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Nutrition and nutrients

Nutrition and

nutrients

v

Fact

Essential nutrients
cannot be synthesised
by the bird and must be
supplied in the diet.

The science of nufition’'can be‘defined as
‘the process of providing apopulation of
animals with a diet thatdallows_for efféctive
function of the metabolic pathways
required for growth, maintenance, work,
immunity and reproduction’. Nutfition
encompasses the procurement, ingestion;
digestion and absorption of the chemical
elements that serve as food. In addition, it
includes the transport of these elements
to all regions within the animal organism

in the physical and chemical forms

most suitable for assimilation and use

by the cells. The primary concern of any
nutritionist is to ensure that the diets being
offered to an animal contain sufficient
quantities of each nutrient in order for it to
function, produce and reproduce normally.
Nutrition is a quantitative science, requiring
not only an accurate description of the
molecular details of digestion, metabolism
and excretion but also an accurate
estimation of their rates. Most importantly,
nutrition is an economic science in that
whatever is done in nutritional terms may
have a direct bearing on the profit and loss
of the poultry operation.

The monogastric digestive system
operates in the stomach and small
intestine, which is well adapted to dealing
with lipids, sugars, starches and proteins
(see Chapter 7). The highly efficient caecal
and large intestinal digestive system
operates through the help of a substantial
bacterial population, which will deal with
nutrients in plant tissues high in non-
starch polysaccharides. Birds can readily
discriminate the different nutritive values of
a wide variety of feedstuffs, which enables
self-choice feeding and the automatic
balancing of the daily diet.

The Oxford dictionary defines a nutrient
as ‘any substance, which provides for,
or contributes towards, nourishment'.
These substances are mostly of organic
origin (plants and animals) but may
also be minerals. Increasingly, nutrients
(vitamins and amino acids) are being

manufactured by chemical processes and
these synthetic nutrients are playing an
ever-increasing role in nutrition. Nutrients
are components of the diet that have
specific functions within the body and
contribute to tissue maintenance, growth
andghealth of the animal. Essential
nutrients are those components required
by the animal that cannot be synthesised
infsufficient quantities to meet the animal'’s
requirement. t is, therefore, essential

that they Be supplied’in the diet. Non-
essential nutrients ‘on the other hand can
be synthesised by the body in.sufficient
quantities . kine Along with'energy, all
animals have requirements for eachqof
the 6 classes of ndtrientgnamelyvater,
carbohydrate, fat (lipid), protein, vitamins
and minerals.

Increasingly, there is talk of what aretbeing
called nutricines. These are defined as
molecules that are not traditional nQtrients
yet have important biochemical functions!
Examples would be organic acids and
enzymes. In the past, we would have
called these non-nutritional additives.
Some authors refer to nutrients such as
essential fatty acids as nutricines, but this
is not strictly correct.

In its broadest sense, nutrition is
governed by the laws of physics, the
most important of which is the First

Law of Thermodynamics, which states
that matter and energy are always
conserved. They cannot be created or
lost. Stated differently, everything the
animal consumes is accounted for: it is
either undigested (lost via the faeces) or
it is absorbed and used by the body, with
byproducts being excreted in the urine,
faeces and through respiration or lost as
heat. It has already been mentioned
that all fauna share much of the same
DNA and, more importantly, the complex
biochemical pathways that constitute
metabolism. These are unlikely to change
through genetic selection, so the likelihood
that we will be able to change the way in

which chickens utilise nutrients and energy
at the cellular level probably does not exist.

Michael Pollan (2008) believes that we
have entered the age of ‘nutritionism’.
He defines it in the following way:
Nutritionism is not the same as nutrition.
As the -ism suggests, it is not a scientific
subject but an ideology. Ideologies are
ways of organising large swathes of life
and experiences under a set of shared
but unexamined assumptions. A reigning
ideology is a little like the weather — all
pervasive and virtually impossible to
escape.

A classic example of nutritionism was
the widespread belief that cholesterol in
eggs caused an increase in heart disease
= now something known to be untrue.
Anhother example would be the belief that
the prétein level of a diet or ingredient

is its most important attribute, or that its
fat content ig)its least desirable attribute.
Sadly, marketing departments often do
notiunderstand the difference between
Autritionnand ndtritiomism.

Nutritionfis.not complicated. In its
simplest terms the feed/we offer our birds
contains only & few,elemeénts. These are:

® \Water.
® Energy to fuel allife processes.

® Nutrients (protein, fat, vitamins and
mineral), which are the building
blocks of all tissue.

® Non-nutritive additives (medication,
enzymes and colourants).

Similarly, the bird’s needs are simple.
They eat their food for:

® Maintenance - staying alive, largely
determined by body size.

® Growth, which includes the skeleton,
lean tissue, fat tissue and feathers.
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Water

Fact

Transports nutrients &
metabolites as well as
regulating metabolic

and cellular function.

nutritional terms, water is the single

for almost all metabolic processtho

Drinking water

A borehole, well or the community water

upply usually serves as the water source.
ter from a borehole or well differs

ace to place and can be seen as
a ustomised product. It is often
advise @ ) analyse the water source

particularly, prior to building a
and after periods of heavy

nn
occ

most important nutrient that we feed to ual

animals yet, in most instances, it is taken facili

completely for granted and, therefore, is is'a good way to see if any

often neglected. Water usually receives C uaéion f#f ce runoff has
d.

attention only when mechanical problems
occur.

The role of water

Water constitutes the major component
of both cells and the extra-cellular
environment. It does, in fact, sustain life. It
has a number of roles:

® Transportation of nutrients (glucose,
amino acids, minerals, vitamins).

® Transportation of gas, in particular,
oxygen and carbon dioxide.

® Transportation of wastes towards
those organs (kidney and liver)
responsible for their elimination.

® Transportation of hormones, from the
gland in which they are produced to
target organs.

® Regulation of cellular homeostasis.
® Adjustment of body temperature.

® Maintenance of mineral
homeostasis.

@® Excretion of end products of
digestion (particularly urea), anti-
nutritional factors ingested with the
diet and drugs and drug residues.

Water sources

The animal obtains water from three
sources:

r
ba @1'{3 may
ore t properly
ce e water.
ste f otal
i ba evel,
acteria)le

also oc

protected
Well water sh
bacteria level, th
and for the faecal coli
(indication of faecal ¢

ion)ﬁ L]
levels indicated in Tables ,26a o
unlikely to be exceeded if wate, S {

from a main supply. Water from
may, however, have excessive nitra
levels and often high bacterial counts
to runoff from fertilised plants or sewage
treatment fields that are poorly designed,
improperly constructed or located too
close to the borehole.

Water in feeds

With very few exceptions — notably oil
and synthetic vitamins - all feeds contain
some water. When feed is sold as meal
the moisture content is about 12%,
whereas in the case of fruit and green
grass it may be as high as 75%. Although
water is a nutrient in its own right, the
amount of water contained in any feed
has no bearing on the quality of the
other nutrients. It serves only to dilute the
nutrients in the diet.

Metabolic water

Water is by far the largest single
constituent of the body and represents
about 70% of total body weight. Of
this body water, about 70% is inside
the cells of the body and 30% in the

fluid surrounding the cells and in the
blood. This balance is important since
dehydration of the animal will alter these
critical proportions. The water content of
the body is associated with its protein
content. As an animal ages, its body-fat
content increases (the protein content
decreases) and its body water content
as a percentage of body weight will
decrease.

Water losses

The animal loses body water via four
routes:

® In expired air during respiration.

From the skin surface through

perspiration and insensible water

loss. Remember, birds do not have
eat glands.

[ the faeces.

4%

(oW

Since drinki
libitum to po
theory, not occur.
reduced water inta
a concomitant reducti intake.
Drinking behaviour is clo associated
with feed intake, so any factors affecting
intake will indirectly influence water intake.
Water intake is influenced by the following
factors:

r i%d ad

hydration should, in
verse effects of
en a result of

Strain or genetic factors

There are differences in water
consumption between different strains
of bird. These discrepancies are

most probably due to differences in
metabolism, growth rates and body
weight.
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Energy

Fact
Energy is designated
as work or anything that

can be converted to
work.

Energyist
currency of n

This chapter will discuss t {
metabolism of the bird. Ener:

described as the ‘fuel of life’ an e
principle ‘currency’ of nutrition. The’
energy is a combination of two Gree
words: en, meaning ‘in’ and ergon
meaning ‘work’. In the physical sciences,
energy is designated as work or anything
that can be converted to work. In short,
energy is the capacity to do work. Work,
as commonly defined, is only one of
several uses of energy in the biological
sense. Unlike plants, animals cannot
derive energy from the sun and are thus
dependent on molecular energy. Therefore,
nutritionists deal with the conversion of
chemical energy stored in food molecules
into kinetic energy through chemical
reactions of metabolism, work and heat.

In animals, feeding energy is particularly
important because in diets containing
adequate amounts of all required nutrients,
the efficiency of food utilisation depends
on the energy content of the diet.

