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Preface
The aim of The Science of Poultry and Meat Processing book is to provide students
and industry personnel with a comprehensive view of the modernized primary poultry
meat industry and further processing of both red meat and poultry. An emphasis is
placed on basic concepts as well as recent advancements such as automation (e.g.
increasing poultry line speed from 3,000 to 13,000 birds per hour over the last 40
years) and food safety (e.g. HACCP in primary and the further processing areas). The
book also includes chapters explaining basic muscle biology, protein gelation, heat
and mass transfer, microbiology, as well as meat colour and texture to help the reader
understand the underlying scientific concepts of meat processing. The Science of
Poultry and Meat Processing book is based on over two decades of university teaching
experiences, and is designed to be used as a course textbook by students, as well as a
resource for professionals working in the food industry. The book is available online,
at no cost, to any interested learner. Using this format has also allowed me to include
many colour pictures, illustrations and graphs to help the reader.
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The book is dedicated to my past and current students who have inspired me to
learn more and conduct challenging research projects. I see this as an opportunity to
give back to the field that I have received so much from as a student and as a faculty
member. Looking back, I have learned a great deal from my MSc and PhD advisor,
Dr. A. Maurer, who was the student of Dr. R. Baker - the father of poultry processing
in North America. I would also like to thank Dr. H. Swatland with whom I worked for
almost 20 years, for the many challenging scientific discussions.
Writing The Science of Poultry and Meat Processing book was a long process, which
also included having all chapters peer reviewed. I appreciate the help of my colleagues,
but I still take responsibility for any inaccuracy in the book. If you have comments or
suggestions, I would appreciate hearing from you (sbarbut@uoguelph.ca), as I am
planning to revise and update a few chapters on a yearly basis.
I would like to thank the many people who have helped me during the writing process.
To Deb Drake who entered all of the material for the book, to Mary Anne Smith who
assisted in editing, and to ArtWorks Media for the design and desktop publishing
of the book. I greatly appreciate the help of my colleagues who reviewed chapters
and provided useful discussions. They include Mark B., Ori B., Sarge B., Gregoy
B., Joseph C., Mike D., Hans G., Theo H., Melvin H., Myra H., Walter K., Roland
K., Anneke L., Massimo M., Johan M., Erik P., Robert R., Uwe T., Rachel T., Jos
V., Keith W., and Richard Z. I would also like to thank my family for their love and
support during the entire process.
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BATTERING AND BREADING –
PRODUCTION UNDER HACCP
14.1 Introduction
Battered and breaded products have become very popular on the market and
include quite a large variety of boneless and bone-in products (Fig. 14.1.1, Table
14.1.1). The development of commercial breading lines dates back to 1937 when
a breading mixture was applied to fish fillets in St. Louis, Missouri. The history
of breading machines followed this marketing development when Dr. S. Hart
of Syracuse University designed the first successful machine for this purpose.
At first, labour-intensive breading lines depended on many people battering
and breading the product. Besides cost, manual production presented quite a
few challenges in terms of consistency and sanitation. The initial equipment
developed basically duplicated the hand operation, and for each coating step, a
separate machine was used (Suderman and Cunningham, 1983). Today, modern
fully automated lines can produce thousands of identical nuggets per hour
without any human contact (Fig. 14.1.2). An illustration of a basic coating line
with repeated batter and flouring/breading application is shown in Figure 14.1.3.
Figure 14.1.1 Examples of battered and breaded products on the market. Photo by S. Barbut.

Figure 14.1.1 Examples of battered and breaded products on the market. Photo by S. Barbut.

Figure 14.1.2

Illustration of battered and breaded products processed on a high volume
automated line. Courtesy of Townsend.
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Overall, the consumption of battered and breaded meat products sold at retail and
food service operations has increased tremendously during the past 40 years. In
1996, it was estimated that 1.2 billion pounds of food products were breaded in the
US, most of which was poultry, followed by seafood and vegetables (e.g., onion
rings). Over the next decade, consumption has further increased in the USA and
other parts of the world. One of the greatest success stories is that of the chicken
nugget which was introduced to the North American market by the fast food
chains in the 1970’s. Originally, the product was made from a whole breast muscle
strip which was pre-dusted battered, breaded, and then fried. Today, nuggets are
made from different meats (poultry, pork, fish), and cuts such as whole muscle,
ground meat, chunks of white and dark meat, as well as ground meat with and
without the inclusion of mechanically deboned meat and skin (Barbut, 2012). The
traditional oval shape of the nugget has also been modified in some markets (e.g.,
animal-shaped nuggets are currently used to attract young children). The breading
and spices used can also greatly vary, depending on the market (e.g., today more
whole grain breading is seen on the market).
Table 14.1.1 Examples of battered and breaded meat products.

Whole muscle –

chicken* breast fillet – skin off
chicken breast fillet – skin on
chicken nuggets
chicken drumsticks

Bone in product –

chicken wings
chicken drums

Ground/chucked meat –

chicken nuggets (white/dark meat)
chicken patties

Filled products –

Cordon Blue
Chicken Kiev

* the term chicken can be replaced by other poultry meat such as turkey
and duck and/or meat from other species such as fish, beef, pork

Battered and breaded products are coated products in which the meat protein
component (e.g., chicken breast fillet, whole chicken leg, ground meat) is the core,
surrounded by a cereal base coating (e.g., wheat flour). The coating process can
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range from a simple homemade operation to a complex production line requiring
equipment worth millions of dollars. A simple homemade process that seems
to have originated in Europe consists of dipping slices of meat in dry flour (predust), followed by a quick dip in an egg batter, and then using homemade dry
bread crumbs to cover both sides while pressing the crumbs into the meat. This is
followed by frying in a pan filled with hot oil. This popular ‘old time’ example is
the European “schnitzel” which has been commonly made out of pork meat, but
today poultry and to a lesser extent beef are also used. The product can be served
immediately after production, and has a very enticing fried smell and a crispy
texture. Today, commercial chicken nuggets, pork schnitzel products, and breaded
fish sticks go through essentially the same process. However, in a high speed batter
and breading line, extreme care to details, cost, sanitation and quality control are
taken at every step (see also Trouble Shooting at the end of the chapter). Paying
attention to details is imperative, because a high volume commercial product must
be made efficiently and consistently, as well as be able to maintain a full breading
coverage during the various transfers between machines, within the plant. The
product should also be able to withstand transportation stresses such as vibration
which can result in breaking off poorly adhered coating. Other challenges that will
be discussed below include coating uneven products (e.g., chicken wings) using
an automated process.

14.1.2 Illustration
battered and
products processed
on a or a bone in product
igure 14.1.3 A view ofFigure
a coating
lineof used
forbreaded
a whole
muscle
high volume automated line. Courtesy of Townsend.
irregular shape product such as a drumstick). The line starts with a pre-du
drum on the left followed by a group of people ensuring that the product
positioned correctly on the belt, and later a batter applicator with an over
pattern. This is followed by a second breading/flour applicator that uses a t
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Fig 14.1.3

Figure 14.1.3 A view of a coating line used for a whole muscle or a bone in product (i.e. irregular shape
product such as a drumstick). The line starts with a pre-dusting drum on the left followed by a group of
people ensuring that the products are positioned correctly on the belt, and later a batter applicator with
an overflow pattern. This is followed by a second breading/flour applicator that uses a triple flip, a
second batter applicator, and a dry breading/flour applicator. Next is another rotating drum to
achieve complete coating of the dry ingredients on an irregular-shaped product. A second
group of people is then ensuring that the products are positioned correctly after leaving
the drum. The last structure on the right is a deep fryer.

14.2 Processing Steps – Overview
A flow chart showing the different steps used in a commercial operation is shown
in Figure 14.2.1. The Figure is part of a HACCP generic model which is going to
be discussed later in the chapter. The steps illustrated are the ones most commonly
used; however, some may be omitted (e.g., pre-dusting) while others may be
repeated a few times (e.g., a double or triple pass through the batter/breading
operation) to increase pick-up. Frying is used to achieve a full-fried product at the
end of the line, or may be done for a very short time, called par-frying (e.g., 30
sec at 190°C), to “cement” the breading to the surface, and develop an attractive
golden colour and crispy bite. In most cases, the product is then quickly frozen
prior to shipping to the store.
The battering and breading process is used to coat various meat and non-meat
products. Examples of some popular poultry products are listed in Table 14.1.1.

THE SCIENCE OF POULTRY AND MEAT PROCESSING – BARBUT
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Figure 14.2.2 Illustration of the different layers of a coated meat product, and an actual view of
a cross section of a par fried chicken nuggets where the meat core is seen coated
Figure
Process
diagram from
a HACCP
model, for the production of a whole
with14.2.1
batter
andflow
breading.
Photo
by S.generic
Barbut.
muscle product with suggested critical control points (CCP); to be discussed later in the chapter.
Originally drawn for chicken breast fillet but similar steps can be used for other meats as well
as for formed nuggets. From CFIA (2008).
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During the process, dry and/or wet ingredients are applied to the moist surface
of a regular or marinated (moisture enhanced) meat product. Proper adhesion is
a challenge for the processor, as it depends on the roughness (skin on, skin off),
temperature (partially frozen, thawed), amount of moisture on the surface (semidry or wet after forming), fat/grease on the surface, etc. Typical steps involved in
chicken nugget production would be:
a.
b.
c.
d.
e.

forming whole muscle/chunked meat ~ 25g. See illustration below
coating with pre-dust – ≈ 5% pick up. See equipment below
coating with batter – 5-10% pick up. See equipment below
coating with breading – 20-30% pick up. See equipment below
frying at 185 - 195 °C oil for about 30 - 60 sec (par-fry) or, continue to
fully cook in oil/hot air oven.
f. freezing to maintain structure and freshness.
Overall, there are many factors that can affect the coating operation, ranging from
meat surface properties (e.g., skin on, skin off, partially frozen surface) to batter
viscosity and its temperature, breading size, and frying temperature.
An example of an operation to coat an irregular shape chicken thigh can include a
repeated coating process and include the following steps:
a.
b.
c.
d.
e.
f.
g.

whole chicken thigh portion (130-170g)
drum coating with pre-dust*
batter application – triple flip**
breading or flour application
drum tumbling to coat all areas and further open the structure**
second batter application
second breading/flour application

* for irregular shape, needs a drum applicator because of the uneven surface.
** each flip/turn helps to slightly open the surface structure and allows more
pickup.
An illustration of a product with the different coating layers is shown in Figure
14.2.2.
The terms ‘pick-up’ and ‘yield’ are commonly used when producing battered
and breaded products. “Pick-up,” under US regulations, refers to the amount of
coating material adhering to (or ‘picked up’ by) the product and is based on the
final weight.

