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CHAPTER 1: INTRODUCTION

_ Poultry meat feeds the world

N

Poultry meat is a nutritious and affordable source of protein for most people in the world as it is lean

and high in protein with low cholesterol content. It contains more unsaturated fatty acids than other

meats. When you consider the efficient production systems available and the fact that it is accepted by

almost all religions, you understand why poultry meat is a valuable product worldwide.

World production by meat type

Millions of tonnes Changes in 2017 in

2015 2016 2017 respect to 2016 (%)
&7/ Cattle 67.6 68.3 69.6 1.9
@ Poultry 116.9 | 117.2 | 117.7 0.4
% Pork 116.1 115.6 114.7 -0.8
@»~ Lamb/mutton | 14.4 14.4 145 0.6
Total production 320.5 321.0 322.0 0.3

Source: WATT Global Media, FAO

Poultry meat and pork top the list of total production figures for various types
of meat worldwide, but while there is a net decrease in pork production, you
can still see growth in the production of poultry meat. In 2015, the poultry
sector outpaced the pork sector in terms of production volume.

Poultry meat consumption has been growing
steadily for many years. This increase has mainly
been driven by Asia and Latin America. The cause
is population increase and higher disposable
income, which result in people consuming less
grain and more meat. This will have a significant
impact on demand for poultry meat in coming
years. From a base of 70 million tonnes in 2000,
production will have increased to 125 million
tonnes by 2020. In 2025, poultry is predicted to
be 37% of total meat consumption. Poultry meat
consumption is growing faster than other types of
meat.

Broiler Meat Signals



Healthy

Chicken is a healthy type of meat. It is lean and
its fat comprises mainly unsaturated fatty acids.
The meat is full of essential amino acids that are
the building blocks of proteins, as well as rich in
vitamins and minerals. The fact that broilers are
small animals and are relatively easy to keep also
contributes to the popularity of poultry.

Sustainable

Poultry meat scores well on sustainability. It is eco-
nomically efficient to produce, with a small Carbon
footprint. In recent decades, the poultry industry
has also been working hard on social acceptance,
e.g. animal welfare and reduction of antibiotic use.
Concepts like slow-growing broilers are a result of
these efforts.

Positive characteristics of
poultry meat

Poultry meat is very popular. This type of meat
enjoys wide-ranging consumer acceptance. It is:
tasty

lean

tender

affordable

easy to prepare quickly

neutral in avour

free of associated religious or cultural
impediments

and it also:

* works well in many dishes

e tsina healthy diet

1. Introduction
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Poultry meat production worldwide between 2002 and 2017.
This growth trend will continue in coming years.

Nutritional value of various meat products

Chicken
breast
fillet
Beef
steak
Pork
fillet

Energy Fat Unsa- Pro- Carbo- Moi-
turated tein hydrates  sture
fatty acids content
463 kJ /
0, 0,
109 keal 18¢g 67% 239 0g 65%
489 kJ /
0, 0,
116 keal 23¢9 61% 24 ¢ 0g 2%
540 kJ /
0, 0,
128 keal 39¢ 62% 23¢9 0g 73%

Poultry meat is a healthy, low-fat type of meat with few saturated fatty acids.

CO, emissions, feed conversion and water consumption

Product

Beef
Pork

Poultry meat
Farmed salmon

Eggs

CoO, Feed conversion Water
(CO,-eq / (kg feed/kg consumption

kg) product) (m3/kg product)
25 6 15

4.5 2.7 6

2.6 1.5 4

2.1 1.1 -

2.0 1.9 3

In comparison to other meats, the production of poultry meat has a lower
impact on the environment. This is due to efficient use of feed and water for

growth (good feed conversion).

The CO, footprint of beef is 10 times
that of poultry meat.

Source: WATT Global Media

Source: Voedingscentrum
(Dutch Nutrition Centre)



The differences between countries
There are broad differences between countries in
terms of poultry meat consumption. In the US,
average annual poultry meat consumption per
person is 48 kg/105 Ib, in Brazil 40 kg/88 Ib, in
Europe 24 kg/53 Ib, in China 12 kg/26 Ib and in
India 2 kg/4 Ib. Consumption depends on income
level, availability, tradition, religion and eating
habits. In Europe, chicken fillet is in the greatest
demand. Asian, African and South American con-
sumers prefer chicken legs, thighs and wings.

Regional meat consumption per capita

4.

North America

=

Latin America and
the Caribbean

World

Market development in production of
whole carcasses and cuts in the US market

parts of broilers

whole broilers

1962 1972 1982 1992 2002 2012
Year

Not only in the US but worldwide there is a strong trend
towards selling cuts and processed pieces rather than
whole birds.

E

European Union

Asia and

" the Paci ¢

Africa

@ Beef Lamb & mutton )&. Pork J Poultry

Meat consumption per capita varies a lot in the world (size of the pie represents total consumption),

as does the proportion of beef, pork and poultry.

Source: FAO

The industry operates in most countries with a ‘cold chain’
and slaughterhouses supply refrigerated products. This sector slaughtered on the spot. Although a guarantee of fresh-

of the industry is growing with increasing prosperity.

On the so-called ‘wet market’ animals are sold alive or

ness, it is not always hygienic.

Broiler Meat Signals

Source: National Chicken
Council USA (2014)



Market differences

The value of the different broiler parts depends on
the traditions of the country. In Europe the breast
and leg fillet is worth more, but in Japan the neck
meat has higher value than the fillet. Even the
intestines have value in some markets, such as in
Indonesia. Chicken feet are very popular in China.

Production, import and export

Local production costs, quality and the location
of the market determine international trade flows.
The feed price is the main determining factor for
production costs. This is again determined by
available agricultural area, climate and (increas-
ingly) the availability of water. It is expected that
production in China will grow the fastest in the
coming decade. The occurrence of Avian influenza
(Al) in the world markets has slowed growth down
considerably overall. It is anticipated that there
will be a shift to countries that grow raw materials
for feed (grains) and have cheap labour available,
e.g. Ukraine, Poland and Kazakhstan.

Value of blood

et

In many countries, the blood is also used in local
dishes. For example, it is used to make blood
bread , blood pancakes or blood cakes in
Scandinavia. In France, blood is mixed with
vinegar or brandy to create a dip for bread. In
China, the blood is mixed with a stiffener and
calcium chloride. It looks like a jelly pudding and
is called black tofu . In Spain, certain tapas are
made from chicken blood. According to certain
religions, blood is unclean (Islam: haram, Jewish:
non-kosher).

1. Introduction

TR

Edible organs like the liver, heart, spleen, gizzard and the neck go to specific markets.

Buffalo Wings are the traditional snack when watching the Super Bowl in the
US (beginning of February). At that time, there are 1.3 billion wings eaten.



The daily feed intake of the broiler chicken has risen by 55% over the past
thirty years, while the digestive system has changed much less. This means
there is a big load on the stomach and intestines. It only needs something
small to go wrong and the balance is upset. The birds’ vulnerability makes
optimal management essential.

Improvements in production between 1925 and 2015

vear Slaughter Slaughter Gross feed  Mortality
age (days) weight (kg) conversion (%)
1925 112 1.13 4.70 18
1945 84 1.37 4.00 10
1965 63 1.58 2.40 6
1985 49 1.90 2.00 5
2005 48 2.44 1.95 4
2015 42 2.95 1.55 2

Broilers reach higher slaughter weights in ever shorter times with less and less
feed, while mortalities decrease.

1968

The difference between a broiler breast of 50 years ago and of today. This is
the result of years of genetic selection, focused on the most appreciated part,
namely the breast fillet.

Price development of meat, corrected for in ation

100
80 = —
60 = — =
40 = — — o =
'S 0= g = L=
20 A A B o=
6= 0= 6= 6 =
0 % ) S 2 3 > =
1960 1970 1980 1990 2000 2010 2020
Year

Source: FAO

Becoming more specialized and

more efficient

The growing demand for poultry meat has led to
increases in scale, specialization and efficiency in
the production chain. In 1920 the same breed was
used for both egg and meat production. After the
Second World War, the prevalence of specialized
breeds for egg or meat production arose. One of
the factors that played a role here was the need
for a reliable meat supply for soldiers stationed
in Europe. The scale of production grew during
the 1960s. This led to an enormous advance in
technical and financial results. In 1925 it took 112
days to get a broiler to slaughter weight (1.13 kg).
Farmers today achieve a final weight of 3 kg in

42 days. The ratio between daily growth and feed
intake has improved considerably. Feed conver-
sion rate (kg feed/kg growth) decreased from 4.7
to 1.5. The short cycle, rapid growth and good feed
conversion combine to make production costs low
compared to other meats, e.g. pork and beef.