All energy in an animal’s body is derived
via the Krebs cycle or citric acid cycle.
The Krebs cycle is part of a metabolic
pathway involved in the chemical
conversion of carbohydrates, fats and
proteins into carbon dioxide and water
to generate a form of usable energy. It
is central to many paths of biosynthesis,
which suggests that it was one of the
earliest formed parts of the cellular
metabolic processes. The reactions of
the cycle take place in the mitochondria
of cells. The energy created is in the
form adenosine triphosphate (ATP),
which is a multifunctional nucleotide
used in cells as a coenzyme. It is often
called the ‘molecular unit of currency’ of
intracellular energy transfer — metabolic
processes that use ATP as an energy
source convert it back into its precursors.
Animals, such as birds and mammals,
are homoeothermic, which means that

they maintain a relatively constant deep

body temperature. Energy plays an

important role in the maintenance of body
mperature and production: it is also

ortant for growth and egg production.

nally, there are two categories

cost to the animal: those

ith maintenance and those

requirements

[ ] eta&

o Ade& rmok

® Dietary th n%eg
[ ]

Physical activitye {v
Production requireme

® Energy within products

® Thermogenesis associated ngs eir,

synthesis

This is perhaps an oversimplification of
events and probably does not correspond
to the true biological situation, particularly
concerning the growing animal, as there is
no one level of energy supply capable of
maintaining a constant body composition
(Labier et al., 1994).

Partitioning of energy

Apart from the radiant energy gained
from the sun, or from hot surfaces in the
environment, the energy requirements

of farm animals are met entirely by the
chemical energy contained in their

food. Energy is the most important feed
constituent and makes up the largest
proportion of total feed costs. Due to the
importance of the dietary energy content
all nutrient concentrations are related to
the energy content of the feed. The fate of
the gross energy (GE), which is the total
amount of energy contained in the food,
is illustrated in Figure 3.1. GE is simply the
amount of heat produced when the food

ichis
diet. A
o

is burned completely to produce water,
carbon dioxide and nitrogen, whereas
digestible energy (DE) is the amount of
GE minus the energy in the faeces. The
indigestible energy contained in the faeces
may range from very little to about 30%,
but is typically about 15%. Losses from
the intestine also include those of urinary
origin, which range from 5% to 15%.
These losses are particularly important
when considering the metabolites of
protein. The collective intestinal losses

are deducted from the GE, giving what is
known as apparent metabolisable energy
(AME). Some of the energy contained

in the faeces and urine is endogenous
(from within the bird) and this needs to be
accounted for: this adjustment gives rise to
true metabolisable energy (TME).

aII of the metabolised energy is
o the animal. The absorption

from the gut is followed by an

at production by the animal,
to as the heat increment
ucting the latter,

t energy (NE)

repres
animal actu Iy o perform
work. The hea ment(also known as

the specific dy ct) is associated
with the digestion a rption of the
food. Heat may be use maintain
body temperature in co onments,
but animals generally have difficulty

in dissipating heat and preventing an
increase in body temperature. The heat
increment of a diet as a percentage of the
metabolisable energy depends largely on
the composition of the diet: the ingestion
of excess protein causes a heat increment
equivalent to 30% of the metabolisable
energy of the protein; carbohydrate
produces 10-15%; and fats may produce
only a 0-5%.
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Protein

Amino acids

Fact

Protein contains 16.5%
nitrogen. The crude
protein content of
feed is calculated as
nitrogen % x 6.25.

Chapter 3 discussedienergy and energy
metabolism at someflength. Although
energy makes up the lafgest proportion
of any diet, protein is by far the/second
largest component of the feed. Protein

is of special significance to most
nutritionists both because of its high cost
and the fact that meat and egg produgtion
revolves around the conversion of feed
protein to animal protein. In addition, most
tissues of the body are made up almost
entirely of protein; structural protein is also
found in bone, muscle and skin. Proteins
also play a regulatory role in the body as
most enzymes are proteins. In poultry,
one-fifth to one-quarter of the fat-free
body of birds is protein, of which as much
as 20-30% may be found in the feathers.

Although all proteins are made up of
amino acids, the combinations and
sequential arrangements of the amino
acids, which are found in the multitude
of proteins that exist in nature, differ
considerably. These differences have
specific influences on the property of
each individual protein. The job of a
nutritionist is to ensure the provision of
an adequate level of available nitrogen
and essential amino acids necessary for
optimum protein anabolism (synthesis)

in the individual, at each stage of
production. This involves determining

the exact combinations of the various
proteins to be obtained from the available
raw materials and then meeting the bird's
requirement from those components.

Quantitatively, the requirement for amino
acids is driven by the sum of three
process: (i) the rate at which amino acids
are needed for functional purposes, such
as protein accretion, or as precursors

for other metabolites; (i) the rate of
endogenous losses of protein and amino
acids, which occur mostly from the
digestive tract; and (iii) the rate at which
amino acids are lost to oxidation or other
metabolic pathways. To be able to apply
knowledge of protein nutrition correctly

the properties of proteins, protein structure
and the assimilation of proteins by animals
must be fully understood.

Amino acid metabolism

As discussed in Chapter 1, protein is
usually’expressed as crude protein (CP)
and it isideterimined by multiplying the
pefeentagé of nitrogen in the feed by a
factorof 6.25.t, therefore, includes not
only trug proteinddt also nitrogen present
as NRN:. True,proteins, in which we are
interested, are ‘composediof amino acids,
which are compounds containing carbon,
hydrogen and nitroden; some alsd contain
sulphur and/or phe§photus. THeredare only
22 known amino acids‘andithey have been
described as the lettersiof themalphabet
that nature uses to construet words and
sentences. All proteins, whetherfeathers,
muscle or enzymes, are built upfrom a
complex combination of these aming-acids
and so avian nutrition is concerned only
with the amino acid composition of the diet
and not with its CP content per se.

Free amino acids and small peptides,
either circulating or within tissues,
constitute the amino acid pools within the
animal. Concentrations within pools are
based on the balance between losses and
gains. The amino acids have two origins,
either dietary or metabolic and they are
used predominantly for the synthesis of
proteins. They also act to maintain the
osmolarity of body fluids, buffer pH, and
serve as neurotransmitters, antioxidants
and shuttles in intermediary metabolism.
In addition, they can be metabolised

in to a wide range of metabolically
important molecules. Proteins of dietary
or endogenous origin (enzymes,

proteins within desquamated epithelial
cells and those of bacterial origin) are
hydrolysed prior to absorption). Within
the animal, tissue proteins are being
renewed constantly with the liberation

of endogenous amino acids. Moreover,
there are a number of metabolic reactions

during which metabolites are converted
into nonessential amino acids. The
metabolic utilisation of amino acids is
equally diverse. Whereas protein synthesis
allows the manufacture of new proteins,
degradation leads on the one hand to
nitrogen excretion and on the other to the
production of carbon skeleton molecules
(for glycogenesis and lipogenesis), carbon
dioxide and the release of energy (Figure
4.1).

Classification of amino acids

It is customary to classify amino acids as
essential and non-essential. Although

all amino acids are normally found in
biological tissues and are biologically
essential, this classification pertains to
their dietary necessity. Essential amino
acids are those that cannot be synthesised
by thesanimals themselves and must,
theréforey be supplied in the diet. Those
that'éan be synthesised by the animal are
termed noh-essential amino acids. Of
these, a few cannet be synthesised at a
rate fast enotigh for maximum growth and
should, therefore, pe included in the diet
as well. The essential'amiino acids can
be classified'into one‘of/three categories,
dependent@ipehthe animal’s ability to
achieve limited.synthesis or not:

® Lysine and threehineshave no
intermediary prectrsorspand so
100% must be suppliéd in the diet.

® |eucine, isoleucine and valine can
be synthesised from precursor
intermediary metabolites. However,
the production is very limited
and may only supply 2-5% of
requirement.

® Arginine and histidine can also be
synthesised from intermediates, and
under normal circumstances this will
yield 5-8% of requirement.

The major non-essential amino acid
found in animal tissue and in feedstuffs
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Vitamins

Vitamins

Fact

Fat soluble vitamins can
be stored by the animal
in fat depots.

From Chapter 1y,
vitamins were classi orga
compounds. Broadly s a wt(
may be defined as an es

factor that is required by an

in small amounts and whose a ce

results in deficiency disease. Theﬁ
usually synthesised by the body cell

are necessary for maintenance, growth Qe ex

and reproduction. While experimental
diets deficient in each of the known
vitamins have been fed to chickens and
the deficiency signs studied, many of
them can be looked upon as scientific
curiosities as far as diets compounded
from natural materials are concerned.
Only those vitamins whose requirements
are so great and the sources of supply so
low that deficiency symptoms are likely
to be seen in practice will be dealt with
here.