THE SCIENCE OF POULTRY AND MEAT PROCESSING – BARBUT

14-7

Figure 14.2.2 Illustration of the different layers of a coated meat product, and an actual view
of a cross section of a par fried chicken nuggets where the meat core is seen coated with
batter and breading. Photo by S. Barbut.

re 14.3.1 High pressure forming machine equipment used to produce nuggets and pattie
1. The
hopper;a2.
3. isThe
pressing
block;
4.has
The form plat
For example,
meatCoil-shaped
patty weighingscrew;
70g which
battered
and breaded
to 91g
a
pick-up
of
(91-70)/70
*
100
=
30%.
In
the
US,
there
is
a
restriction
indicating
5. The ejectors; 6. The discharge conveyor. Courtesy of Marel Food Systems.
that a product with > 30% pick-up must be labeled as fritter. Therefore, many of
the products in the US do not exceed a 30% pick-up. It is important to note that
different countries have different definitions for pick-up which are not necessarily
based on the initial raw meat weight. Therefore, local regulations should always
be checked. The term “yield” is commonly used (including in the US) for cooking
and is expressed as a gain/loss of weight based on the initial weight.

Overall production starts with either forming (e.g., nuggets) to the desired weight
and shape, or getting whole muscle pieces (boneless/bone-in chicken thigh meat)
to the desired weight range and shape. This is followed by pre-dusting, battering,
breading and frying as described below.

14.3 Forming
If the breaded product is not a whole muscle product, the product must be formed
into the desired shape (e.g., oval, rectangular, star). The meat batter usually
includes small muscle chunks, ground meat, or finely comminuted meat. It can

re 14.3.2 Low pressure forming machine used to produce nuggets, patties as well as 3
forms. 1. Manifold; 2. Drum; 3. Knife; 4. Pressure Sensor; 5. Relea
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be formed by hand or by a machine into a nugget or patty. The two types of
machines on the market today are the so-called high and low pressure formers.
High pressure formers have been on the market for the past half a century, and
basically consist of a pump to fill cavities within a mold. The meat is later punched
out by a plate mimicking the shape of the mold (Fig. 14.3.1). Within the past
ten years, low pressure formers have been introduced and they only utilize air
pressure to push the product out of the mold (Fig. 14.3.2). This is possible due
to the development of porous metal that allows air movement from the back of
the mold. This method has some advantages as it allows producing detailed 3D
shapes, eliminating the need for a water spray (used as “lubricant” for the plates in
high pressure equipment), eliminating the need to use high pressure that can affect
water holding, as well as reducing noise at the plant. This concept of operation is
re 14.3.1 High
pressure
forming
used
produce
nuggets
and pattie
becoming
more main
stream;machine
e.g., some equipment
fast food chains
haveto
already
adopted
it
1.as The
hopper;
2. Coil-shaped
screw; 3. The pressing block; 4. The form plat
their main
production
method.

5. The ejectors; 6. The discharge conveyor. Courtesy of Marel Food Systems.

Figure 14.3.1 High pressure forming machine equipment used to produce nuggets and
patties. 1. The hopper; 2. Coil-shaped screw; 3. The pressing block; 4. The form plate;
The ejectors; 6.machine
The dischargeused
conveyor.
of Marel.
pressure5.forming
toCourtesy
produce
nuggets,

re 14.3.2 Low
patties as well as 3
forms. 1. Manifold; 2. Drum; 3. Knife; 4. Pressure Sensor; 5. Relea
Position; 6. Shoe Frame; 7. Shoe Plate. Courtesy of Marel Food Systems.
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Figure
14.4.1
pre-dusting
equipment
and nuggets,
actual patties
products
going
Figure
14.3.2 Flatbed
Low pressure
forming machine
used to(a),
produce
as well
as 3Dthrough
forms. 1.the
equipment
(b).4. Pressure Sensor; 5. Release Position; 6. Shoe Frame; 7. Shoe Plate.
Manifold; 2. Drum;
3. Knife;
Courtesy of Marel.

14.4 Pre-Dusting

a)

Pre-dusting is the process of covering the meat with a fine coat of flour, or
sometimes with very fine bread crumbs. An example of a flatbed pre-duster is
shown in Fig. 14.4.1. Pre-dusting is commonly used as the first layer before batter
and breading are applied. However, it should be noted that it is not used in all
products and the decision to apply pre-dust depends on factors such as the wetness
of the surface, the extracted proteins on the surface (i.e., results from tumbling/
massaging the meat prior to starting the battering and breading operation), and
availability of equipment. The pre-dust adheres to the surface by absorbing
free water on the surface. This is later used to form a mediating layer between
the product and the next batter layer. It is important to note that the surface of
the product must be ready prior to pre-dusting. A frozen surface, or surface with
ice patches will interfere with good adhesion; i.e., establishing homogeneous
fine flour layer on the product. Therefore, attention should be given to the meat
temperature and amount of free water on the surface. Enhancing pre-dust adhesion
58
can be achieved by supplementing the dry mix with proteins such as soy, egg
albumen and whey, and/or by extracting the meat proteins (by tumbling with a
brine containing salt) to the surface of the product. This layer would look like a
whitish sticky layer after tumbling.
During a continuous operation, it is important that the pre-dust material does not
clump and keeps on flowing well through the equipment. Clumps can result in
an uneven surface on the product and interfere with the application of the next
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coating of batter (e.g., dry areas that do not absorb batter). Flour, which is most
commonly used for this application, usually does not flow very well by itself, so
certain flowing agents are often added. During the pre-dusting operation, flour
and other ingredients (see discussion in the Battering section below) are applied
from both sides, while the product is moving on a mesh-type conveyor belt (Fig.
14.1.2). The product arrives to the pre-duster from another belt, and falls onto a
layer of flour which is evenly distributed on the bottom (Fig. 14.4.1). Later, free
falling flour is applied from the top and then the product is passed under pressure
rollers (e.g., inflated with air so pressure can be easily adjusted). The rollers ensure
close contact between the pre-dust and the product (i.e., similar to a manual
operation in a small kitchen). As indicated above, close contact with the surface
is important but removing excess flour is also necessary. Therefore, the product
is transferred to another perforated belt where air blowers (also known as “air
knives”) are used to blow off the excess pre-dust. Other methods of removing
the excess pre-dust include a vibrating conveyor belt that shakes off the excess
amount, or a flip mechanism, whereby the product falls onto a lower belt and the
excess pre-dust is shaken off. The flatbed application is ideal for uniform meat
products (e.g., preformed nuggets or patties) which have an even surface and
geometry. However, flatbed is not satisfactory for uneven products such as bonein chicken wings, drum sticks, or thighs. For such applications, a drum applicator
is commonly used (Fig. 14.4.2), where the product falls onto a bed of dry pre-dust
material. The drum, which works like a cement mixer, is positioned on an angle
and rotates at a relatively low speed. The product, which starts at the top, is slowly
rolled forward while it is covered with pre-dust. The processor can adjust the dwell
time as well as degree of surface wetness to achieve the desired amount of pick-up
in the drum. Removing the excess pre-dust is also important in this case. It can be
done by an air blower, vibrating wire type conveyor belt (see an example of a belt
in Fig. 14.4.3) or a flip mechanism as indicated before. Another advantage of using
a drum coater is the ability to enhance pick up by continuously creating small
cracks within the coating layer (i.e., as the products are picked up by the baffles
Figurethe
14.4.1
pre-dusting
inside
drumFlatbed
and then
dropped).equipment (a), and actual products going through the
equipment (b).

a)

THE SCIENCE OF POULTRY AND MEAT PROCESSING – BARBUT

14-11

b)
Figure 14.4.2 Figure
Application
of pre-dust/breading
a drum
applicator
(drum
14.4.1 Flatbed
pre-dusting equipmentwithin
(a), and actual
products
going through
theturning at slow
equipment
speed) where products with
an (b).
uneven surface are tumbled within dry
flour/breading material.

Since the pre-dust layer is the first coat on the product, it is often used to carry
seasonings and spices, as they are going to be most protected during the frying
and/or heating operation. This is advantageous because flavour components are
b)
fairly volatile
and embedding them under the batter and breading layers can assist
in “protecting”
them, and
therefore reducing
thea amount
needed(drum
as compared
Figure
14.4.2 Application
of pre-dust/breading
within
drum applicator
turning atto
slow
speed)
seasoning the
outerwhere
layer. products with an uneven surface are tumbled within dry
flour/breading material.

Figure 14.4.3 Typical stainless steel conveyer belts used during the production of battered and
breaded meat products. The picture also shows the transfer point between the
two belts and the drive mechanisms. Photo by S. Barbut.

Figure
14.4.3
stainless
steel conveyer
usedapplicator
during the
production
of battered
59belts
Figure
14.4.2Typical
Application
of pre-dust/breading
within
a drum
(drum
turning at slow
speed) and
The are
picture
also
shows
the transfermaterial.
point between the
wherebreaded
products meat
with anproducts.
uneven surface
tumbled
within
dry flour/breading
two belts and the drive mechanisms. Photo by S. Barbut.
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Figure
14.4.3
Typical stainless
conveyer belts
used during
the and
production
of battered applicator for
Figure 14.5.1.1
An
overflow
batter steel
applicator
equipment
(a),
a submerge
andtempura
breaded meat
products. The
picture
also shows
transfer
point between
the two
application
(b).
Courtesy
ofthe
Marel
Townsend
Ltd.
belts and the drive mechanisms. Photo by S. Barbut.

a)

14.5 Battering
In this step the product is coated with a wet solution. Batters consist of a suspension
of dry ingredients (e.g., flour, starch, proteins) used to coat the product and create
the base for adhering the next layer of dry bread crumbs. Special equipment is used
for coating the product, and depending on the type of batter, different set ups can
be used (e.g., immersion, overflow).