Poultry meat price development

Consumer prices of poultry meat have risen
much less in recent decades than those of beef.
Broiler meat has become about four and a half
times more expensive since 1960, while the
price of beef became 7 times more expensive.
Based on in ation gures, you would expect
meat prices to have increased more than eight-
fold. You could say that the price of poultry meat
is actually aimost fty per cent less in real terms
than it was in 1960.

poultry meat = beef

Broiler Meat Signals



Meat quality = chain quality

Meat quality is the general term covering all the quality meat. The slaughterhouse can produce
product’s characteristics that influence consumer good or bad meat from a good broiler but only
acceptability. You must therefore stay alert every poor quality meat from a substandard one. That
day and properly monitor and interpret signals is why quality assurance must be of paramount
that can affect it. This applies throughout the importance in all parts of the chain.

chain. Broiler farmers lay the foundation for good

Critical check points in the chain

A paper or digital record in
the unit provides vital daily
management information.

Final inspection of the meat. Veterinary inspection. Slaughterhouse arrival
inspection (ante-mortem).

From breeder to consumer, every link in the chain has influence on meat quality. The success of poultry meat is due to long-term scientific
research in many fields, including genetics, hatchery, feed and animal health, and significant advances in slaughtering, cooling, cutting and fur-
ther processing (yields and speeds).

1. Introduction 9



A slaughter line runs very fast. How many animals can one person evaluate
per minute for abnormalities? A person can manage 125 per minute but the
slaughter line speed is often around 12,000 per hour, i.e. 200 per minute.
Therefore the line is split to allow inspection from two platforms. Furthermore,
the workplace must be illuminated optimally for proper assessment.

In view of such high line speeds, it is good if the slaughterhouse also has
people performing general observation without being driven by the high
throughput speed.

Sl-units

In this book the International System of Units (SI) is used. In many coun-
tries the imperial system is more common. For clarity in some cases
both units are mentioned, especially when it concerns temperatures.

The most often used units:
Temperature: F=©Q 5 C)+32

Mass: l1kg=2.21Ib
100g=3.50z
Length: 1m=33ft

10 cm =3.9inch

10

Signals concept

This book follows the Signals-concept. This means
that we mainly emphasize things connected with
meat quality aspects that you can perceive in a
very practical way, what that information means
and what you can do to improve things. Therefore
good broiler chicken husbandry and processing
meat well at a slaughterhouse both start with criti-
cal observation. Observe conscientiously. Take a
step back, sometimes literally. You cannot observe
properly if you are occupied with other tasks.

Take your time to recognize the signals.

Structured observation

By structured observation, we mean that you really

take the time to detect the signals. This works as

follows:

1. Observe when not doing any other task.

2. Regularly stand still during work. For example,
observe the slaughter line at different
moments. Assess the end product, looking at
B-grades and rejected broilers in particular.

3. Look at the whole situation from a distance
but also pick up a carcass or piece of meat
from the line occasionally and look in detail.
They often show you a lot.

4. Look at the averages and the extremes.

5. Observe at different times and under varying
conditions.

6. ldentify risky times, animals, and locations.

Look-think-act

The guiding principle in Broiler Meat Signals is
LOOK-THINK-ACT. The three basic questions that
you must ask yourself time and again are:

1. What do | observe (see, hear, smell, feel, taste)?
2. Why is that?

3. What should | do?

In this book, we often challenge readers to first
consider matters themselves, using the look-
think-act boxes. Always try to answer the question
yourself before reading further.

Broiler Meat Signals



Aim and target group

This book follows the broiler from a day-old-chick
until its meat is in a package for the consumer.
Every link in this process has its own check points.
In this way you look at the signals that are detect-
able on the poultry farm, during loading and trans-
port, and during broiler slaughter and processing.
Broiler Meat Signals is a valuable practical tool for
everyone involved in the broiler industry, i.e. for
broiler farmers, veterinarians, inspection services,
catching teams, slaughterhouse employees, advis-
ers, students, etc.

Broiler Meat Signals is not a manual stuffed with
standards and criteria, and it is not intended to be
the complete solution. But it does provide useful
pointers on good broiler and meat observation,
and how to convert the signals into actions that
will ensure better results.

When did this bruising occur?

This bleeding is only a few hours old, so it occurred after catching.
The blood is not coagulated, fresh red in colour and localized.

It must have arisen shortly before death during shackling or when
tipping the container. Check the employees working method or
how the system is operating.

Black discoloration (litter spots) on the skin are caused by wet,
sticky litter. These abnormalities are preventable by improving
litter condition.

1. Introduction

Breast blisters are subcutaneous swellings on the keel bone due to
contusions on a hard surface.
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CHAPTER 2:

Poultry meat

If you are involved in meat quality, basic knowledge of poultry meat helps you to understand how you

can influence it. The market is international and preferences vary enormously, so quality criteria can

also differ in different countries. There are a variety of meat cuts from a broiler and they have their

own value in each country.

Flavour assessment

Flavour is an important quality factor. Tasting
panels assess meat on factors such as flavour,
tenderness, moisture content and the num-

ber of chews required before swallowing. For a
good assessment, the determining aspects are
described in as much detail as possible. Consider
the smell, fat content, temperature, flavour sensa-
tion (salt, sweet, sour, bitter), texture, elasticity,
mouth-feel, moisture content, colour, shape and
the sound when eating. Chicken meat does not
have a strong taste naturally but that has the
advantage that you can give it a variety of flavours
with seasoning.

The flavour test uses cooked chicken fillet without skin,
which is brought to a core temperature of 72°C/162°F,
cooled and cut into portions. The portions are often served
under red light so that colour differences are masked.

Broiler Meat Signals



Examples of structure assessment

Attribute

Definition

Wetness

Springiness

Initial cohesiveness
Hardness/Rigidity

Initial juiciness

Rate of breakdown

Hardness Il

Chewiness

Persistence of moisture release
Cohesiveness of mass

Saliva produced

Particle size and shape
Fibrousness

Chew count

Bolus size

Bolus wetness

Ease of swallow
Residual loose particles
Mouth coating

Influence of age on taste

The flavour of the chicken is mainly determined
by the broiler’s age. When broilers mature, the fat,
protein and concentration of flavour components
in the meat change. However, you cannot detect
an age difference of one week by flavour. Yet it
came to light that male Label-Rouge free-range

Degree of moisture on surface

Degree that sample returns to original shape after partial compression
Deformation before rupture

Force required to rupture the sample

Amount of moisture in the meat

Rate that sample mass breaks down to individual components

Force required to bite through the sample completely

Amount of work to chew the sample (Hardness Cohesiveness Elasticity)
Degree that moisture release persists or continues during chewing

How sample holds together during chewing (LOW = fibres break easily, wad dissipates to HIGH =
wad grows in size, resists breakdown)

Amount of saliva produced in the mouth during sample manipulation to mix with sample to ready it
for swallowing

Description of size-shape of particles as sample breakdown continues on chewing
Degree of fibrousness or stringiness

NUMBER of chews to get sample ready to swallow

Size of wad at point of swallowing

Amount of or feel of moisture in wad at the point ready for swallowing

EASY to HARD

Amount of loose particles left in mouth after swallowing

Amount of moisture-fat coating the oral cavity after swallowing

Source: Shai Barbut

broilers in France gained flavour around the 14th
week of life - when the broilers mature. However,
birds are slaughtered well before that time in most
husbandry systems. There is little difference in
taste between the main broiler breeds (Ross and
Cobb), but their meat tastes different from that
from backyard, heritage or bantam chickens and
laying hens.

In general, getting a small flavour variation deviation requires a big change in
the feed ration. The exception is fish oil or fish meal. A small amount of fish
meal (> 5%) gives the meat a fishy flavour. This also applies to certain fats or
medicines. Fish oil promotes better bone development and meat tenderness
in broiler chickens. Using deodorized (refined) fish oil is a good alternative.

2. Poultry meat

13
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The muscles in a broiler

A broiler has two hundred muscles and each has
its own function and therefore individual charac-
teristics. As the muscles become the meat that

we consume after the bird is slaughtered, you will
find the characteristics of the various muscle types
in the meat cuts.

o muscle bundle

fused nuclei
muscle cell

. . . muscle
There are various types of muscle tissue: striated

(also called skeletal muscle tissue), smooth mus- ¥
cle tissue and cardiac muscle tissue.
Smooth muscle tissue such as the muscles of the

) ) T muscle bre —
gastrointestinal tract and the walls of arteries is .
not under conscious control. The contraction of
these muscles is slow but also almost indefatiga-

ble myo bril
Skeletal muscle (voluntary muscle) has clear \{
transverse streaks when you look through a micro- L —

scope. An animal can consciously stretch and relax
them. Skeletal muscles allow movements of the
limbs and the entire body.

muscle laments

The heart muscle has a combination of the char- —Sl— -
acteristics of smooth and striated muscles. It has i e
cross streaking but has autonomous movements. seei—_ M-

The skeletal muscles are made up of cells that contain
multiple cell nuclei and thus form muscle fibres. A com-
bination of a number of muscle fibres forms a muscle
bundle. Multiple muscle bundles form the muscle. This
progressive muscle build up also gives the meat its specific
structure.