There are 13 vitamins usually listed as
being necessary for the animal; they occur
in feedstuffs in varying quantities and in
different combinations. Some vitamins
are produced by micro-organisms of the
intestinal tract, one by irradiation at the
area of the animal’s skin, while others are
manufactured synthetically. As vitamins
are definite chemical compounds,
commercially produced vitamins are

as valuable as those found in natural
feedstuffs. There are two groups of
vitamins: fat-soluble and water-soluble;
all of them require some body fat for their
metabolism. They are often present in
plants as pro-vitamins, which are quickly
converted to the true vitamins in the body
of the animal. They are easily stored in
fat cells and any excesses are excreted
through the faeces. The fat-soluble
vitamins include the following:

Vitamin A Vitamin E
(Retinol)
Vitamin D Vitamin K

The water-soluble vitamins are mainly
needed for normal energy metabolism,
although we are becoming increasingly
are that they also play a role in protein
tabolism. Animals require all the
oluble vitamins in their diet except
When a feed contains excess
evelsQwa’[er—soluble vitamins they
the urine. Apart from
e not able to store any

uble vitamins. When a feed
# the water-soluble
re e ﬂ’k{he urine.
i isi hat birds
receive th vel e vitamins
on a daily basi e Qonce

lar
a week will onIy th
precisely for this rea t hu
advised to take a vita

The important vitamins in \g

group are:

Vitamin C
(Ascorbic acid)

Pyridoxine

Thiamine (B,) Riboflavin (B,)
Biotin Pantothenic Acid
Folic Acid Niacin

Vitamin B, Choline

The significance of the difference
between the classes of vitamins is very
clearly illustrated by work published

by Leeson et al. (2003) (Table 11.12).
Single vitamins were removed from

the diet of breeding hens and were

then reintroduced 15 weeks later. It is
important to note, first, just how dramatic
an effect the deletion of a single vitamin
can be, particularly the water-soluble
vitamins. Secondly, it is of interest that
fertility returned to normal after 4 weeks,
implying that no permanent damage was
done.

Fat-soluble vitamins
Vitamin A

True vitamin A exists only in the animal
kingdom. Its precursor, carotene, is
found in the vegetable kingdom, largely
in green leafy plants, lucerne meal and
yellow maize. Carotene is converted
via pro-vitamin A into vitamin A, which
can be stored in the body, mainly in

the liver. Young birds are less efficient
at this, therefore, they have a higher
dietary requirement. Vitamin A activity
is expressed as IU (international units),
and the recommended level in the diet
ranges from 6,000 IU/kg for mature birds

e If a feed is deficient in vitamin

ms will begin to appear at about
e: growth rate is reduced,

- weak and emaciated

to 15,000 IU/kg for young chicks. Vitamin

A is required for the normal development

nd repair of epithelial tissue and,as a
o It it is one of the first lines of defence

ruffled
e CO
eyl ome infl: 4@
and a n&
condition is known as

adult birds,
eyes and nost
cases, the sympto
to develop, and ner
are common. Adult bir
reduced egg production and hatchability.
On post-mortem examination, pustules

in the mouth, pharynx and oesophagus
are seen and urate crystals are present in
the kidneys and urethras. The latter more
S0 in young growing birds. These urate
crystals are often found on the serosal
surfaces of the heart, liver and spleen,

as well as in the folds of the Bursa of
Fabricius.

The nervous symptoms observed are as a
result of the degenerative changes in the
central and peripheral nervous system,
whereas the other symptoms are as a
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Minerals

Minerals

Fact

The ash content of
the diet gives little
or no indication of
the essential mineral
content of the diet.

Minerals, which ¢
of feed, are the inor
of the diet. Out of the 1

theQ tent
mpo {

elements, 26 are conside entla

for animals (Vieira, 2008). T

up only a relatively small part o
diet of any animal but are neverthéle

vital and must always be taken into
consideration. Minerals form an integral
and essential part of all body tissues, but
their distribution throughout the body is
not uniform; the skeleton contains most
of the calcium (Ca) and phosphorus (P),
potassium (K) is found mainly in muscle,
iron (Fe) in the blood and silicone (Si) in
feathers. It is possible to generalise their
primary function as catalysts of enzymatic
cell systems with a broad range of
functions. In these systems minerals are
frequently associated with proteins in a
fixed proportion as metalloenzymes in
which interactions between minerals and
protein improve catalytic activities but
also reduce protein turnover.

Mineral sources

Minerals are supplied either as
supplements or in the ingredients used

in the diet; so metals reach the animal
either as inorganic salts or organometallic
compounds, some of which occur as
soluble chelates. The concentrations of

some of the microminerals in the usual
feed ingredients are shown in Table
6.1. The availability of minerals varies

nsiderably in feed ingredients, but are
erally below 30%. This is primarily

@'the formation or presence of
ble complexes in both plant
in the GIT of the bird.
ccurs as soluble salts or
unds and its digestibility

re, higher. st of the
micro Is s% in the diet occur in
the s pI Th kal availability
al e

classes of
bioavailability is u i i
general rule, the car|
available, followed by the g

available but, unfortunately, the
the cheapest form.

njic co

Mineral absorption

Absorption of microminerals occurs
mainly in the proximal small intestine,
although uptake from the stomach
has been reported in some cases.
The mechanism of uptake differs for
the different microminerals. Mucosal
uptake of copper (Cu) and zinc (Zn)
is mediated by metallothionine and

Table 6.1 Mineral concentrations in some feed ingredients (after Batal et al., 2011)

Ca \E]
oL Lt L L L L

Maize

Wheat 0.5 4.1

Soyabean meal &1 6.7
Sunflower meal 3 12.5
Wheat bran 14 11.7
Fish meal 40 285

0.6 10.6 50
04 15.3 171
2 15 50
0.6 10.3 170
8.8 9 226

cystine-rich intestinal protein. Chromium
(Cr) and selenium (Se) show saturation
characteristics, which indicate facilitated
diffusion. Any study of mineral nutrition
and metabolism is complicated by

the manner in which the functions of
the various elements and other feed
components interact with one another.
From Figure 6.1 it can be seen just

how complex these interactions are. In
the case of Zn and Cu and to a lesser
extent Fe, availability is reduced by high
concentrations of macrominerals such
as Ca and P, as well as by the presence
of materials such as phytate and tannins
caused by the formation of insoluble
complexes. Protein, amino acids and

ethylenediaminetetraacetic acid (EDTA)
eften form more soluble complexes, thus

itating the uptake of the mineral. Other
interaction may take place at
al level. Cadmium and copper
imilation due to competition
allothionine. Vitamin C
ave a negative effect
increases the uptake
e intake of

in a linear

micro doesn

increase |n3b& ab

0.08
40 0.2 34
41 0.1 48.5
34 0.15 50-80
100 0.8 95
9 27 100
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Balance

Balance

In preceding chapters we have'discussed
the nutrients that make upithe diet.and
their importance to the animal itself.
Although mention has been'made of the
fact that a finite quantity of protéin or
energy is required for normal growth and
or production, little mention has béen
made as to proportions of each nutrient
that are required in the feed. In this
chapter the concept of balance will be
discussed.

The concept of balance

A balanced diet is one in which all of the
required nutrients, together with sufficient
energy, are supplied to the animal on a
daily basis. Obviously, no deficiencies
may exist, but it is equally important to
ensure that excessive levels of any nutrient
have not been included. The objective

of feeding a balanced diet is to allow the
animal to achieve maximum productivity.
This would include such factors as
growth, liveability and reproduction. In the
generalised diagram (Figure 7.1) it can be
seen that the animal reacts to a range of
different nutrient levels. The diets fed to
animals will differ with species, age and
season but there are certain conditions

Alive and Well

Breeding

DIE

4
Feed/Nutrient Intake

that must be met if the final diet is to be
balanced.

Ratio of digestible to indigestible
organic matter

The digestive systems of poultry are

not adapted for the utilisation of large
quantities'of fibrous foods and, as a
general rule, diets should contain a large
propartion of low fibre, readily digestible
ingredients. Birds<are tolerant of a fairly
high lével ofiindigestible matter in their
diet: ducks'and, especially geese, have
an improved ability to digestifibre and,
from the age of 6 wéeks, gegse.can

be expected to obtain‘all of their food
from good quality grazingaOstriches

are unigue in that theyiare able to utilise
fibre in much the same way as ungulates
do. For all species, a certain‘amount of
indigestible organic matter is necessary
to maintain the tone of the gut. Young
animals require about 13% indigestible
material while adult animals require up
to 15%. Below these levels, the faeces
become watery and scouring may occur.
High levels (above 15%) are known to
result in a decreased growth rate in young
birds.

FAT

Figure 7.1 The productivity gradient experienced by all animals

Fact

Animals respond to
increasing intake of
a balanced dietin a
typical manner.