14.5.1 Types of batter
There are different batters which can be separated based on viscosity, solid content,
carbohydrate, and/or protein source. It is important that a certain degree of binding
or “gluing” is achieved between the batter and the product. The drying speed is
another crucial factor in maintaining an adequate batter layer. This is especially
important with automated equipment where the product continuously moves on
wire-type conveyor belts. Overall, there are three main types/categories of batters:
60
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a. Adhesion batters which are designed to adhere to the meat product.
b. Cohesion batters which are designed to form a shell around the product.
c. Tempura batters which are usually not supplemented with breading, and
are used to create a puffed layer around the product.
Overall, most of the batter mixes used by the meat industry are produced by
ingredient companies specializing in baked goods. Therefore it is always a good
idea to discuss with them the exact product profile and characteristics desired by
the supplier prior to starting a new line of products.
a. Adhesion batters – are usually starch based with a high solid content and low
viscosity. The main ingredient is corn starch or modified corn starch (see additional
discussion about the nature of each specific group of ingredients below). The
batter is commonly applied as a relatively thin coat which can adhere well to the
surface of the meat. A layer of salt soluble proteins extracted from the meat (e.g.,
by tumbling) can be helpful in enhancing adhesion. The batter is used as a base for
the following breading layer. It is important that such a batter dries fairly quickly,
so that a significant amount stays on the product to provide a good support layer
for the breading. This is especially important for low viscosity batters in which the
next layer of bread crumbs will not absorb an excessive amount of moisture from
the batter. To control the drying period, the type of starch is usually matched to
the line speed. The nature of the starch used and the percent solids dictate the flow
properties of the batter. The common ratio of dry ingredients (solids) to water used
in the food industry falls in a range from 1.0:1.4 to 1.0:1.9. Equipment used for
the application of this type of batter is shown in Figure 14.5.1.1.a, b which shows
products moving on a continuous line with an over flow of batter. A pump is used
to move the batter and also to ensure good mixing (Fig. 14.5.1.2) at all times (i.e.,
starch can settle down over time). Batter preparation can be done away from the
equipment or with an automated system attached to the equipment (Fig. 14.5.1.3).
The system has sensors to gather information about parameters such as viscosity,
% solids and temperature. After processing the data it can add ingredients to
maintain a certain viscosity and/or make a new batch according to predetermined
specifications. On-line viscosity measurement is an important quality control tool
as it can assist in monitoring the process and quickly correct deviations resulting
from low/high pick up. Manual viscosity determination is common where either
a rotational viscometer or a simple funnel (like you have at home) is used to
determine the time it takes for a specific volume of batter to flow through a narrow
opening. The latter is a fast and very inexpensive way to get a good handle on the
process. It is known in the industry as Zhan/Stein cup method; flow time values for
different batters are provided below.
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Figure 14.5.1.3 Moving coated products through an overflow application.
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b. Cohesion batters – are used to form an envelope around the meat product, and
as a base for “cementing” the next breading layer. These batters are thicker than
adhesion batters and are usually flour based. They contain a medium amount of
solids and are used to provide texture to this layer. The drying time is longer than
for adhesion batters, but since they are more viscous (28-30 sec, as measured by
the Stein cup), they will not run off as quickly.
The common dilution of dry ingredients (solids): moisture is 1.0:1.5 to 1.0:2.0.
Figure 14.5.3 shows the process of coating the product using an overflow process.
c. Tempura batters – are cohesion batters which include a significant amount of
leavening agents. These batters are used as an outer coating which is commonly not
supplemented with breading. The final product, after deep fat frying, has a puffed
coating layer that is crispy with a lot of air spaces. Tempura batters are usually
made from a mixture of flour and starch, and have a high solid content. This results
in a high viscosity of the batters (around 45 sec in the Stein cup at a temperature
of 5-10°C). The batter is designed to have good cohesive characteristics and as a
result of the leavening ingredients, forms a layer rich in air pockets. The inclusion
of leavening agents makes the batter sensitive to over-mixing and pumping. A
high degree of mixing/agitation will result in a fast release of the gases (e.g.,
CO2) which are supposed to be released during the frying operation. Overall, it is
recommended that the product be fried very soon after applying tempura batter.
The common dilution in tempura batters of dry ingredients (solids): water is
1.0:1.0 to 1.0:1.3. This results in a high pick-up of the batter and a slow drying
rate. The batter is applied by dipping/submerging, and not by overflow as is the
case with the other two batters. The time between coating and frying should be
carefully controlled. Tempura batters usually contain corn starch which helps to
open the structure (or a tenderizing effect) when the wheat flour hardens during
the frying operation. Different tempura batters are available to the meat industry
and can be designed to address various products’ needs. To illustrate the effects of
the main ingredients, a simple home recipe for a tempura batter is provided here:
1 cup of flour, 1 tablespoon corn starch, 1 teaspoon salt, an ingredient to produce
gas bubbles such as 1.5 cups club soda. Some of the more fancy recipes call for
beer as the source of gas bubbles. An industrial recipe will usually include sodium
bicarbonate (see discussion below). Eggs can also be included to provide more
binding.

14.5.2 Dry Ingredients
The main ingredients found in a batter are wheat flour, corn flour, proteins, gums
and leavening agents. Not all are always present in a single batter, and different
ingredients are used to achieve certain functional properties (e.g., binding of
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breading, a crispy outer layer). Overall, the two most commonly used ingredients
are wheat flour and corn starch.
a. Wheat flour – is obtained from finely ground wheat’s endosperm. It contains
both carbohydrates and proteins. The carbohydrate component, mainly consisting
of starch, is useful in providing good adhesion to the product. Modified starch can
be used to further enhance adhesion. Starch also contributes to the drying time
of the applied batter and the development of a crispy texture during the frying
operation. In some batter applications, the ratio of highly branched starch polymers
(amylopectin) and linear polymers (amylose) has a profound effect on the starch
functionality. The ratio is quite variable and ranges from 99% amylopectin in
waxy rice, to high amylose content in cornstarch. Overall, starch molecules
absorb water during batter preparation, and some starches hold water better than
others (e.g., modified starches). The type of starch can have a strong effect on the
batter’s viscosity (Fig. 14.5.2.1). Xue and Ngadi (2006) studied the viscosities of
batters prepared with blends of wheat and corn, wheat and rice, and corn and rice.
The viscosity decreased with increasing shear rate in all batters, which is typical
for these kind of batters. In the case of wheat and corn, the viscosity decreased
faster with increasing the proportion of corn flour, suggesting that it diluted the
strengthening influence of the wheat flour gluten. Rice flour also exerted a diluting
effect on wheat gluten, and as suggested by the authors – increased the available
free water in the batter system. This free water could lubricate particles, enhance
flow, and result in lower viscosity values. Overall, the addition of corn flour caused
greater viscosity reduction than rice flour.
Fig 14.5.2.1
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Figure 14.5.2.1 Effect of starch type on batter’s viscosity and behavior during shear application. The
notations W (wheat) and C (corn) and the numbers refer to the proportion of the starch used
(W3C7 = 30% wheat and 70% corn). From Xue and Ngadi (2006).
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b. Gums – are used to increase the viscosity of batters and assist the suspension
of different solids through controlling viscosity and water binding capacity.
Hydrocolloids such as xanthan, guar and modified cellulose are commonly used
to thicken sauces and gravies. In battering application, they are used to increase
viscosity and reduce run-off during the process (i.e., controlling the amount of
batter adhering to the product). Gums, such as methyl cellulose, are used because
they can increase the viscosity and also form a gel during heating. The latter is also
used in reducing fat absorption during the frying operation; i.e., by producing a
“protective film” around the product.
c. Proteins – are used for their adhesion and texture binding properties. Wheat
proteins (mainly gluten), egg proteins, dairy proteins and soy proteins can all be
used. Initial binding is achieved during the raw batter application and this is greatly
enhanced during the cooking operation when the proteins denature and form a
rigid matrix. As a texture building ingredient, proteins firm up during the heating
process to form a self-supporting gel structure (e.g., liquid scrambled egg proteins
transform into a firm gel structure during cooking). Emulsification can also be
achieved by employing proteins which are capable of forming an intermediate
layer between fat and moisture. Some proteins have better emulsification
characteristics (e.g., caseinates) than others and should be used when needed for
creating/maintaining a water-fat interphase (e.g., batter applied to skin on chicken
drumsticks).
d. Leavening agents – are used to create air bubbles/spaces within the
coating layer. This subsequently provides a unique textural characteristic (e.g.,
crunchiness) to the fried product. The most common agent is sodium bicarbonate
which is added with one or more acids to help release the gas. When hydrated, CO2
is released and most is expected to be entrapped within the batter. Therefore, it is
important to only prepare this kind of batter a short time before its application onto
the product and the frying stage. The entrapped air bubbles also assist in increasing
the volume of the final product and making the outer layer less dense. The rate of
CO2 release depends on factors such as the type of acid being used, the bicarbonate
granulation, temperature, and time.
e. Flavouring – spices, salt and sugar are used to flavour the product. Pepper
(black/white) usually represents the major component of the spices used, together
with smaller quantities of dried thyme, celery, marjoram, rosemary oleoresin, etc.
The amount of seasoning can vary considerably among products, but on average
they account for 3-5% of the batter mix, with salt representing 10-15% of the mix
of flavourings. When sweet flavour notes are desired, various sweeteners can be
used.
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f. Colouring – spices such as paprika are used to enhance the red/dark shade
of the outside layer (artificial food colourings are not so commonly used today
because they take the product away from the all-natural label). Caramel ingredients
or ingredients that will enhance the Maillard browning reaction (i.e., interaction
between reducing sugars and amino acids) are also commonly used to enhance the
golden colour development of the final product.

14.5.3 Mixing and Application
It is important that the batter material has good flow characteristics and forms
a homogenous mixture that will not separate into its components shortly after
mixing the dry ingredients with water. If separation is a problem (e.g., corn
starch can settle down fairly quickly), a gentle continuous mixing is required. As
indicated before, monitoring the batter’s viscosity (flow characteristics) is essential
in determining the amount of batter remaining on the product and hence amount
of pick-up. A viscosity cup or an automated measuring system can be used to
monitor the viscosity on the line. The ratio of dry ingredients to water and the type
of dry ingredients are the intrinsic factors affecting the flow characteristics/time,
while temperature is an example of an extrinsic factor. It should also be noted
that overworked batters (e.g., too much pumping/circulation) can result in lower
viscosity values (or time to drain the cup).
Some typical time values for flowing through the so-called Stein cup are:
a. adhesion batter, which mainly contains starch: 9 to 12 sec;
b. cohesion batter, which mainly contains flour: 28 to 30 sec;
c. tempura batter, which contains a mixture of starch/flour: 45 sec.
As shown above, an adhesion batter is considered to be thinner than both cohesion
and tempura batters. That also translates to the amount of pick-up which is rated as
low, moderate and high for adhesion, cohesion and tempura batters, respectively.
Since the drying rate is also affected by the thickness of the batter, it is usually rated
as fast, moderately slow and slow, respectively.
Overall, the meat industry usually obtains the dry pre-mixed batters from an
ingredient supplier. The ingredients arrive in bags or drums are kept in a dry area
to eliminate potential moisture absorption. Prior to use, the dry batter is mixed
with water at a predetermined rate. Manual/semi-automatic/automatic mixers
are used for preparing the batter (Fig. 14.5.2). Some mixers are equipped with a
refrigeration unit as batters should be kept cold to minimize microbial growth, as
well as preferentially being at a similar temperature as the meat products. A cold
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water supply (5°C) is also important. Some mixers have a built-in viscometer with
an external readout panel or are connected to a microprocessor used for automated
quality control procedure. Attention should be given to creating a homogenous
mixture and preventing clump formation during the entire production period.
If ingredient settling is a problem, such as with high native corn starch batters,
constant mixing should be applied.
Creating an even layer of the batter is essential. Usually it is easier to achieve
this with uniform, flat products as compared to uneven surfaces (e.g., chicken
drumsticks). But in both cases, as indicated before, a curtain-application also
known as an overflow application (Fig. 14.5.1.3) is used for adhesion and cohesion
batters. In this case, the batter is pumped from a reservoir or directly from the
mixer into a trough which overflows and cascades to coat the product from the top.
Later, the product is dipped in a tub-like cavity and coated from underneath. This
is commonly used for an unleavened application where mixing and pumping do
not adversely affect batter quality so much.
For leavened batters, a submerging application is used. This is also called topsubmerging where the product moves into a pool of batter and is coated from both
sides. It is important to remember that the conveyor belt is a mesh-type belt (has
opening at the bottom) which allows the batter to be applied from the bottom.
Top-submerging application is designed to minimize pumping, since too much
agitation and circulating of the batter will result in a fast release of the gases from
the leavening agents prior to frying.

