90%, 

e. a free fatty acid content of less than 10% by weight of total flour lipids at three months 

or less than 3,000 ppm, based upon the weight of the stabilized whole grain flour, and 

f a hexanal content of less than 10 ppm after 1 month accelerated storage at 95'C, based 

upon the weight of the stabilized whole grain flour, and a particle size distribution of 0% by 

weight on a No. 35 (500 micron) U.S. Standard Sieve, and less than or equal to about 10% by 

weight on a No. 70 (210 micron) U.S. Standard Sieve, 

wherein the stabilized whole grain flour includes an endosperm fraction having an ash 

content of about 0.5 wt. % to about 0.6% wt. %, a low ash fine bran and germ fraction having an 

ash content of about 0.6 wt. % to about 2.0 wt. %, and a coarse bran and germ fraction having an 

ash content of above 2 wt. %.  

21. A stabilized whole grain flour as claimed in claim 20, having a particle size 

distribution of at least 85% by weight through a No. 100 (149 micron) U.S. Standard Sieve, and 

less than or equal to 5% by weight greater than 250 microns.  

22. A stabilized whole grain flour as claimed in claim 20 or claim 21, which is a 

whole grain wheat flour.  

23. A food product comprising a stabilized whole grain wheat flour as claimed in any 

one of claims 20 to 22 or produced by the method of any one of claims 1 to 19.  

24. A method for producing stabilized whole grain flour including endosperm, bran 

and germ comprising: 
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a) milling whole grains to obtain a separate endosperm fraction, a low ash fine bran and 

germ fraction separate from the endosperm fraction, and a coarse bran and germ fraction separate 

from the endosperm fraction and the low ash fine bran and germ fraction, the coarse bran and 

germ fraction having a residue of endosperm, 

b) grinding said coarse bran and germ fraction including said endosperm residue in an 

amount of 5-10% of the endosperm in the whole grains, without grinding said low ash fine bran 

germ fraction, to produce a ground coarse bran and germ fraction, 

c) hydrating said ground coarse bran and germ fraction and said low ash fine bran and 

germ fraction to a moisture content of 10% to 20% by weight, based upon the weight of the 

fraction, 

d) subjecting up to 10 % of said endosperm residue from said ground coarse bran and 

germ fraction to stabilization to avoid starch gelatinization, and 

e) subjecting 80-100 % of the bran and germ to stabilization to reduce lipase and 

lipxoygenase activity, to produce a stabilized whole grain flour which has a sodium carbonate

water solvent retention capacity of less than 90% and a hexanal content of less than about 10 

ppm after 1 month accelerated storage at 95 'C, based upon the weight of the stabilized whole 

grain flour, 

wherein said endosperm fraction has an ash content of about 0.5 wt. % to about 0.6 wt. % 

and a particle size distribution of at least about 65% by weight having a particle size of less than 

or equal to 149 microns, and less than or equal to 5% by weight having a particle size of greater 

than 250 microns, said low ash fine bran and germ fraction has an ash content of about 0.6 wt. % 

to about 2.0 wt. % and a particle size distribution of at least 6 5% by weight having a particle size 

of less than or equal to 149 microns, and less than or equal to 10% by weight having a particle 

size of greater than 250 microns, and said coarse bran and germ fraction has an ash content of 

above 2 wt. % and a particle size distribution of at least 75% by weight having a particle size of 

greater than or equal to 500 microns, less than or equal to 5% by weight having a particle size of 

less than 149 microns, and 15% by weight to 25% by weight having a particle size of less than 

500 microns but greater than or equal to 149 microns.  

25. A method for the production of stabilized whole grain flour comprising: 
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a) milling whole grains to obtain a separate endosperm fraction, a low ash fine bran and 

germ fraction separate from the endosperm fraction, and a coarse bran and germ fraction separate 

from the endosperm fraction and the low ash fine bran and germ fraction, 

b) grinding said coarse bran and germ fraction without grinding said low ash fine bran 

and germ fraction to obtain a ground coarse bran and germ fraction, 

c) hydrating said endosperm fraction to obtain a moisture content of from 10% to 14.5% 

by weight, based upon the weight of said endosperm fraction, 

d) hydrating said ground coarse bran and germ fraction to obtain a moisture content of 

from 10% to 20% by weight, based up on the weight of said ground coarse bran and germ 

fraction; 

e) stabilizing said low ash fine bran and germ fraction and said ground coarse bran and 

germ fraction, to obtain a stabilized combined fine bran and germ fraction, and 

f) combining said stabilized fine bran and germ fraction with said endosperm fraction to 

obtain a stabilized whole grain flour with reduced starch damage, 

wherein said endosperm fraction has an ash content of about 0.5 wt. % to about 0.6 wt. % 

and a particle size distribution of at least about 65% by weight having a particle size of less than 

or equal to 149 microns, and less than or equal to 5% by weight having a particle size of greater 

than 250 microns, said low ash fine bran and germ fraction has an ash content of about 0.6 wt. % 

to about 2.0 wt. % and a particle size distribution of at least 6 5% by weight having a particle size 

of less than or equal to 149 microns, and less than or equal to 10% by weight having a particle 

size of greater than 250 microns, and said coarse bran and germ fraction has an ash content of 

above 2 wt. % and a particle size distribution of at least 75% by weight having a particle size of 

greater than or equal to 500 microns, less than or equal to 5% by weight having a particle size of 

less than 149 microns, and 15% by weight to 25% by weight having a particle size of less than 

500 microns but greater than or equal to 149 microns.  

26. A method for the production of stabilized whole grain flour comprising: 

a) milling whole grains to obtain a separate endosperm fraction, a low ash fine bran and 

germ fraction separate from the endosperm fraction , and a coarse bran and germ fraction 

separate from the endosperm fraction and the low ash fine bran and germ fraction, 
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b) grinding said coarse bran and germ fraction without grinding said low ash fine bran 

and germ fraction using a two-stage grinding process, wherein a first grinding stage comprises 

grinding by particle-to-particle collisions and a second grinding stage comprises grinding by 

mechanical size reduction, wherein particles of a first particle fineness are sorted during or after 

said first grinding stage and not subjected to said second grinding stage, to create a ground 

coarse bran and germ fraction with reduced starch damage, 

c) stabilizing said low ash fine bran and germ fraction and said ground coarse bran and 

germ fraction, to obtain a stabilized combined fine bran and germ fraction, and 

d) combining said stabilized combined fine bran and germ fraction with said endosperm 

fraction to obtain a stabilized whole grain flour with reduced starch damage, 

wherein said endosperm fraction has an ash content of about 0.5 wt. % to about 0.6 wt. % 

and a particle size distribution of at least about 65% by weight having a particle size of less than 

or equal to 149 microns, and less than or equal to 5% by weight having a particle size of greater 

than 250 microns, said low ash fine bran and germ fraction has an ash content of about 0.6 wt. % 

to about 2.0 wt. % and a particle size distribution of at least 65% by weight having a particle size 

of less than or equal to 149 microns, and less than or equal to 10% by weight having a particle 

size of greater than 250 microns, and said coarse bran and germ fraction has an ash content of 

above 2 wt. % and a particle size distribution of at least 75% by weight having a particle size of 

greater than or equal to 500 microns, less than or equal to 5% by weight having a particle size of 

less than 149 microns, and 15% by weight to 25% by weight having a particle size of less than 

500 microns but greater than or equal to 149 microns.  
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