Wing 2" section = Flexor digitorum super cialis m.,
Flexor carpi ulnaris m., Extensor metacarpi radialis
m., Pronator super cialis m. (forearm muscles)

Wing 1% section = Biceps branchii m.,
Triceps branchii m.

Back = Anterior Latissimus Dorsi
and Posterior Latissimus Dorsi

Breast llet =
Pectoralis major m.

Thigh = Quadriceps m.
Inner llet/tenderloin = Pectoralis
minor m. (deep breast muscle)

Drum =
Gastrocnemius m. and
Sartorius m. Tibial anterior m.
(calf muscles)

Important muscle groups in a broiler. The large breast muscle (Pectoralis major) is the most valuable of these - that is the
chicken breast fillet.

Broiler Meat Signals



Light and dark meat

White muscle tissue (‘light meat’) makes up a
broiler’s breast muscles and is suitable for short-
term efforts and actions in emergency situations
(e.g. to fly away from a predator). The dark muscle
tissue is in the legs and is suitable for the broiler’s
long-term muscular efforts — such as running. In
chickens, the dark meat is pinkish-red, not as red
as beef, for example. Dark muscle tissue contains
little glycogen (rapidly released energy) and it
contracts slowly (low shortening velocity) with lit-
tle force (small fibre diameter). Dark muscle tissue
can sustain such movement for a long time (many
and large mitochondria/energy factories). Light
muscle tissue can contract quickly and vigorously
(fast shortening velocity and large fibre diameter)
and it contains a lot of glycogen (rapidly released
energy), but this type of contraction results quickly
in fatigue (few and small mitochondria/energy fac-
tories).

Broiler breast fillet comprises mainly light muscle tissue. In
migratory birds (ducks, geese, pigeons), the breast fillet
will actually have dark muscle tissue, because it has to
sustain flight movements for lengthy periods.

Comparison between dark and light muscle tissue

Characteristic

Colour

Fibre diameter

Shortening velocity

Energy burning rate

- 'fast’ energy supply (glycogen)
- 'slow' energy supply (fat)
Oxygen supply (myoglobin)

Energy processing (number and size
of mitochondria)

light meat

Dark
muscles

Red
Small

Slow
High
Low
High
High
Much

Light
muscles
White
Large
Fast

Low

High

Low

Low

Little

dark meat

The main locations of light and dark meat on a chicken carcass.

Dark meat contains two and a half times more saturated fat than lean light meat. Thigh meat (left) is tender, slightly
fatter and has more flavour than the chicken fillet. It is sometimes referred to as the ‘chicken steak’ or ‘chicken

chop'’. That is why thigh meat continues to gain value.

2. Poultry meat
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relaxed muscle

myosin - m—.
actin g Se—
e o U ERRe——

contracted muscle

myosin head ‘grabs
actin filament and
bends during
contraction.

The long (striated) muscle fibres contain the protein filaments actin and myo-
sin alongside each other. Muscle contractions slide these filaments together.
Calcium is released into the muscle cell here. Pumping this calcium out of
the cell and thus breaking the actin-myosin complex requires energy (gly-
cogen). When there is rigor mortis, the actin-myosin complex remains intact
(cramped). Proteolysis (protein breakdown) releases these bonds again.

The rigor mortis process

bleeding start chilling end chilling process

muscle tension carcass temperature

Time line post mortem

The formation of lactic acid in the process of rigor mortis decreases the pH.
Lactic acid accumulates in the muscles until the glycogen stores in the muscles

are depleted or the pH becomes too low for glycogen conversion by enzymes. At

this point the tension is at a maximum. After this it decreases again due to mus-
cle protein breakdown.

Factors that affect rigor mortis:

* Rapid cooling/freezing has a negative effect on the tenderness
of the meat, because the glycogen has not yet fully decomposed
and the rigor mortis process is still incomplete.

* Chronic stress before slaughter can cause exhaustion, lowering
the glucose/glycogen level, which causes less pH decrease after
death (pH > 6.2). This meat becomes dry, dark and rm. The re-
sulting lower acidity makes it more perishable bacterial growth
is less inhibited.

* Electrostimulation immediately after bleeding causes the muscles
to contract actively, which speeds up the rigor mortis process.
Glycogen is consumed faster.

Rigor mortis

Meat has to mature to become tender, i.e. it has to
age. The process of rigor mortis (body stiffening)

is the basis for this. The rigor mortis process works
as follows: at slaughter you interrupt the blood cir-
culation, and thus there is no more oxygen supply.
The metabolism then switches to a different meth-
od of energy supply, i.e. production of lactic acid
from glycogen (anaerobic metabolism). The glyco-
gen runs out and the muscle remains in a cramped
state, i.e. rigor mortis. The light muscles go into
rigor mortis faster than dark muscles. And small
muscles do that faster than large ones. The course
of the maturation process is not even throughout
a flock. And that leads to meat quality variations.
Broilers have differences in glycogen supplies,
feed withdrawal times, stress levels (slower diges-
tion) and panic (high glycogen use). Lactic acid
decreases the meat pH from 7 to 5.8. This largely
determines meat quality and colour development.
Sufficient pH decrease is important for achieving
tender, nicely-coloured meat with the right tex-
ture. In the following period, during maturation,
enzymes break down muscle proteins (proteolysis),
making the meat tender again. The proteins in the
connective tissue around the muscles (collagen)
are also broken down so that the muscle is easy
to cut away from the skeleton. This process works
best at a temperature between 15 and 20°C
(60-70°F). The stiffness disappears after three to
eight hours (with no electro-stimulation), and the
meat can be processed further.

This device allows simultaneous measurement of pH and
temperature. And you can follow the maturation process
very well. In this case the pH is too low.

Broiler Meat Signals



Water-holding capacity (WHC)
Consumers do not like chicken meat that releases
a lot of water during preparation. The presump-
tion is that water has been deliberately added in
the slaughterhouse. But this is, in fact, forbidden
in many countries, including those in the EU. This
is referred to as brining and promotes unfair com-
petition. A carcass will not normally absorb water
if the skin is intact. The main reason for moisture
release is poor water-holding capacity in the meat.
A distinction is made between moisture loss dur-
ing storage (drip loss) and during preparation
(cooking loss).

Factors that influence water-holding capacity

The water-holding capacity depends on:

- protein content and quality (the collagen/mus-
cle protein ratio)

= the electrical charge of protein (this is related
to pH - isoelectric point at pH = 5.0-5.5)

= changing protein structure through acidifica-
tion, freezing and thawing, etc.

< firmness of membranes (drip loss)

- salts and other ingredients added to meat
products

Vi
L

-
1

W=

The result of a cooking workshop in which broiler meat
was prepared. The liquid that was released during prepa-
ration (cooking loss):

Left — free-range chicken 59 days (max. growth 45 g/day).
Centre — slow-growing chicken 49 days (max. growth

50 g/day).

Right — conventional chicken 42 days (growth 60 g/day).
A slow-growing free-range chicken releases significantly
less water during preparation.

2. Poultry meat
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The water-holding capacity has an effect on:

= meat processing efficiency (weight loss during
cooling, cooking, etc.)

= sensory characteristics (juiciness and tender-
ness)

= nutritional value (the minerals, vitamins and
proteins that are lost with the moisture)

= shelf life (escaping moisture promotes bacte-
rial growth)

= the appearance of pre-packaged products
(moisture in the package)

Slow-growing

A slow-growing broiler has more, but thinner mus-
cle fibres (hyperplasia). This increases the water-
holding capacity.

A fast-growing broiler often has shorter cells in the
muscle fibres with a larger diameter (hypertrophy).
This results in lower water-holding capacity. On the
other hand, free-range broilers have more exercise,
so lower glycogen reserves and higher pH, resulting
in darker carcass and higher water-holding capacity.

The difference between drip loss and cooking loss.

After about 12-24 hours

After about 5-12 hours clear extracellular spaces

Perimysium bres

Lost integrity endomysium
and perimysium

Endomysium loses
C‘oo . integrity s

D,
eR s
) Y
—
. 9.
I
Denatured perimysium -
and endomysium
At 40-50 C: Myo bre shrinkage At 65-75 C: Collagen shrinkage

After death, muscle
structure is intact

Denatured muscle bre

Drip loss - the cell membranes weaken after about 5 to 12 hours in the pro-
cess, allowing water to release from the cell. After a longer time (12-24 hours)
the connective tissues between muscle fibres deteriorate. This allows moisture
release from the muscle.

Cooking loss - the raised temperature shrinks the muscle tissues first and
then the connective tissue.

The extents to which these two processes occur determine the full water-
holding capacity.
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If the meat pH falls too little and too slowly, from 7 to 6.3 or higher,
the result is DFD meat, i.e. dark-purple red, very tough and dry, with a
firm and sticky surface and it has high water-holding capacity.

A good piece of poultry meat: pink, with a pH of 5.8 and slightly moist.