Ratio of protein to energy

Protein (and amino acids) is only utilised
efficiently when the ratio of protein to
energy is correct. This ratio varies with
species, age and the animal’s productive
state. The protein to energy ratio is
usually assessed in terms of amino acid
(lysine) to metabolisable energy. The
determination of the correct protein to
energy ratio is probably the most crucial
exercise in the feeding of any animal. To
summarise what was covered in Chapter
3, the factors that may influence an
animal’s requirements for energy, are as
follows:

® size

® temperature and feather insulation
® growth rate

@ “_reproductive state

® feeding

Thedactors that affeet,the protein
requirement are similarbut, as protein

is not required to maintain’body
temperature or to perform*work, total
protein requirement is less variable.
Unlike vitamins;iandefieiency of protein or
energy does not usually result in clinical
symptoms. A complete description of the
effects of protein and enérgy deprivation
has been entered into already. However,
it is essential that protein and energy be
examined together and not singly.

In an instance where energy intake is
insufficient to meet the animal’s needs, a
number of physiological steps are taken
to overcome the problem. The first step
is to increase feed consumption in order
to consume more energy. Failing this,
the animal will catabolise — break down
to energy and uric acid — any additional
protein and utilise it as an energy source.
This is not a particularly efficient process
as it is an expensive energy source both
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Anatomy, digestion
and absorption

Fact
The chicken does not
have any teeth & does

not chew it’s food - rather
it coats it with mucus &
swallows it whole.

Itis clear from pr
foods are made up
organic constituents,
large insoluble molecules

€
stoe

base of the papillae. In the angle of the
mouth where the dorsal and ventral palate
meets, the salivary glands open into an

ef
mu ea known as the lateral cheeks. The
degraded to simple molecul und gue is on the floor of the oral cavity
before they can cross the intesti he base of the tongue are the sub-

mucosa and enter the general circtl

for delivery to specific sites within th
body. The process of degradation is
termed digestion and the passage
across the intestinal mucosa absorption.
A diet with an ideal nutrient profile is of
little nutritional benefit if it cannot be
broken down and assimilated following
consumption.

Digestion involves a combination of
mechanical, chemical and microbial
activities, which contribute to the
sequential degradation of food
components. Mastication and alimentary
muscular contractions diminish the size
of ingested food particles mechanically.
Enzyme-rich digestive juices secreted
into the digesta in the stomach and small
intestine instigates chemical degradation.
Bacteria in the terminal section of the
alimentary canal also produce enzymes
capable of chemical digestion. This
chapter takes a systematic approach

to digestion, tracing the route of food
ingested by the mouth, travelling through
the oesophagus to the stomach, the small
and large intestine and finally, excretion of
the undigested residue. First, there is a
short section on anatomy.

Anatomy of digestive tract
Mouth

The term gastrointestinal tract (GIT) is
used to describe the digestive tract: more
commonly known as the gut (Figure 8.1).
The oral cavity or mouth of a chicken
consists of a beak with a palate and a
choanal slit on the dorsal palate: there
are no lips or teeth. Included on the
dorsal palate are ridges and papillae.

The maxillary and palatine glands open
into the area of the dorsal palate at the

r glands, which open into the

oral c@here the tongue is attached
art of the oral cavity. The

area al cavity is known as

nx.

The roof@ ryn!c more
salivary glan ctu y.Structure
of the tongue i fii? he bl e
pharynx. Included'in t a, at'the base,
are structures, which imi

taste buds. A feature of of the
mouth and the pharynx is iSvirtua

continuously supplied by saliv
which are extremely well develo

Q.

nds,

secrete mainly mucus, however, a *
amount of amylase is also secreted. T 0

ache

hi

%

mucus is made up of muco-proteins
and a muco-polysaccharide, which may
be non-sulphated or sulphated. The
mechanism of swallowing by a bird is
that the beak seizes the feed, the tongue
vigorously moves the food to the roof

of the oral cavity and mixes it with the
mucus, forming a sticky bolus. The tongue
is aided by the papillae or the projections
found in the palate and the bolus is
moved caudally where it accumulates until
peristalsis moves it down the oesophagus.

Oesophagus

The next part of the digestive tract is
known as the oesophagus, which is made
up of a cranial or cervical part. This is
followed by a diverticulum or swelling

in the oesophagus, commonly called

the crop, and then the caudal part or
thoracic area of the oesophagus, which
ends at the junction to the proventriculus.
The lining of the oesophagus contains
numerous mucosal glands. Another
feature is tonsillar or lymphoid tissue at

the junction of the oesophagus to the
proventriculus.

Proventriculus

This is known as the glandular stomach
and it joins to the muscular stomach

via a narrowing known as the isthmus.
The lining of the proventriculus contains
papillae and multi-lobular glands,

which secrete both acid in the form of
hydrochloric acid and proteolytic enzymes
in the form of pepsin.

Gizzard

The gizzard or muscular stomach, which

occurs after the isthmus, is covered

internally by a tough membrane, the
tructure of which is such that it a

rix of glandular secretions forms
arbohydrate protein matrix. The

e is folded longitudinally. Near
th al area of the muscular stomach
(that is th at which the duodenum is

villiand mucus glands.
bles the mammalian
ternal layer of this

up of smooth

mu eAnac
muscl

Small inte&o
The small intestins s of a cranial
duodenal loop and the dal portion,
known as the jejunum, d by the
ileum. The duodenum itself consists

of a descending and an ascending

loop, encompassing the pancreas, with
pancreatic and bile ducts opening into
the ascending loop. The duodenum is
lined by long villi. The jejunum is the
coiled part of the small intestine. Meckel's
diverticulum, which is the remnant of

the yolk sack, is halfway down its length.
The mucus membrane is very similar

to that of the duodenum, however, villi

are shorter and the wall contains large
amounts of lymphoid tissue. A peculiarity

of the jejunum is a sphincter found at the
jejunal-rectal junction.
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Fact

Physiological goals
need to be achieved
when feeding laying
hens.

‘ideal specifications’ would be both short-
sighted and misleading: the information in

the Rhode Island Red (br is chapter should be used as a guideline
combination of these two ge ive

us ‘tinted’ birds. Consumer pref
L

dictates egg-shell colour. White eg@s
predominate in the USA whereas bro
rs. Nutritionists are, therefore,
oblig w th pean guidelines
in this're Itho d@eding of
laying st a e_split into two
components; the ﬂn tock
atu J

eggs are more popular in Europe and
Africa. Leghorns tend to be lighter than

(rearing) phase‘an
producing) phase,

brown layers and produce slightly smaller
eggs. A comparison between the two
is ntial that the
feeding and rearing o ens
considered as a continuu

strains is shown in Table 9.1. Needless

to say, brown birds are preferred in
countries where there is a significant
market for spent (cull) hens. In addition

to differences in genotype, there are
considerable differences brought about by
housing and management, which has an
impact on the ways in which these birds

Table 9.1 Genetic traits of brown (Hy-Line Brown) and white (Hy-Line W 9 r
(Hy-Line, 2011)

Brown layers

Live weight at 17 week (g) 1230* 1400 J
Live weight at 70 weeks (g) 1670 1970

Eggs per hen housed (60 weeks) 250 255

Egg weight 70 weeks (g) 65.6 64.1

Feed intake 0-17 weeks (kg) 5.05* 5.62

Feed intake 18-80 weeks (g) 98 107.0
Mortality (%) 3 3%

Note: *The figures for the W 98 are given to 16 weeks of age.

There are a number of important nutritional
goals in feeding the laying hen:

e Organ development must be
achieved by 5-6 weeks of age.

e Frame size must be achieved by
12-4 weeks of age. Most (90%) of
the frame is developed at this stage
and so the ‘size’ of the pullet is then
fixed. It almost impossible to modify
body weight without a change in
frame size.

e The bird must reach sexual maturity
at the correct weight and body
composition. It is well-established
that body weight is important for
normal, early production but there is
still insufficient evidence regarding

optimum body and composition.
It is probable that birds that have
{ some energy reserve (fat) as they

roach peak egg production are

prone to subsequent problems.
Flom)rmity is important and this
is achie managing the birds in
uita constant environment.

° ust

Q ositive energy

b at pea tion. The

establ;?m t of rgy reserve

occeur he rearing phase and

has a sig effect on the bird’s
body compot point of lay.

e We must strive t

state’ throughout th
period.

in a ‘steady
g production

e In some countries the attainment of
an optimum 60-week weight is also
be important is it has an impact on
the value of the spent hen.

In order to ensure that we achieve these
goals, it is important to measure the
process. This is not always possible, as
many of the traits we need to measure
would involve sacrificing the bird.
However, we can measure body weight
(and uniformity) as well as egg quality
and production levels.
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had

Fact

Broilers can consume
about 10% of their
bodyweight in dry
matter on a daily basis.

The broiler industry has been
characterised by steady growth and it is
anticipated that this willlcontinue . Figure
10.1 clearly shows how thé production of
broilers has increased. Most ¢f the major
companies are ‘integrated’ to same extent
although the structure may differ between
companies.

