Wheat Flour Milling 1

Wheat Flour Milling

Downloaded from

Wheat Flour www.everybodystreet.com
Milling by Mckee & Hinton

INTRODUCTION:
THE ART AND
SCIENCE BEHIND
WHEAT FLOUR
MILLING

Few industrial
processes are as
fundamental to human
civilization as wheat
flour milling. Every loaf
of bread, every pastry,
every bowl of pasta,
and every noodle
begins its journey in a
mill where whole wheat
kernels are
transformed into the
fine, versatile powder
we know as flour. This
ancient craft has
evolved from simple
stone grinding into a
sophisticated, multi-

stage industrial
process that combines
mechanical
engineering, food
science, and rigorous
quality control.
Understanding wheat
flour milling offers a
fascinating glimpse
into how a humble
grain becomes the
backbone of global
food supplies. In this
comprehensive guide,
we will explore every
dimension of modern
wheat flour milling,
from the anatomy of
the wheat kernel to the
latest innovations
driving the industry
forward.

THE HISTORY AND
EVOLUTION OF
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MILLING

The story of wheat
flour milling is as old as
agriculture itself.
Archaeological
evidence suggests that
humans were grinding
wild grains into flour as
early as 23,000 years
ago using simple
saddle stones. These
primitive tools required
hours of manual labor
to produce even small
quantities of flour. The
invention of the rotary
guern around 500 BCE
represented the first
major advancement,
allowing for continuous
grinding with greater
efficiency.

The Roman Empire saw
the development of
larger, water-powered
mills that could serve
entire communities.
The famous Barbegal
mills in southern
France, dating to the

2nd
featured sixteen water
wheels capable of
producing enough flour
for thousands of
people. The Industrial
Revolution brought
further transformation:
roller mills began
replacing traditional
stone grinding in the
late 19th century,
dramatically improving
both the quality and
quantity of flour that
could be produced. The
introduction of the
Hungarian roller mill
system in the 1870s
revolutionized the
industry by allowing
millers to separate
bran and germ from
the endosperm more
effectively, producing
the white flour that
remains popular today.

Modern wheat flour
milling is now a highly
automated, computer-
controlled industry
capable of processing
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hundreds of tons of
wheat daily. Yet
despite the
technological leaps,
the fundamental
principle remains:
separate the valuable
endosperm from the
bran and germ, then
reduce it to the desired
particle size.

THE ANATOMY OF
A WHEAT KERNEL:
UNDERSTANDING
THE RAW
MATERIAL

To fully appreciate
wheat flour milling, one
must first understand
the structure of the
wheat kernel itself.
Each kernel, also called
a berry, consists of
three main parts that
play critical roles in the
milling process.

e The Bran: This
is the tough,
protective outer
layer that makes

up about 14
percent of the
kernel weight.
Rich in fiber,
vitamins, and
minerals, bran is
typically
removed during
milling to
produce white
flour but is
retained for
whole wheat
products. Its
presence creates
challenges in
milling because it
is tough and
difficult to grind
fine.

e The Germ:

Representing
about 2.5
percent of the
kernel, the germ
is the embryo of
the future wheat
plant. It is rich in
oils, vitamins,
and enzymes.
While nutritious,
the germ's high



oil content
causes it to go
rancid quickly,
which is why it is
usually
separated during
milling unless the
flour is intended
for immediate
use or whole
grain production.
The
Endosperm:
This is the
starchy interior
that accounts for
roughly 83
percent of the
kernel. The
endosperm is the
primary source of
wheat flour
milling yield,
providing the
starch and
protein that give
flour its
functional
properties.The
goal of nearly
every milling
operation is to

extract as
much clean
endosperm as
possible while
minimizing
contamination
from bran and
germ.

THE MODERN
WHEAT FLOUR
MILLING PROCESS:
A STEP-BY-STEP
JOURNEY

Contemporary wheat
flour milling is a
carefully
choreographed
sequence of operations
designed to separate,
purify, and reduce the
components of the
wheat kernel. The
process can be divided
into several distinct
stages, each essential
to producing flour of
consistent quality.
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Step 1:

Cleaning

and

Condition

Ing

Before any actual
milling begins, raw
wheat must be
thoroughly cleaned to
remove foreign
materials such as
stones, straw, weed
seeds, dust, and other
grains. This is achieved
using a combination of
magnets, screens,
aspirators, and gravity
separators. Clean
wheat then undergoes
conditioning, also
known as tempering,
where precise amounts
of water are added and
the wheat is allowed to
rest. Conditioning

toughens the bran,
making it less likely to
shatter during milling
while softening the
endosperm for easier
grinding. The optimal
moisture content,
typically between 15
and 17 percent, is
crucial for efficient
separation and flour
quality.