If the meat pH drops too quickly and too much, from 7 to less
than 5.6, the result is PSE meat. PSE meat is pale, pinkish-grey,
very soft and exudative (with fluid release: drip loss and cooking
loss).

Water-holding capacity and pH

For good water-holding capacity, it is important
that the acidity of the meat has dropped suffi-
ciently after slaughter. The glycogen content in the
muscles at the time of slaughter is important for
this. Normally, after slaughter, the pH of the meat
decreases from 7 to 5.8 in a gradual manner due
to the formation of lactic acid from the glycogen
stocks. This is called ‘ultimate pH’ or ‘pH after 24
hours’. Two types of problems could occur.

Insufficient pH drop

Broilers who have already used up their glycogen
supplies due to stress, an excessive feed with-
drawal period, low glycogen reserves in the muscle
and liver or muscle/wing flapping activity will pro-
duce much less lactic acid. This causes insufficient
pH drop and that results in dark, tough meat. The
water-holding capacity increases (DFD-like — dark-
firm-dry). A piece of meat will stick on a wall and
not slip off like normal meat will do.

Excessive pH drop

If there is too much acute stress before slaughter,
adrenaline causes glycogen conversion into glu-
cose, eventually resulting in more lactic acid. The
result is a strong drop in pH in the meat while
the meat temperature is still high. This changes
the muscle proteins, which in turn results in less
water-holding capacity. The meat is wet, pale and
soft in structure (PSE-like — pale-soft-exudative).
From 1 to 3% of the moisture can be lost during
storage.

pH development after death

7.0
6.6 dark

L5 62
5.8 normal
pale

5.4

Time post mortem

The development of pH after death. When this doesn’t
follow the ideal curve, the meat quality drops.
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Feathers and skin

The skin forms a barrier between the body and
the outside world. It prevents micro-organisms
from entering the body and protects the body
from environmental factors such as dehydration
and damage. The skin also provides insulation
and temperature regulation. The plumage forms
an important part of a broiler’s skin. A chicken has
about 8,000 feathers that protect the epidermis.
And naturally, feathers have other functions such
as heat regulation and load bearing capacity for
flight.

Summer and winter

Good plumage ensures skin protection. If broil-
ers have few feathers, there are more visible skin
scratches and skin in ammations. Broilers have
more plumage in winter. Temperature settings,
feed and management can all affect the plum-
age. For example, the plumage will be thinner
with a higher ambient temperature.

; feather
|

[ barbs
[ feather sheath

epidermis

basal
membrane
follicle sheath
. epidermal collar
dermis P

i/ (stem cells)

skin papillae

vein

The skin comprises various parts, including the epidermis and the dermis. The
feather grows out from a feather follicle. The feather comprises different grades
of dermis to the hardened (keratinized), markedly flattened epidermis. On the
carcass, we find feathers in different stages of growth, also related to broiler age
and moult. This will also determine how easy they are to remove.

Feathers grow in rows on the body, so that there are also parts where there are virtually no feathers, such as on both sides
of the breast. There are feathers with different functions, and there are more follicles in the places where the feathers are

softer.

2. Poultry meat
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Types of feathers

There are various types of feathers. They each have their own characteristics
in terms of the degree of anchoring in the skin. This makes some more dif-
ficult to remove during the scalding and plucking process.

lcm

| Bristle

Filoplume
(hair-like)

Contour feathers

(tail feather) Semiplume

g Contour feathers

2cm lcm 1cm 4cm
Contour feathers Filoplume feathers Down feathers
Contour feathers are the most common, and Long, thin loplume feathers grow distrib- In addition, the broiler has down feathers.
they are composed of a exible, strong shaft uted between the contour feathers, and they These are very short and have thick and soft
with rows of interlocking barbs. The barbs are cover the broiler s entire body. Filoplume barbs, which make them an effective insula-
in turn connected to each other with hundreds feathers have a signalling function for the tor. The areas with softer feather cover have
of minuscule hooklets, and the combination broiler, to indicate any disruption of cover more feather follicles. Down feathers are re-
forms a kind of zip. The contour feathers give feathers. They feel draughts, for example. placed, step-by-step, with de nitive feathers,
the bird its shape and they are mainly primary and are therefore an aid for estimating age.

feathers on the wings and tail.

1 Israeli naked chicken

Israeli scientist Prof. Avigdor Cahaner succeeded in breeding a chicken
without feathers from a natural mutation discovered in 1954. This featherless
breed is less sensitive to heat and is therefore well suited to hot countries
where climate control is not yet optimal. The results are a lot better in such
cases. The amount of breast meat is higher, because a proportion of the
protein in the ration is not required for plumage and it seems to go into the
breast meat. They can therefore work well with less protein content in the
feed. It is even claimed that naked broilers have better meat quality.

S

A naked broiler in a flock of feathered ones. You see the
difference between carcasses after slaughter and plucking
— the feather follicles are missing in a naked chicken.
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Skin integrity

Good skin integrity is important for skin damage
prevention. The skin strength is important when
the birds crawl over each other in the house, when
catching and feeding for example. Otherwise, skin
scratches (scabby-hip) develop quickly. Skin dam-
age then causes infections, and parts of the broiler
have to be trimmed off or even a whole carcass
has to be rejected at the slaughterhouse. Feather
pluckers cause skin breakages on the chest and
thigh. The actual amount of damage depends on
the skin strength. The skin strength is determined
by the fibrous protein collagen. The collagen fibre
forms a matrix structure in the skin. There is also
elastin in these protein fibres, which handles
stretching.

It ensures that the skin always returns to its
original shape. Side branches create a very strong
bond between the collagen fibres. The amount

of side branches is partly hereditary, but is also
influenced by nutrition: amino acids, enzymes and
minerals such as zinc, manganese and copper.

Differences by gender

The skin of a cockerel is thinner, but contains
more proteins (collagen and elastin) than those of
a hen and it comprises less fat. This makes a cock-
erel’s skin stronger than a hen’s and it breaks less
quickly. The skin on the breast is stronger than

on the thigh. As a bird ages, the protein content
decreases, but the collagen fibres are stronger. The
older a hen becomes, the thicker the subcutane-
ous fat content becomes. This is why a hen’s skin
breaks easier. This applies in particular to birds
that are offered a lot of energy in their ration.

2. Poultry meat

i
e,

The hips are a vulnerable position, since animals crawl over each other, with
their sharp nails.

Slow-growing broilers have more feathers and a stronger skin. The plucking
fingers have to be adjusted tighter, but since the skin is stronger, it can handle
the increased forces.

Structural proteins

Collagen is a structural protein that provides string-like, strong and
non-elastic structures. It ensures that the skin anchors well onto other
tissue. There is a lot of collagen bre and little elastin in tendons.
Elastin is in connective tissue. Elastin provides elasticity, so that tis-
sue quickly regains its original shape after deformation. A tendon s
purpose is to transmit the force of muscle contractions when walking
and ying.
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The colour of broiler meat

Broiler meat is normally light pink. Many consum-
ers base their purchase choices on their preferred
chicken meat colour. For example, yellow skin col-
our is often required in Asia and Mexico. The col-
our of the chicken meat can be influenced through
feed, but also by genetics (selection of breeds).
The skin colour is particularly easy to influence.

A different skin colour can be caused by the fol-

lowing:

1. Hereditary - breed-related. Some chicken
breeds naturally have pigments in their skin,
causing them to turn yellow, brown, dark col-
oured or even black. Often, yellow broilers also
have yellow plumage.

2. Nutrition - carotenoids. These are pigments
from the feed and they are stored in the skin
and the fat tissue. A carotenoid such as xan-
thophyll (e.g. from yellow corn) colours the skin
and legs yellow. It is also in lucerne (i.e. alfalfa),
paprika and gluten. The yellow-orange colour
is achievable with synthetic colours with the
advantage that you can control its intensity.
There is no difference in taste between yellow
and white chicken meat. By adding the red-
coloured yeast Phaffia rhodozyma to chicken feed
you get reddish coloured muscle tissue, and by
removing yellow corn and other coloured raw
materials from the feed you get white meat.

Infection - jaundice from liver inflammation.
This rare disease is often a farm-related flock
problem. You see yellow skin colouring and fat
yellowing in some birds in the flock. You also
see that the bird has yellow mucous mem-
branes. This is caused by bile pigments that
spread around the body through the blood.
These broilers are rejected in their entirety
because the liver inflammation is caused by
bacteria such as Salmonella, Clostridium,
E-coli and Campylobacter. These bacteria can
produce toxins that spread throughout the
broiler.

fed chicken.