The secret of successful broiler nutrition is
to adopt the correct feeding strategy, which
means feeding the correct feed on each
day of the production cycle to optimise
the use of available feed ingredients and
to maximise profits. In order to compete,
feed ingredient prices and other costs
should be equitable when compared to
the world’s two most efficient producers,
namely Brazil and the USA. In this chapter
the underlying principles of broiler nutrition
and the strategies that can be adopted to
maximise profits will be discussed. First, it
is interesting to take a look at the broiler's
body composition (Figure 10.2) and
conversion of nutrients (Table 10.1).

Factors influencing broiler nutrition

Broiler nutrition is complicated by a
number of interrelated factors that need
to be considered before any detailed
discussion about nutrition.

Feeding behaviour

As discussed in Chapter 1, feed
palatability may be of little consequence
to chickens and much of their feeding
behaviour is dictated by particle selection.
In the case of broilers, it is usually
assumed that all birds within a flock eat
similar quantities and that feed intake is
controlled by appetite (Leeson, 2010):
nothing could be further from the truth.
Broilers consume about 10% of their
bodyweight in dry matter on a daily basis.
In human terms, this would be equivalent
to eating a 10 kg bag of rice each day.
Generally, if birds have adequate access
to feed, they are capable of maintaining
normal energy intakes over a wide range
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Figure 10.1 \World broiler production (USDA, 2011)

Ash 4%

Gut Eill 3%

Protein 15%

Feathers 6%

Fat 14%

Water 58%

Figure 10.2 Body composition of a typical broiler

of different dietary energy levels (Table
10.6). Young birds do have a problem
maintaining nutrient and energy intake
when fed low-density diets. Broilers are
meal eaters and, when unrestricted, they
will eat for about 8 minutes each hour,
preferably as one meal although this is

often interspersed with voluntary pauses.

After about 28 days of age, or when a
density of about 30 kg of chicken per m?
is reached, birds rarely have the luxury

of finishing a meal at a single sitting as
competition for feeder space intensifies
(Table 10.43).

Differences between sexes

In most cases, broilers are raised ‘as
hatched’. In terms of their growth potential
and hence the nutrient requirements,
male and female broilers are vastly
different animals. They differ in their mass
gain, feed intake, carcass composition



193
Broiler breeder nutrition

Rearing

Fact

Ad libitum fed birds become
obese, lay poorly and have
high mortality. Hence feed
restriction needs to be
applied to control weights.

The managemen
broiler breeders is, , the

complex aspect of pou uct|o<
As broiler marketers adap roducts
to changing consumer need

breeder companies follow suit new
genetic products of their own. In e§s
this has meant faster growing, leane
birds (more breast meat) on an ever
changing basis. With broiler breeders,
what worked yesterday may not work
today.

Many aspects and concepts of broiler
breeder nutrition are identical to laying hen
nutrition, yet the feeding of broiler breeders
is fundamentally different. The utilisation
of protein, energy and other nutrients
remains the same but growth rate and
reproductive performance are antagonistic
and breeding stock cannot be allowed to
express its genetic potential for growth if
reasonable reproductive performance is
expected. Ad libitum fed birds become
obese, produce fewer eggs and suffer
from high levels of mortality. Normally, the
amount of feed allocated to any flock of
broiler breeders is controlled (restricted):
this improves bird health and performance
but if the feed is severely restricted birds
become chronically hungry and suffer
from frustration of their feeding motivation.
Despite these problems, breeder
management and performance have been
successfully improved (Table 11.1).

Feed restriction means that broiler
breeder nutrition is a function of both feed

specification and daily feed allocation and
even although the nutritionist formulates
diets to the nth decimal point, It still

pends on whether the farm manager is
cating the feed the correctly.

ide only a few strains of breeders
. These are the birds

bb-Vantress (Cobb
Avian se produced by
Ross, A cre and Indian

rbor
Ri ubb¢ Hybro. The
jon pr aches of the
differen s di y but,
ultimately broa Ilnes

stockmanship. Fi
that any improveme
nutrition in the future a
through improving feeding

rather than through change or@ved
dietary specifications.

Rearing

b

The prime objective of rearing breeders
is to produce uniform flocks at the correct
weight for age with the correct body
composition. Each commercial strain has
an optimum weight at time of approaching
sexual maturity. For most strains this

is around 2.4 kg at 22 weeks (Ross

2.54; Cobb 2.44 kg). In general, slightly
overweight flocks tend to perform better,
regardless of strain. In a study reported
by Robinson et al. (1995), breeder pullets
that had been reared in floor pens to

20 weeks of age were divided into five

Table 11.1 Expected performance taken from breeder guides intended to be
representative of the top 25% performance of current flocks (Laughlin, 2009)

Total eggs/ Hatching eggs/ Cumulative Total chicks/
hen housed hen housed hatchability (%) hen housed

1976 154.6 1448
2001 167.7 ilefel i
2007 173.2 166.6

80.4 1164
85.6 136.1
85.2 141.7

weight groups (96-105% of average 20-
week weight) (Table 11.2). Fifteen hens
from each group were placed in individual
laying cages and fed on an identical
restricted feeding program to 58 weeks
of age.

Age at first egg was similar and so was
mean egg weight. Fertility and chicks per
breeder were significantly lower for those
birds that were the lightest at 20 weeks.
The heavier weight breeders at 20 weeks,
especially the 105% group, resulted

in superior reproductive performance.
Although the results were variable, due
in part to the small number of birds
employed, the data clearly demonstrate
there is a difference in reproductive

be@ performance of breeder pullets based
mme On 20 week body weight. Since all birds

e fed the same feed allotment from
w s on, the smaller birds would
pr ould have been  fedin
exce metabollc requirements.
otein and energy
verted into body fat
with the same feed

would
Heav,
|II ha
optrmu bolrc
to maximise_productio
i
The target bo eigh
feed intakes, toget @ th a graph of
the growth curve fo strai
published by the prima e
companies: they are similar. The first 6
weeks of life are crucial for both skeletal
and feather development, and feed
restriction during this phase should not
be too severe. From 6 to 16 weeks of
age the growth needs to be held back a
significant amount. From 16 weeks of age,
the rate of growth is accelerated through
to point of lay (Figure 11.1). Aviagen tends
to make very specific recommendations
concerning ideal feed allocations
whereas Cobb Vantress state quite
clearly that the only important part of
their recommendation is the body weight
curve itself. Feed allocation will vary with
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Nutrition and

health

¥

Fact

How birds are fed affects
nutritional pathology, gut
health, immune system
stimulation & metabolic
disease.

Nutritionists will i
to be involved in all
health. The areas of sp
include nutritional pathol

Iyg red
of poultry
or e
management of gut health, i
system stimulation and metab

diseases. Vets are adept at diagndsi

the diseases, but as they cannot prescti
medication or use vaccines to solve the
problem, they are limited in what they can
do little to solve the problem. Nutritionists
tend to accept that many metabolic
diseases are a function (genetic) of the
rapidly growing bird and so it will require a
co-operative effort from both professions
and the primary breeders to face these
challenges.

Pathology is defined as ‘the branch of
medicine concerned with the cause,
origin, and nature of disease, including
the changes occurring as the results

of disease’. Nutritional pathology,
therefore, could be defined as the study
of pathology that arises from feeding

or nutritional causes, such as simple
deficiencies of feed and/or nutrients,
illness arising from harmful substances
contained in the feed, and complex
metabolic disease arising through the
interaction between the bird and its diet,
which in many instances are complex
and the underlying mechanisms not fully
understood.

Nutritional deficiency

Nutritional deficiencies may be seen as
either simple or complex, depending
on whether the total feed consumed

is adequate or if one or more essential
nutrients is limiting: a deficiency can be
further defined as marginal or severe.
In the case of a marginal deficiency,
symptoms are extremely difficult to
identify to a specific cause as, normally,
growth rates, feed utilisation and other
production parameters are marginally
affected and difficult to measure. In

the case of a severe deficiency the

symptoms are more marked as production
virtually ceases and death can occur,
which indicates the development of a

e deficiency disease or a pathological
ritional deficiency.

iology of bodily function, no

nts. In deficiency pathology,
ibi at any number of
ar syndrome.

ay result in
i condition
i water

. This
must be coupled to th
and the post-mortem

al sympto
ion, to fi@
most likely cause.
A chronic, low-grade deficiency Q ly
difficult to diagnose and may have 4
au

disastrous effects on production bec

of the time involved in recognising this.
Diseases, e.g. viral, parasitic or bacterial
— as well as environmental conditions
and management — may affect nutrient
availability, nutrient requirements, nutrient
stability and, perhaps, most importantly, the
bird’s ability to eat.

Feed or water deficiency

The most common nutrient deficiency is the
shortage of, or the complete absence of,
feed and/or water. This is often as a direct
result of poor management on the farm
(no feed or too few feeders, etc.). In adult
birds, a feed deficiency will usually result

in body weight loss or a reduction in egg
production;. in broilers, a reduced growth
rate will be seen. In severe cases, specific
deficiency symptoms may be present; and
in young birds, a shortage of feed results in
a condition called starve out.