14.6 Breading
Coating with breading is commonly done after batter application (an exception
can be after the pre-dust application, if the surface is quite wet), and is used to
create a unique appearance, texture, as well as increase the volume and weight
of the product. The type of breading can range from a simple flour, to structured
baked crumbs. Usually, the breading is a cereal based product which has been
baked and later ground into fine, medium or large size crumbs. Today, ingredients
like sesame seeds are also incorporated by some processors. The dry breading
material adheres to the product via the sticky batter (note: some processors are
using today soft fresh breading). Therefore, it is important to match the batter with
the right breading. Most commercial breadings are manufactured within very large
continuous baking lines owned by major baked goods companies. Such lines start
with a large mixer to form a dough consisting of flour, water, salt, sugar, etc. The
dough is extruded and mechanically rolled, to form loaves, or continuous sheets of

THE SCIENCE OF POULTRY AND MEAT PROCESSING – BARBUT

14-21

dough which are baked fairly quickly (if chemical leavening agents are used). If
yeast is used, the dough goes through a resting period prior to baking. The loaves
or continuous sheets of dough are baked and then allowed to cool and dry to a
certain degree. This is followed by crumbling through a granulation mill or a slow
speed grinder. The crumbs are sometimes allowed to further dry. Later, the crumbs
can be sifted and blended as needed for an appropriate granulation.

14.6.1 Types of breading
There are many products on the market but they can be divided into four major
groups (Fig. 14.6.1.1.a) plus a few subgroups (see discussion below and Fig.
14.6.1.1.b).

gure 14.6.1.1.b

14.6.1.1.a Examples of the four main categories of
Examples Figure
of different
types of coating and breading, also showing
breading used to coat food products. (A) flour; (B) cracker
(C) American/home-style;
Japanese
style corn flakes, and dry spices
availability oftype;colored
breading(D)
(see
text),
breading. Photo by S. Barbut.
by the industry. Photo by S. Barbut.

a. Flour – is the simplest form and is used as an economical way of coating
a product (commonly used for a full-fry product). The resulting fried coating
provides relatively low surface browning and a very dense coating matrix. Special
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equipment has to be used for this fine and dusty material as to prevent it from
blowing around the plant. The expected pick-up is fairly low, meaning that the
increase in the product’s weight is low unless a double/triple coating cycle is
used. It is interesting to note that because of recent economic constraints, flour
is becoming popular today with certain battered and breaded products in both
Western and Eastern markets.
b. Home-style or American bread crumbs – resemble the type of crumbs
consumers can prepare at home and are therefore called home-style. The crumbs
come in different sizes and provide a distinct crust and attractive highlighting
during the frying operation - a medium to high browning can be achieved. It has
a more open structure compared to the flour or the cracker-type crumb (discussed
below) which results in a more crispy texture of the fried product. In terms of
pick-up, medium to large quantities can be used to coat the product. The cost of
this crumb is higher than flour (and cracker-type crumbs), but not as expensive as
the Japanese crumb.
c. Traditional/cracker-type crumbs – are usually white or coloured bread
crumbs, with minimal or no crust on the surface. This is an inexpensive type of
crumb and is considered by some to be a commodity item. The breading has a
flat, flake-like structure which is easy to use on a high speed processing line. It is
usually made into a fine granulation, which results in an even surface on the coated
product. The browning, achieved during the frying operation, is considered low
and the crumbs can be used for full-fry or oven-heated type products. This crackertype crumb can also be used in a pre-dust application. The flakes themselves are
fairly dense and give the final product a crunchy texture.
d. Japanese-style crumbs (Panko) – these crumbs have a very defined shape
which resembles an elongated spindle/shredded cheese. Since the delicate, threedimensional structure is fragile, special equipment with minimal friction should
be used for its application. The texture of the crumb is fairly open/porous (see
Fig. 14.6.1.1) and is produced as white or coloured material. The crumbs are
commonly produced by an electrical induction heating process, rather than
conventional baking. This allows the production of a very light density crumb
without the formation of the dark crust seen in home-style crumbs. Because of the
light structure, it is possible to produce a large-sized crumb without the sensation of
hard particles that is prevalent in other crumbs. The product can be used for full-fat
fried or oven-heated products. It’s usually the most expensive crumb of the ones
described here, and used in special applications where the substrate can justify
the cost. The amount of pick-up can be set from medium to high. In addition, the
degree of browning during the frying operation can be controlled to be medium
light to dark.
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e. Fresh Crumbs – This is a relatively new concept for high speed industrial
lines. It consists of soft crumbs resembling material coming out from the center of
a bread loaf. The crumbs are soft and can be easily deformed so special equipment
should be used to apply them and recirculate the leftover crumbs (used for the
following batch of products). Some of the advantages of using them include the
unique texture and appearance they provide to the product.
f. Mixture of/with seeds and grains – in today’s market the popularity of natural
seeds and whole grains has resulted in the development of coating systems that
contain such ingredients. Items such as sesame seeds, pumpkin seeds, and corn
flakes are among the popular materials. They can help increase the highlights (i.e.,
difference in appearance/roughness of the surface) as well as increase the “goodFigure 14.6.1.1.b Examples of different types of coating and breading, also showing the
for-you” image
of the product.
availability
of colored breading (see text), corn flakes, and dry spices used
by the industry. Photo by S. Barbut.

Figure 14.6.2.1
An example
ofofadifferent
breading
for
cracker
andthehome-style
Figure 14.6.1.1.b
Examples
typesapplicator
of coating and
breading,
alsotype
showing
availability crumbs.
of coloured breading (see text), corn flakes, and dry spices used by the industry. Photo by S. Barbut.
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Breading granulation – is usually divided into three sizes/categories (Mallikarjunan,
2010). The different sizes can be used to achieve different functional and textural
attributes as well as pickup rates:
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a. F
 ine – refers to particles (greater than 60 mesh), such as flour, but can
also be used to describe other types of small bread crumb particles.
Sometimes a free-flow agent is used in a flour-type application to
reduce the stickiness and clumping problems. The amount of pick-up
is considered low compared to the medium and coarse size breading,
discussed below. For a straight flour application, special equipment
with sifters for breaking down the “recycled” clumped material should
be used. In addition dust collectors should be used within/around the
equipment.
b. Medium – refers to particles with a size distribution of 20-60 mesh. These
crumbs can have a higher pick-up volume and, therefore, can increase
the weight of the product more significantly than the fine crumbs. The
medium crumbs can provide a nice uniform coverage all around the
product. The amount of pick-up can be controlled to address market
preference and cost; e.g., based on meat versus the breading value. It is
interesting to note that sometimes the coated substrate is less expensive
than the breading (e.g., onion rings), whereas in others the substrate is
much more expensive (e.g., chicken fillet, shrimp).
c. Coarse – refers to fractions up to 20 mesh size. These crumbs can
provide the highest amount of pick-up, but will sometimes result in a
poor coverage compared to the fine or medium crumbs. The coarse
breading provides a crispier texture because of its larger size. Overall,
as breading size increases, perceived crispiness, by the consumer, will
increase. In addition, the appearance of coarse crumbs is very distinct
on the surface of the product and provides significant “highlighting” on
the surface.
The amount of oil absorbed by the crumbs, during par-frying or full-fry, also
depends on factors such as the size and porosity of the crumbs. Dense structures
will absorb less oil than very porous structures (e.g., cracker type vs Japanese
style). The size of the crumb also affects absorption, where fine crumbs with a
large surface area usually absorb more oil than coarse crumbs; i.e., due to surface
area differences. As mentioned above, certain gums and/or coating can be used to
reduce the amount of fat absorbed during the frying operation.

14.6.2 Application of Breading
Automated equipment used for breading application is shown in Fig. 14.6.2.1.
The product coming from the battering operation is transferred, on a wire mesh
conveyor belt, to the breading applicator, where it lands on a layer of dry breading
while more breading is sprinkled from the top. The amount of breading in the
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container is much larger than the amount the product can pick up. After coating,
the product usually goes under gentle pressure rollers which help to push the
breading onto the product. Certain rollers are filled with air while others are solid
but have a spring mechanism; both the height and pressure are used to control
the force applied and hence control the amount of pick-up. Later, air blowers (air
knives) are used to remove the excess breading, so an even coat is created. Not
removing the excess breading could result in losses on the conveyor belt, but
more troubling is the discharge of loose breading particles in the fryer. Excessive
breading losses in the fryer will cause cleaning problems which require additional
filtering of the oil, as excessive burning of fall-out crumbs is damaging to the oil
quality and subsequently the meat product. Fall out crumbs that stay in the fryer
for an extended period of time will turn to charcoal which can later be deposited
on the product. For Japanese-type crumb application, the same basic equipment
is used; however, moving and transferring the crumbs is done in a much gentler
way, in order to minimize damage to the fragile structure of the crumbs. It should
be remembered that the crumbs are recycled, meaning that the crumbs which are
not picked up during the first application are sent back, via an elevator, for another
application. This continuous movement can damage the crumb structure if special
care is not provided.

Courtesy of Marel.