Through genetic mutation, every part in the Indonesian chicken breed Ayam Cemanis body, including organs,
meat and blood is black. This chicken has a mythical status in Indonesia. It is considered a lucky charm and used
for medicinal purposes. Chinese and Vietnamese people also like to eat black chicken meat.
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Bone development

Feed composition plays an important role in healthy
bone development, i.e. calcium, phosphorus, vitamin
D3, vitamins A and C, and minerals such as copper,
manganese and zinc. These nutrients must be prop-
erly absorbed, therefore poor bone development can
occur following digestive problems and intestinal
disorders. In addition, rapid growth and the large
pectoral mass play a role, because the young bone
has to carry increasingly heavy weight. That is why
there are more leg problems with cockerels than
with hens. Bone growth cartilage (epiphyseal plates)
provide linear growth. Cells of these plates (chondro-
cytes) divide and calcify and build up bone length.
Osteoblasts provide thickness growth. Bones that are
subject to a lot of mechanical forces in certain places
form extra bone tissue to make them stronger.

humerus

o scapula
hip joint

femur = thigh bone
tibia = drum bone

hock joint

shank
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Only a few blood vessels supply blood to the bone. This makes the bones very
vulnerable.

articular cartilage

spongy bone
(trabecular bone)

growth plate
(epiphyseal plate)

old cartilage cells are
transformed to bone

bone marrow
compact bone

Longitudinal growth of young bone comes from the growth plate. This is a vul-
nerable part of the bone in immature animals. A broiler is of course still a grow-
ing, immature animal.

0
!

radius

coracoid

knee joint

The most important
bones in a broiler.
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The growth plate reveals bone strength

You can check the level of skeletal development of
a broiler by looking at bone formation around the
growth plate (where cartilage is replaced by bone
cells and mineralization begins). To do this, you
make a cross section through the top part of the
upper shin bone (tibia), just below the knee. The
growth plate should look like a thin grey pencil
line. If the grey line is wider, it is a signal that the
bone development is insufficient. In that case,
the cartilage cells have not yet been replaced suf-
ficiently by young bone cells. And that means the
bone will be less able to bear the broiler’s weight.
Local damage will occur, and the broiler will be in
pain and reluctant to walk.

OOK-THINK-ACT

What do you see here?

This is the image of a section of the shank bone
(tibia), just below the knee. A normal growth
plate with the thickness of a pencil line (top) and
a thickened growth line (bottom).

To see the growth plate properly, make a cut at an angle of 45° through the bone, about 3 cm below the knee joint.
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Weight ratios

Every part of a broiler has a different value and
that varies by country, season and in the way the
bird is cut up (the types of cuts). So the value

of each cut and its proportion of the bird’s meat
determine the final return. The percentages the
cuts represent differ by breed, age and live weight.
The slaughtered carcass of a 2,500 g broiler weighs
1,750-1,800 grams (slaughter efficiency approx.
70-72.5%). This carcass renders 450-500 g fillet,
650 g thigh + drum, 170 g wing and over 500 g
other meat.

Value per cut

Difference in ratios between fast-growing and
slow-growing breeds

Although the taste is not very different, there is a difference in the per-
centage of breast meat from slow-growing broilers (growth < 50 g/day)
and fast-growing broilers (growth > 60 g/day). With slow-growing
broilers and a market weight of 2.5 kg, 17-21% of the body weight
consists of breast meat, depending on the growth rate and nutrition.
A fast-growing broiler has 21-23% breast meat at a body weight of
2.5 kg. This can even reach up to 25% of the body weight for heavy
broilers, depending on the feed ration. So, slowing down the growth
rate of slow-growing broilers by decreasing dietary protein will result
in less of the valuable breast meat.

Besides higher costs for the husbandry (feed and housing), the
revenues will be lower when the meat price would be the same. This
must be corrected through a difference in consumer price between
the two types. As the breast meat is more desirable than dark meat
from the legs in the markets where slower-growing birds are sold, this
difference in consumer price is normally disproportionately attributed
to the breast meat. This is done in order to encourage a balanced
consumption of all parts of the carcass: the dark meat remains at the
same price to the consumer.

Source: Schothorst Feed Research

Below is an example of value structure in Europe. In this example, the highest value lies in the llet (about 60%).
These prices are constantly evolving and vary by region. In Asia, the leg has the highest value. This value is also

increasing in the Western world.

% based on

live weight

Live weight 100%
Whole carcass (live weight 72.4%
minus feathers, blood and

intestines)

Giblets = visceral organs 5.8%
Offal = guts, fat, blood, feet 21.8%
Breast fillet (complete) 19.9%
Leg (one complete) 15.6%
Thigh (one part) without back 10.1%
Drum (one part) 5.5%
Wing (one complete) 4.2%
Upper arm (one part) 2.8%
Lower arm (one part) 0.7%
Back + pelvic part 13.0%

2. Poultry meat

Weight with a Value Value
2,600 g broiler per kg per bird

2,600 0.87 2.26

1,882 1.65 3.11

151 0.75 0.11

567 0.10 0.06

517 € 3.75 €194

406 0.90 0.37

263 1.50 0.39

143 1.20 0.17

109 1.20 0.13

73 0.20 0.01

19 0.20 0.00

338 0.20 0.07
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Cutting up the chicken
The purpose of slaughter is to convert all the desirable qualities laid down in the bones and muscles of live upper back
birds into safe and tasty meat for consumers, and to do this without loss of quality and getting the maximum 5-8%

value. To achieve that goal, birds are slaughtered, stripped of non-edible parts and divided into cuts. { il

shanks paws heart
14-2% 32-5% 0.4-0.6%

v

gizzard 1%
09-14%

tail front half T+ '
44 - 48 % e

Parh
A @
T T T T

broiler live weight bird into evisceration line bird leaving evisceration line
100 % (84 - 88 % of live weight) (70-77 % of live weight)

N

2 whole wings
fgatgtz;s other parts 11-12%
-6 % 1.8-22% *
N\ 4 v v v 2 wing tips 2 tipped wings
blood neck skin neck intestines 14-16% 10-11%
| 19-36% 06-09% 13-16% 55-65%

2 1stjoints 2 2" joints
55-6.5% + 4-5%
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2 half llets

24-26%
breast cap whole llet (incl. tenderloin/inner llet)
36-41%
>
+ N 2 tenderloins / inner llets
7 4-6%
whole llet (incl. tenderloin/inner llet) 2 half llets
30-33% 24 -28%

S
4 N\
T 7
) 2 tenderloins / inner llets
4-6%
saddle (without tail) @
39-44%
AN
7
2 drumsticks 2 drumstick meats
12 -15% 75-85%
+ \
2z
<
2 leg quarters lower back 2 anatomical legs
39-44% 7-8% 31-36%

2 thighs thigh llet
18-21 Z -] v

2 drums 2 chops
12-15% 27-29%
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Broiler by-products

Apart from meat, a broiler renders a lot of by-
products, each with its own use. Parts that are less
suitable for human consumption, such as lungs,
head, crop, proventriculus, intestinal tract and
bones, are used for animal feed (if allowed). They
are heat treated at well over 100°C/212°F to kill
micro-organisms and prevent disease. The broiler
fat can be used in animal feed, and other uses
include waterproofing clothing or soap manu-
facture.

Feathers represent about 7% of the live weight and they
are used in mattresses, as a base material for animal feeds
and as a filler in artificial fertilizers.

For example, a breast cap with breast fillet removed still
has some meat. This is removed from the carcass under
high pressure, often by a specialized company. A type of
minced meat is created, i.e. mechanically recovered meat
or MRM (Mechanically Recovered/Reclaimed Meat). This
meat is used in products such as hamburgers, chicken
nuggets and frankfurters.

The broiler skin

Broiler skin is a high-quality product. The skin con-
tains fatty compounds (phospholipids); heating the
skin gives the typical aroma of roast chicken. There
are also many omega-3 fatty acids in the skin, the
consumption of which is good for those with high
blood pressure or high cholesterol levels. The skin
itself gives a lot of avour to dishes such as soups
and it is used widely in meat products, for its binding
effect.
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Slaughter age

Broilers are slaughtered at varying ages in dif-
ferent countries. In the greater part of the world,
broilers are kept up to 6-8 weeks of age but there
are also countries where it is up to 10 or even

22 weeks. French Label Rouge broilers are often
slaughtered at an age of 96 days or more. This is
related to tradition, animal welfare, flavour prefer-
ences, culture, infrastructure and climate. So the
delivery weights and sizes of broilers also vary by
country.

Fast-growing bre

Change of carcass composition with slaughter weight

kg

Breast % Thigh % Drumstick % Eviscerated %

1.6 20.5 12.1 10.2 71.0
18 20.9 12.3 10.2 71.3
2.0 21.2 12.5 10.2 71.7
2.2 21.5 12.7 10.2 72.1
2.4 21.8 12.8 10.2 72.4
2.6 22.0 12.9 10.2 72.8
2.8 22.3 13.0 10.2 73.1
3.0 22.5 13.1 10.2 73.4
3.2 22.7 13.2 10.2 73.7
3.4 22.9 13.3 10.2 74.0
3.6 23.0 13.4 10.2 74.3

Chicken as sold on local markets in Indonesia. It has rela-
tively little breast meat but it is highly valued.