Protein amino acid deficiencies

A deficiency of an individual amino acid
is in essence a protein deficiency, which

results in a reduction of growth with a
reciprocal increase in fat deposition.

A gradual decline in egg size and/

or production may be recorded. The
degree of severity is linked to the level

of amino acid deficiency. Importantly,
protein or amino acid deficiency causes
a depression in feed intake. Of the amino
acids, lysine plays an important role in
growth and together with methionine
they are the two first limiting amino
acids. Lysine is also an integral part

of melanin formation and deficiencies
result in colour deviations in feathers.
Leucine and isoleucine, together with
phenylalanine, when deficient, will cause
tongue deformities. Cystine is involved in
feather formation, and a deficiency results
in retarded or slow feather growth.

rgy deficiency

ire energy for every biochemical

real in the body, and if energy
&i ake is | ient the rate of growth is
diately r ed. A more complete

ssion O deprivation is given
in Chapter 2.
Phospl&deficie
® .
Phosphorus cies are not common:

in the case of | s, very little

supplementary ph is required
under normal conditio ever,
under heat stress, a de cy of

dietary phosphorus causes an increase
in mortality and a drop in production.

If no mineral phosphorus is added to
broiler diets (if the wrong ingredient is
added, for example), broilers will exhibit
anorexia and, therefore, poor growth and
performance. Marginal deficiencies will
result in weak bones and rickets.

Calcium deficiency

Calcium deficiencies may occur if it

is omitted from the diet, or it may be
induced. There is an interaction between
calcium, phosphorus, the phytase enzyme
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Feed ingredients

and additives

Fact

Grain is the principle
ingredient of most
poultry diets. This
needs to be a source of
consistency in the diet.

A wide range of primary and secondary
products is used in dnimalfeed. Many,
have features and characteristics that
make them unique or limittheirinclusion
in the diet in some way. In addition,

there are a number of ingredients that

fall into the category of additives. Undér
commercial conditions, the choice ofifeed
ingredients is often based on economic
considerations but quality considerations
still play an important role. There are two
important parameters that should be used
when selecting feed ingredients: these
are the physical nature of the ingredient
itself and the nutrient content of that
ingredient. Table 13.14 gives an overview
of the correct levels for each ingredient;
Ewing (1997) and INRA (2003) provides
more details and Batal et al.,, (2011) have
compiled a table of feedstuff nutrients
which is published in Feedstuffs annually.

Cereal grain makes up a high proportion
of poultry diets: There is large variation
across cereal species, cultivars, individual
grain samples and animal types in the
amount of energy made available to
animals from grains. Similarly, oilseed
meals are used to satisfy requirements for
essential amino acids and total nitrogen.
Variation in processing methods and
temperatures applied to oilseeds during
the oil extraction process can markedly
affect the availability for animals of
essential amino acids, particularly lysine.
This variation can have marked effects on
both the efficiency of production, and the
cost of the ingredients.

Current methods of assessing the energy
value of cereal grains (mean book values,
test weight (kg/hl), per cent screenings
and calculated values) do not represent
either their available energy content (MJ/
kg) or the impact that they will have on
the animals energy intake when included
in the diet. Similarly, laboratory methods
for assessing the availability of amino
acids, particularly lysine, are complex
and time consuming. Near infra-red (NIR)

represents an exciting new methodology
for the feed industry (Black et al., 2011).
There has been a large range in AME
values (MJ/kg DM) for Australian sourced
grains: 11.9-15.3 for wheat, 10.9-13.6
for barley, 12.1-14.5 for triticale and
15.3=16.7"for sorghum. It was also shown
that thereftwasyno relationship between
thehAME content'of a diet (MJ/kg) and the
amoudnt, of the diet consumed by broiler
chickens (R? = 0:003). This suggests

that differehticharacteristics of the grain
determine digestibility’compared with
intake. In addition; there were'significant
differences (P < 0.08)within‘graintypes
in the intake (g/day) bydreilers when
grain samples were incorporated intg
diets. For example, the intake of wheat
based diets by broilers varied by 20%,
depending on the particular wheat'sample
incorporated at a constant proportién into
the diet. The daily intake of AME (MJ/d)
by broilers varied by approximately 34%
across the wheat based diets. Lastly,
broiler growth rate was more closely
related to AME intake (MJ/d) than to the
AME content of the diet (MJ/kg).

Most nutritionists build up a table of
nutrient values for each of the materials
that are to be used in animal feed, usually
referred to as the ‘matrix’, which should
be built up from the results of laboratory
analysis of the feed ingredients., However,
tables such as those published by Batal
et al. (2012) are often used. In general,
accurate results can be obtained for

the more common components of the
feed such as nitrogen,fibre and fat.. It
should be borne in mind that the organic
constituents of feeds (protein and
carbohydrate) can vary by as much as
15%, the mineral constituents by 30%
and the energy values by at least 10%.
Formulations will only be as good as your
ingredient matrix used.

Grains
Maize

Maize is the most important grain and
usually presents few problems when
included in the diet. It has generally

low protein levels and is particularly low
in lysine but is an excellent source of
carbohydrate energy. It also contains
significant quantities of xanthophyll or
natural yellow pigment. Aflatoxins, which
are toxins produced by moulds, may be
a problem if maize is grown in humid
conditions, is insect damaged or is
stored wet. In countries where grain dries
naturally, aflatoxins rarely prove to be a
problem. However, when grain is field
dried, wet conditions can cause Fusarium
sp to occur. These are responsible for the
production of fumonosins, DON and T,
toxins,which can be problematic.

NIR weork has been carried out on maize
by, Addiss€o, who were able to show that
the AME, valugfofimaize can be in the
rangem2.81-16.05 MJ/kg, with a mean
of 14.2MJ/kg withra GV 3% (Relandeau,
2010).

Stack burnt'maize is maize that has been
discoloured duesto pest-harvest drying
or storage under tropical conditions.

On analysis, the protein€ontent of the
stack burnt material appéared'to be
unaffected. Detectable amino acids
showed decreases of 52% for lysine,
359% for arginine and 15% for glycine
concentration in some of the most
severely discoloured samples. There
was a decrease in digestibility with an
increase in discolouration. Samples were
fed to broiler chickens at a level of 60%
in the diet in a growth trial. Weight gain,
the efficiency of feed utilisation and the
ME value of the diets were significantly
affected by the degree of discolouration.

Researchers in Brazil have developed an
equation that estimates the loss in ME as
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Enzymes in poultry

nutrition

Fact

Enzymes eliminate
encapsulating cell walls
and break up large
indigestible molecules.

diets represents one of:

opportunities available to |

to improve the effectiveness

feeding. They lead to an impro ent
in the utilisation of the nutrient and”
energy contents of the diet, a reducti

of the environmental impact of animal
production and an improvement of
intestinal health and gut function and, at
the same time, an improvement in litter
quality and bird welfare. Commercial
nutritionists need, therefore, to understand
which classes of enzymes are available,
what their mode of action is and how they
interact with each other and the other
ingredients or additives used in the diet.

There is little dou e Q
of exogenous enzy oultr
tes {
ists
y

There are a wide range of different
enzymes but they fall into two broad
categories: those products that supply
phytase to the diet, and a second

group containing enzymes that aid or
enhance the digestion of the various
feed components of the diet that supply
protein and energy to the birds, including
xylanase and glucanase, protease,
amylase, mannanase and lipase. This
distinction has been based on the site of
activity within the gastro-intestinal tract
of the chicken. Commercially available
products may contain single enzymes, a
blend of several enzymes or a cocktail of
enzymes that contain guaranteed levels
of certain enzymes, and a range of other
enzymes with supplementary activities.

The global enzyme market is currently
about US$500 to 600/year, with phytase
making up about 60% of this market
(Adeola et al., 2011). More than 70% of
the world’s enzymes are produced and
sold by four key players: BASF, DSM/
Novozymes, Addisseo and Danisco
Animal Nutrition. Other suppliers include
AB Vista, Chemgen, Alltech, Novus and
Kemin (Barletta, 2011).

This chapter will discuss the general
principles of enzyme activity in poultry
diets, the roles of phytase and other

zymes that are used and, finally, give
e practical recommendations and
ologies.

Gen nsiderations
e of *
T rineiple mo ction of enzymes
is to the stibility of dietary
compo m this by
su

ea
eliminatin ap i fect
of the cell w ndéimprov SS
of the digestive eqﬁ to

components. The dig of
starch, fat and amino iS.i
in the alimentary tract of t
of the digestive activity in t
occurs in the crop, gizzard, pr
and ileum, with varying amounts o
material passing on undigested into
the caecum. The undigested material
represents inefficiency to the animal and
provides a nutrient source to both the
harmful and beneficial micro-biota in the
gastrointestinal tract by the release of
oligosaccharides from the cell walls of
plant material.