Figure 14.6.2.1 An example of a breading applicator for cracker type and home-style crumbs.
Courtesy of Townsend.

ure 14.6.3.1 Microstructure of battered and breaded and non-coated whole muscle produ
fried in oil for different times: (A) the upper part of a raw uncoated chic
breast fillet showing a typical arrangement of muscle fibers; the black dots
the nuclei; (B) the result of frying the chicken fillet at 190ºC for 3 min, note
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When fine crumbs or flour are used, the equipment should be able to handle more
dusty components and provide an even coating of the product. At the end of the
operation, the air blowers “air-knives” are used to remove the excess amount of
fine breading/flour but a good air recirculating system is needed (for both economic
and health & safety reasons).

14.6.3 Ingredients
The main basic components used in breading are similar to the ones used for
battering (e.g., flour, starch); however, they are used after a baking step. The other
important ones are highlighted below:
a. Flour – represents the highest volume fraction of the breading material.
Different flours can be used (e.g., hard/soft wheat) depending on the application
needed.
b. Leavening agents – added to the raw breading ingredients and are used to
produce gas bubbles during the baking operation, and add porosity. They may
consist of live yeast cells that produce CO2 over time (fermentation of a few hours)
or chemicals such as baking powder that can quickly release CO2. By incorporating
gas into the structure, the texture is enhanced and volume is increased.
c. Flavours – different spices or spice extracts are be added to provide unique
flavour notes. As indicated earlier, spices added to the outer layer are not as
protected during the frying operation as spices used in the pre-dust layer or injected
with the marinate into the meat. The types of spices and degree of flavouring is
wide open and depends on market preferences and cost.
d. Modifying agents – ingredients such as fat conditioners and emulsifiers may
be added to modify the textural characteristics of the breading. Such ingredients
can also affect the volume of the breading layer during the par-fry operation, and
modify the bite characteristics of the crumbs.
e. Colouring and browning agents – the final colour of the coating on a meat
product is very important to the consumer. The final colour depends on many
factors (e.g., colour of the applied breading, ingredients in the breading, frying
temperature, and time) and their interactions. The actual breading can be white,
have some brownish crust and/or include coloured spices. In addition, caramel
ingredients are often used to obtain a distinct darker shade (depending on consumer
preference). Spices or spice extracts such as paprika provide red or other colours.
Since most consumers prefer a brown/golden colour on breaded products, colour
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development during the frying/baking operation is very important. Ingredient
suppliers can provide a so-called fast or slow colour developing coating systems.
The decision depends on where and how the product will be marketed (e.g.,
cafeteria style where product might be exposed to an extended period of heating).
Overall, colour and appearance are extremely important because most buying
choices of a new product are based on appearance (e.g., today we see a trend of
moving to international flavours, such as chili style products that have a reddish/
orange appearance). The meat inside the breaded product is obviously invisible
to the consumer, therefore, the outside appearance, including browning and
“highlighting”, are of utmost importance.
Breaded products are either fully cooked or par-fried prior to shipment. Special
ingredients can be used to result in fast browning of par-fried products so the
product quickly develops some of the desirable golden appearance. Depending
on the breading and cooking time, more colour is expected to be developed in the
oven at home/restaurant. The degree of browning during the par-fry operation can
be enhanced by adding proteins and reducing sugars (e.g., dextrose), to enhance the
Maillard browning reaction. For products designed for the food service industry,
slow browning crumbs are commonly used as most browning is achieved during
the second cooking/heating operation (i.e., just prior to consumption).
f. Ingredients to reduce fat absorption – special ingredients have been evaluated
over the past few years as a final coating application on fried products (e.g.,
battered meat products, French fries) to reduce oil absorption during frying. As
soon as a food product is placed in hot oil, sizzling starts. This indicates that water
boils on the surface and exiting the product (i.e., oil temperature of 185 -195°C is
much higher than water boiling at 100°C). The spaces created by water leaving the
product (see Fig. 14.6.3.1) are filled with oil. In addition some of the open spaces
between the breading particles also pick up oil (hence the difference mentioned
before between fine and coarse breading). The coating materials used to reduce
oil absorption include ingredients such as modified starch and hydrocolloid gums
that can form a film around the breading particles (i.e., several of these ingredients/
mixtures have been patented). Huse et al. (2006), evaluated the effectiveness of
edible formulations with methyl cellulose, hydroxyl-propyl methyl cellulose, corn
zein, and amylase on restricting oil absorption during deep fat frying of Akara
(traditional food made from cowpea paste) when coating was applied by either
spraying or dipping. The amylase spray coated Akara was the only treatment
resulting in a significant reduction of core oil absorption; however, all treatments
absorbed significantly less oil in the crust and total oil than the non-coated control.
Compared to the control, a 49% reduction in total fat content was seen in the
samples dipped in methyl cellulose. The authors explained that as the product
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Figure 14.6.3.1 Microstructure of battered and breaded and non-coated whole muscle products fried in
oil for different times: (A) the upper part of a raw uncoated chicken breast fillet showing a typical
arrangement of muscle fibers; the black dots are the nuclei; (B) the result of frying the chicken
fillet at 190ºC for 3 min, note the excessive splitting of the muscle fibers and drying of the
surface; (C) fillet coated with batter and breading after frying for 0.5 min;
(D) after frying for 3 min. From Barbut (2013). With permission.

14.6.4 Binding of coating materials
The different coating components (i.e., pre-dust, batter and breading), should be
developed to match the final meat product’s desired characteristics. Overall, the
surfaces of the raw meat product can vary from a skin covered portion (poultry
drumstick), to an exposed lean muscle (chicken breast), and ground/minced meat
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(nugget). These three surfaces represent very different physical properties and
each requires a different approach to coating. Furthermore, a cut muscle surface
can be salted or pre-marinated to create a more sticky surface by extracting meat
proteins (e.g., myosin, actin). Good adhesion of the pre-dust, batter and breading
to the meat surface is essential in obtaining an acceptable final product. Suderman
and Cunningham (1980) studied batter adhesion to chicken skin using scanning
electron microscopy and developed a model for describing adhesion to broiler
skin with and without the cuticle layer (Fig. 14.6.4.1). The latter applies to broilers
exposed to a high scalding temperature (about 60°C; see Chapter 5) which results
in removing the outer cuticle layer. According to the model, removing the cuticle
improves the batter’s adhesion to poultry skin. The reason is that particles can
lodge between protrusions extending from the stratum germinativum layer of the
skin. Overall, it is important to note that the meat can be processed in different
ways (e.g., with or without skin, skin exposed to high/low scalding temperature,
salted meat) which significantly affect the surface or the product prior to coating.

Figure 14.6.4.1 Schematic illustration of potential batter and breading adhesion to chicken skin with
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The temperature of the meat and especially the surface can significantly affect the
adherence of the coating material. A frozen or partially frozen surface can create
problems with the pre-dust or batter adhesion. It is not uncommon to use tempered/
partially frozen meat. Reasons can vary from ease of forming (meat mass is more
rigid at low temperature) to plant’s operational constraints and regulations. Ice
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crystals on the surface will result in poor adhesion and an uneven distribution of the
dry coating ingredients. If the product is too warm, problems such as “marriages”
and tails can also occur (see Trouble Shooting section below).
The amount of “free” moisture on the surface is critical to the proper adherence of
the pre-dust and batter. In some cases, formed nuggets have an excess amount of
water on the surface (e.g., resulting from condensation, or spray nozzles used in a
high pressure former to wet the product). This can cause an uneven deposition of
dry ingredients (e.g., thick and thin regions of the coating material), and later show
as “bald” spots on the finished product.
Overall, when developing a battering and breading system, a clear picture of the
desired final product should be drawn. It is important to include the consumers’
expectations in terms of appearance, price and textural characteristics; all determine
the type of batter and breading materials to be used. After designing the product,
different ingredients can be selected, the amount of pick-up determined, as well
as heat treatment parameters to achieve a certain colour, texture and appearance.
The coating line can include different station arrangements (Fig. 14.1.3). The
simplest arrangement consists of a single pre-dusting, battering and breading
units. Such a system usually results in a pick-up of < 30%. A repeated (e.g.,
double, triple) battering and breading operation can be established to obtain a
higher pick-up. A tempura battering line, which commonly includes a pre-dusting
operation followed by a thick batter application, usually results in 30-55% pick-up.
The immediate use of a fryer in a tempura operation is necessary to solidify the
batter on the product and create the puffed texture. The same is usually true for
conventional battering and breading operations (immediate par-frying is strongly
recommended) but is not as crucial as in tempura systems.
The texture of the coating system can be designed to be tender or hard, porous or
dense. This is usually done by varying the type of breading as well as starch and
protein type and quantity. The level of crunchiness and crispiness can be modified
by using different leavening agents and particle size. Appearance can be determined
by the size of the crumbs (Fig. 14.6.1.1) and vary from an even surface to a highly
detailed surface when small or coarse crumbs are used, respectively. Additional
ingredients, such as corn flakes, sesame seeds and dried parsley, can be added to
achieve a more distinct highlight (differentiation on the surface). The intensity of
the brown/golden colour can be controlled by spices/food colouring, incorporation
of ingredients contributing to the Maillard browning reaction (e.g., reducing
sugars, proteins), as well as heating time and medium (oil, air). The equipment
available in the plant obviously determines the type of applications possible (e.g.,
Japanese-type crumbs are very delicate and require special equipment).

THE SCIENCE OF POULTRY AND MEAT PROCESSING – BARBUT

14.7 Frying and Cooking
14.7.1 General
The frying operation is used for several reasons. The first is to “solidify” the soft
coating system so it will stay on the product (e.g., batter not run off, so products will
not stick together, breading will not fall off the product). The second reason is to
develop a brown/gold colour on the surface. The third is to cook the meat and nonmeat ingredients and provide a unique texture and mouth feel. Another essential
reason is to inactivate pathogenic microorganisms. Frying, at the processing
plant, can be done for a short period of time (par-fry/flash fry; less than 1 min)
or for a long period of time which results in a fully cooked product. The decision
depends on product requirements. A schematic diagram of a fryer is shown in
Figure 14.7.1.1 which consists of a heat resistant belt (e.g., metal, Teflon) going
through the 185-195ºC oil. The appearance of the products after full fat frying
can also change depending on the ingredients and colouring used (Fig. 14.7.1.2).
By talking to the breading supplier the processor can decide about the final colour
the product will have after the par fry and the full cooking cycle (see discussion in
Figure 14.7.1.1 An illustration of a continuous deep fat fryer where products are moved on a
the ingredientconveyer
section above).
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being fully fried and served (left side). Also showing the potential for further colour development
during full frying; i.e., this option depends on the initial breading ingredient selection.
Photo by S. Barbut

re 14.7.1.3 Cross section of fully cooked coated products. Photo by S. Barbut.