With the increase in weight, there is a shift in percentages of meat types on
the carcass. The heavier the birds, the higher the percentage of carcass
weight and breast meat. On the other hand, the broiler production naturally

costs more. So it is essential to find the right balance.

Slaughter weight difference in various countries

Area Weight
Indonesia Average 1.6 kg live weight
(1.1 - 2.0 kg)

South Africa 1.6 kg - 2.2 kg live weight

Southern Europe (Spain,
Greece), Eastern Europe

1.7 - 2.2 kg live weight,
2.2 - 3.0 kg for cut-ups

The Netherlands 1.8 - 2.2 kg live weight,
2.0 - 2.7 kg for cut-ups,
2.5 - 3.2 kg for breast fillet produc-

tion (more favourable yield)
2.8 kg - 3.5 kg live weight,
aiming for 5.5 kg live weight in
the future

Brazil, Thailand, USA

2. Poultry meat

Background

Consumers buy a chicken that is sufficient for a family, because there
is not always a refrigerator available.

Chicken is generally sold whole. Only 20% is divided into cuts and
sold in supermarkets, but this percentage is increasing rapidly.

Griller is very often sold whole (80%). The remaining 20% are gril-
lers which are cut up. Grillers with any defect are generally cut up
anyway.

There are virtually no whole carcasses sold (mostly at halal outlets,
market poulterers and shops for immigrants). The primary demand is
for breast fillet.

Production and marketing are mainly for breast meat. Legs and
wings are frozen and sold for a dump price to African countries,
Central Asia or as food aid to emergency areas. People in these
countries like eating from the bone.
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Consumer perception in the USA

Perception Reality

78% think that poultry is Poultry is heavily bred for meat quality but
genetically modified. birds are not genetically modified.

77% think hormones are No growth hormones are used in poultry
added to poultry meat. farming.

73% think that poultry meat | There are withdrawal periods for antibiotics,
contains antibiotics. so there is no longer any residue in the meat
at the time of slaughter. Furthermore, use

of antibiotics has been decreasing rapidly
during recent years.

Worldwide, most broilers are kept on floors
with litter. Cages are prohibited in the EU.

68% think that broiler
chickens are kept in cages.
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Action poster from the United States to inform consumers clearly that there
are no hormones used in broiler chickens.

In many countries, GMOs in food are not appreciated at all. It is explicitly
stated on the packaging here.
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Consumer perception

Consumers’ perception can have a very decisive
influence on their buying behaviour. But consumers
do not always have a correct picture of the sector.
They are influenced by sources such as civil society
organizations and the media, and sometimes by
various persistent rumours (‘urban myths’) too.

Animal welfare

Animal welfare plays a role in livestock farming in
many countries (especially in Northwest Europe).
In response to this negative image, many super-
market chains have switched to slower-growing
and more robust chicken breeds. This has allowed
various alternative concepts, using free range, to
develop.

Injecting water

Addition of water to chicken meat is a common
misapprehension among consumers. This is not
applicable in fresh products and is even banned
within the EU. In some countries it is legal to
inject up to 15% water with salt and some addi-
tives (brine), meant to add flavour. For example,
it could be in a marinade with herbs. The additive
must be mentioned on the packaging.

Hormones

Many consumers think that chickens are fed
growth hormones but this is not the case and is
actually not interesting at all for farmers. Genetic
potential has been brought to the optimum by
breeding and cannot be improved by administer-
ing (growth) hormones.

GMOs in the feed

In many countries there is discussion about GMOs
(genetically modified organisms) in the feed.
GMOs are micro-organisms and plants (maize,
soya, wheat) that have a certain property in their
DNA (e.g. more protein or resistance to certain
diseases). There are an increasing number of com-
panies that do not want this anymore. This discus-
sion plays a lesser role in the USA, because social
acceptance there is greater.
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Antibiotic use

There is strong pressure to reduce antibiotic usage
in poultry because of the development of resistant
bacterial strains that pose a threat to the health

of both humans and animals. In many countries
use of some antibiotics is only allowed if there is
really no alternative and if it appears that the bac-
teria causing the problem have a high sensitivity
to these specific antibiotics. Alternatives to anti-
biotics include organic and inorganic acids (fight-
ing acid-intolerant bacteria), essential oils (killing
bad bacteria and promoting appetite), probiotics
(adding good bacteria for good intestinal flora bal-
ance), prebiotics (nutrients for beneficial intestinal
bacteria) and herbs.

Growth promoters

(AGP = Antibiotic Growth Promoter)

For years, certain antibiotics have been mixed into
the feed in low concentrations, as a ‘growth pro-
moter’. This is no longer permitted within the EU
and in many other countries. Growth promoters
influence the balance between benign and harm-
ful bacteria in the intestinal tract. They reduce the
chance of gastrointestinal disorders, and lead to
better feed conversion and higher end weights.
Their use is inexpensive and limits the risks of
mortalities due to illness. Standard growth pro-
moters are still used in a number of countries
outside of the EU.

In Europe, the use of antimicrobial growth promoters in
poultry feed has been prohibited since 2006 and since
2015 in the USA. Outside the EU, USA, Canada and
Australia, they are still permitted in many countries. The
addition of an AGP must be mentioned on the feed label.

2. Poultry meat

Changes in antibiotic use in broiler chickens in the Netherlands
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In the Netherlands, antibiotics use on broiler farms fell by 72% during the
period from 2009 to 2016. There are higher demands on housing, husbandry,
hygiene, vaccinations and feeding to prevent illness.
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Very clearly not using hormones and other additives is used here as a positive
marketing tool.
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Should you use antibiotics and what type?

Use of antibiotics is only permitted in the time for slaughter. Target values have been set for
Netherlands for treatment with a vet’s prescrip- antibiotic use (benchmark values). Broiler farmers
tion, and no longer for prevention. There are must draw up a supplementary farm health plan if
withdrawal periods for antibiotics that must be use on their farm is too high. There are also strict
observed, so it is sometimes not possible to treat rules for selecting the type of antibiotics (first,
broiler chickens and have them residue-free in second and third choice medications).

Use of antimicrobial agents in the first week of life

Are there increased mortalities during the rst week of life? Or > 25% broilers with a navel score of 1* and/or > 5% with a navel score of 2*?

Yes

No No medication

Probable bacterial infection?

No medication,
management measures

Treatment and evaluation results

Successful treatment

Failure: Additional research
modifying treatment

\[¢} 7

A more commonly occurring problem?

Yes

Determine the approach for the next round

\[e} > Completing reporting

Example of a flowchart indicating whether you can use antibiotics in the first week of life (the Netherlands). In view of withdrawal periods, antibi-

otics are only used after the first week of life in

very rare cases. Exclusively when animals are very ill and animal welfare is at risk, antibiotics can

be prescribed but with the risk that the birds will have to be slaughtered at a later date.

Choice of antibiotic type

Diagnosis of a bacterial infection

Establish this ock diagnosis based on clinical and possibly additional research
Set out the clinical and veterinary need for applying antimicrobial agents

Record this in the farm records

Using an antimicrobial agent in a ock

1st choice antimicrobial agent
Available and registered for this
indication/animal species
Choice based on bacteriological culture
(which bacterium) and an antibiogram
(which agent works).

1%t choice is not available,

not registered or not working

2" choice antimicrobial agent 3 choice antimicrobial agent
Available and registered for this Full ock treatment with 3" choice agent
indication/animal species is prohibited by law. Preferably choose a

K4 Choice based on bacteriological culture > 1%t or 2" choice agent with registration for
(which bacterium) and an antibiogram other species instead. 3" choice for the
(which agent works). Mandatory if 1%t species in question.

choice agent is advised or there is risk of
a recurring bacterial infection.

N

2" choice is not available, No registered agents available
not registered or not effective or not effective

Example of a flowchart showing the agent you can use for a bacterial infection. There is a distinction made between different categories of
antibiotics. Using 3" choice agents should be avoided as much as possible, in view of resistance development.
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Food safety

In addition to the good quality of the chicken

meat itself, there is also a lot of attention on food

safety. Chicken meat must be safe for consumers.

Food safety can be divided into three aspects:

- chemical food safety (free of toxins, residues,
Fipronil, Nicarbazin)

= microbial food safety (free from Salmonella,
Campylobacter, Listeria, E-coli)

= physical food safety (free from bones, metal,
glass, etc.)

Chemical food safety

Residues are remnants of chemical substances (in

original form, or after conversion). There is a dif-

ference between the various types of residues that
can occur in chicken meat:

« Medications — medicines that can affect
human health.

e Toxins — harmful toxins. Examples include pes-
ticides, fungal toxins in the feed (aflatoxins),
heavy metals, poisonous gases (ammonia,
carbon monoxide), cleaning and disinfecting
agents (e.g. formalin). The responsibility to
prevent the presence of these substances in
meat lies mainly with the poultry farming sec-
tor.