Step 2:
The
Break
System:
Initial
Separatio
N

The conditioned wheat
first passes through a
series of corrugated



roller mills known as
break rolls. These rolls
rotate at different
speeds and have
grooves that cut and

shear the wheat
kernel, gradually
scraping the

endosperm away from
the bran. The goal of
the break system is not
to produce flour but to
create large, clean
chunks of endosperm
called middlings. After
each break passage,
the material is sifted
through a series of
vibrating sieves that
sort particles by size.
The largest particles,
consisting mainly of
bran, are sent to the
next break roll for
further scraping, while
the finer middlings
proceed to the
purification stage.

A typical modern mill
might employ four to
six break passages,
each with progressively

finer corrugations and
closer roll gaps. This
gradual reduction
approach is what
distinguishes modern
wheat flour milling
from traditional stone
grinding, allowing for

much cleaner
separation of
components.

Step 3:
Purificatio
n and
Reductio
n

Middlings produced
from the break system
contain a mixture of
pure endosperm
particles, small bran
fragments, and germ.
Purifiers use a
combination of air
currents and sieving to
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separate these
components based on
particle size and
density. The
endosperm, being
denser than bran,
travels differently in
the air stream, allowing
skilled millers to adjust
settings for optimal
separation. The clean
middlings are then
passed through a
series of smooth
reduction rolls in the
reduction system.
These rolls, operating
at differential speeds,
gently crush the
endosperm into
progressively finer
flour. The reduction
system typically
includes anywhere
from seven to fifteen
passages, each
followed by sifting to
remove the flour
already produced. By
the final reduction
passage, the
endosperm has been

reduced to the desired
fineness, while any
remaining bran and
germ have been
largely separated.

Step 4.
Sifting,
Blending,
and
Finished
Flour
Handling

After the final
reduction, the resulting
stream of flour is sifted
through  fine mesh
sieves to ensure
uniform particle size.
Different streams from
various points in the
milling process yield
flour with different




MHIEINGontent, ash
content, and color. A
key skill in wheat flour
milling is the art of
blending these streams
to produce consistent,
specification-grade
flour. Finished flour is
typically treated with
small amounts of
additives such as
malted barley flour to
improve baking
performance, or
benzoyl peroxide to
whiten the color. The
flour is then stored in
bulk bins, loaded into
trucks or railcars, or
packaged for retail
sale. Modern mills
operate under strict
food safety protocols,
including metal
detection, temperature
monitoring, and
regular microbiological
testing.

TYPES OF WHEAT
AND THEIR

CHARACTERISTICS

Not all wheat is
created equal, and the
type of wheat used
dramatically influences
the milling process and
the flour produced.
Wheat varieties are
broadly categorized by
their growing season
(winter versus spring)
and by their kernel
hardness (hard versus
soft). Hard wheat
varieties, such as the
US Hard Red Spring
and Hard Red Winter,
have a higher protein
content and produce
stronger gluten,
making them ideal for
bread making. Soft
wheat varieties, like
Soft Red Winter and
Soft White, have lower
protein and are
preferred for cakes,
pastries, and crackers.

Durum wheat deserves
special mention as the
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hardest wheat variety,
with exceptionally high
protein content. Durum
is not typically used for
bread flour but is
instead milled into
semolina, the coarse
golden grain used to
make premium pasta.
The milling of durum
requires specialized
equipment, including
purifiers designed to
handle its
characteristic
hardness, and
produces a distinctive
yellow color that
comes from its high
carotenoid pigment
content.

The moisture content,
test weight, and
foreign material levels
of incoming wheat are
all critical factors that
determine how a
particular lot will
perform during wheat
flour milling. Millers
must constantly adjust
their equipment

settings to account for
variations in the raw
material, which is why
a deep understanding
of grain science is
essential in the
industry.