Figure 14.10.1 An example of a safe-food handling label, used by several companies in North
America.

Figure 14.7.1.3 Cross section of fully cooked coated products. Photo by S. Barbut.

re 14.10.1 An example of a safe-food handling label, used by several companies in Nor
America.
67
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14.7.2 Oil
The different oils/fats commonly used can be divided into: vegetable (e.g., corn,
soybean, peanut, and canola) and animal fats (e.g., tallow). Using one type of
oil versus another depends on factors such as cost, consumer demands (e.g.,
unsaturated oils to address health concerns), stability and flavour.
Since the oil can be exposed to high temperature, for a long period of time
(production line constantly running for a few days, or even a full week), oil quality
should be monitored on a continuous basis. Filtering and oil replacements (i.e.,
products going through the fryer pick up oil) are commonly employed to maintain
oil quality. The high temperature can induce chemical changes in the oil and
affect its quality. As time progresses, oil hydrolysis (release of free fatty acids)
and oxidation take place. In addition, polymerization of free fatty acids causes a
further deterioration of the oil’s quality in terms of flavour, colour and nutritional
value. Darkening of the oil is the most visible since it also results in darker products
coming out of the fryer. Breaking down of the fatty acids and foaming of the oil
can also result in bubbling and splashing, and thus safety problems may also be
encountered.
In terms of products’ quality, the increase in viscosity of the oil over time can
result in higher oil pick-up and an insufficient heat transfer. In most conventional
operations, the oil is continuously filtered to remove charcoal particles (e.g., fall
off bread crumb) and fresh oil is added to replace oil absorbed by the products.
Usually, about 10% of the oil is absorbed by the passing products and therefore
must be continuously replaced. This oil turnover, coupled with constant filtering,
is usually sufficient to run an adequate continuous frying operation. As indicated
before, oil absorbed by the product is mostly replacing water lost during the frying
operation. Figure 14.6.3.1 illustrates the spacing created by shrinking of the muscle
fibers during heating. These spaces are also filled with oil.
Overall, there is a trade-off between oil temperature and the product’s quality. At
a lower temperature, more oil will be absorbed by the product, whereas at a higher
temperature, the oil will deteriorate faster. In cases where the product is fully cooked
at the plant, the processor has two options: a) fully cook the product in oil, b) use a
hot air spiral oven (see chapter on heating) after an initial par-fry stage. Each option
provides some unique characteristics to the product. Generally speaking, a hot air
oven can be run at different air temperatures, speeds and relative humidity. These
factors determine cooking time and yield of the product. Advances in oven design
permit the production of breaded and battered product with a texture pretty similar
to a fully fried product. For example, including an impingement heating module
can help achieve a more crusty texture on the surface.
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14.7.3 Final Cooking/Reheating
If the product is only par-fried at the processing plant, it must be fully cooked by the
consumer/food service operator. Fully cooked products (at the plant) are usually
reheated/ warmed up by the consumer prior to consumption. The way the product
is going to be prepared/ heated by the consumer dictates the type of coating system
used by the processor. Battered and breaded products requiring full cooking can
be prepared in an oven, deep fat fryer or sometimes in a microwave oven. Each of
these cooking methods requires a different combination of ingredients. Whereas
microwave heating is employed for a relatively short period of time, oven cooking
usually requires a longer period of time (> 30 min) since heat is transferred from
the outside to the inside of the product. During microwave heating, problems such
as sogginess can occur and therefore, breading suppliers should be involved in the
entire design of the coating system.

14.8 Freezing
As described in this chapter, the initial raw coated product is soft, pliable, and
sticky. The par-fry or fully cooked operation provides the product with a hard
shell and/or interior that can be handled and packaged. The product is commonly
frozen after frying in order to preserve its texture, freshness and appearance. The
frozen product is less prone to coating material breaking/peeling off, and to lipid
oxidation. The typical freezing methods include:
a. M
 echanical freezing – a blast freezer with a fast/slow blowing cold air
is used. Different freezer configurations (e.g., stationary selves, linear,
spiral belt) can be used.
b. Cryogenic freezing – is popular for small size products, where CO2
or liquid nitrogen is used to dip or spray the product and freeze it very
quickly.
The cryogenic freezing operation is more expensive than mechanical freezing, but
results in very small ice crystal formation and less damage to the product. For
example, individual quick freezing (IQF) is used for products such as nuggets by a
number of fast food chains around the world. In such a case, adequate cold chain
storage and shipping is also required to maintain the product quality.
The freezing operation should be monitored and controlled to prevent the coating
from cracking and other problems associated with rapid freezing of the outside
surface. In some cases, the initial freezing is done in a freezing tunnel (crust
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freezing) and the rest is achieved in the warehouse where the product is commonly
stored at < -20°C. Regardless of the freezing method, it is important to remember
that the product should be kept at a low temperature as increasing the temperature
or fluctuations in the freezer will cause ice crystal growth and damage to the
product.

14.9 Troubleshooting
The commercial battering and breading operation is a complex operation with
many intrinsic and extrinsic factors involved; i.e., various problems can develop
during the process. The problems are usually more visible in the finished product,
but may be detected and corrected during the process itself (i.e., prior to frying,
when it is still possible to correct). A description of some of the common problems
and potential solutions are provided below.
a. Bald spots on a cooked product – is a serious visual defect to the consumer
and should be avoided as much as possible. It can result from not picking up the
coating material at certain areas, or breading falling off the product after it has been
par-fried/fully cooked.
The reasons in the first case can be attributed to:
a. Air knives/blowers running at very high speed
b. Partially frozen or icy surfaces that results in insufficient pre-dust and/or
batter adherence.
c. A low viscosity batter which result in an uneven batter deposition and
later insufficient breading sticking to this area.
d. An oily surface or greasy patches on a meat preventing batter adhesion.
e. Fast moving conveyor belt and overloading the system; i.e., enough time
and spacing among products should be allowed for each operation.
f. Inadequate transfer can result in excessive shaking and damage the
integrity of the previous coat deposited on the product.
b. Insufficient or excess coating layer – A low or high pick-up can result from
mismanaged batter where the viscosity is too high or too low, respectively. As
the batter is circulated, viscosity can change as some dry ingredients (pre-dust)
can come off the large number of products passing by. For this reason, batter’s
viscosity should be continuously monitored as well as the batter’s temperature. The
belt speed used within the different sections (pre-dust, batteries, breading) should
be adjusted to obtain adequate dwell time for pick-up. Adjusting the amount of
pressure applied by the rollers and the air speed of the “air knives” used to strip
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off excess amounts of batter and later breading should be precisely controlled
(including an even air pressure across the belt). In general the belt speed is slightly
increased after each operation (pre-dust, battering, breading). The whole system
should be adjusted and synchronized together. This is easier to do today when
computerized controls are used to synchronize all the units from one control box.
c. “Marriages” – result in fried products connected to each other.
a. Inadequate line speed during transferring from a fast moving belt to a
slower moving belt can result in products falling on top of each other
and sticking together; also called “doubles”. The solution is to provide
adequate spacing and adjustments to line speed.
b. Sticky batters can also result in “gluing” two adjacent products.
d. Belt marks – seen as stripes on the product.
a. Too much pressure applied by the rollers in the breading operation.
b. Inappropriate absorption of breading to the surface (can also cause uneven
surfaces). This usually requires adjusting the breading formulation.
c. High viscosity of the batter can also result in visible belt marks.
e. “Tails” and flares – an excess amount of batter staying attached to the fried
product.
a. H
 igh batter viscosity can cause “tails” remaining on the edges of the
product. The excess batter can be removed by increasing the air pressure
used for the “air knives” and, where required, adjusting the batter’s
viscosity.
b. High amounts of breading attached to the product can also result in flares
and “tails”. This might require changing the type of breading used or
adjusting the pressure applied, by the rollers, at the exit from the breading
machine.
f. Dark colour – seen as dark fried products coming out of the fryer/oven.
a. A
 high temperature in the fryer can cause fast deterioration and darkening
of the oil, which is then transferred onto the product.
b. An excessive frying/oven heating period will result in burning of the
surface. This requires adjusting the belt speed, oil temperature and
exposure time to the oil.
c. The components added to the breading can also be adjusted to control
the browning rate (see previous section).

THE SCIENCE OF POULTRY AND MEAT PROCESSING – BARBUT

g. Shelling – usually seen in tempura-type batter where a hard shell is formed
prior to allowing hot water vapor/steam to escape from the product.
a. A
 thick batter deposited on the product can produce a hard shell around
the product during frying. Viscosity should be checked on a continuous
basis and adjusted as needed. In addition, the “air-knives” should be
adjusted to control the thickness of the coating.
b. Temperature too high prior to the frying operation can result in excessive
amount of gas released (note: tempura batters include a relatively high
level of leavening agents). This will lower the amount of gas being
released during the actual frying operation and reduced porosity of the
batter. The hard coating can trap the hot air and water vapor inside the
product and eventually a shelling problem will be seen.
c. A high amount of pre-dust deposited on the product can also cause this
problem. This might require a change in the type of pre-dust material,
and/or the formulation of the batter.
h. Ballooning – seen after frying as a separation of the coating from the product
itself. Such a separation can later cause cracking and breading falling off the
product.
a. T
 his can result from fast hardening of the outside coating system during
the par-fry operation, while not allowing water vapor to easily escape
from the product.
b. 
If the batter is becoming too cohesive (e.g., pre-dust falling into
the continuously circulating batter), the problem can be magnified.
Therefore, the viscosity should be monitored and adjusted as well as
monitoring the thickness of the batter deposited on the product. The latter
can be controlled by the “air knives” at the end of the battering operation.
c. Changing the pre-dust from fine to medium particles (or medium to
coarse) can create a more porous layer which makes it easier for water
vapor/steam to quickly escape from the product during the frying
operation and minimize coating separation.
d. Increasing the breading size can also help by creating a more porous
surface.
e. Adjusting the batter’s ingredients, such as adding fat or gums, can help
modify the porosity of the coating system and allow moisture to easily
migrate/escape during frying.
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14.10 HACCP Generic Model – Battered and Breaded
Chicken Fillets
The preparation of battered and breaded meat products has been described in this
chapter and a HACCP generic model proposing critical control points is discussed
below. The model was prepared by the Canadian Food Inspection Agency (CFIA,
1998). A review of the HACCP concept and the seven HACCP principles are
provided in Chapter 6. The model is representative of a range of par-fried/full
fried products, while the specific example given here is for a breaded chicken fillet
product (Fig. 14.2.1). The document starts with a description of the product which
outlines the product name, important characteristics, intended use, special labeling
and distribution control (Table 14.10.1). The table is actually an example of an
official form included in an approved HACCP document.
Table 14.10.1 Product description – battered and breaded. From CFIA (1998).