- Contaminants — substances that can get into
or among foodstuffs (contamination) uninten-
tionally. They might be substances that remain
in the soil or groundwater for years. Examples
of those include nitrates, nitrites, PCBs, lin-
dane and DDT. Farmers are not usually liable
for contaminants.

Microbial food safety

In addition to sampling in the slaughterhouse,
many countries have programmes and legislation
to reduce microbial contamination. In addition
to that, proper meat storage is essential for res-
tricting growth of harmful bacteria after slaughter.

Physical food safety

In slaughterhouses, in particular, there are many
checks to ensure that no foreign objects are inclu-
ded in the meat. There are, for example, metal
detectors and x-rays to detect pieces of bone and
any foreign materials at various locations in a
slaughterhouse.

2. Poultry meat

Chemical

Microbial
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Importance of HACCP

The industry is working hard on meat quality and consumer con-

dence. In many countries the broiler sector is strictly regulated
through all the links in the production chain to guarantee quality. This
is safeguarded through quality systems and risks are identi ed using
HACCP (Hazard Analysis Critical Control Points).

Observe withdrawal periods properly

The maximum permissible concentration of each substance in the
meat and edible organs is known as the MRL (maximum residue limit).
There are set waiting periods for medicines. A withdrawal period is the
amount of time between the last administration of the product and the
moment that the residual value can be expected to have fallen below
the MRL. Monthly testing for presence of residues in meat is carried
out by the regulatory authorities. Positives are very rare.
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The basis for achieving good meat quality lies with the poultry farmer. The slaughterhouse does

everything to preserve this quality, but cannot improve the basic quality of the supplied birds. Today’s

broilers grow almost three times faster than those of the nineteen-fifties. The weights of the heart and

organs have not developed proportionately, which makes a modern broiler’s body very vulnerable. It is

only possible to produce quality meat with optimal management.

A typical broiler disorder from the past

Some of the previously common disorders in broilers have been
bred out of today s varieties. TD (tibial dyschondroplasia) is a good
example. This condition occurred in broilers from 3 to 5 weeks and
caused stiffness, dif culty walking, thickened and painful knee joints,
high feed conversion and increased mortalities. However, TD seems
to be arising more often during the last few years.

34

The quality of chicken meat is strongly influenced
by the broiler breeders. That is through genet-

ics but there are many more influencing factors.
For example, a chick gets maternal immunity

in the egg yolk, so that it is already protected
against diseases at a young age. The future broiler
receives the right nutrients from the yolk and the
albumen.
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Fast-growing varieties

The most commonly used varieties globally are
fast growers. These are bred for high proportion of
breast meat, good appetite and efficient feed con-
version, as well as a high growth rate. Living con-
ditions must be optimal to express their genetic
potential.

Slow-growing varieties

A slow-growing variety is more robust — It grows
slower and is kept longer (often up to 56 days or
longer). This allows the body and organs to han-
dle the growth better. Here are some examples of
robust varieties:

3. The broiler farm

de Bresse (France) is an age-old protectd
preed in France — Minimum slaughter age 85 dal
Their blue legs are very characteristic.

oo Ross 308.
Slaughter age 35-50 days. Slaughter age 35-50 days.
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The Hubbard strains 4
for slower growth, freq
organic farming syste

Cockerels from laying breeds

Naturally, laying breed cockerels do not lay eggs. Because the killing of
male day-old chicks is not acceptable for many people, there are initia-
tives to rear them for slaughter at a weight of 1.7 kg. These cockerels
reach that weight at an age of 15 to 17 weeks. The body proportions of
these animals are completely different, and that requires many modi ca-
tions in the slaughterhouse. Rearing laying hens requires a relatively large
amount of feed (inef cient feed conversion) and is therefore unfavourable
for the environment in terms of the water usage and CO, footprint.
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Poor chicks (hatching temperature too low)
often a lot of yolk residue

open navels
weaker
wet

insu cient moisture loss
indirect leg abnormalities e.g. splayed legs

these chicks need
more time

Hatching requires expertise

Hatchery conditions reflect immediately in chick

quality. Where previously the goal was often to
attain a high hatchability, chick quality is now

increasingly the focus. This has direct importance

for meat quality. A lower hatchability will not

directly affect meat quality but weak day-old chicks
will. An evenly developed, healthy chick is essential

for a good start and to ensure the birds’ growth
progresses well.

poor chicks, due
to low hatching
temperature

97 99.5 100

Preferably, eggs should not be older than one week
for good hatching results. The older the hatching
eggs, the lower the chick quality. Air circulation in
the incubator is highly important for evenly dis-
tributing heat and oxygen and for discharging CO,.
The incubation climate is not easy to manage. For
example, there are differences in egg sizes (large
and small are mixed). The greater the size differ-
ence, the higher the risk that part of the eggs will
be too hot or too cold for hatching.

Poor chicks (hatching temperature too high)
often a lot of yolk residue
dehydration
open navels

red hocks (damaged)

red beaks

leg abnormalities (due to damage)

more ascites

possibly more myopathies

(wooden breast/white striping)

poor chicks, due to
high hatching
temperature

100.5 105

Incubation temperature ( Fahrenheit)

The influence of incubation temperature on chick quality

Incubation
temperature
Too hot

Too cold

Too dry (low RH)

Too humid (high RH)

Signal

The chicks hearts are up to 40% smaller. This is
a cause of ascites (waterbelly). There is also high
embryo mortality, as well as deformities (crooked
toes, short legs, and leg position defects), sticky
down and smaller chicks.

The chicks hatch later. Many embryos will die off
and there are many malformations because their
organs develop irregularly. Numerous chicks can
have navel inflammation

The chicks are weaker, smaller and paler, with a

high mortality rate in the first days of life

Poor hatching with weakened embryos that have
a sticky mass around their beaks. The chicks wil

be small with swollen, stretched bellies and poorly
closed navels

Letting clutches from different
days hatch at the same time

Long storage time is detrimental to hatching
results and chick quality. Temporarily heating
hatching eggs during the storage period reduces
the adverse effect of a longer storage time. This
imitates the chicken s natural behaviour. The
chicken lays an egg every day in the nest, occa-
sionally sitting on the eggs (warming) and other
times she stays off them (cooling). Eventually all
the eggs hatch at the same time.
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Hatching egg, hatching process and
the first 10 days

The chicks do not all hatch at the same time.
There can be as much as thirty to fifty hours’ dif-
ference in outcome, so there is variation from the
start. Then the chicks have to undergo a whole
series of operations after hatching, e.g. being
counted, vaccinated and transported. The incuba-
tion and hatching period and the first ten days

of life are most important for proper body and
immune system development. Remember that
the hatching period and the first week after hatch-
ing combined are half of a broiler’s total lifespan!
A well-developed chick will be more robust and
resilient later in life. It is more likely to recover
from infections and will grow faster. Ultimately,
that is beneficial for the meat quality.

Chicks that have feed, water and light immediately in the hatchery
have better feed conversion and a lower mortality rate. Uniformity is
often better and that is important for the eventual meat quality. On
top, a system where chicks hatch in the poultry house and, below,
one where newly hatched chicks get feed immediately.

Abnormalities that indicate hatching problems

dehydrated chicks chicks with open navels

=

swollen beliies with hard yolk residues small, pale, underdeveloped chicks weak chicks

3. The broiler farm
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Litter and meat quality

Most broilers are kept in floor systems with litter.
Litter can become damp and cause litter spots,
hock burn and footpad dermatitis. Poor litter
quality means penetration of ammonia, acid and
moisture combined with heat. Prevent the broilers
from getting digestive disorders as wet droppings
increase the risk of poor litter quality. Too little lit-
ter means a hard surface which may lead to breast
blisters. Peat is the best litter material in this
context.

Straw as litter

Straw absorbs little moisture. So the litter stays
moist. Coccidiosis and bacterial infections can
develop more quickly under these wet condi-
tions. Fermentation in the litter can also lead

to litter spots, ammonia burn and footpad
dermatitis.

Good litter is loose (> 60 % dry-matter content) and will have less tendency to cause footpad softening and irritation. Poor litter has less
than 40 % dry matter. Wet litter becomes mushy. Adding fresh straw has no real use here, a covering of long-stemmed straw will only
make a kind of carpet on the mushy litter at best. Clear away spots with wet caked droppings and apply new litter to those areas.

Comparison between types of litter
PR e T L LN A

- 2 A
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Sawdust

Wheat straw

Wood shavings

Chopped flax

Sunflower husks

Peat moss

Moisture absorption
capacity:

+++

Moisture absorption
capacity:

++

Moisture absorption
capacity:

++

Moisture absorption
capacity:

4

Moisture absorption
capacity:

Moisture absorption
capacity:

+++

Broiler Meat Signals



Occurrence of footpad dermatitis
Footpad disorders are a clear signal of poor litter
quality. If you are seeing humerous cases of foot-
pad dermatitis, pay extra attention to the litter
quality (i.e. management and choice of raw ma-
terials) during the following rounds.