FLOUR GRADES
AND THEIR
APPLICATIONS

One of the most
important outcomes of
the wheat flour milling
process is the
production of flour
grades that meet
specific customer
requirements. The
extraction rate, or the
percentage of the
original wheat kernel
that ends up in the
flour, is the primary
determinant of flour
type. White  flour
typically has an
extraction rate of
around 72 to 74
percent, meaning that
about 26 to 28 percent
of the kernel (mostly



bran and germ) has
been removed. Whole
wheat flour has a 100
percent extraction
rate, containing all
parts of the kernel in
their original
proportions.

Within the category of
white  flour, further
subgrades exist based
on protein content, ash
content, and particle
size. Patent  flour
represents the highest
quality stream from
the early reduction
passages, with the
lowest ash content and
finest particle size.
Clear flour, coming
from later reduction
passages, has higher
ash and stronger
protein content and is
often used in specialty
breads. Bakers, pasta
manufacturers, and
food companies specify
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maintain meticulous
records to ensure
consistent quality
across batches. The
development of custom
blends is a growing
trend, where millers
combine different
wheat types and flour
streams to create
proprietary products

tailored to specific
applications.
QUALITY CONTROL

AND TESTING IN
WHEAT FLOUR
MILLING

Consistency is the
hallmark of a well-run
mill, and achieving it
requires rigorous
quality control at every
stage. Laboratory
testing begins with
incoming wheat, where
samples are analyzed
for moisture, protein
content, ash content,

exact flour falling number (a
characteristics, and measure of sprout
reputable  mills damage), and
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mycotoxin levels.
Throughout the milling
process, samples are
taken from multiple
streams and tested for
particle size
distribution, color, and
enzymatic activity.

Baking tests remain
the gold standard for
evaluating flour
performance. A skilled
baker in the mill's test
bakery prepares
standardized loaves of
bread or other
products from each
batch, measuring loaf
volume, crumb texture,
crust color, and overall
appearance.

Rheological tests using
instruments like the
farinograph,

extensograph, and
alveograph provide
detailed data on dough
behavior, helping
millers predict how a
given flour will perform
under different
processing conditions.
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The data from these
tests flows back to the
mill floor, where
operators adjust roll
gaps, sifter settings,
and air flows to
maintain target
specifications.

Modern mills
increasingly use near-
infrared spectroscopy
and other rapid
analysis techniques to
monitor quality in real
time, allowing for
immediate
adjustments and
reducing the risk of off-
specification
production. Food safety
programs, including
HACCP (Hazard
Analysis and Critical
Control Points) and
third-party
certifications like AIB or
BRC, are now standard
in the industry,
ensuring that the final
flour product is safe for
consumption.



SUSTAINABILITY
AND INNOVATION
IN THE MILLING
INDUSTRY

The wheat flour milling
industry has made
significant strides in
sustainability, driven
by both economic
pressures and
environmental
concerns. Energy costs
represent a major
operational expense,
and modern mills are
adopting variable-
speed drives, high-
efficiency motors, and
improved insulation to
reduce consumption.
Some facilities have
installed solar panels
or biomass boilers to
generate clean energy,
while others capture
waste heat from the
milling process to
warm their facilities or
dry grain.

Water usage is another
area of focus. While
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conditioning requires

precise moisture
addition, mills are
finding ways to reduce
overall water

consumption through
closed-loop systems
and improved
monitoring equipment.
The handling of milling
byproducts, including

bran, germ, and
millfeed, has also
become more

sophisticated. These
materials are no longer
seen as waste but as
valuable co-products
that go into animal
feed, breakfast cereals,
and health food
products. Some
innovative mills are
even exploring the
extraction of bioactive
compounds from bran
for use in
nutraceuticals, adding
new revenue streams
while reducing
environmental impact.

Automation and data
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analytics are shortage of
transforming the mill experienced milling
floor. Smart sensors professionals makes

monitor every aspect
of the process, from
roll temperature to
sifter motion, and
machine learning
algorithms help predict
maintenance needs
and optimize settings.
These technologies not
i EPEncy
but also enable remote
operation, allowing
skilled millers to
oversee multiple
facilities from a central
location. The ongoing
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such automation
increasingly attractive,
as it helps preserve
institutional knowledge
and ensures consistent
quality even as the
workforce evolves.

THE GLOBAL

WHEAT FLOUR
MILLING

Wheat flour milling is
far more than an
industrial