Although some digestion may take place
in the caecum, there is very little nutrient
uptake from this organ, particularly in

the case of young birds such as broilers
where it is undeveloped. For this reason,
as far as enzymes are concerned it is ileal
digestibility (ID) that is important. There
is an indirect effect of enzyme addition

to the diet: it has been shown that they
alter the digestive physiology of the
animal by altering parameters such as the
intestinal mass and absorptive capacity of
the gut. Measuring the small changes in
the bird’s physiological status is difficult,
and nutritional experiments need to go
beyond the measurement of growth and
mortality rates as the only indicator of bird
and gut health if any real progress in this

field is to be made. Lastly, enzymes may
also be responsible for the removal of
anti-nutrients from the diet, such as phytic
acid the effects of which can largely be
overcome by the addition of phytase. It
has also been reported that proteases

will reduce the levels of trypsin inhibitor in
soya bean meal (Barletta, 2011).

Site of activity

Clearly enzymes are required to act within
the gastrointestinal tract of the bird, and
conditions in many parts of this tract are
amenable to the activity of exogenous
enzymes. Retention time in the anterior
digestive tract appears to be the limiting
factor for enzyme activity in poultry. This

ken. ould be increased by meal feeding (the
ng is then used as a storage organ)

0.

gh increasing the feeding of
components (whole grain and

re) in the diet, which leads to an
c&opment of the gizzard

means thatéh
digestive trac
and proventriculu
reported as the pri

n the upper

do act in an alkaline envir
these are not used commercially. The
other enzymes used commercially
(carbohydrases and proteases) require
the alkaline environment of the lower
digestive tract to be effective (pH of
6.5-7.5). This means that phytase will
in all probability be active before any
other enzyme, and should probably be
the starting point when considering
multiple enzymes, which may explain
why researchers feel that phytase is
the predominate enzyme when enzyme
mixtures are used.
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The scientific process

Experimental

design

Fact

Most scientific progress
begins with simple
observation and
questioning.

v

‘There is no o)

as
a beautiful th st

(Thomas Huxley,

by an ugly fact. % 0

It is important to remember that nutr’ltio

O

and poultry production are based on
scientific principles. This chapter will
deal with what the scientific process

is and, perhaps more importantly, how
comparative data needs to be dealt with,
whether from a scientific experiment,
an advertisement or indeed farming
operations. Science is a tool: it is a logical,
objective process for testing ideas and
reaching a conclusion. It moves ahead

by gradually emergent themes and
theories, supported by a raft of evidence
from a number of different disciplines on
a number of different explanatory levels
(Goldacre, 2008). Scientific method has
‘value’ because it represents a systematic
approach but it is valuable only because
the alternatives can be very misleading.
Scientific truths cannot be decided by a
public opinion — rather a formal process
is required. It more important than ever
that we develop an understanding of the
scientific process (Figure 15.1).

Observation and hypothesis

Nearly all improvements in nutrition or
science in general are made through astute
observation. For example, we observe how
an animal grows, that food intake increases
in cold weather or that certain ingredients
lead to better performance. In addition, by
reading the scientific and popular press,
many observations are made, which leads
us to make assumptions, form ideas or
even develop theories. These theories
need to be tested, and an hypothesis is
then formed to test the ‘logical or empirical
consequences’ of them. From a practical
perspective, it is important not to confuse
evidence with an hypothesis. Sadly, this is
the basis upon which many products are
marketed.

Observation

Hypothesis

o Experimentation
Statistical Analysis

4')* /A

erpretation of trial
> 2ons & methods

conomic;o | A ¢
evalu ccep!

roc{&
0 exaw would avoid all of the birds
&in 0 nt from being placed on
co

Farm Re-evaluation

Implementation
Figure 15.1 An outline of the

Experimental design

It is at this point that the active process of
experimentation begins: it is necessary
to intervene and manipulate a system in i
a methodical manner and compare the

outcome with a control that lacks the

applied treatment (Dawkins, 2009), for

example, by feeding different levels of an
ingredient in the diet or using a range of

different feed additives. In order to generate °
valid trial data an experiment needs to be
properly designed and there are a number

of basic rules that need to be followed in

order to do this:

a house.

I exp! s,blocks are used:
0 d be en of each
variable being tes in blocks
the ex&fél peris are randomised
- leading randomised block

design (RBD).

It is essential that ntrol
treatments are use use it

has to be possible to make a valid
comparison with whatever is being
tested, and so a positive control is
used. When testing an ingredient, a
negative control should be included as
well: it is not unreasonable to expect
the negative control to be what is the
current practice

e Each treatment should be replicated
(in a pen or a house) several times
to increase reliability. The number of
replications required differs depending
on the experimental layout but
should seldom be less than five or six °
replicates per treatment — depending
on what it is that is being tested.

An adequate number of animals

per treatment are required. Using
uniform individuals, such as chicks
hatched from a single parent flock,
increases the probability of finding real
differences when they exist.

e Replicates need be randomised
by reducing experimental bias, for
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Effective feed formulation

Effective feed

formulation

v

Fact

Commercial
considerations often
override what are
known to be best
practices.

Feed formulation js the means by

which nutritionists apply their nutritional
knowledge in practice: it is based on'a
relatively simple mathematical technigque
called linear programming (LP)."The
complex set of interacting factofs that
need to be considered when formUlating
diets mean that considerable experience
needs to be built up if the formulations
that are produced are to be optimal
(Figure 16.1).

Nutrient requirements and feed
specifications

Understanding of the concept of a
requirement can vary: in clinical terms it

is used to describe the minimum amount
of a nutrient that is required to prevent a
feed related disease from occurring. Many
nutritionists consider the figures produced
in the familiar tables as ‘ideal requirements’
and it is assumed that they embody some
underlying biological truths about the
intrinsic need of the animal. In fact, the
values that are provided by such tables
are not really estimates of requirements at

all but recommended feed specifications.
There is a need to distinguish between

the specific requirements of the animal

te maintain a certain rate of a particular
metabolic activity and the amounts we
sdggest should be given to the animal in
praetice For example, it has already been
shown that an animal’s energy requirement
for growth'isddetermined in a factorial
manner (Equation 3.10).

The next step is to'determine the expected
or deSired grewth rate and, therefore,

a daily aflecation, for eachnutrient. The
recommended,dietary allowances may
be derived from estimates of specific
requirements, empirical experiment,
traditional practice, acéumulated
experience or prejudicei(Fullenand Wang;
1989), and so it is important that they

are translated into practical terms. This is
made possible by the concept ohalfeed
specification, which is defined as thé
amount of a particular nutrient that needs
to be included in a feed in order for the
animal to consume the recommended
daily allowance.

THE ANIMAL

Market demands

Genotype

ECONOMIC ASPECTS

Profit

Time

Response to Nutrients

Alternative Ingredients

Feed Price Ratio

Biological Quality

Feed Formulation

Productivity

Health

Feed Intake

LP Computers

Nutrient Composition

Nutrient Bio-availability

Physical Characteristics

Non-nutritive Additives

FEED INGREDIENTS

Figure 16.1 Factors that need to be considered in the development of optimal diets

for animals

Economics

The determination of the exact nutrient
requirements for farm animals has been
a goal that has been pursued avidly for
many years. These values are determined
so the animals can achieve optimum
biological efficiency but they are generally
insufficient to satisfy the objectives of

the entrepreneur, whose aim is to find

the level of inputs that will maximise

the difference between the value of the
output and the cost of the input. The

task of translating a requirement into a
recommended daily allowance is further
complicated by the fact that animals

do not have an unlimited capacity to
consume feed. This capacity is influenced
by many factors, including the nature of
the feed itself, the animal’s size, level
ofgproduction and physiological state at
any given time. Determining feed intake
is’perhaps the most difficult aspect of
feeding any animal. Rapidly growing
animals will generally eat as much as is
physically/envirohmentally possible, while
mostmature‘animals will adjust their
feed intakes almost perfectly to meet the
requirementyfor thexfifst liniting nutrient.

Expected nutrientyrequirements,
recommended allowances and, ultimately,
feed specificationsfarejavailable

from many sources,bothdecally and
internationally. These includethe sets

of tables published by the American

NRC and the British ARC: increasingly,
commercial companies such as Aviagen
and Cobb are also publishing values.

The publication of tables of nutrient
requirements is perhaps an unfortunate
trend as even though they are derived

by factorial methods they fail to present
working and logical sequences of
quantified steps for creating a practicable
scheme for calculating allowances for farm
animals that are unique to a particular

set of circumstances (Whittemore,

1983; Crabtree, 1985). Very simply, the
question is not what are the requirements
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Quality assurance
and poultry feed

Fact
In order for a QA
program to be

successful it should
be driven by senior
management.

The maintenance QUQ al

for any poultry com t onl

@
also
economic reasons. In ad d

a performance perspe

and poultry producers realis ir
industries are a vital part of the an

food chain and food safety issues ao
become extremely important. AFMA

South Africa has adopted the slogan ‘Sa
Feed for Safe Food’, which demonstrates
just how seriously the feed industry takes
this responsibility.