This broiler is filthy. Check the litter quality and if the qual-
. . . ity leaves something to be desired, look into the cause!
Factors influencing footpad dermatitis

litter management

season

inspection

preparation of the house

[

climate control

drinking water (quality,
leaking)

There are many factors that play a role in footpad dermatitis prevention.

3. The broiler farm 39



Assessing footpads
Footpad dermatitis A camera can be used as a tool for scoring foot-
pads for tissue damage and haematomas in the
slaughterhouse. But the inspection is most often
(# broilers score 1 x 0.5) + (# broilers score 2 x 2) done by skilled employees. The final score may
Stalliacoredlbrolers e have consequences for the payment but that is far
from being the case in all slaughterhouses. This

score can also have consequences for the stocking

The score determines regulatory consequences for the poultry farmer:

Over a period of twelve months (calendar year) the average score is

determined and assessed with consequences as follows: density that the poultry farmer is allowed to main-
tain on his farm. The average scores of several
<80 < 40 oK flocks, often six or seven, over an entire calendar
80-120 40-80 Warning! year are taken into account.
> 120 >80 urgent preventive action or

stocking density reduction

Footpad dermatitis scorecard for broilers

Class 0 Class 1

Superficial lesions and discoloration Dark papillae and an infection

¥

AR

Small discoloration Dark papillae and no ulceration

/
<;‘ .

Almost healed lesions (scars) Substantial discoloration Abscess/bumble foot and swelling

Class 0 - No lesions - no lesions or very Class 1 - Mild lesions - Substantial discol-  Class 2 - Severe lesions — Ulcers or scabs
small and superficial ones, slight discolora-  oration of the footpad, superficial lesions, of significant size, signs of or actual bleeding,
tion on a limited area, mild hyperkeratosis, dark papillae. or severely swollen footpads. Damage

scars (possibly old). Damage restricted to the epidermis. of deeper skin layers.

Only the footpad should be evaluated. Only the footpad should be evaluated. Only the footpad should be evaluated.

Broiler Meat Signals
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Occurrence of hock burn

In cases of hock burn you see a black-brown
discoloration of the epidermis around the hock.
This condition occurs after prolonged contact

with moisture and ammonia in poor quality litter
(ammonia burn). Birds with leg problems will sit
on their hocks more often and get increased num-
bers of problems with hock burn. In addition to
the effect on animal welfare, this results in a slight
depreciation in the value of legs in the slaughter-
house. In Germany there is a monitoring system
for hock burn. In the Netherlands, monitoring is
only done on request from the poultry farmer. This
is possible both in the slaughterhouse and with
the live animals in the house.

You can recognize hock burn by a black-brown discol-

oration of the epidermis/scales on the back of the hock.

This usually means a reduction in the farmer’s payment
i Gt SC .

OOK-THINK-ACT

Why is this not a good signal?

If broilers sit on their hocks a lot, they have
excessive contact with the litter. If the litter qual-
ity is poor, they will develop hock burn.

Types of skin damage caused by poor litter

Breast blisters are vesicles of in ammatory exudate on the breast
surface, due to hard ooring, metal grids or lameness in heavy breast
birds.

.
.

Ammonia burns are caused by the action of ammonia in feather fol-
licles. They look like pustules.

Litter spots are the result of wet and sticky litter. Black scabs develop
in the epidermis.
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Occurrence of skin lesions

Nail scratches (scabby hips) are stripe-shaped
lesions of the epidermis and sometimes through-
out the skin, with open wounds. Eventually they
can also cause an epidermal inflammation (derma-
titis), or a subcutaneous inflammation (cellulitis).
The scratches are caused by other birds in the flock
climbing over each other. Sharp toenails, poor
plumage and thinner skin play an important role
here. Broilers with skin lesions usually have poor
mobility due to leg problems, such as inflamed
joints. Risk factors include an unhygienic house
that is too wet, excessive stocking density, too few
feed pans, excessively long dark periods and rush-
ing around in the house when checking or dispatch-
ing birds. Stress is the central factor. Skin lesions
always occur in the same place and are therefore
easily recognizable. Even if the nail scratch is
healed, the skin remains weak locally, which can
lead to a new tear during plucking.

Nail scratches occur less easily if the broilers have good
plumage. Broilers that are less mobile due to inflamed
footpads are more likely to suffer skin lesions from birds
that climb over them.

Sharp nails give the worst skin scratches. You will
find the most problems with sharp nails on dry litter.
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Spray vaccination is another cause of unrest and can
lead to broilers climbing over each other. You can see
clearly that the birds avoid the device.

2 £ o N

This broiler has skin scratches that have already formed a
scab. These are three to five days old, so the injury prob-
ably occurred during thinning (interim depletion of part of
the flock). This broiler’s carcass will be rejected.
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Wet litter forms clumps more easily around the nails
and acts as a protector on the sharp points.
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Skin inflammation and

subcutaneous inflammations
Inflammation of the epidermis (dermatitis) and
subcutaneous inflammations (cellulitis) can occur
in broilers. Cases of epidermal inflammation
involve inflamed, discoloured and swollen skin.
With subcutaneous inflammation, you see necrotic
(dead) tissue with bacterial infections. You can
recognize this by the white-yellow, caked pus layer.
We also call this cellulitis.

Causes of skin inflammations

Subcutaneous inflammations (cellulitis) are

often caused by small wounds around week 3,

which close again but can continue to proliferate

beneath the skin. Injuries that arise during the
third week in the house have various causes:

= Injuries occur more often with weak and deli-
cate young skin (it only becomes tougher later
in life).

= Sharp toenails cause wounds, especially with
dry litter.

= During vaccinations, animals panic and crawl
over each other.

= Broilers also crawl over each other after a
period without feed (when starting up a feed
restriction or withdrawal schedule ready for a
vaccination in drinking water).

= Broilers undergo a sharp increase in weight
gain at around three weeks of age. The chang-
ing house climate (more humid) favours path-
ogens that can cause skin inflammations.

« Ataround three weeks the birds appear bald
and minimally feathered, because they change
their down feathers to the final plumage. So
they are more injury sensitive.

« A fairly high house temperature will slow down
the plumage changing process. The birds
remain bald and unprotected for quite a long
time.

3. The broiler farm

Thermostable toxins

Some bacteria that play a role in skin in amma-
tion can also cause food poisoning in humans.
At the site of in ammation, the bacteria produce
toxins that are heat-resistant (thermostable), i.e.
that cannot be made harmless by heating. After
consumption, an immune response occurs very
quickly in people, producing nausea, vomiting
and diarrhoea. This is real food poisoning and
not a food-borne infection (as is the case with
Salmonella or Campylobacter).

Dermatitis — inflammation of the epidermis. You see a
swelling of the skin (dermis) combined with inflammation
and yellow discoloration.

Cellulitis — subcutaneous inflammation is a serious,
chronic tissue-decaying inflammation under the skin, on
the abdominal area in particular. Usually it is extensive
and combined with a bacterial infection. It is best to
reject the entire carcass including the internal organs.
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Assessing skin inflammations

Normal skin is intact, smooth and pale pink, with
normal thickness and elasticity. You can mini-
mize skin inflammations through ensuring good
hygiene, proper stocking density and good plum-
age. In North European countries, moisture and
heat in the house increase the risk of skin damage.
This is also dependent on the time of year.

Local, dark, blackish-brown discoloration on the
skin surface is mainly found on the breast skin
(litter spot) and on the hock joint (ammonia or
hock burn). These dark scabs are not removed dur-
ing scalding and plucking, because there is tissue
damage in the upper layer of the skin (epidermis).
Hock burn has less economic importance, because
the hock, lower leg and the feet are usually a
waste product. This depends on the cut made:
hock-off or hock-on. A hack burn score is often a Usually you find skin inflammations on the skin of a broiler's
criterion used for animal welfare assessment, in back and it may resemble eczema. Sometimes the lesion

relation to leg strength and stocking density. has a honeypomb texture. In cases of little tissue Qamage
(< 5 cm in diameter), it is timmed off. But the entire carcass

has to be rejected if there is significant skin inflammation.

o2
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Mild litter spots. Serious litter spots.

Mild hock burn. Serious hock burn
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Mesh floor systems

Husbandry systems with mesh floors are permit-
ted in some countries. The mesh can be metal or
plastic and the system sometimes comprises mul-
tiple levels. Mesh systems and battery cages are
banned in the EU. In the context of meat quality,
flexible plastic mesh floors are preferable to rigid

Cage housing is not allowed in the EU. In Russia, for
example, they are still used in a layout with four levels
above each other and a conveyor belt. If transport is well
organized, there are fewer broken legs due to loading.
However, in many cases legs/wings frequently get stuck,
which actually causes more fractures.

Differences between multi-tier and grid systems

Multi-tier system characteristics

* Lower construction, land and infrastructure costs per
bird through high