Product name

Seasoned battered and breaded chicken breast fillets

Important product
characteristics

Par-fried (i.e., 30-60 sec frying), individually quick
frozen (IQF) product; no preservatives or low pH which
will inhibit bacterial growth

Product use

Frozen before cooking; must be fully cooked to an
internal temperature of at least 72°C

Packaging

Shipping carton packaged in bulk plastic liner/sealed
with tamper-evident tape

Shelf life

A year if kept at -18°C or below

Distribution

Hotels, restaurants, institutions and retail

Labeling instructions

Lot number; keep frozen; cooking instructions;
ingredient list

Special distribution control

Use refrigerated truck at -18°C or colder

In the flow chart (Fig. 14.2.1), the first critical control point is “Receiving” raw
materials which include: meat, water, wheat flour, sugar and spices (see also
detailed list in Table 14.10.2). The Table identifies potential bacteriological
hazards in the incoming raw materials, which might harbor bacteria (B-biological
hazards), carry some antibiotic/pesticide residues (C-chemical hazards), or might
contain small particles such as metal, plastic or bone chips (P-physical hazards).
These hazards should be addressed by CCP-1, where the raw ingredients need to
be inspected prior to being accepted. Later, CCP-4, which is a metal detector check
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point (Fig. 14.2.1), is an example of a step to be used in the process to reduce/
eliminate the risk of metal particles (e.g., metal shavings that might have been
falling into the meat, needles that might have been breaking during injection), in
the final product. However, if one suspects (or has previous experience) that metal
particles are a common problem in the raw materials, a metal detector can/should
be also added at the receiving point. It should be mentioned that this approach
is different to the one presented in the fresh poultry processing model (Chapter
6) where receiving the raw materials is handled by letters-of-guarantee and/or
pre-requisite programs. Overall, one can see both approaches used in the field. In
this fried product model, the first CCP is important to assure the microbial load is
controlled when raw ingredients are received. Starting with highly contaminated
meat (e.g., can be due to long storage time, high temperature, not processed under
good hygienic conditions) will lead to an unsafe product. This can also result in off
flavours/odours and short shelf life, but note that these are not safety issues related
to HACCP.
Table 14.10.2 Biological (B), chemical (C) and physical hazards (P), and critical control points (CCP),
related to ingredients, incoming material, processing and product flow for ready-to-cook breaded
chicken breast fillets. From CFIA (1998).

Identified Biological Hazards
(Bacteria, Parasites, Viruses, etc.)

Controlled at

Incoming Materials
Chicken Breasts and Breast Fillets
– Contamination with pathogenic bacteria (eg.,
CCP-1BCP
Salmonella sp., Campylobacter sp., Staphylococcus
aureus, Yersinia enterocolitica, Listeria monocytogenes,
Escherichia coli, Clostridium perfringens)
Water – Water not meeting the drinking water criteria
established by Health Canada

Prerequisite program
(Water Quality)

Wheat, Flour, Corn Flour, Toasted Wheat Crumbs and
Starch – Presence of mycotoxins, high aerobic spore
count, grain beetles

CCP-1BCP

Sugar, Glucose Solids, Dextrose – Contamination
at source with pathogenic bacteria (eg., Clostridium
perfringens, Bacillus cereus, Listeria monocytogenes,
Salmonella sp.)

CCP-1BCP

Spices – Contamination at source with pathogenic
bacteria or spores (eg., Clostridium perfringens,
Bacillus cereus, Salmonella sp, E. coli) or presence of
mycotoxins

CCP-1BCP
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Process Steps:
#1 Reception of non-compliant material – See
Incoming Material (above)

CCP-1BCP

#2 Holding Cooler – Pathogenic bacterial growth due
to excess time (improper stock rotation) or inadequate
refrigeration

Prerequisite programs
(Storage)

#3 Water Distribution System – Pathogenic bacterial
contamination & growth within water pipes due to back
siphonage of contaminated water or due to “dead ends”

Prerequisite program
(Water Quality & Maintenance)

#4 Dry Ingredients Storage – Pathogenic bacterial
contamination from rodents, insects or improper
handling (damaged containers with contamination of
exposed product)

Prerequisite program
(Pest Control & Employee
Training)

#7 Breast Boning and Sizing – Pathogenic bacterial
contamination due to improper handling procedures

Prerequisite program
(Employee Training)

#8 Breast Fillet Sizing – Pathogenic bacterial
contamination due to improper handling procedures

Prerequisite program
(Employee Training)

#9 Ice Machine & Storage – Pathogenic bacterial
contamination due to inadequate cleaning & sanitizing
of equipment

Prerequisite program
(Sanitation)

#10 Brine Mixing – Pathogenic bacterial contamination
due to improper employee hygiene, work habits and
equipment operating practices

Prerequisite program
(Employee Training)

#11 Massaging – Pathogenic bacterial contamination
due to improper handling & growth due to time/
temperature abuse or due to inadequate cleaning of
equipment

CCP-3BC

#12 Pre-dusting – Pathogenic bacterial contamination
due to improper employee hygiene, work habits and
equipment operating practices

Prerequisite program
(Employee Training)

#13 Batter Mixer – Pathogenic bacterial contamination
due to improper employee hygiene, work habits and
equipment operating practices

Prerequisite program
(Employee Training)

#14 Batter Application – Pathogenic bacterial
contamination due to improper employee hygiene,
work habits and equipment operating practices (time/
temperature control)

Prerequisite program
(Employee Training)

#15 Breading Application – Pathogenic bacterial
contamination due to improper employee hygiene,
work habits and equipment operating practices

Prerequisite program
(Employee Training)

#17 I.Q.F. Freezer – Pathogenic bacterial growth due to
failure to adequately freeze the product

Prerequisite program
(Storage)
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#19 Weighing System – Pathogenic bacterial
contamination due to improper employee hygiene,
work habits and equipment operating practices
#20 Carton Assembly (& plastic liner insertion)
– Pathogenic bacterial contamination (eg. Salmonella
sp.) associated with dust contamination of product
contact surfaces of inserted and opened liners

Prerequisite program
(Employee Training)
Prerequisite program
(Employee Training)

#21 Carton Filling – Pathogenic bacterial contamination Prerequisite program
due to improper employee hygiene, work habits and
(Employee Training)
equipment operating practices
#22 Coding, Sealing & Labeling – Pathogenic bacterial
contamination due to improperly sealed bags or cartons
(exposed product)

Prerequisite program
(Employee Training)

#23 Holding Freezer – Contamination due to damaged
cartons and pathogenic bacterial growth due to
inadequate temperature

Prerequisite program
(Storage)

#24 Shipping – Pathogenic bacterial contamination due
to damaged cartons & growth due to time/temperature
abuse

Prerequisite program
(Transportation)

Identified Chemical Hazards

Controlled at

Incoming Materials
Chicken Breasts & Breast Fillets – Antibiotics,
sulfonamide residues, pesticides, heavy metals

See Table 12.3

Water – Toxic chemicals e.g. heavy metals

Prerequisite program
(Water Quality)

Wheat flour, corn flour, toasted wheat crumbs & starch
– Pesticide residues, allergens

CCP-1BCP

Spices – Fumigant & pesticide residues, allergens

CCP-1BCP

Vegetable oil – Pesticides residues, allergens

CCP-1BCP

Plastic bags & liners – Chemical migration from nonfood grade ingredients

CCP-1BCP

Process Steps:
#1 Reception of non compliant material – See
“Incoming Materials” (above)

Prerequisite program
(Sanitation)

#7 Breast Boning & Sizing – Chemical residue due
to improper sanitation procedures (poor drainage of
equipment, product contact surfaces)

Prerequisite program
(Sanitation)

#8 Breast Fillet Sizing – Chemical residue due to
improper sanitation procedures (poor drainage of
equipment, product contact surfaces)

Prerequisite program
(Sanitation)
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#10 Brine Mixing – Chemical residue due to improper
sanitation procedures (poor drainage of equipment,
product contact surfaces)

Prerequisite program
(Sanitation)

#11 Massaging – Chemical residue due to improper
sanitation procedures (poor drainage of equipment,
product contact surfaces)

Prerequisite program
(Sanitation)

#11 Massaging – Allergens due to incorrect ingredients
or formulation
#13 Batter Mixer – Chemical residue due to improper
sanitation procedures (poor drainage of equipment,
product contact surfaces)

CCP-3BC
Prerequisite program
(Sanitation)

#22 Coding, Sealing & Labeling – Allergic reactions
due to incorrect list of ingredients (wrong label)

CCP-5C

Identified Physical Hazards

Controlled at

Incoming Materials
Metallic particles:
Chicken Breasts & Breast Fillets – eg. knife chips,
metal chips & pieces from equipment

CCP-4P

Breading, Batters, Pre dusts, Salt & Spices – Metal
chips and pieces from grinders

CCP-4P

Non-Metallic particles:
Chicken breast fillets – Bone and plastic particles

CCP-1BCP

Breading, Batters, Pre dust & Salt – Hazardous
extraneous material

CCP-1BCP

Spices – Wood slivers

CCP-1BCP

Process Steps:
#1 Reception of non compliant material – See
“Incoming Material” (above)
#6 Packaging Material Storage – Nails from skids
(palettes), metal devices from packaging (staples) &
other environmental contaminants due to improper
handling eg. exposed packaging material contaminated
due to open or damaged cartons
#7 Breast Boning – Bone particles and plastic particles
from cones or cutting boards

CCP-1BCP
Prerequisite programs
(Receiving/Storage & Employee
Training)

CCP-2P

#7 Boning – Metal chips from knives, mesh glove links,
CCP-4P
etc.
#8 Breast Fillet Sizing – Metal chips from knives, mesh
glove links, etc.

CCP-4P
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#9 Ice Machine & Storage – Metal chips & pieces due
to metal fatigue & improper maintenance
#10 Brine Mixing – Mixer blade chips due to metal
fatigue, machine parts eg. screw, due to improper
maintenance, and fragments from cracked scoops

CCP-4P
Prerequisite programs
(Employee Training)

#11 Massaging – Metal chips and pieces due to metal
fatigue or improper maintenance

CCP-4P

#12 Pre dusting – Cracked scoops & pieces of metal
belt links & particles from ingredient containers

CCP-4P

#13 Batter Mixer – Mixer blade chips due to metal
fatigue, machine parts eg. screw, due to improper
maintenance & cracked scoops; particles from
ingredient containers

CCP-4P

#14 Batter Application – Pieces of metal, belt links &
machines parts eg. screws due to improper maintenance

CCP-4P

#15 Breading Application – Cracked scoops & pieces
of metal belt links; particles from ingredient containers

CCP-4P

#16 Fryer – Pieces of metal belt links

CCP-4P

#17 I.Q.F Freezer – Pieces of metal belt links

CCP-4P

#18 Metal Detector – Failures to detect unacceptable
metallic fragment(s) due to improper calibration or
malfunction

CCP-4P

Identified Hazards

Indicate the way the
Hazard could be Addressed
(Cooking Instructions, Public
Education, Use Before Date ...)