Senior management are required to put

a quality assurance programme (QA)

in place in their organisations to give a
framework within which the mill should
operate. Indeed, experience has shown
that unless senior management drive the
QA process it is unlikely to be effective.
QA is not a passive process, and inertia
quickly sets in if the process is not driven
and controlled in much the same way that
cash flow needs to be managed. QA is
the process of verifying or determining
whether products or services meet

or exceed customer expectations:

it considers design, development,
production, and service. A popular tool
used to determine it is the Shewhart
Cycle, developed by Dr W. Edwards
Deming: it consists of four steps: plan, do,
check and act (PDCA):

e Plan: establish objectives and
processes required to deliver the
desired results.

e Do:implement the process
developed.

e Check: monitor and evaluate the
implemented process by testing the
results against the predetermined
objectives

e Act: apply actions necessary for
improvement if the results require
changes.

PDCA is an effective method for
monitoring QA because it analyses
existing conditions and methods used

provide the product or service to
mers. The goal is to ensure that

ce is inherent in every component
ss. QA also helps determine

ramme he individual
edito the various
&mg process

F Elrec |\Whe QA

The manufacture
providing customers
manufactured products

eps used to provide the
uct e are appropriate for the
d conditions: the quality control

programme

entl
orrect
delivered to their facilities o
They should be consistent and

available nutrients required by ani
optimal performance. The tools need
feed manufacturers to accomplish this a

e Materials (feed ingredients, fuels,
power, etc.).

e Machinery (feed delivery systems,
feed storage equipment, feed milling
equipment, etc.).

e People.
® Procedures

Quality programmes must make us of
these tools in such a way as to always
provide optimal diets while minimizing the
content of unwanted or toxic substances.
A good feed quality programme is made
up of seven major components:

e Ingredient quality.
e Feed formulation.
e Process control.

e Finished feed quality.

Control of toxic substances,
including pathogenic micro-
organisms.

e Admiration includes record keeping,
debtors and creditors.

e Monitoring customer feedback.

QC programs are in the key elements of
any QA system, which should be applied
to each part of the feed manufacturing
processes. A QA program needs to
specify, monitor and trace all aspects of
the feed manufacturing process, as well
as all failures of the system (Table 17.1).

There are many goals of a QA programme
and they can be summarised as follows:

The correct feed must be delivered

the correct farm at the correct
with the correct documentation
ximise returns.

eed to conform to the
gical and physical
have set (see

e No co a n should be
|nc|uded feed

e Feedmustb formulated
and manufacture, ding to this

formula.

e The feed that is manufactured
should have the correct physical
structure.

e Feed needs to be correctly mixed
and there should be little or no
separation or segregation between
the mixer and the farm.

e Feed should contain no substances
that are harmful to the animals or to
humans who consume the animal
products, including toxins, drugs and
microbial contamination.
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Measuring performance and trouble shooting

Measuring
periformance

Fact
Feed problems may be
dramatic but typically

they are insidious and
difficult to identify

Lack of performa
by: the bird itself, t
(management), and he
nutrition. Although each
has unique parameters that
be assessed, in terms of nutriti 6
important matter is the measuremén o)

A gross error in the feed (10 times the
ionophore level, for example) will cause
an immediate drop in feed intake and

oblem. From the response data

feed quality and consistency. for bo @ ein and energy carried in

hapte 0 n be seen that relatively
If & claim for damages arises there are diffe sin feed specifications
two clearly defined conditions that must at|v y |fferences in
be met: first, it must be shown that the perfor ys possible
feed supplied to the farm was in some to kn rod ops seen are
way defective, and that a potential feed becaus o fee her factor.
problem was the most likely cause for loss Some facto qf will edlate
of performance and, s.econdly, it is tlhe production pro
farmer’s task to quantify the losses incurred
in a transparent and verifiable way. e Salt: if high Iev aIt

included in the |I| b

Feed impact on performance an increase in water |on

and the litter will becom
slimy. The secondary effe

salt intake can cause mortallt
reach alarming proportions |n a
short space of time. When the fee
is corrected, the mortality usually
stops but growth and production
do not return to their normal levels.
When salt levels are too low, other
symptoms develop: the flock
becomes nervous (agitation and a
distressed vocalisation), scratching

A number of feed-related factors have a
direct impact on bird performance, some
of which can be controlled if sensible
measures are taken:

Feed disorders

There are very few feed (nutritional)
disorders that will cause an acute loss in
production and/or an increase in mortality:
generally, a deficiency is characterised

by a general and gradual tail off in
performance. If feed (or water) is absent
entirely, the performance will drop sharply
and immediately: this is most noticeable
in laying hens. Surprisingly, production
can return to normal levels fairly quickly.
Always look for patterns when considering
feed problems: did the problem coincide
with a feed delivery and are other house/
farms similarly affected? Any form

of nutrient deficiency will result in a
production slump because a deficiency
of any nutrient cannot be tolerated for

any length of time. The production curve
shown in Figure 18.1 illustrates typical
deviations seen in laying flocks.

o Limestone: if the limestone
(calcium) is left out of a layer or
broiler diet there is a dramatic

and after a few days, production
drops sharply. There may also be
increased mortality from calcium
depletion (cage layer fatigue).

By hand feeding oyster shell or

As far as broiler feed problems are

concerned the situation is more complex. too much calcium is as likely to be

owth, and an increase in mortality. The

Ger are usually easy to diagnose and
efnedy but the loss of production is more

as if looking for something, pecking
is increased, and feathers are found
in the digestive tract and the house.

increase in small, soft shelled eggs

limestone grit, the problem can be
rectified reasonably quickly. In broiler
rickets, soft keel bones and rubbery
beaks may be seen: in this instance

the problem as too little (see Chapter
12).

o Phosphorus: too little phosphorus
in the diet causes a dramatic
drop in feed intake. A surplus of
calcium may complicate the issue.
Ensure that the correct Ca:P ratio is
achieved (Chapter 10).

o  Protein: if protein levels are too low
(only grain fed for, example), there
will be an increase in nervousness,
peck outs, poor albumin quality and
low protein level from feed analysis.
In broilers there may be ruffled and
broken feathers: primary feathers on
the wings stick out in a characteristic
manner, which is why they are
sometimes termed helicopter chicks.

F t: persistently low fat levels (not
e short term) result in low body
|ght ains, a drop in egg size and
ow eed analysis. Rancid fat,

and, causes immediate
eed refusal — one of
ew t has this effect.
the feed
d mill will

mage if fed at
high levels of

° s aIm

addltl din
cause @ble
high leve

feed additive eed refusal,
and birds show si igns to
those observed wi dium or

protein deficiency as feed intake
drops. Nicarbazin causes shell-less
eggs, loss of pigment of brown
eggs, lowered hatch of fertile eggs,
and a positive assay of feed for
nicarbazin. Monensin causes
reduced feed consumption, the birds
lack co-ordination and show signs of
paralysis and a positive feed assay
for monensin.

o Feed Ingredients: substandard
fishmeal or other protein sources
can cause a fairly dramatic drop
in growth and or production but
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Appendices

Vitamin and Mineral Levels

Recommended vitamin and trace mineral levels of poultry as used by SPESFEED (2012) (active per kg of feed)

Layer Breeder Broiler Broiler Chick Chick
layer starter grower starter grower
v y

Vitamin A U Om ‘03900 12000 10000 10000 7500
Vitamin D, U Q & v* 3500 2000 3000 2000
Vitamin E mg 20'“’;40‘—80‘, 40-80 30 20 10
Vitamin K mg 3 4"“ vv L 4 2 2 2
Vitamin B, mg 0.5 \%A | N 2 2 2
Vitamin B, mg 3 8. ))A ',I 5 5 5
Vitamin B, mg 2 4 4941“’ 3 3 3
Vitamin B,, mg 0.02 0.03 - 2 1'&01 0.015 0.01
Folic acid mg 0.5 2 20‘, '(A 0.8 0.5
Niacin mg 20 40 40 qph&) ¢ . 20 20

Pantothenic mg 4 12 15 ““A 4&) 10
Choline (60%) mg 250 600 600 v’n % 250

Biotin mg 0.05 0.25 0.075 0.05v‘b O.VA; 0.05
Vitamin C mg 0 100 0 0 V'S A ‘7 0
S0
Mn mg 100 120 100 100 h 100
Zn mg 80 100 100 100 1OMA’A 100
'

Cu mg 8 8 8 8 8 « 6
Fe mg 70 70 70 70 70 70
| mg 1 1 1 1 1 1
Se mg 0.25 0.35 0.35 0.25 0.25 0.25

Co mg 0.5 0.5 0.5 05 0.5 0.5
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chick management 172

compensatory growth 175

development at day old 165

dietary fibre 152

energy 144

enzymatic development 166

fade out 184

feather growth 147, 183

feeding programs 158
eding whole grain 162

ke 153
ee ra
otype tein requuement 148
contr
heat 155
|mmun|ty% ic progress 140

leg problem

litter quality 1810
mash diets 150
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