Incoming Materials
Chemical – Chicken Breast & Breast Fillets
– Antibiotics, sulfonamide residues, pesticides, heavy
metals

Growers’ education
Control at the farm level

The model continues by providing detailed description of the different steps
involved, potential hazards and the use of a Decision-Tree process (similar to the
process described in Chapter 6) to identify the critical control points.
Table 14.10.3 describes information about setting up critical limits, monitoring
procedures, deviation procedures, verification procedures, and record keeping
according to the seven HACCP principles. Limits for each control point should
be established by plant personnel and later the whole HACCP plan (including the
limits) need to be approved by the appropriate government agency.
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CPP/Hazard
Number

CCP-1BCP

Process
Steps

#1 Receiving
Plant specific contractual
specifications for eg., bacteria
(“X” APC/Coliforms per
ml, gr or sg. cm.), absence of
specific bacterial pathogens,
hygienic handling procedures
during evisceration/boning,
transportation temperature,
maximum “X” days from
slaughter/pack date.
Internal temperature less
than or equal to 4°C when
received.
Shipping containers clean and
not damaged.
No sign of spoilage on
organoleptic inspection.
≤ 2mm for bone or plastic
particles

Chicken Meat: (bone and
plastic particles)

Critical Limits

Chicken Meat:
(contamination with
pathogenic bacteria)

Hazard Description

Receiver perform boneless
chicken reinspection for
each shipment until “X”
consecutive lots passed, then
select every “X”th
shipment

For each lot receiver to
ensure that the contractual
specifications are respected
by the supplier.
Record and compares kill/
pack date (age of product),
temperature and container
condition to specifications.
One carton/pallet subjected
to organoleptic inspection
by receiver and record
observations and product
temperature

Monitoring Procedures

Receiver’s records
QC verification
records
Bacteria test
results

Receiver’s
reinspection
records
QC verification
records

QC to observe and
verify records for
boneless chicken
reinspection “X”
times/month
QC notified.
Shipment placed on
“hold” and either
returned or reworked

HACCP
Records

QC to verify receiver’s
records “X” times/
week
QC to verify product
temperature and take
sample for micro
testing “X” time/
month

Verification
Procedures

Receiver place noncompliant product on
“hold”
Inform supplier,
QC and processing
foreperson
Product returned or
QC
test and proper
disposition

Deviation Procedures

Table 14.10.3 Details about the suggested Critical Control Points (CCP), monitoring, deviation and verification procedures for the generic
HACCP plan for ready-to-cook breaded chicken products. From CFIA (1998).

CPP/Hazard
Number

CCP-1BPC

Process
Steps

#1 Receiving
(cont’d)
Health Canada Standards

less than or equal to 2mm

Plant specific
Contractual specifications

Spices and Salt (hazardous
extraneous material)

Spices, Sugar, Glucose
Solids, Dextrose
(contamination with
pathogenic bacteria)

Critical Limits

Spices and Vegetable
Oil: (pesticide residues,
mycotoxins and allergens
and for spices, fumigant
residues)
Chicken Meat: (antibiotic,
sulphonamide and
coccidiostat residues)

Hazard Description

For each lot received,
receiver ensure signed
contract with supplier on file
and record same.
Contract to include plant
specific specifications and
compliance with Health
Canada standards, eg.,
extraneous material less than
2 mm and freedom from
allergens as applicable

For each lot received,
receiver ensure signed
contract with supplier on file
and record same.
Contract to include plant
specific specifications and
compliance with Health
Canada standards, eg.,
extraneous material less than
2 mm and freedom from
allergens as applicable

For each lot received,
receiver ensure signed
contract with supplier on file
and record same.
Contract to include plant
specific specifications and
compliance with Health
Canada standards, eg.,
extraneous material less than
2 mm and freedom from
allergens as applicable

Monitoring Procedures

Receiver place nonQC verify receivers
compliant product on
records “X” times/
“hold” and inform QC, month
supplier and processing
foreperson pending
signed contract or
refuse shipment

Receiver’s records
QC verification
records

Receiver’s records
QC verification
records

QC verify receivers
Receiver place nonrecords “X” times/
compliant product on
“hold” and inform QC, month
supplier and processing
foreperson pending
signed contract or
refuse shipment

HACCP
Records
Receiver’s records
QC verification
records

Verification
Procedures

Receiver place nonQC verify receivers
compliant product on
records “X” times/
“hold” and inform QC, month
supplier and processing
foreperson pending
signed contract or
refuse shipment

Deviation Procedures

CPP/Hazard
Number

CCP-1BPC

CCP-2P

CCP-4P

Process
Steps

#1 Receiving
(cont’d)

#7 Boning &
Sizing

#11
Massaging

(Growth of pathogenic
bacteria)

(bone or plastic particles)

Maximum “X” hr per cycle at
“X”°C maximum

less than or equal to 2mm

Designated employee record
time and product temperature
in/out and room temperature

Designated employee
perform
Boneless chicken
reinspection on each lot after
or during (on line) boning

No packaging material not
For each lot received,
listed by AAFC to be received receiver ensure packaging
material is listed

Packaging material (nonfood grade material)

Signed contract specifying
absence of mycotoxins
& compliance with Health
Canada Standards

Monitoring Procedures

Health Canada Standards

Critical Limits

Wheat flour, Corn flour,
Toasted wheat, Crumbs
and Starch: (mycotoxin(s)
Pesticide residue and
allergens

Hazard Description

Verification
Procedures

Designated employee
“holds” product and
notifies QC
If deviation does not
exceed “X”o C or “Y”
time, then product can
be redirected to cooked
product.
If it exceeds these
limits, QC decide on
product disposition

Notify QC and hold
product Rework entire
lot then reinspect again
Correlate/retrain
employees

QC verify records
and product tags “X”
times/month

QC to verify
reinspection procedure
and records “X” times/
month

Receiver place nonQC verify receivers
compliant product on
records “X” times/
“hold” and inform QC, month
supplier and processing
foreperson pending
signed contract or
refuse shipment

Receiver place nonQC verify receivers
compliant product on
records “X” times/
“hold” and inform QC, month
supplier and processing
foreperson pending
signed contract or
refuse shipment

Deviation Procedures

Massage and QC
verification
records

Reinspection
records
QC verification
records

Receiver’s records
QC verification
records

Receiver’s records
QC verification
records

HACCP
Records

CCP-4P

CCP-4P

CCP-5C

#18 Metal
Detector

#22 Coding,
Sealing &
Labeling

CPP/Hazard
Number

#11
Massaging
(cont’d)

Process
Steps

Allergic reactions due to
incorrect list of
ingredients

Metal particles in meat
product

(Allergens)

Hazard Description

Correct label

Max. 2 mm ferrous & non
ferrous

Correct ingredients as per
recipe

Critical Limits

Foreman to check every “X”
hour to ensure correct code
and label

Foreperson will check/
recalibrate every “X” hours
to ensure metal detector is
working and record findings

Designated employee
performs
recipe ingredient check
off/ formulation records,
completes and tags/ID
product

Monitoring Procedures

Foreperson notify QC
and hold product from
last “X” hours
production. 100%
reinspection.
Correct condition

Foreperson to notify
QC and to hold the
previous “X” hours
production
Repair detector
Recheck held product
for metal
Product rejected
by metal detector
examined by
foreperson and QC to
establish probable
cause and correct
source of metal
piece(s) if of
processing plant origin
or notify supplier if
applicable

QC hold product
Relabel (correctly)
product

Deviation Procedures

QC verify records “X”
times/week and
correlate label vs
formulation records

QC to verify records
and test metal detector
“X”
times/week

QC verify records
and product tags “X”
times/month

Verification
Procedures

QC records on
coding and
labeling

QC records on
metal detection
audit
Metal detector
records

Formulation
records
QC verification
records

HACCP
Records
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In most cases, the battered and breaded products are distributed frozen, where
proper labeling (i.e., keep frozen) should clearly appear on the package.
Instructions aimed at proper cooking for the consumer are critical to ensure
pathogen destruction since the product can be sold as partially cooked (e.g., parfry for only 30-60 sec used to “cement” the outside coating, but the meat inside is
not cooked). Breaded meat products can be fully cooked by the processor where a
HACCP model referring to a fully cooked product, is used (i.e., clearly indicated
in the product description form).
Table 14.10.4 provides an example of a record keeping sheet for the metal detector
(see Chapter 10 for description of a metal detector) and carton sealing operations.
As indicated in Chapter 6, part of the verification process can be the inclusion of a
test sample containing metal particles (sample should be very clearly marked) to
ensure that it is identified by the metal detector. The information collected within
the HACCP record sheets should be shared with all parties concerned, so effective
and immediate corrective actions can be taken. The forms should also be kept on
file so a government inspector can access it at any given time. Some countries
require that forms will be kept on file for five years.
Table 14.10.4 Example: HACCP record keeping sheet – metal detector used to scan products.
From CFIA (1998).

Time

Product
Name

Good Carton Correct
Seal
Code
Date *

Yes

No

Yes

Correct
Label *

No

Y = Yes		
N = No
* Note: Attached a copy of label(s) with code date(s)

Yes

Metal
Detector
Rejects
Metal Test
Samples
No

Yes

No
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Figure 14.10.1 shows a safe handling instruction label suggested by the American
Meat Industry and the USDA. The label is based on simple icons to remind the
consumer to use common sense when handling perishable meat products. The use
of icons is important, as not all customers can read the text.

Figure 14.10.1 An example of a safe-food handling label, used by several companies in
North America.

Overall, the benefits of a good HACCP plan are: preparing food products in a
safe way, meeting government regulations in a systematic way, as well as being
able to quickly respond to production problems. The last point can also be used
as a strong argument to implement HACCP as the plant will save money, time,
and product. From a government point of view, a good national HACCP system
can help streamline resources for inspection agencies. As mentioned in Chapter 6,
continuous improvement of HACCP programs should be an important part of the
HACCP plan since it will assist in enhancing procedures in the plant (Barbut and
Pronk, 2013).
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